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Abstract: The purpose of the current study was to examine the determinants of R&D expenditure
and health expenditure of ASEAN countries. The research objectives were developed to analyze the
short-term as well as the long-term impact of economic growth, environmental pollution, and energy
consumption on health and R&D expenditures. The data was collected for ten years for ASEAN
countries using the Auto-Regressive Distributed Lag (ARDL) approach, which helped the researcher
to assess long-run as well as the short-run association of these variables. The findings revealed
that environmental pollution, energy consumption, and economic growth had a significant positive
impact on health expenditure as well as on R&D expenditure of ASEAN countries in long-run. The
findings further revealed that environmental pollution and economic growth had a significant impact
on R&D expenditure in short-run; however, there was no significant impact of energy consumption
on R&D expenditure in short-run. It was also found that there was no significant impact of any of the
independent variables, i.e., energy consumption, economic growth, and environmental pollution,
on health expenditure in short-run. The current study and findings have significant implications in
theory and practice.

Keywords: environmental pollution; economic growth; energy consumption; health expenditure;
R&D expenditure; ASEAN countries; ARDL approach

1. Introduction

The critical debate has started on the correlation between health expenditure, environmental
condition, and economic growth relationship with the increase in countries’ concerns related to health
and pollution. In this regard, previous studies suggest a strong association between health expenditure,
energy, R&D, environmental pollution, and GDP of a country. The association of environment with a
country’s economy has been discussed by several researchers since 1960s; however, the relationship of
the environment with health and R&D conditions has been scarcely considered by past researchers in
such type of models [1–3]. The increasing rate of globalization has given rise to certain concerns of
countries related to environmental pollution, social protection, and health conditions [4]. The pressure
from globalization has further increased the concerns of Association of Southeast Asian Nations
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(ASEAN) countries because they are already going through the pressure of “population aging”. The
increasing rate of globalization, urbanization, industrialization, and energy consumptions in ASEAN
region has further led these countries to focus on their health and R&D conditions that are being largely
influenced due to environmental pollution and energy consumption [5–7].

Many past studies have focused on different determinants of government spending in different
domains [8–11]. There are several predictors of overall government spending and particular welfare
spending of countries, among which the economic and environmental determinants have gained larger
importance due to their potential to influence these expenditures [4,12]. Among welfare expenditure,
the health expenditure is the most important expenditure made by the government [13]; however,
most of the portion of existing literature about the determinants of health and welfare expenditure
has focused on Organization of Economic Cooperation and Development (OECD) countries and
other regions, while there is a lack of particular focus on ASEAN countries. Therefore, the current
study aimed to examine the relationship between economic growth, environmental pollution, energy
consumption, R&D expenditure, and health expenditure in the particular context of ASEAN countries.
The significant contribution and the relevance relationship of the studied variables are highlighted in
many earlier studies [14–16]. Moreover, to measure a country’s health expenditures, the aggregate
expenses of public and private health expenditures were utilized for all ASEAN economies. Similarly,
R&D expenditure was measured from summing up the R&D budgeted spending of the ASEAN
countries. As for the explanatory variables, three crucial factors of energy consumption, economic
growth, and environmental pollution were adopted. Environmental pollution was measured using
carbon dioxide emissions. Moreover, energy use per capita was calculated as a proxy to measure
energy consumption. Finally, to measure a country’s economic development, the measure of gross
domestic growth was utilized in the current investigation.

Past scholars have endorsed the view that while environmental pollution due to CO2 emissions
has been responsible for incurring heavy health expenditure, Nitrous oxide emissions and other
toxic emissions have harmed the health conditions of a country and spread different infectious
diseases. Therefore, several studies are carried out on the relationship between environment and
health worldwide in a new way. The attempt is to efficiently explain the phenomenon through which
environmental pollution can affect the health expenditure of a country [6,17]. Previous studies have
also emphasized that climate change has the potential to influence the functioning of several ecosystems
affecting human health. Although it can be beneficial in some cases, most past researchers suggest that
climate change has an overall harmful impact on health; the major driver being air pollution [18–20].
ASEAN region is one of those regions that are considered to be most influenced by climate change
because CO2 emissions and energy consumptions in ASEAN countries are increasing environmental
pollution [21].

To ensure health economies, the endeavors of governments and policymakers are confined to
identify solutions to maintain environmental quality for which, environmental degradation is a severe
threat [22]. The role of greenhouse gases is considered vital to create environmental pollution, which
subsequently can lead to air pollution that exerts several adverse effects on human health. Toxic
greenhouse gas emissions cause greater concentrations of pollutants in the atmosphere. The substantial
portion in greenhouse gases is attributed to carbon dioxide (CO2) that accounts for 76% of greenhouse
gases. Scientific evidence has highlighted that CO2 can stay trapped in the earth atmosphere for a very
long time, creating concentration that can last much longer than other greenhouses gases; therefore,
could hold the long-lasting impact of environmental pollution. In a similar context, the empirical
link between CO2 and health expenditure is based on the massive contribution of CO2 in greenhouse
gas emission that underlies the potential to disrupt environmental stability, leading to drastic climate
change and ozone depletion. Thus, the increase in CO2 emissions results into several natural calamities
and associated diseases, thereby carrying disastrous effects on human health in the form of extreme
climate events, such as rising frequency of heat-waves that are often lethal and also expands the series
of disease-carrying creatures, such as mosquitoes and ticks. In compliance with the critical relationship
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between the variables, many studies analyzed the empirical link between CO2 emission and human
health [1,2,14]. Moreover, Qureshi et al. [23] also stated that contact with air pollution, among other
ecological pressures, create high morbidity, disability, and mortality. The study analyzed the role of
energy consumption and CO2 emission in affecting several health services in Malaysia. More recently,
Wang et al. [22] stated that to identify how healthy any country’s inhabitants are, the values of health
expenditures represent a good measure. Following that, the study examined the impact of health
expenditure on CO2 emission in Pakistan. Likewise, in a panel investigation of 51 countries, Chaabouni
and Saidi [1] also investigated the causal connection between CO2 emission, health expenditures, and
economic growth. Acknowledging the significance of research and development in modern economies,
Koçak and Ulucak [24] stressed on analyzing the association between energy R&D expenditures
and CO2 emissions in OECD countries. Likewise, Kahouli [15] also emphasized on the empirical
link between R&D expenditures, CO2 emissions, energy consumption, and economic growth in
Mediterranean nations. Hence, the above discussion makes it critically imperative to improve our
understanding regarding the role of CO2 emissions, energy consumption, and economic growth in
instigating health and research and development expenditures in the selected ASEAN region.

