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Abstract
While studies have demonstrated that air pollution can be catastrophic to the population’s health, few empirical studies are 
found in the economic literature because a considerable proportion of the evidence comes from epidemiological studies. 
Because of the crucial role of governance in the health community, good governance has been a contentious issue in public 
sector management in recent years. Therefore, the aim of this study is to examine the effects of air pollution and the role of 
governance on health outcomes. This study employed the generalized method of moment (GMM) estimation techniques 
to analyse panel data for 72 developing countries from 2010 to 2017. The empirical results confirm that higher PM2.5 and 
CO2 levels have a detrimental influence on life expectancy and healthy life expectancy, whereas the role of governance has 
a positive impact on life expectancy and healthy life expectancy. Furthermore, the findings show governance quality plays 
a role in moderating the negative effect of PM2.5 on health outcomes. The ongoing rise in air pollution has had a significant 
impact on the health of developing countries. It appears that governance quality has improved health outcomes. The findings 
have important policy implications, such that strengthening governance can reduce air pollution emissions in developing 
countries. However, to reduce the health effects of air pollution, developing countries must implement effective environmental 
development policies and track the implementation and enforcement of such policies.
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Introduction

In developing countries, structural change in their econo-
mies has largely moved away from primary products 
towards manufacturing-based production, leading to high 
growth rates of their GDPs (McMillan et al. 2017; Collier 
and Venables 2007). Manufacturing intensification between 
many developing countries is an increasingly significant 
concern during the process of economic development. 
The manufacturing process is accompanied by significant 
increases in pollutant discharges, the depletion of a large 
amount of natural resources, tremendous increases in pol-
lutant discharge, damage to ecosystem sustainability, and 
severe effects on human health (Zafar et al. 2019; Wang 
et al. 2018). Notably, air pollution is an important issue that 
has been shown to be worse in rapidly developing countries 
than in wealthy or very poor nations. The influence of dis-
closure on air pollution is far larger in such countries, in 
which population growth (nearly 70% of the global popula-
tion resides in middle-income countries), urbanisation, and 
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accelerated industrialisation lead to reduced environmental 
quality (Mannucci and Franchini 2017; Pena and Rollins 
2017; Sultana et al. 2022).

Based on the Global Burden of Disease (GBD) project, air 
pollution is presently considered among the world’s leading 
risk factors for death. A growing body of literature has veri-
fied the negative association between air pollution and health 
effects. Exposure to polluted air increases the frequency of 
various types of diseases that lead to a higher incidence of 
mortality (Ahmad et al. 2021a, b; Yu et al. 2020) and lower 
life expectancy (Qi et al. 2020; Urhie et al. 2020). While air 
pollution in high-income countries has decreased dramati-
cally, the World Health Organisation (WHO) reported that it 
still accounted for some 4.9 million fatalities in 2017, mainly 
in low- and middle-income countries, where air pollution 
has risen in the last 25 years (Boogaard et al. 2019). Poor 
air quality is thus unavoidable in many developing coun-
tries, and it can have various health repercussions, including 
increased disability and a shorter lifespan (Anser et al. 2020; 
Wang et al. 2019; Ebenstein et al. 2015). Therefore, it has 
become a priority for developing countries to rectify air pol-
lution to address the concerns regarding its adverse effects 
on health and the quality of life.

Notwithstanding, many experts agree that good govern-
ance practises in decision-making may be the best way to 
resolve the increasingly visible risks to health from air pollu-
tion by framing effective policy mechanisms and implement-
ing appropriate strategies (Kim and Wang 2019; Dash et al. 
2020). Ahmad et al. (2021a, b) proposed that governments 
should considerably reduce the detrimental impact of air 
pollution on mortality. This study is similar, albeit healthy 
life expectancy is used to proxy health outcomes instead of 
adult mortality rates. Despite their importance, mortality 
indicators provide decision-makers with limited and insensi-
tive information on general population health (Stiefel et al. 
2010; Jagger 2015). Healthy life expectancy (also known 
as disability-free life expectancy), which integrates mor-
tality and morbidity information, has attained importance 
as a population health measurement. Thus, the degree to 
which improving the quality of life keeps pace with the rise 
in life expectancy is a significant health policy issue in many 
countries.

This study contributes to the following dimensions in the 
current literature. First, this issue is examined by includ-
ing finer air pollution sources, particulate matter (PM2.5), in 
exploring better health outcomes, namely healthy life expec-
tancy. This provides a more inclusive measure of popula-
tion health, including the morbidity and mortality associ-
ated with non-fatal health outcomes. PM2.5, on the other 
hand, is the local air pollutant that poses a more serious 
health risk than other types of contaminants. Second, this 
study also considers the role of governance in moderating 
air pollution’s negative effects on better health outcomes in 

developing countries. A governance quality index was con-
structed from six individual Worldwide Governance Indi-
cators (WGI) from the World Bank to measure the overall 
quality of a country’s governance quality. Such an index 
can be useful for evaluating the broader governance dimen-
sions that contain extended information and provide valuable 
insights into cross-country patterns. Thus, understanding 
good governance and its relevant role is crucial for develop-
ing countries when seeking to improve health during periods 
of economic growth and environmental problems.

