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Abstract

Background: Industrial pollution is considered to be a detrimental factor for human health. This study, therefore,
explores the link between health status and industrial pollution for the top 20 industrialised countries of the world.

Methods: Crude death rate is used to represent health status and CO2 emissions from manufacturing industries
and construction, and nitrous oxide emissions are considered to be indicators of industrial pollution. Using annual
data of 60 years (1960–2019), an unbalanced panel data estimation method is followed where (Driscoll, J. C. et al.
Rev Econ Stat, 80, 549–560, 1998) standard error technique is employed to deal with heteroscedasticity,
autocorrelation and cross-sectional dependence problems.

Results: The research findings indicate that industrial pollution arising from both variables has a detrimental impact
on human health and significantly increases the death rate, while an increase in economic growth, number of
physicians, urbanisation, sanitation facilities and schooling decreases the death rate.

Conclusions: Therefore, minimisation of industrial pollution should be the topmost policy agenda in these
countries. All the findings are consistent theoretically, and have empirical implications as well. The policy
implication of this study is that the mitigation of industrial pollution, considering other pertinent factors, should be
addressed appropriately by enunciating effective policies to reduce the human death rate and improve health
status in the studied panel countries.

Keywords: Health status, Industrial pollution, Unbalanced panel data, Industrialised countries, Driscoll and Kraay’s
standard error
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Introduction
The link between environmental pollution and human
health is discussed in a variety of literature, and is still a
crucial issue of research, especially in the current
COVID-19 pandemic situation. Environmental pollution
contributes to climate change, which has various nega-
tive impacts on human health like perinatal disorders,

infant mortality, respiratory disorders, allergies, malig-
nancies, cardiovascular disorders, increase in oxidative
stress, endothelial dysfunction, and mental disorders [1,
2]. The impacts on health can be so severe that they lead
to death; nearly 7 million people die every year from the
interaction of fine particles in polluted air (Goal- 3 of
SDGs, [3]). Global environmental pollution is largely a
result of people’s activities through urbanization,
industrialization, large-scale petrochemical use, power
generation, heavy industry, and mining and exploration,
all of which adversely affect the health of local
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communities through their working and residential ac-
tions [4, 5]. Therefore, the matter of pollution distress
has attracted contemporary global attention due to its
acute long-run consequences on human health. Despite
this global attention, there are still some policy uncer-
tainties in the existing strategies due to the lack of a
wide-ranging and comprehensive study that clearly ad-
dresses the adverse impact of industrial pollution on hu-
man health status.
Against this backdrop, this study has considered the

connection between industrial pollution and health sta-
tus in the world’s 20 most industrialised countries (see
section 3.1). These countries have a total population of
4.57 billion (60% of the world’s population) where the
total real GDP is US$66347.02 billion, reflecting 78.18%
of the world’s real GDP [6]. The industrial value addition
of these countries is US$17,783.95, which is 75.38% of
world’s total industrial value addition [6]. The average
crude death rate in this region is 8.23 per 1000 popula-
tion, while the total CO2 emissions are 25,576.7 million
tonnes covering 74.85% of the world’s emissions, and
the nitrous oxide emissions are 18,37,026.82 thousand
metric tons of CO2 equivalent, which is 58.25% of the
world’s emissions [6, 7]. Hence our study is comprehen-
sive and explores a vital issue in relation to both the en-
vironment and human health.
Some past studies (see [8–17], among others) have

attempted to discover the factors that have impacts on
human health and the death rate. However, based on
their contradictory findings it has been difficult to draw
conclusive and comprehensive guidelines for formulating
certain policy initiatives. An inclusive and rigorous probe
is necessary to achieve effective policy recommendations.
From this perspective, this study is a conscientious ven-
ture to reduce the death rate by mitigating industrial
pollution, considering the other controlled variables like
economic growth, medical attention, drinking water ser-
vices, sanitation services, secondary school enrolment
and urbanisation in a panel of world’s most 20 industria-
lised countries.
The rationale for considering the desired variables lies