Air pollution, water contamination, industrialization, and urbanization are some key drivers of
climate change. There are a number of existing studies discussing the determinants of climate change,
e.g., [19,20,25,26]; however, none of them focused on the impact of environmental pollution on health
and R&D expenditure. The current study, therefore, attempted to suggest that increasing environmental
pollution has raised several health concerns due to which large governmental expenditure has been
allocated to the R&D and health departments. The objective is to control environmental pollution and
health issues through research and improving health conditions. Therefore, the first objective of the
current study was to assess the impact of environmental pollution on R&D and health expenditures in
ASEAN countries.

The second part of the current model focused on the great role of energy consumption in
determining the R&D as well as health expenditure because the increasing urbanization and
industrialization have raised a number of health and environmental issues associated with energy
consumptions. There is a great need to mobilize the R&D and health sectors and to make proper
efforts to control the negative outcomes of this urbanization and industrialization [21]. The increasing
energy consumption in ASEAN countries is also raising severe health and pollution issues that need to
be controlled from which R&D intervention is required. The second objective of the current study,
therefore, was to examine the impact of energy consumption on R&D and health expenditures in
ASEAN countries.

The third key part of the current model was about the role of economic growth in determining
the health and R&D expenditures of a country. It is suggested that the increasing GDP of a country
potentially contributes in the enhancement of its national health and R&D expenditures because
increasing economic growth is followed by prosperity and development of the nation, ultimately
enhancing its national health and environmental conditions [11,27]. The third objective of the current
paper was, therefore, to analyze the impact of economic growth on R&D and health expenditures in
ASEAN countries.

The focus of all three objectives of the current study was on the ASEAN region. This study
attempted to fill the gap caused by the limited focus of past studies on this region regarding
environmental, economic, and energy-related determinants and their impact on health and R&D
expenditures. The current study prepared a model combining environmental, economic, and
energy-related determinants in a single study. This model would analyze the impact of these
determinants on health and R&D expenditures in ASEAN region perspective.

The remaining portion of the current paper has been designed in five sections. In the second
section, the literature about current variables and their relationships has been presented and reviewed.
In the third section, the methodology and econometric modeling approach used in the current study
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have been elaborated. Section 4 provides the analysis and results followed by the discussion of results.
The last section presents the conclusion of the overall study.

2. Literature Review

“Health Capital” is an important part of human capital, and thus expenditure on health has gained
large importance in the critical domain on public expenditure and public policy. The expenditure on
health may vary in different countries with respect to economic conditions, environmental concerns,
and other contextual factors, but it is that portion of total public expenditure of a country that is spent
on health facilitation in a country [12]. Similarly, the expenditure on R&D is significant in a country’s
development because this expenditure contributes towards the enhancement of a country’s economy,
health, education, agriculture, environment, and other domains. R&D as the main source of the growth
in a country was argued by Damijan et. al. [10], who researched on eight transition countries and
suggested that R&D, has a potential to transfer technology in developing countries. However, this
research only focused on the consequences of R&D and did not discuss particular determinants of
R&D expenditure in a country or factors which R&D expenditure is derived from.

Economic growth is defined as an increase in the overall output of goods and services in a country.
A country is said to be growing economically when the inflation-adjusted market value of goods
and services produced in that country increases. The main indicator of economic growth is GDP, the
increase in which depicts the growth of country’s economy. Figure 1 illustrates that the economic
growth of most ASEAN countries has increased in the past five years, meaning favorable trends seen
in their GDP [28,29].

Figure 1. Top ASEAN countries’ economic growth.

The increased economic growth has led these countries to considerably contribute to the health
and R&D sectors to improve health and environmental conditions in the region. Hence, there is a need
to examine whether the economic growth of ASEAN countries has significantly contributed to their
health and R&D expenditures.

Another important predictor of health and R&D expenditures is environmental pollution, which
can be defined as infection and pollution in the biological as well as physical components of an
ecosystem. Environmental pollution in a country is associated with the contamination of components of
its ecosystem due to which normal environmental process in the country gets influenced adversely [30].
Among several determinants of environmental pollution, the economic determinants have gained
good attention in past literature. For example, Lan et al. [31] suggested two important predictors of
environmental pollution in China, i.e., Foreign Direct Investment (FDI) and human capital. According
to them, FDI has a significant impact on environmental pollution of China; however, this impact is
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much dependent on the level of human capital. Lan et al. [31], in another study, argued that economic
factors could play a major role in increasing a country’s environmental pollution but did not discuss
consequences or the potential of environmental pollution influencing governmental expenditure on
health and R&D.

Another factor, which has great potential to affect a country’s expenditure on health and R&D,
is the level of energy consumption. Energy consumption can be defined as the amount of power or
energy used in a country. The energy consumption in ASEAN countries has increased significantly
and intermittently in the past few years, raising the need to increase expenditure on health as well as
R&D to cope with the environmental and health issues. Evidence reveals that this increase in energy
consumption in ASEAN countries has mobilized R&D to focus on maintenance, enhancement, and
protection of energy sources. Saboori and Sulaiman [32] argued that there is a close association between
energy consumption, environmental pollution, and economic growth. Heidari et al. [33] also accepted
this relationship based on their study in five major ASEAN countries. However, these studies did not
examine the impact of energy consumption on different expenditures in ASEAN countries, particularly
on health and R&D.

All these studies have although examined the association between energy consumption,
environmental pollution, and economic growth [21,33,34], they have hardly investigated the linkages
between these variables with health and R&D expenditures. Hence, a clear gap was identified in
the existing literature with regard to the relationship between energy consumption, environmental
pollution, and economic growth with R&D and health expenditure in the context of ASEAN countries.
This research gap rationalized the need for this current study.

2.1. Environmental Pollution and Health Expenditure

In all the past researches in terms of determinants, consequences, and different dimensions,
an important perspective of environmental pollution that has been extensively researched is about
its serious consequences on public health. In very recent research on organic as well as inorganic
environmental pollution in developing countries and their impact on human health, Vaccari et al. [35]
argued that pollutants spread via informal Waste Electrical and Electronic Equipment (WEEE) treatment
services and could influence the human health adversely by exposure pathways or transportation
process. As environmental pollution increases in a country, according to their findings, health conditions
get adversely influenced due to which many health issues arise that must be controlled. Therefore, it is
true that increasing environmental pollution always leads to increased health expenditure. However,
this study, too, could not accumulate knowledge about the determinants of the increasing environmental
pollution in health expenditure.

Jerrett et. al. [36], in exploratory research in Canada, argued that increased environmental
pollution significantly increased the expenditure on health. They argued that the toxic pollution output
was closely associated with per capita public environmental expenditure. Hence, countries with
higher environmental pollution are likely to have higher per capita health expenditure as compared to
countries with less environmental pollution. Since this research was limited to the Canadian perspective,
the findings in ASEAN perspective might vary due to its varying health and environmental conditions.
These countries also experience varying toxic diseases and health issues caused by contaminated
and polluted air and, therefore, health expenditure, too, varies. A similar study by Chaabouni and
Saidi [1] supported this argument. Based on a case study of 51 countries, the study suggested that
with environmental pollution causing an impact on health, a unidirectional relationship exists between
environmental pollution and expenditure on health. However, this research examined only two
determinants of health spending, i.e., economic growth and environmental pollution, while other
important predictors were ignored in this research.