Literature review

The interaction between socio-economic elements—such as 
the environment and health outcomes—has provided ben-
eficial insights for scholars and policymakers. As a result, 
the literature explores the relationship between air pollution, 
governance, and health impacts to enable better comprehen-
sion of the function of this link in previous investigations.

Air pollution and health effects

Ambient air pollution has been reported as a contribut-
ing cause of non-communicable diseases and associated 
deaths, accounting for 40% of all pollution-related deaths 
or approximately 3.4 million annual deaths (Fuller et al. 
2019). Among the pollutants, particulate matter (PM10 and 
PM2.5) has a more substantial health effect than other con-
taminants (Yap et al. 2019; Kim et al. 2018). Notably, due 
to its smaller size, PM2.5 was more closely correlated with 
chronic diseases. This pollutant is more likely to enter the 
lungs and even the bloodstream, producing further negative 
health effects (Wu et al. 2020; Schwartz et al. 2018; Fann 
et al. 2017). The dominance of PM2.5 risk was recorded in 
a study conducted by Hadei et al. (2017) in Iran, in which 
the total number of deaths related to PM2.5 was 4336, while 
those related to PM10, O3, NO2, and SO2 were 4192, 1363, 
2830, and 1216 over 3 years (2013 to 2016), respectively. 
Similarly, considerable numbers of deaths owing to PM2.5 
have been reported in India (Balakrishnan et al. 2019), Iran 
(Bayat et al. 2019), and the USA (Bennett et al. 2019). Com-
paring different global risk factors shows that ambient air 
pollution (PM2.5) is a leading cause of excess mortality and 
loss of life expectancy, mainly through cardiovascular dis-
eases (Lelieveld et al. 2020).

Apte et al. (2018) reported that PM2.5 exposure was esti-
mated to reduce the average global life expectancy by nearly 
1 year, with declines of 1.2 to 1.9 years in contaminated 
countries of Asia and Africa when using the Global Burden 
of Disease project. The results of Hill et al. (2019) across 
multiple life expectancy models reported that greater PM2.5 
levels of exposure tend to lower the average life expectancy. 
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Similarly, Chen et al. (2019) showed that citizens residing 
in areas with greater levels of PM2.5 displayed significantly 
contracted life expectancy, whereby escalation in PM2.5 
was related to a deterioration in life expectancy of 0.3 years 
among adults. De Keijzer (2017) found that the increase 
of PM2.5 and other air concentrations (PM10, NO2 and O3) 
resulted in a loss of life in Spain. Bennett et al. (2019) found 
that current PM2.5 levels correlated with impacts on mortal-
ity and loss of life expectancy, with more significant impli-
cations in lower-income counties and those with higher 
poverty rates. Fotourehchi (2015) found that PM10 and CO2 
negatively affected life expectancy and positively affected 
infant mortality. Moreover, studies have revealed that life 
expectancy decreased with higher CO2 emissions (Anser 
et al. 2020; Urhie et al. 2020; Ahmad and Zhao 2018).

Despite the emerging concerns about air pollution and 
its health outcomes, most accessible studies emphasising 
mortality and life expectancy are found outside the eco-
nomic literature (De Keijzer 2017; Bennett et al. 2019; 
Urhie et al. 2020), in which less attention has been devoted 
to healthy life expectancy. Life expectancy and mortality 
rate were essentially chosen not because they were the very 
best indicators, but because they are accessible ways to 
find measurements across many years for most countries 
and they are reliable in assessing health outcomes (Belt-
rán-Sánchez et al. 2015). Healthy life expectancy, on the 
other hand, provides a relatively more extensive measure 
of population health, which is sensitive to changes in health 
across the population and allows for the morbidity related 
to non-fatal health effects and mortality (Stiefel et al. 2010; 
Jagger and Robine 2011).

Studies on this include the works by Gangadharan and 
Valenzuela (2001), Wen and Gu (2012), Bardi and Perini 
(2013), and Grigoli and Kapsoli (2018). Gangadharan and 
Valenzuela (2001) reported the significant negative effect 
of the environmental stress variable on healthy life expec-
tancy from 1997 to 1999, despite a data limitation. Wen 
and Gu (2012) analysed the relationships between the Air 
Pollution Index and health outcomes using datasets from a 
nationwide comprehensive longitudinal survey undertaken 
across China. According to the findings, acquaintance with 
air pollutants was linked to a drop in life expectancy and 
health expectancy. Bardi and Perini (2013) observed that 
one possible cause of the drop in healthy life expectancy 
could be a connection with climate change, which caused a 
heatwave in Europe. Data on healthy life expectancy can be 
gathered by querying people directly, although this assess-
ment is more imprecise and subjective than determining the 
cause of death. Grigoli and Kapsoli (2018) found that access 
to sanitation facilities positively affects healthy life expec-
tancy. As a result, further research and reports are needed 
that explore how relative air pollution risks link to healthy 
life expectancy.