The current argument was also supported by another research by Mehrara et. al. [37], who
argued that there was a close association between health expenditure and quality of the environment.
By using panel co-integration tests, error corrections models and Ordinary Least Square (OLS) to
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study the long-term equilibrium as well as short-term impact, the study found the evidence of a
direct relationship between environmental quality and health expenditure in both short-run as well
as long-run. Yazdi et. al. [38], in their research about Iran, too suggested that environmental quality
and healthcare expenditure were closely associated. They also used Auto-Regressive Distributed
Lag (ARDL) and co-integration approach to examine the long-term as well as short-term influences
of environmental quality on health expenditure. Their argument was based on results showing
that environmental pollution and different emissions had a positive impact on health expenditure.
Narayan and Narayan [6] had also conducted research on OECD countries in which they argued
that environmental quality (carbon emission) had a positive short-run impact on health expenditure.
Similar results were reported by Assadzadeh et al. [39] in examining the link between carbon emission
and health expenditures in eight oil-exporting nations. Another important research to be cited here is
Zaidi and Saidi [17], who also argued that there was a two-way connection between environmental
pollution and health expenditure.

All these studies have limited and regionally defined contexts, with no studies found in the
context of ASEAN countries. Therefore, to explain this relationship in ASEAN perspective, the current
study hypothesized that:

Hypothesis 1: “Environmental pollution has a significant positive impact on health expenditure of ASEAN
countries.”

2.2. Environmental Pollution and R&D Expenditure

When environmental pollution increases, there are several concerns related to a country’s
environment and its natural resources. One of the concerns is the increase in the R&D expenditure
to control environmental issues and protect natural resources. Environmental pollution can also
adversely affect natural resources and health conditions and, hence, there is a need to find innovative
procedures to satisfy the growing needs of a country. It is argued that the problem of increasing
environmental pollution can be addressed by focusing on R&D activities, which accounts for an
increase in R&D expenditure. Magnani [3] provided a similar argument in which it had been suggested
that a country needs to increase its R&D expenditure for the sake of environmental protection. Based
on data collected about public R&D expenditure in OECD countries, the study found that, due to
the inequality of income, a country is often unable to spend on environmental protection despite its
willingness. However, it did not directly examine the impact of environmental pollution on the R&D
expenditure of OECD countries.

Likewise, it is also important to understand that a country needs to identify policies, methods, and
the latest technologies to cope with several environmental issues caused by environmental pollution.
This involves encouraging energy-efficient practices in both business and infrastructural layouts, for
example, installation of lighting occupancy sensors that automatically turn lights on or off, depending
on usage or occupancy. Moreover, a well-designed R&D is crucially needed to conduct research and
control the adverse impacts of environmental pollution in a country. For example, strategies should
be directed to encourage research on eco-friendly technology across academic, technological, and
industrial boundaries through providing finance for interdisciplinary and transdisciplinary research
for high scientific quality and high environmental relevance that caters the aspects, such as knowledge
of existing environmental needs, user preferences, regulations, control instruments, etc. in ASEAN
perspective. Furthermore, considering the dominant role of Small and Medium Enterprises (SMEs) in
the region, policies should also include SME to cooperate in and co-finance innovative projects of high
environmental relevance by generating opportunities to boost renewal and innovation potentials of
the people. Lee and Min [40] suggested that an increase in eco-friendly R&D expenditures underlined
the tendency to decline carbon emissions. Likewise, Apergis et al. [41] also signified the importance of
R&D investments in reducing carbon emission in Europe. However, the relationship of carbon emission
in enhancing technological change and augmented research and development is not recognized in
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the existing literature. Hence, there is a need to examine the relationship of environmental pollution
represented by carbon emission to impact R&D expenditure in the particular perspective of the ASEAN
region. Hence, the current study hypothesized that:

Hypothesis 2: “Environmental Pollution has a significant positive influence on R&D expenditure of ASEAN
countries.”

2.3. Energy Consumption and Health Expenditure

As energy consumption in a country increases, it gives rise to several health issues resulting
in the deterioration of the environment as a consequence of excessive energy consumption. The
consumption of natural resources like coal, energy and gas, fossil fuels, etc. disturbs the environmental
process, causing several health and environmental issues. To overcome these issues, and to avoid
toxic effects of energy consumption on health in a country, there is a need to provide enough funds
for health expenditure. It is, therefore, argued that higher energy consumption leads to higher public
health expenditure. Arouri et al. [34], for instance, conducted research in the Middle East and North
African countries to study the relationship between energy consumption, environmental pollution,
and economic growth. They argued that energy consumption was closely related to environmental
pollution because fossil fuel consumption and other natural resources’ consumption adversely affect
the environmental process and cause several health issues in the region. However, this research did
not provide any empirical evidence of a direct impact of energy consumption on health expenditure.
Another research study by Heidari et al. [33] also lacked this feature. They, however, examined the
linkages among environmental pollution, economic growth, and energy consumption in ASEAN
countries but did not provide any insights about the impact of these factors on health expenditure in
any ASEAN country.

The current study argued that the higher is the energy consumption in a country, the greater is
the expenditure on health, which is due to an increase in health issues and concerns associated with
environmental pollution caused by energy consumption. Lean and Smyth [21] provided a supportive
argument about the impact of energy consumption on CO2 emissions that consequently create several
health issues. Another study by Saboori and Sulaiman [32] also provided strong insights about the
linkage of CO2 emissions and energy consumption in ASEAN perspective. However, an in-depth
literature review suggested that very scarce and limited studies about the direct impact of energy
consumption on health expenditure exist. The current studies available on this association only
considered energy consumption as a key predictor of environmental pollution but did not examine how
energy consumption could increase a country’s expenditure on health. A research gap is, therefore,
clearly evident, leading to the third hypothesis of this study:

Hypothesis 3: “Energy consumption has a significant positive impact on health expenditure of ASEAN
countries.”

2.4. Energy Consumption and R&D Expenditure

The fact that the increase in energy consumption in a country causes environmental pollution
has been embraced by several past researchers, e.g., [5,21,32–34]. The environmental concerns raised
due to environmental pollution require governments to find new ways, technology, policies, and
procedures that can be incorporated to control environmental pollution and associated issues. For this
purpose, proper research and development is needed to carry out appropriate studies on environmental
pollution and find solutions to issues. It is, therefore, argued that the higher is the energy consumption,
the greater will be the expenditure on R&D of a country because R&D alone can address the problems
and issues associated with environmental pollution factors, such as consumption of fossil fuels, coal,
and other natural resources. Magnani [3], for instance, provided strong insights about countries that
increased their R&D expenditure to protect their environment. This study collected R&D expenditure
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data from OECD countries and argued as the income inequality countries have to face a gap between
their ability to spend and willingness to spend on environmental protection. But the study did not
examine the direct association between energy consumption and R&D expenditure.

Another study by Bovenberg and Smulders [42] was also supportive of this argument as they also
suggested the significance of having proper environmental policies to address environmental issues.
An in-depth literature review further revealed a large scarcity of empirical evidence about a direct
impact of energy consumption on R&D expenditure. Particularly in the context of ASEAN countries
too, there is no evidential research that might have examined a direct impact of energy consumption
on R&D expenditure.

The current study, therefore, was an attempt to contribute to this domain by showing how an
increase in energy consumption raises environmental issues, necessitating an increase in a country’s
expenditure on R&D to find a solution to those issues. The current study hence hypothesized that:

Hypothesis 4: “Energy consumption has a significant positive impact on R&D expenditure of ASEAN
countries.”

2.5. Economic Growth and Health Expenditure

The economic growth of a nation is an important predictor of its human health, a determinant that
has been extensively researched in previous studies. Economic growth may also be seen as a result of
the enhanced expenditure on health. The higher is the economic growth of a country, the better are the
conditions for the country, to spend on its health. Therefore, it is argued here that higher economic
growth of country facilitates health expenditure; in other words, economic growth enhances the health
expenditure of countries. Zaidi and Saidi [17] adopted the ARDL approach to study short-run as well as
the long-run impact of economic growth on health expenditure in Sub-Saharan African countries. They
found that the GDP of countries had a significant positive impact on health expenditure. However,
this research was limited to Sub-Saharan African countries, and the evidence could not be applicable
to the ASEAN perspective. Similarly, Chaabouni and Saidi [1] also supported this argument in their
study on the relationship between economic growth and health expenditure. It was a case study of
51 countries, and its findings revealed that economic growth was an important predictor of health
expenditure of the sampled countries, but they did not consider determinants of health expenditure,
such as energy consumption taken up in the current study.

Another supporting study is by Lago-Peñas et. al. [43], who have examined the linkage of GDP
with healthcare expenditure in 31 OECD countries. They suggested that healthcare expenditure could
be potentially influenced by a change in per capita income. Since this research largely focused on
income factor, such as GDP, other important elements were ignored. Truly, with the increase in per
capita GDP of a country, health conditions to get enhanced because the country possesses enough
capital and income to invest in the health sector and other domains for development. Wang [44]
studied this relationship through two types of regression analysis: “panel regression analysis” and
“quantile regression analysis” in the context of 31 countries. They found that when the growth of health
expenditure was quantile, the impact of economic growth on expenditure also varied significantly.
However, this research did not provide a clear understanding of the direct association of economic
growth and health expenditure.

There are other past studies as well that examined the linkage between economic growth and
health expenditure but with mixed findings, e.g., [2,8,45,46]. Though these studies unanimously agreed
on the existence of a positive linkage between economic growth and health expenditure, none of them
had any evidence about the ASEAN region. Therefore, the current study hypothesized that:

Hypothesis 5: “Economic growth has a significant positive influence on health expenditure of ASEAN
countries.”
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2.6. Economic Growth and R&D Expenditure

The higher is the economic growth of a country, the better is its position to invest in its R&D
and introduce innovation in the country and to enhance its prosperity and growth. Alene [47] found
evidence that increased R&D expenditure led African agriculture to achieve enhanced productivity and
growth; however, it did not examine the reverse association that economic growth increases the R&D
expenditure. Wang [48] studied determinants of R&D investment in 26 OECD countries and suggested
that economic growth was an important predictor of R&D investment. Their research considered
income growth rate a determinant of R&D expenditure in the sampled OECD countries; however, its
findings could not be generalized for the ASEAN countries. Bozkurt [9] also found a unidirectional
relationship between economic growth and R&D expenditure in Turkey but failed to provide any
cross-country evidence.

An in-depth literature review hence suggested a lack of empirical studies on the influential role of
economic growth in R&D expenditure, particularly in the perspective of ASEAN countries; therefore,
the current study hypothesized that:

Hypothesis 6: “Economic growth has a significant positive influence on R&D expenditure of ASEAN
countries.”

3. Methodology

3.1. Sample and Data

This current study used annual data for ASEAN countries from 2009 to 2018 about the indicators of
economic growth, environmental pollution, and energy consumption on health and R&D expenditures
of ASEAN nations. Purposive sampling method was used as it suited the requirements of the study.
The data were collected to conduct empirical research on the ASEAN nations and to investigate the
framed hypothesis around the chosen determinants of economic growth, environmental pollution,
and energy consumption. The secondary data was collected for ten years period from the World
Development Indicator managed by the World Bank. The "World Bank" website was given a priority
owing to its authentic and relevant data content. All the variables were in absolute value; however, the
data on health and R&D expenditure were in the form of a percentage. The economic growth was
measured in per capita of GDP, energy consumption was measured in per capita of Kg of oil equivalent,
and environmental pollution was measured in per capita of metric tons. Moreover, health and R&D
expenditure were measured in % of GDP.

3.2. Definition and Measurement of Variables

The data was collected by selecting proper proxies for each variable. The current paper included
five key variables: two dependent and three independent variables.

3.2.1. Dependent Variables

Two separate econometric models were developed to analyze the short-term as well as the long-term
impact of the dependent variables. These two dependent variables were "health expenditure" and
"R&D expenditure". The measurement of health expenditure was performed by adding up all the
public and private health expenditure of the ASEAN countries. The R&D expenditure was, however,
calculated by summing up the R&D budgeted spending of the ASEAN countries.

3.2.2. Independent Variables

Three independent variables were been examined as predictors of health expenditure and R&D
expenditure in short-run as well as long-run. These variables were environmental pollution, energy
consumption, and economic growth. The environmental pollution was measured using CO2 emissions,
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while energy use per capita was calculated as a proxy to measure energy consumption. The economic
growth was measured using GDP growth.

3.3. Modeling and Methodological Framework

To meet the objectives of this study of examining the association between environmental pollution,
energy consumption, and economic growth, and health and R&D expenditures of ASEAN countries
for which data for past ten years (2009 to 2018) was collected, this study analyzed short-term as well
as long-term effect of independent variables on dependent variables. The ARDL approach was used
to complete the modeling of the data collected and the variables. A similar approach was used by
Zaidi and Saidi [17] to investigate the short-term and long-term linkage of CO2 emissions, GDP, and
health expenditure.