Governance and health association

Governance is defined broadly as the act, process, or power 
of governing through good governance principles. This intu-
itive interpretation conceals the assertion that governance is 
a complicated matter with many varied aspects. Some people 
have used the term governance broadly to describe the entire 
spectrum of social, political, and institutional structures that 
have an impact on how the government operates, while oth-
ers use it to describe primarily to state capability. Even more 
people have referred to it as a code phrase for government 
corruption and mismanagement (Quibria 2015). The most 
comprehensive and influential definition of governance is 
provided by Kaufmann et al. (2009) and the World Bank 
on WGI. According to the World Bank, governance is the 
process by which authority is used to manage a nation’s 
social and economic resources for development. Kaufmann 
et al. (2009) stated that governance includes the method by 
which governments are chosen, scrutinised, and replaced; 
the capability of the government to successfully develop and 
enforce effective laws and a nation’s institutions that control 
its residents’ economic and social interactions are respected 
by both its citizens and by the state. All of the previously 
described dimensions—political regime, state capability, 
and legal framework—are included in this concept.

Governance is thought to have a significant impact on 
population health. Regulating environmental and economic 
policies thru the long-term governance of ecology, econom-
ics, with public health allows for the quantification of the 
influence of governance on population health (Wang et al. 
2018; Lisciandra and Migliardo 2017). Some of the inter-
ventions include developing and monitoring legislation for 
air pollution, raising taxes on and eliminating subsidies 
for sources of pollution, increasing the utilisation of clean 
energy, and placing limitations on the consumption of bio-
mass fuels (Murukutla et al. 2017; Chatterjee 2016). All 
policy choices should result from a transparent, inclusive, 
and accountable decision-making procedures in a setting 
where good governance is practised. Aside from economic 
progress, good governance is thought to be essential for 
achieving positive social and development impacts by reduc-
ing newborn and maternal mortality, eradicating illiteracy, 
and eradicating poverty (Lemos and Agrawal 2006; Akan 
et al. 2022).

Batniji et al. (2014) claimed that the government’s effec-
tiveness was a significant factor in reducing mortality, while 
the main obstacle to the population’s access to healthcare 
in Arab countries was political instability. Kim and Wang 
(2019) stated that government effectiveness positively influ-
ences life expectancy and has an adverse effect on infant 
death rates. Sirag et al. (2017) provided evidence that pub-
lic healthcare financing is more effective in promoting the 
health of the population in countries where the standard of 
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governance is relatively high, compared to countries where 
it is poor. Accordingly, Doucouliagos et al. (2019) found 
that these governance indicators significantly affect health 
aid efficacy in minimising mortality. Achim et al. (2019) pre-
sented strong evidence that the degree of corruption signifi-
cantly influences physical health (represented by life expec-
tancy and mortality rate) and mental health (represented as 
happiness), as well as economic development and cultural 
context moderation, in both high-income and low-income 
countries. Furthermore, greater corruption has a more sig-
nificant impact on the population’s physical health in low-
income countries than in high-income ones. Biadgilign et al. 
(2019) showed that regulatory quality, government effective-
ness, and corruption control reduced childhood undernu-
trition. Furthermore, Ahmad et al. (2021b) discovered that 
regulating corruption appeared to attenuate the detrimental 
effects of PM2.5 on life expectancy.

Although good governance is extensively realised to be 
the potential factor leading to better-quality health outcomes, 
less effective governance can negatively affect health. Gupta 
(2000)  observed that places with extensive corruption have 
high child and infant mortality rates. In all socio-economic 
groups along the lifecycle, relatively high corruption rates 
were found to correlate with self-reported poor general 
health among both men and women in 20 African countries 
(Witvliet et al. 2013). Ahmad and Hasan (2016) demon-
strated that higher corruption threatens health status devel-
opment in Malaysia over the long term. Also, corruption was 
found to reduce the effectiveness of public health spending 
on mortality, as indicated by Mhango and Chirwa (2018).

On the other hand, a large number of studies have 
explored the interaction between public health expenditure 
and governance quality to assess the influence on health 
(Sirag et al. 2017; Doucouliagos et al. 2019; Kim and Wang 
2019). Only Aliyu and Ismail (2016) and Ahmad et al. 
(2021a, b) investigated the health effects of the interac-
tion between governance quality and air pollution. Lower 
adult mortality rates are associated with improved govern-
ance quality, according to Ahmad et al. (2021a, b), whereas 
stronger government efficiency is linked to lower infant mor-
tality rates, according to Aliyu and Ismail (2016). Shortcom-
ings in these issues warrant more empirical work in the field, 
as this would potentially affect pollution regulations and the 
efficient procurement of healthcare services.