3.3.1. ARDL Approach

ARDL is an “Autoregressive Distributed Lag” approach, which is usually employed to analyze
short-term and long-term relationships between variables for a given period. The ARDL approach has
certain advantages: it can help evoke intra as well as inter dimensions of a model. Furthermore, it has
asymptotic properties that can be helpful in the estimation of independent variables of stationary as
well as non-stationary series. In the current paper, the Pooled Mean Group (PMG) method was used,
which is crucially a version of ARDL approach. This method was used to estimate the ARDL model
with the likelihood at a maximum level. The ARDL model can also be rephrased as an “error correction
model” (ECM) because it tends to induce simultaneously the inter as well as intra dimensions. The
PMG estimator was originally developed by Pesaran et al. [49] and is associated with the category of
dynamic panel modeling.

While following this modeling in the current study, a number of observations were assumed to
be as large as the number of individuals. It means that the number of “T” was considered to be as
large as that of “N”. According to PMG estimators, the long-run coefficients were constrained to be
matching to ECM because, in PMG estimate, the long-run coefficients were likely to vary from the error
variances. This estimator was followed by undertaking the assumptions that the short-term coefficient
is heterogeneous, while long-run slope coefficients are homogenous [50]. The initial conditions in
this estimating method were considered as random or fixed, while the long-run coefficients were
considered as a non-linear amalgamation of short-run coefficients.

The ARDL, i.e., “Autoregressive Distributed Lag” modeling has been efficiently used and enhanced
by past researchers to assess the long-run and short-run associations of variables, e.g., [17]. ARDL
models for the current study, including the long-run association between variables, are as follow:

∆HEit = αi +
∑

m−1
j=1 βij∆HEi,t− j +

∑
n−1
l=0φil∆CO2i,t−l +

∑
p−1
r=0
′Yir∆ECi,t−r+∑

s−1
u=0θiu∆GDPi,t−u + δ1HEi.t−1 + δ2CO2i.t−1 + δ3ECi.t−1 + δ4GDPi.t−1 + ε1i,t,

(1)

∆RDit = αi +
∑

m−1
j=1 βij∆RDi,t− j +

∑
n−1
l=0φil∆CO2i,t−l +

∑
p−1
r=0
′Yir∆ECi,t−r+∑

s−1
u=0θiu∆GDPi,t−u + π1RDi.t−1 + π2CO2i.t−1 + π3ECi.t−1 + π4GDPi.t−1 + ε2i,t,

(2)

where HE is the health expenditure and the dependent variable in the first model; RD is the research
and development expenditure and the dependent variable in the second model; αi denotes constant,
which is country-specific intercept; CO2 is the CO2 emission, which was measured with proxy as a
metric ton per capita; ‘EC’ stands for energy consumption, which was measured with energy use per
capita in a year; ‘GDP’ represents the economic growth, which was measured with GDP growth; and
finally εki,t is the error term in which (k = 1,2). These are the first variance operators.

In the very first step of ARDL modeling, the optimal lag length was decided for each variable of the
study. For this purpose, the minimization of “Schwarz information criterion” (SBIC) was used for a grid
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search. At this step, the null hypotheses are formulated about no co-integration between the current
variables. The null hypotheses for Equations (1) and (2) were formulated as follows, respectively:

H0 : δ1 + δ2 + δ3 + δ4 = 0

H0 : π1 + π2 + π3 + π4 = 0

The alternative hypotheses against these null hypotheses suggested that co-integration was not
equal to zero. When the values of “Fisher statistics” were larger than zero, the null hypotheses
were rejected.

The second step of the ARDL approach proceeded after the decision about null hypotheses of
co-integration had been taken. If the null hypotheses of the co-integration were not rejected, then the
long-term relationship between the variables could be estimated. The long-term relationship of the
current ARDL model for Equations (1) and (2) could be written as follows, respectively:

HEit = µi +
∑

m−1
j=1 λ1jHEi,t− j +

∑
n−1
l=0λ2jCO2i,t−l +

∑
p−1
r=0λ3jECi,t−r +

∑
s−1
u=0λ4jGDPi,t−u + ν1i,t, (3)

RDit = µi +
∑

m−1
j=1 λ1jRDi,t− j +

∑
n−1
l=0λ2jCO2i,t−l +

∑
p−1
r=0λ3jECi,t−r +

∑
s−1
u=0λ4jGDPi,t−u + ν2i,t (4)

The assumptions of the PMG approach had also been considered while developing these equations
about the long-term relationship of variables since the coefficients of long-term relationships remained
the same for each country. At this step, the assumption specific to co-integration null hypothesis had
also been respected for above-mentioned ARDL models. After developing long-run relationships for
both ARDL models of the current study, the “error correction terms” were determined from these
relationships. These “error correction models” would be used to estimate the short-term relationships
between variables:

∆HEit = αi +
∑

m−1
j=1 βi j∆HEi,t− j +

∑
n−1
l=0φil∆CO2i,t−l +

∑
p−1
r=0
′Yir∆ECi,t−r+∑

s−1
u=0θiu∆GDPi,t−u + aECTt−1 + e1i,t,

(5)

∆RDit = αi +
∑

m−1
j=1 βi j∆RDi,t− j +

∑
n−1
l=0φil∆CO2i,t−l +

∑
p−1
r=0
′Yir∆ECi,t−r+∑

s−1
u=0θiu∆GDPi,t−u + bECTt−1 + e2i,t,

(6)

where the eki,t is the residual (k = 1, 2) and ECTt−1 is the “error correction term”, which is defined
through the “long-run equilibrium relationship” between variables. The parameters (a, b) used in these
models indicated the speed of alteration to the equilibrium level. These parameters were estimated by
using “nonlinear algorithm” of “Newton–Raphson” following the method of Pesaran et al. [49]. The
estimators found that the results of this method were normally consistent and concurrently distributed.
The “pooling” and “averaging” were also involved in these intermediate estimators. According to PMG
approach, the short-run dynamic conditions were allowed that were different for different countries;
however, long-run coefficients were the same for all countries. This approach had certain advantages
in comparison to “Dynamic OLS” and “fully modified OLS” methods.

The last step of the ARDL approach was “Granger causality tests” that were performed in
three ways by following [41]. At this stage, the short-run connections were assessed by considering:
“H0 : φil = 0” for all “i” and l ≥ 1 in Equations (5) and (6). Then, the long-run connections were tested
in all these equations from the Error Correction Term (ECT). The null hypotheses in this causality test
in Equations (5) and (6) was “H0 : a = 0, H0 : b = 0”, respectively. Finally, the strong causalities in
both models were tested. For instance, the null hypothesis for checking strong causality from CO2

emission to HE was “φil = a = 0” for all “i” and l ≥ 1. Similarly, the null hypothesis for Equation (6)
was also specified.
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3.3.2. Panel Unit Root Test

Before performing econometric modeling, there was a need to analyze the stationarity of the data
sets as it was required for econometric analysis. The panel unit root test becomes more important
when research involves macroeconomic or financial data because it is needed to define the order of
integration before applying any co-integration technique on this data. It was necessary to ensure the
stationarity of variables to avoid any problems related to fallacious regression in case if the variables
were not stationary. Normally, the panel unit root test involves Augmented Dickey Fuller (ADF) Fisher
Chi-square (ADF Fisher) and Levin, Lin, and Chi (LLC) unit root tests” for macroeconomic data. Hence,
these tests were selected for the current study.

4. Empirical Findings

For the current study, the data from 2009 to 2018 were collected from different secondary sources
with ASEAN countries as a sample in this study. Some initial but important tests were applied to
check the normality and suitability of the data for major analysis. For instance, descriptive statistics
were used to assess the descriptive features of data for ensuring its normality and adequacy. It was
ensured that there was no outlier in the data of any variable, and data were normally distributed and
appropriate for which its mean value, minimum and maximum statistics, standard deviation as well as
skewness statistics were some key indicators used and interpreted. The skewness statistics is a very
good indicator of normality of data and should fall within the range of −1 to +1.

Table 1 depicts the overall acceptability and normality of data of both variables. Outcomes showed
that data were normal for each variable because every construct had a skewness value under the
threshold range from −1 to +1. Moreover, other values like mean, minimum, and maximum statistics
showed that the current data had no outliers.

Table 1. Descriptive Statistics.

Test RD HE GDP EC CO2

Mean 0.883800 3.939443 5.283240 2205.206 4.547337
Median 0.740587 3.675714 5.973367 958.9194 1.612607

Maximum 2.159960 7.583306 15.24038 9829.333 24.60718
Minimum 0.055300 1.686957 −2.465515 251.3355 0.152848
Std. Dev. 0.693801 1.490673 2.898637 2579.883 6.220351
Skewness 0.587140 0.571528 −0.480000 0.638023 0.914250
Kurtosis 2.075627 2.495882 4.395097 2.588205 2.945612

Jarque-Bera 9.305827 6.502969 11.94956 55.22864 97.22520
Probability 0.009534 0.038717 0.002542 0.000000 0.000000

Sum 88.38002 393.9443 528.3240 220520.6 454.7337
Sum Sq. Dev. 47.65466 219.9885 831.8078 659.08 3830.584
Observations 100 100 100 100 100

Note: RD = Research and development expenditure, HE =Health Expenditure, GDP = Gross domestic products
proxy for economic growth, EC = energy consumption, CO2 = Environmental pollution.

4.1. Correlation Test

The correlation test was used to examine whether there was an association between variables of
study or not and what type of association was present between them. The most commonly used test
for the assessment of the correlation between variables is the Pearson correlation test.

The correlation of each variable was obvious from the results given in Table 2. For instance, the
correlation of RD with itself was one, that of HE with itself was one, that of GDP with itself was
also one, that of EC, as well as the last correlation of CO2 with itself, was also one. It means that the
discriminant validity of current data was ensured because a variable must correlate with itself more
than within any other variable. The table includes the correlation value along with the P-value and
t-statistics against this correlation value to suggest the significance of these results. The acceptable
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correlation value for a positive correlation is normally >0.3, and its P-value must be less than 0.05. The
significance of results further required the t-statistics to be more than t-tabulated. The correlation value
between RD, HE, GDP, EC, and CO2 were significant current results having t-value greater than t-tab
and P-value less than 0.05.

Table 2. Correlation Results.

t-Statistic

Probability RD HE GDP EC CO2

RD 1.000000
-----
-----

HE −0.534096 1.000000
−6.254006 -----
0.000000 -----

GDP −0.380210 0.162642 1.000000
−4.069502 1.631800 -----

0.0001 0.1059 -----

EC 0.816955 −0.459086 −0.591313 1.000000
14.02362 −5.115673 −7.258670 -----
0.000000 0.000000 0.000000 -----

CO2 0.747435 −0.411492 −0.646100 0.948801 1.000000
11.13778 −4.469499 −8.380006 29.73539 -----
0.000000 0.000000 0.000000 0.000000 -----

Note: RD = Research and development expenditure, HE =Health Expenditure, GDP = Gross domestic products
proxy for economic growth, EC = energy consumption, CO2 = Environmental pollution.

4.2. Assumptions of ARDL Approach

Before applying the ARDL approach to the data, there were some assumptions necessary to prove
their satisfactory level, as follows:

4.2.1. Data Stationarity

It is a prerequisite and assumption of the ARDL approach that the data for each construct should
be stationary at the level or first difference I (1). However, the ARDL model allows that if some
constructs have stationarity at the level and some have at the 1st difference, it is acceptable. So,
stationarity of the data at I (2) is not acceptable in the ARDL approach. For this purpose, ADF Fisher
Chi-square (ADF Fisher) and Levin, Lin, and Chi (LLC) were applied to check the stationarity of the
data. Before applying unit root tests, the joint graph of all constructs, indicating the trend of each
variable, was created (Figure 2).

The graph present that most variables have their trend at stationarity level; however, to confirm
this stationarity, the unit root analysis was applied. Table 3 present the results of the unit root test.

As seen in the graph, most variables were stationary at level; the results of ADF and LLC test
also indicated that all variables are stationary at 1st difference, fulfilling the condition of the ARDL
approach. However, results also showed that some variables were stationary at the level as well, like
RD and GDP in the ADF test, while RD, EC, and CO2 were stationary in LLC test.
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Figure 2. Joint Trends.

Table 3. Unit Root Analysis.

Constructs ADF Test LLC Test

At Level 1st Difference At Level 1st Difference

HE 17.0336 73.6361 *** −0.62877 −4.23906 ***
RD 28.5654 * 25.8970 * −4.30799 *** −3.98399 ***
EC 26.5808 33.3896 * −3.71221 ** −4.21096 ***

GDP 36.5799 * 47.2471 *** −0.65915 −2.07879 *
CO2 22.0843 53.2398 *** −2.09090 * −8.97472 ***

Note: RD = Research and development expenditure, HE =Health Expenditure, GDP = Gross domestic products
proxy for economic growth, EC = energy consumption, CO2 = Environmental pollution, LLC = Levin, Lin, and Chi.
*, **, *** denoted as significance at level 5%, 1%, and 0.1%, respectively.

4.2.2. Heteroscedasticity Test

The second assumption of the ARDL approach is that data must be free from the problem of
heteroscedasticity, which is a problem of pattern in data distribution [51]. The researchers checked it in
both models by applying heteroscedasticity test (Table 4). There are two hypotheses regarding the
heteroscedasticity test:

H0: Heteroscedasticity exists in the model.
H1: Heteroscedasticity does not exist in the model.
Heteroscedasticity tests for both models proved that there was no issue of heteroscedasticity in

the data, fulfilling the 2nd assumption of ARDL approach.