Data and methodology

Data description

Due to the data availability, this study used data collected 
annually from 2010 to 2017. Three data sources were 
used. First, the average life expectancy at birth, PM2.5 (fine 

particulate matter in micrograms per cubic metre), CO2 
emissions (metric tons per capita), national income per 
capita (GDP per capita), public health expenditure (% of 
GDP), and school enrolment figures were gathered from the 
World Bank (World Development Indicators). Second, the 
data for governance quality were collected from the WGI 
database, which comprises six aggregate indicators and 
was constructed by the World Bank. The six measures are 
voice and accountability, government effectiveness, the rule 
of law, regulation quality, political stability, and corruption 
control, each of which defines different aspects of a coun-
try’s quality of governance. All the government quality indi-
cators are scaled from − 2.5 to + 2.5, whereby higher values 
show better quality and vice versa. Lastly, data on healthy 
life expectancy were collected from the Global Burden of 
Disease database developed by the Institute for Health Met-
rics and Evaluation (IHME).

Econometric models

For this study, econometric models following Aliyu and 
Ismail (2016) and Ahmad et al. (2021a) were formulated:

where H is the dependent variable that refers to the health 
outcomes proxy by life expectancy (LE) and healthy life 
expectancy (HLE). LE is a metric that determines the aver-
age estimated number of years of life that will remain at a 
given age. This measure is usually used to estimate the aver-
age lifespan, whereby improved life expectancy at birth is 
generally regarded as a sign of a population’s better health 
condition. This rise is usually linked to the decline in infec-
tious disease mortality. The increased importance of chronic 
diseases as the leading cause of death, however, suggests 
that life expectancy is no longer adequate when quantifying 
health. Hence, HLE estimates the sum of healthy years an 
individual is predicted to live at birth by deducting the years 
of ill health included in the overall life expectancy. Good 
health is the most crucial aspect of healthcare, and healthy 
life expectancy is an insightful and meaningful measurement 
that incorporates the span and quality of life that represents 
fuller lives in good health. lPOL represents the indicators for 
air pollution, namely particulate matter (PM2.5) and carbon 
dioxide emissions (CO2). The size of the particulate mat-
ter plays a significant role in environmental health risks. 
The aerodynamic diameter categorises particulate matter by 
classifying particles below 10 μm in diameter as thoracic 
particles PM10, whereas particles below 2.5 μm in diam-
eter are known as fine particles PM2.5 (Brown et al. 2013). 
PM10 particles penetrate deep into the respiratory system 
when inhaled, while finer particles (PM2.5) enter the lungs, 
pass into the bloodstream, and are brought into other bodily 
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organs. PM2.5 may, therefore, be more detrimental to human 
health than larger particles. Also, due to the growing dan-
ger of global warming, CO2 poses significant challenges to 
healthy living. It has a significant relationship with rising 
human mortality and other life-threatening diseases.

The analyses also involve several control variables, 
including GDP per capita, public health expenditure, and 
population education status, consistent with previous studies 
measuring air pollution and health effects. lY refers to GDP 
per capita and indicates the importance of income in improv-
ing health status; it can, for instance, provide better hous-
ing, sanitation and nutrition to a country’s people (Cutler 
et al. 2006). Public health spending is represented by lPHS, 
which is commonly correlated with improved health out-
comes as it offers greater access to healthcare and facilities. 
lEDU reflects the population’s education level, which affects 
health and social well-being because better-informed peo-
ple are more likely to understand nutrition, hygiene, health 
services, and standard disease prevention measures (Balan 
2016). In addition, μ denotes country-specific effects, while 
ε represents an error term. The subscripts i and t denote 
cross-sectional countries and time (year), respectively. The 
lagged dependent variable ( H

it−1
 ) indicates the dynamic 

effect, whereby the likelihood of health status is conditional 
on the value of this same variable from the preceding year. 
The coefficient should be below 1 because of the variable’s 
statistically significant persistence.

Furthermore, there are compelling grounds for assuming 
that better health status is positively related to more out-
standing governance quality (Witvliet et al. 2013; Batniji 
et al. 2014). Therefore, Eq. 1 was extended as follows:

GQI measures the quality of governance, combining 
six governance indicators into one overall index. The six 
dimensions were assumed to represent relatively significant 
aspects of the quality of governance. The governance quality 
index applies principal component analysis (PCA)1 to meas-
ure the indicator weights within a component. This method 
introduced a multidimensional weighted index from all the 
variables to represent the governance quality. Also, it makes 
it more convenient for the general public to recognise and 
compare across different countries, a composite index indi-
cator that incorporates multiple correlated indicators.

On the other hand, various studies have shown that gov-
ernance may have a moderating impact, implying that gov-
ernance affects other system processes or mechanisms that 
enhance health (Farag et al. 2013; Kim and Wang 2019). 
Based on the impacts of governance quality on the provision 
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of healthcare services, including government attempts to 
resolve environmental problems, the interaction terms were 
estimated in the following regression equation:

Governance represents its role in the public sector in 
providing healthcare services, including protection against 
environmental pollution. Thus, in the moderation analyses, 
the interaction term ( lPOL

it
∗ GQI

it
 ) was employed to for-

mally determine whether the relationship between air pollu-
tion and health outcomes differs as a function of the quality 
of governance. In other words, the interaction terms were 
employed to examine whether governance quality played a 
moderating role by influencing the effectiveness of a gov-
ernment in containing the adverse effects of air pollution on 
health outcomes.