Table 4. Heteroscedasticity Test.

Dependent Variable S. Value DF Probability Null Hypothesis

HE 5.316656 10 0.8690 Rejected
RD 1.9834780 10 0.9965 Rejected

4.2.3. Co-Integration Test

If the residuals of variable and stationarity of the constructs need to be co-integrated, by using
Eviews 10, a cointegration test is to be applied. Null hypothesis indicates an absence of cointegration,
while the alternative hypothesis states the existence of cointegration [52]. The findings of the
cointegration test in this study are shown in Table 5.
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Table 5. Co-Integration Analysis.

Alternative Hypothesis: Common AR Coefficients (within-dimension)
Weighted

Statistic Prob. Statistic Prob.

Panel v-Statistic −2.447929 * 0.0262 21.336387 0.0193
Panel rho-Statistic 2.730734 * 0.0968 2.634982 0.0458
Panel PP-Statistic −3.793224 *** 0.0001 −4.120508 0.0000

Panel ADF-Statistic 0.192145 0.5762 −0.474465 0.3176

Alternative Hypothesis: Individual AR Coefficients (between-dimension)

Statistic Prob.

Group rho-Statistic 4.067592 0.00001
Group PP-Statistic −7.113317 0.0000

Group ADF-Statistic −0.122626 0.4512

Kao test. Statistic Prob.

ADF −1.604157 * 0.0457

Note: *, **, *** denoted as significance at level 5%, 1%, and 0.1%, respectively.

The outcomes in Table 5 showed that all statistics were significantly co-integrated, except penal
ADF and group ADF. The rest all were significant and rejected the null hypothesis. Moreover, Kao test
proved the significance of the ADF test until we were in the position to run the ARDL approach to
investigate the long- and short-term relationship for health and R&D expenditures.

4.3. ARDL Results

In the current study, a PMG method was used with the ARDL approach. This method assumes
the presence of cointegration. This method was applied when asymptotic properties were required for
explanatory variables that are either stationary or not, but it helps to obtain the long and short-term
relationship in an econometric model [52]. Table 6 presents the outcomes of the ARDL approach for
both models.

Table 6. ARDL Results.

Dependent
Variables

Independent Variables

Long-Run Estimations

CO2 EC GDP

HE 0.517269 ***
(5.0312)

−0.008960 ***
(−5.2468)

0.521607 ***
(6.6752)

RD 0.029525 ***
(35.9975)

0.584505 ***
(68.8935)

0.017151 ***
(71.663)

Short-run estimations

HE 0.810250
(−0.6815)

0.003219
(0.7871)

0.020190
(0.2150)

RD −0.189422 *
(−2.0871)

0.854505
(0.3334)

0.006630 *
(2.08651)

Note: RD = Research and development expenditure, HE =Health Expenditure, GDP= Gross domestic products
proxy for economic growth, EC = energy consumption, CO2 = Environmental pollution, ARDL = Auto-Regressive
Distributed Lag. *, **, *** denoted as significance at level 5%, 1%, and 0.1%, respectively.

Results of the ARDL approach (Table 6) indicated that environmental pollution had a positive and
significant impact on health expenditure in the long-term estimation, whereas, its impact in short-term
estimations was insignificant. The results of energy consumption indicated that it had a positive
and significant impact on health and R&D expenditures in the long-run, but in short-term, it had an
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insignificant impact on both dependent variables. The findings also revealed that economic growth
had a positive and significant impact in long-run estimations on health and R&D estimations, whereas
it had a significant effect on R&D in short-term but insignificant on health expenditure.

4.4. Granger Causality

In the current study, “Wald statistics” was used to perform the causality tests because the
commonly used t-statistics and F-statistics were less flexible and, therefore, could not be used. At the
first step in this test, the long-term causalities were tested for the current variables as given in Table 7.
It can be seen in Table 7 that long-term causality running from CO2 emissions, energy consumption,
and GDP growth to health expenditure was significant. Similarly, the long-term causality running
from GDP growth, EC, and CO2 emission was also significant.

Table 7. Long-term Causality Statistics.

Dependent Variable Statistics

Wald P-Value Fisher P-Value

HE 10.982603 *** 0.0001 10.982603 *** 0.0001
RD 13.952201 *** 0.0001 13.952201 *** 0.0001

Note: *** indicates the significance of results at a 1% level.

After estimating the long-term causality of models, the strong causalities were tested. The results
of strong causalities are presented in Table 8.

Table 8. Strong Causality Statistics.

Causality Direction Wald P-Value Fisher P-Value

GDP→ HE 12.45736 *** 0.0001 9.582995 *** 0.0001
EC→ HE 18.52950 *** 0.0001 12.05992 *** 0.0001

CO2→ HE 14.70421 *** 0.0001 11.04992 *** 0.0001
EC, GDP, CO2 → HE 24.74134 ** 0.0210 18.04985 ** 0.0210

HE→ CO2 2.96324 0.20521 1.425665 0.21213
HE→ GDP 4.01242 0.2104 2.146677 0.31084
HE→ EC 2.00421 0.15960 1.685986 0.35900

GDP→ RD 17.48556 ** 0.03259 12.69495 ** 0.03829
EC→ RD 12.48050 *** 0.0001 5.63114 *** 0.0001

CO2 → RD 9.04892 *** 0.0001 5.156674 *** 0.0001
GDP, EC, CO2 → RD 29.05829 *** 0.0001 20.96869 *** 0.0001

RD→ CO2 2.89521 0.2109 1.0596949 0.35109
RD→ GDP 1.48590 0.1953 1.00002 0.2953
RD→ EC 2.05949 0.59285 1.05568 0.50985

Note: *** indicates the significance of results at a 1% level, while ** indicates the significance of values at a 5% level.

It can be seen in Table 8 that strong causality running from either EC, CO2, or GDP to HE was
significant. However, the inverse causal paths from health expenditure to any of the independent
variable (i.e., EC, CO2, or GDP) were not significant. It means that results provided great evidence
about strong causalities running from EC, CO2, and GDP to HE, but there was no significant causality
reported by results running from HE to any of CO2, GDP, or EC. Similarly, results revealed that there
was no strong causality running from R&D expenditure to CO2, GDP, or EC; however, there was strong
causality running from CO2, GDP, and EC (energy consumption) to R&D expenditure. It means that
there were no significant inverse causalities between current variables.

Finally, the short-terms causality test was completed to assess the short-run connections between
variables. The results of short-term causality are presented in Table 9. It was found that short-term
causality running from EC, CO2, and GDP to health expenditure was not significant. Moreover, there
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was no inverse causality running from health expenditure to any of the independent variables, i.e., EC,
CO2, and GDP.