Methodology

The dynamic panel models in the above Eqs. 1, 2, and 3 
contain statistical problems that make the conventional 
panel estimation methods inappropriate and biased, 
including the pooled OLS, fixed-effect, and random-effect 
estimation methods. Since the lag term in the depend-
ent variables 
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effects, while the individual-level effects (�
i
) were omit-

ted from the intra-group data that deviated from individual 
means, there may still have been a correlation between 
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). For the estimator of general-

ized least squares (GLS), which was achieved through the 
estimation of the random effects, even once the variables had 
been quasi-centralised, the estimation findings would also be 
biased because of the correlation between (H
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− �H
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) 

and (�
it
− ��

it
). Furthermore, generalized method of moment 

(GMM) controls for country-specific effects that cannot use 
country-specific dummies because of the dynamic structure 
of the regression equation. It also mitigates the simultane-
ity bias created by the chance that some of the explanatory 
variables are endogenous.

To address these problems, this analysis used the GMM 
estimation introduced by Arellano and Bond (1991). This 
estimator was created for small T and large N panel situ-
ations in which one left-side variable is dynamic (based 
on prior realisations) and explanatory variables were not 
solely exogenous (Baltagi 2013; Roodman 2009). GMM 
estimators resolve such econometric problems by utilis-
ing lagged observations within the explanatory variables 
as instruments. In particular, the first-differenced GMM 
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1  See Ahamed and Mallick (2019) and Bali et al. (2014) for the con-
struction of the composite index using principal component analysis.
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estimators and the system GMM estimators are two forms 
of GMM estimation. The first-differenced GMM approach 
eliminates the country-specific effects or the time-invar-
iant country-specific variable directly by taking the first 
differentiation. Later, in order to overcome the resulting 
correlation of lagged dependent variable and disturbance 
terms following the first differentiation, the instrumental 
variables are used to comply with the endogeneity issue of 
the regressors. Lagged explanatory variables are used by 
first-differenced GMM estimators as instrumental varia-
bles, assuming that the idiosyncratic error term is not seri-
ally associated and the explanatory indicators are weakly 
exogenous (Li et al. 2015). Even though the aforesaid dif-
ference estimator is able to control the country-specific 
effects and simultaneity bias, it does have significant limi-
tations. Alonso-Borrego and Arellano (1999) and Blun-
dell and Bond (1998) showed that while the explanatory 
variables were persistent, the lagged levels of the vari-
ables tended to be weak instruments and therefore possibly 
asymptotically resulted in bias parameter estimates across 
small samples and a greater variance.

Arellano and Bover (1995) and Blundell and Bond 
(1998) proposed the GMM system to rectify these issues. 
This estimator demonstrated that the system GMM estima-
tor was able to lessen the biases and inaccuracy associated 
with the difference estimator. This estimator raises effi-
ciency by utilising the lagged levels and also lagged dif-
ferences. To cater to the correlations within the error terms 
and lagged dependent variables, as well as the inclusion 
of endogenous variables in both regressions, instrumental 
variables were then used. Since the instruments were not 
simple to define, the approach used internal instruments, 
notably instrumented lagged values of variables (Ibrahim 
and Law 2016). The level regression was instrumented 
by lagged first-differenced variables, while the first-dif-
ferenced regression was instrumented to the lagged level 
variables. Unlike the first-differenced GMM, the GMM 
system integrates possible information within the level 
relationship and the relations between the levels and the 
first differences.

GMM estimators are generally related to one-step and 
two-step alternatives. The one-step estimator incorporates 
weighting matrices, which are independent of estimated 
parameters. The two-step GMM estimator utilises optimal 
weighting matrices, whereby the moment conditions are 
measured with a consistent estimate within their covari-
ance matrix. This method makes the two-step estimator 
more efficient than the one-step estimator. Thus, the two-
step system GMM estimator was employed in this anal-
ysis to produce more consistent and efficient parameter 
estimates. However, when adopting this estimation pro-
cedure, instrument proliferation or the issue of too many 
instruments may exist. With too many instruments, the 

GMM estimators may over-fit the endogenous variables 
and barely distinguish their exogenous components. The 
collapse of the lag length approach described by Roodman 
(2009) was used to address this problem, obtain improved 
results and achieve model fitness.

Two specification tests were performed to examine the 
estimation’s overall validity, namely the Hansen J-test of 
over-identifying restrictions and the AR(2) test of autocor-
relation. The empirical moments contain zero expectations 
within the null joint validity with all the instruments, so 
the J statistic was dispersed as a chi-square of degrees of 
freedom equal to that of the degree of over-identification. 
The absence of error term auto-correlation within the equa-
tions above was supported when the errors of the first-differ-
enced equations displayed a lack of autocorrelation at order 
2. Thus, the failure to reject both the null of the J-test and 
that of the second-order serial correlation tests supported 
the model estimations.

Empirical results and discussion

The datasets of the descriptive statistics are reported in 
Table 1. The means, standard deviations (within coun-
tries, between countries, and overall), and minimum and 
maximum values are shown in the table. The discrepan-
cies between the minimum and maximum values for life 
expectancy and healthy life expectancy were high, at almost 
30 years, according to the table. Cote d’Ivoire and Swaziland 
had the lowest levels of life expectancies and healthy life 
expectancies, 50 years and 39 years, respectively. In con-
trast, Costa Rica recorded the highest level of life expec-
tancy (80 years), while Colombia had the highest level of 
healthy life expectancy (70 years). The same discrepancies 
were observed in the PM2.5 variable results. The maximum 
concentration of PM2.5 was 97.4 µg/m3, whereas the low-
est concentration was 10.5 µg/m3, as reported in India and 
Kiribati, respectively. As for the minimum and maximum 
per capita CO2 emissions, the values varied from 0.19 in 
Zambia to 16.07 in Kazakhstan. This is a plausible indica-
tion that air pollution could be a crucial factor in reducing 
health outcomes in developing countries. In addition, the 
levels of emissions and health indicators were generally 
better in sample countries with higher governance quality, 
which likely endorses the view that governance is essential 
to improving health and enhancing the enforcement of envi-
ronmental regulations.

The empirical results are reported in Tables 2 and 3, and 
the analysis contains three parts. First, the findings from the 
basic regression of PM2.5 and health outcomes (columns 1 
and 4 of Table 2) are followed by the inclusion of the gov-
ernance quality index in the regression models (columns 
2 and 5 of Table 2) and the models with the interaction 
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terms (columns 3 and 6 of Table 2). The robustness of the 
estimated results for the relationship between PM2.5 and 
the governance quality index in terms of health outcomes 
was assessed by re-estimating the previous models using 
CO2 emissions as an air pollutant (Table 3). No issues with 
instrument validity and error autocorrelation were indicated 
in the diagnostic statistics. More specifically, we did not 
reject the null hypothesis from the Hansen test statistics that 
the instruments were valid. Moreover, the autocorrelation 
Arellano-Bond tests showed the absence of autocorrelation. 
Thus, it could be justified that the estimated models passed 
the diagnostic tests.

The estimation findings of models 1 and 4 (Table 2) 
indicated that PM2.5 significantly and negatively affected 
health outcomes across developing countries. PM2.5 had 
coefficients of − 0.125 and − 0.254 for life expectancy (LE) 
and healthy life expectancy (HLE), respectively. Total life 

expectancy reduced by about 0.01 years (nearly 0.2 months), 
while healthy life expectancy reduced by around 0.03 years 
(over 0.3 months), with a 10% increase in PM2.5 levels. The 
results imply that higher particulate air pollution levels are 
harmful to human health and potentially lead to the preva-
lence of illness. They cause a deterioration in overall health 
conditions by increasing disability (reducing healthy life) 
and reducing life duration. Thus, the evidence that lower 
health status is correlated with PM2.5 appears to support the 
epidemiological findings that air polluting particles can con-
tribute to chronic disease-induced disability (Hendryx et al. 
2019; Gurung et al. 2017).

Concerning the estimated effect of governance indica-
tors, the estimation models include the governance qual-
ity index (GQI) in the models in columns (2) and (5). 
The estimation results show that governance quality had 
a positive effect on enhancing the population’s health 

Table 1   Summary of statistics for health outcome indicators and their determinants

Variables Mean Within standard 
deviation

Between standard 
deviation

Overall standard 
deviation

Minimum Maximum

Life expectancy (LE) 70.236 0.831 6.279 6.296 50.423 80.03
Healthy life expectancy (HLE) 61.673 0.967 5.513 5.564 39.832 70.396
CO2 emissions (CO2) 2.75 0.363 2.779 2.788 0.185 16.072
PM2.5 levels (PM2.5) 29.381 2.879 15.268 15.446 10.538 97.599
GDP per capita (Y) 4547.09 361.546 3200.17 3135.624 785.693 14,936.4
Public health spending (PHS) 2.921 0.338 1.654 1.678 0.178 11.546
Education levels (EDU) 104.489 3.455 7.941 8.637 69.752 134.52
Governance Quality Index (GQI)  − 1.87e − 08 0.395 1.967 1.995  − 5.553 4.846

Table 2   Results of the GMM estimation: effects of PM2.5 and governance quality index on life expectancy and healthy life expectancy

(1) figures in parentheses are the standard errors for coefficients. (2) ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 
respectively

Dependent vari-
ables

LE (1) LE (2) LE (3) HLE (4) HLE (5) HLE (6)

Lagged dependent 
variable

0.94*** (790.37) 0.955*** 
(1535.78)

0.948*** (216.25) 0.882*** (378.01) 0.852*** (109.14) 0.916*** (346.66)

LPOL (PM2.5)  − 0.125*** 
(-8.45)

 − 0.036** 
(− 3.16)

 − 0.378** 
(− 3.10)

 − 0.254*** 
(− 9.45)

 − 0.012 (− 0.33)  − 0.345*** (− 6.67)