Table 9. Short-term Causality Statistics.

Causality Direction Wald P-Value Fisher P-Value

GDP→ HE 2.154506 0.0941 2.05406 0.0962
EC→ HE 8.04550 0.20184 6.04550 0.22185

CO2 → HE 8.04221 0.2959 5.04221 0.30013
EC, GDP, CO2 → HE 2.14134 0.6821 2.00034 0.8520

HE→ CO2 4.90324 0.2089 1.90324 0.2189
HE→ GDP 2.14242 0.0831 1.80042 0.12831
HE→ EC 1.91422 0.15059 1.077910 0.16059

GDP→ RD 17.48556 ** 0.0201 11.04547 ** 0.03301
EC→ RD 8.28358 0.25885 3.97288 0.35885

CO2 → RD 12.41065 *** 0.0001 8.91000 *** 0.0001
GDP, EC, CO2 → RD 6.04991 0.0919 2.00011 0.1919

RD→ CO2 4.59290 0.25929 2.192994 0.3329
RD→ GDP 2.68288 0.15883 1.80018 0.26783
RD→ EC 3.08592 0.48593 1.89001 0.50985

Note: *** indicates the significance of results at a 1% level, while ** indicates the significance of values at a 5% level.

It can be seen in Table 9 that no short-term causality was proved either from HE to EC, CO2, and
GDP, or from EC, CO2, and GDP to HE. It means that there was no significant causality of CO2, EC,
and GDP to health expenditure. Furthermore, it was found through results that causality running
from CO2 and GDP to R&D expenditure was significant; however, the causality running from EC to
R&D was not significant. Moreover, there was no significant causality running from either CO2, GDP,
or EC to R&D expenditure. Hence, it could be concluded through “Granger causality test” that there
was no inverse significant path in the current study.

5. Discussion of Results

The current study examined the linkage between economic growth, energy consumption,
environmental pollution, and expenditure on health and R&D in the context of ASEAN countries
by using ARDL approach. The empirical results were found by checking short-run as well as the
long-run association of independent and dependent variables. In response to the first hypothesis of the
current study, i.e., "Environmental pollution has a significant positive impact on health expenditure",
the empirical results of ASEAN countries revealed that environmental pollution had a significant
positive influence on health expenditure in the long-run; however, there was no significant association
of environmental pollution with health expenditure in short-run. It was also found that the health
expenditure was derived by environmental pollution in long-run not in short-run, so the first hypothesis
of the current study was accepted from a long-term perspective. These results were in line with past
studies, e.g., [1,2,17,35,38]. All these researchers have reported positive linkage between environmental
pollution and health expenditure, suggesting that the current results are in line with past findings.

In response to the second hypothesis of the current study, i.e., "Environmental Pollution has
a significant positive influence on R&D expenditure", the current results revealed that there was a
significant positive association between environmental pollution and R&D in long-run as well as
short-run because the increasing environmental pollution immediately causes the health and other
issues for which R&D needs to be mobilized quickly. Therefore, a short-term and long-term positive
impact was reported by CO2 emissions on R&D expenditure. Hence, this hypothesis was accepted
through the current results. The existing supportive studies and findings in the literature are insufficient
to support these current findings of the direct impact of environmental pollution on R&D expenditure
because there is a lack of literature about this relationship. However, the arguments of Bovenberg and
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Smulders [42] and Magnani [3] can be referred here to support the current relationship and findings
because they suggest some indirect linkage between environmental pollution and R&D expenditure.

The next two hypotheses of the current research paper were about the impact of energy
consumption on health expenditure and R&D expenditure. In response to the third and fourth
hypotheses, it was found that the energy consumption had significant impacts on health as well as R&D
expenditure in long-run; however, the impacts of energy consumption on health and R&D expenditure
in short-run were insignificant. It means that the impacts of energy consumption on R&D and health
expenditure were not immediately realized; rather, the energy consumption took time to influence the
expenditure on R&D and health. Hence, the third and fourth hypotheses of the current study were
true from a long-run perspective. These results about the significant impact of energy consumption on
health expenditure could be supported by past studies of Arouri et al. [34], Heidari et al. [33], Lean and
Smyth [21], and Saboori and Sulaiman [32] because they argued that energy consumption gives rise
to environmental pollution, ultimately enhancing the health expenditure of countries. It means that
the long-run impact of energy consumption on health expenditure can be supported through these
past studies. The long-term impact of energy consumption on R&D expenditure found in the current
study was insufficiently supported through past studies due to the lack of literature about the direct
relationship between energy consumption and R&D expenditure.

In response to the last two hypotheses about the impact of economic growth on health and
R&D expenditure, it was found that the economic growth had a significant positive influence on
health expenditure in long-run, but there was no significant impact of economic growth on health
expenditure in short-run. Similarly, it was found that the economic growth had a significant impact
on R&D expenditure in short-run as well as long-run, so fifth and sixth hypotheses of the current
paper were also accepted through current findings. These results were in line with several past studies,
e.g., [2,9,17,28,32–34,44,46]. All these studies somehow argued the positive association of economic
growth with health expenditure and R&D expenditure of countries. Hence, all current results were in
line with past findings.

6. Conclusions

The current study examined the linkage of economic growth, environmental pollution, energy
consumption, health expenditure, and R&D expenditure for which the data were collected for the
past ten years for ASEAN countries. It was found through results that all hypotheses of the current
study were true. These results suggested that environmental pollution did not increase the health
expenditure in short-run because it takes time to realize the impact of environmental pollution on health
expenditure. The impact of environmental pollution on R&D expenditure was also found through
current results. Furthermore, it was found that economic growth had a short-term and long-term
impact on R&D expenditure, while the impact of economic growth on health expenditure was only
realized in long-run. The impact of energy consumption on health as well as R&D expenditure was
only realized in long-run, while there was no impact of energy consumption on R&D and health
expenditure in short-run.

The current study would have a great contribution in theory and practice because, theoretically, it
would enhance the existing literature through important empirical findings of ASEAN countries, so the
existing gap in the literature about association of environmental pollution, economic growth, energy
consumption, health expenditure, and R&D expenditure regarding ASEAN countries would be fulfilled.
Practically, this research would assist ASEAN countries in determining the role of environmental
pollution, economic growth, and energy consumption in determining their health and R&D expenditure.
Eventually, they would be able to frame policies accordingly. There were also some limitations of
the current study that should be overcome in future researches. The current study examined only
unidirectional connections between variables, while there exist bi-directional relationships between
current variables as well. So, researchers are directed to examine these bi-directional relationships.
Furthermore, researchers should also conduct research on other regions as well because the current
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findings were limited to the ASEAN region. Moreover, the study could be further extended by adding
the variable related to monetary policy, fiscal policy, and any government regulated variables, such as
political stability, corruption, interest rate, etc.
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