LY 0.093*** (5.44) 0.213*** (15.17) 0.387*** (7.25) 0.112*** (3.54) 0.960*** (11.54) 0.0785** (3.10)
LPHS 0.128*** (15.87) 0.009*** (3.91) 0.028*** (3.98) 0.085*** (8.79)  − 0.046 (− 1.16) 0.0160 (0.41)
LEDU 0.267** (3.21) 0.770*** (22.97) 0.672* (2.52) 0.569*** (3.83) 0.946* (2.10) 0.748*** (4.31)
GQI 0.132*** (4.69)  − 1.949** 

(− 2.76)
1.429*** (7.77)  − 1.142*** (− 6.75)

LPOL*GQI 0.665** (3.19) 0.619*** (6.07)
Observations 458 460 461 461 472 473
Groups 69 69 69 71 71 71
Instruments 57 58 45 67 65 66
Hansen J-test 0.219 0.331 0.474 0.343 0.240 0.397
AR(2) 0.684 0.462 0.467 0.779 0.632 0.504
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condition. The governance effect ranges from 0.132 to 
1.429. A unit increase in governance adds life expec-
tancy and healthy life expectancy of between 0.1 and 
1.4 years, respectively. Despite the variations throughout 
the explanatory variables’ estimated coefficients, they 
generally remained significant in both regressions per-
formed. It is worth noting that the magnitude of the air 
pollution effect on life expectancy fell and the healthy 
life expectancy coefficient became insignificant when 
the governance role was considered. These findings 
suggest the need to use interactive terms that highlight 
the importance of governance in mitigating the adverse 
health effects of air pollution.

The regressions were modified with the insertion of 
the interaction terms to address the modifying impact of 
governance quality on air pollution (Eq. 3). The findings 
are broadly comparable to those of the regressions before 
the interaction terms’ inclusion (columns 3 and 6). The 
results of the interaction between levels of PM2.5 and the 
governance quality index brought positive signs for life 
expectancy (0.665) and healthy life expectancy (0.619). 
A one-unit increase in the governance measure reduced 
the effect of air pollution and lengthened life expectancy 
by 0.007 years and 0.006 years, respectively, on healthy 
life expectancy through these interaction terms. These 
results indicate that governance quality may be the solu-
tion that improves health, which is corroborated by Aliyu 
and Ismail (2016), Achim et al. (2019), and Kim and 
Wang (2019). They studied the impact of multiple indi-
vidual components of governance quality on develop-
ment outcomes, including health. However, the current 
study suggests that the Governance Quality Index can 

outweigh the adverse effects of air pollution because this 
specific dimension, as a benchmark of governance qual-
ity, does not comprehensively represent a country’s over-
all performance. The findings of Ahmad et al. (2021a, 
b) revealed the interactive terms of governance quality 
index and air pollution; however, the researchers focused 
only on mortality rates.

As a standard application of the robustness test, carbon 
dioxide emissions were considered to be the indicator that 
could evaluate the extent of air pollution when the regres-
sion of Eqs. 1, 2, and 3 were undertaken again. The find-
ings are presented in Table 3. On the other hand, the esti-
mated models passed both the Hansen J-test and AR(2) 
test, suggesting that the regression course’s instrument 
variables were effective and that second-order serial cor-
relation did not affect the regression results. The regres-
sion results reported here are, therefore, reliable.

The results observed in the regression analysis of 
the alternative proxy variables did not affect the previ-
ous econometric results, i.e. CO2 exhibited a negative 
relationship with health outcomes across developing 
countries. Life expectancy and healthy life expectancy 
were − 0.06 and − 0.088, respectively (columns 1 and 
4). Consistent with the PM2.5 findings, the CO2 effects 
were more pronounced on healthy life expectancy. Air 
pollution’s harmful effects might cause a population 
to suffer from disabilities for longer periods. Since an 
improved life expectancy is not inherently an indication 
of improved living conditions for the population, this pos-
sibility illustrates the importance of healthy life expec-
tancy as a health measure. Thus, the probability of living 
longer may not mean a better quality of life, as the burden 

Table 3   Results of GMM estimation: effects of CO2 and governance quality index on life expectancy and healthy life expectancy

(1) figures in parentheses are the standard errors for coefficients. (2) ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 
respectively

Dependent variables LE (1) LE (2) LE (3) HLE (4) HLE (5) HLE (6)

Lagged dependent 
variable

0.932*** (63.14) 0.95*** (148.69) 0.959*** (237.58) 0.9*** (24.38) 0.876*** (198.47) 0.860*** (71.52)

LPOL (CO2)  − 0.06** (− 2.85)  − 0.011 (− 0.2)  − 0.005 (− 0.30)  − 0.088* (− 2.04)  − 0.110*** (− 4.73)  − 0.339* (− 2.12)
LY 0.588* (2.16) 0.32* (2.37) 0.141* (2.31) 0.365 (1.37) 0.293*** (6.92) 0.586** (3.15)
LPHS 0.057 (1.20) 0.024 (0.99)  − 0.007 (− 0.72) 0.071 (0.73)  − 0.015 (− 1.46) 0.016 (0.42)
LEDU 0.749*** (4.03) 0.489** (2.6) 0.549** (3.24) 0.542** (2.70) 1.703*** (6.87) 1.500 (1.72)
GQI 0.048* (1.99)  − 0.003 (− 0.22) 1.016*** (5.83) 0.951* (2.34)
LPOL*GQI  − 0.01 (− 0.87) 0.225 (0.61)
Observations 458 460 454 466 467 469
Groups 68 68 68 71 71 70
Instruments 38 33 63 39 65 51
Hansen J-test 0.628 0.71 0.131 0.711 0.575 0.947
AR(2) 0.430 0.493 0.561 0.237 0.112 0.735
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of ill health can accompany an increase in life expectancy. 
In addition, both the health indicators from PM2.5 expo-
sure strongly exceeded the values of CO2 emissions, i.e. 
by order of magnitude. Therefore, fine particulate matter, 
PM2.5, could be considered a more critical health issue 
and more attempts should be made to monitor fine par-
ticulate emissions.

When the governance quality index was added to the 
estimation models (columns 2 and 5), the coefficients of 
CO2 consistently displayed negative signs. The govern-
ance quality index was found to affect health outcomes 
positively. However, none of the health outcomes were 
affected by the interaction between CO2 and the govern-
ance quality index. Due to the local effects of the PM2.5 
pollutant, people feel susceptible to this air pollutant, 
making them increase their demands for improved air 
quality. Nations with better governance quality may create 
incentives to reduce local air pollution in response to their 
citizens’ rising environmental consciousness. However, to 
reduce global pollutants (e.g. CO2), governance constraint 
is important, and it requires international participants to 
devise effective policies that could curtail the detrimental 
effects.

Conclusion

The relationships between air pollution, governance qual-
ity, and health outcomes were analysed based on dynamic 
panel data from 72 developing countries between 2010 
and 2017 using the GMM estimation. In general, both air 
pollutants were harmful to health, with the most signifi-
cant risk to healthy life expectancy coming from PM2.5. 
Fine particulate matter has an apparent impact on human 
health relative to CO2. This pollutant is related to a wide 
variety of acute and chronic diseases, causing disability 
that contributes to ‘lost’ healthy years. Further analysis 
shows that the quality of governance unambiguously 
enhances well-being. The interactive term of PM2.5 and 
the quality of governance were significantly positive, sug-
gesting that the relationship between governance and air 
pollution is mutually reinforcing; i.e. improving govern-
ance quality will further reduce air pollution and thus 
improve health outcomes.

According to this finding, if air pollution levels in 
developing world rose, it would be unable to improve pro-
duction levels, which would result in lower productivity 
in the economy and health issues for the local popula-
tion. This stresses the importance of local air pollution 
measures for enhancing urban air quality and embracing 
global climate change. This requires cooperation between 
the public, governing authorities, and health agencies to 

address this issue. The governance institutions should 
develop aggressive local pollution-control strategies that 
take into account the consequences of air quality on human 
health and ecosystems. The study indicated that fine par-
ticles are considerably more hazardous to human health, 
implying that action is required to establish atmospheric 
PM2.5 concentration guidelines for fine particle emission 
control. The governance role appears to be a necessary 
element in terms of compliance with effective pollution 
reduction measures, as well as tracking the implemen-
tation and enforcement of such measures. Where rules 
are well articulated and transparent, control procedures 
for PM2.5 levels can be easily applied and incentives can 
be generated for firms to use resources more efficiently. 
For instance, manufacturing industries that emitted more 
hazardous gases into the environment than allowed could 
face fines as a deterrent to others. With significant pol-
icy-driven improvements in air quality, air pollution may 
be significantly reduced. Thus, the study draws attention 
to the importance of setting air quality standards for air 
pollution control to safeguard human health. In addition, 
more efforts are required to raise public awareness about 
the potential dangers of air pollution. Health authorities 
could educate the public about the health benefits of clean 
air, such as fewer hospital stays and skipped days at school 
and work because of sickness. Public outreach activities, 
as well as a partnership with a variety of public and pri-
vate institutions, will be critical in recognising the dangers 
of air pollution.

This study can be expanded in a number of ways, 
including by gathering more data over time on environ-
mental variables as well as other variables that affect 
health status for various nations at various stages of devel-
opment. Since this study is concerned with a variety of 
environmental and health indicators, acquiring data for all 
of these measures over a long period of time is rather diffi-
cult, which limits the purpose here. For example, the avail-
ability of data for the provision of public health spending 
and pollution indicator PM2.5 influenced the selection of 
both countries and the start time. However, this condition 
will gradually become better as data availability increases, 
and study into it may be promoted. The research can also 
be expanded by creating a single indication or index that 
captures the comprehensive standard of an environment 
state in a nation. According to the available literature, the 
quantity of study done utilising environmental indices 
to examine the consequence on health still seems to be 
limited. The analysis of environmental problems within 
a nation would benefit from such an index, which can 
also offer significant insights into cross-country patterns. 
Future index-based research should therefore take into 
account and compare with the current findings.
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