in both the theoretical and conceptual notions and pre-
vious literary works. The CO2 and nitrous oxide emis-
sions create industrial pollution which leads to the
increase in the human death rate by generating pollution
borne diseases ([12, 13, 17–23]; and [24]). Similarly, hav-
ing access to the required number of physicians also
plays an important role in reducing the mortality rate by
providing more effective health care services ([11, 25–
28]; and [29]). The access to clean water facilities, an-
other vital element, decreases the death rate by satisfying
basic needs (see [14, 16, 27, 30, 31]). Adequate and suffi-
cient sanitation facilities also play a significant role in
improving human health and reducing the mortality rate

by maintaining safety and hygiene [8, 14–16, 27, 30–32].
In the same way, education facilities help to increase
awareness about health consciousness and this may play
a role in lowering the death rate ([10, 33–35]; Ray and
Linden, 2020 [8, 25];). While a greater urbanisation rate
increases different health related amenities which re-
duces mortality rate on the one hand, it also increases
mortality by increasing pollution due to different urban
activities ([9, 16, 17, 32, 36, 37]; and [27]). Therefore,
more detailed investigation is still needed to assess the
role of associated elements on human health.
The major contributions of this study can be noted as:

(i) to the best of our knowledge, this is the first study in
the literature that investigates the causative elements of
the death rate in 20 of the world’s most industrialised
countries; (ii) this study has used the most recent and
wide-ranging data period of 60 years (1960-2019); (iii)
the robust outcomes are achieved by employing an
rigorous econometric approach like Driscoll and Kraay’s
[38] standard error technique (details are in section 3.3);
(iv) comprehensive policy recommendations, based on
the results, are delivered for researchers and policy
makers to address the issue of industrial pollution along
with other relevant factors for reducing the death rate
and improving human health by undertaking effective
policy measures.
This research is designed in the following manner: fol-

lowing the introduction, section 2 provides the review of
the past literatures; section 3 explains the data and
methodology; section 4 displays and analyzes the empir-
ical results; and section 5 provides the conclusion and
policy recommendations.

Literature review
Industrial pollution has many adverse consequences on
human health and may be a cause of death because of
respiratory, lung and cardio-related diseases (see [12, 13,
17–23]; and [24], among others). Leogrande et al. [13]
discovered the significant impact of industrial air pollu-
tion on respiratory mortality in the Taranto area, South-
ern Italy by applying a difference-in-differences
approach from the data of 1998–2014. Further, Karimi
and Shokrinezhad [12] observed that PM2.5, PM10, CO,
NO2, and SO2 were positively and significantly linked
with both infant and child under-five mortality for 27
countries for the data period of 1992–2018. Bauleo et al.
[19] found a positive association between industrial
PM10 and mortality from non-accidental causes, all can-
cers, and cardiac diseases, for the industrial area of Civi-
tavecchia, Italy. Similarly, Næss et al. [21] identified that
the air pollutant indicators (NO2, PM10, and PM2.5) had
a significant effect on all causes of death for both men
and women in Oslo, Norway. Similar findings were also
identified in the works of Anwar et al. [18] for 12 of the
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most vulnerable Asian countries, Shan et al. [23] for
China, Lehtomäki et al. [20] for Nordic countries, Rajak
and Chattopadhyay [22] for India, and Brito [39] for
Portugal. Clancy et al. [40] maintained that control of
the particulate air pollution significantly reduces the
death rate from the comparison of pre and post 72
months ban on coal sales in Dublin, Ireland. In case of
CO2 related pollution, Duong and Jayanthakumaran [41]
found that an increase in CO2 emissions caused poor
health for 60 provinces in Vietnam. Shobande [16] also
demonstrated that the CO2 emissions increased infant
and child mortality in the case of 23 African countries.
Dedoussi et al. [42] and Im et al. [43] obtained evidence
of pre-mature mortality due to cross state air pollution
in the USA, and in four Nordic countries, respectively.
In the case of the COVID-19 pandemic, Fareed et al.
[24] ascertained that air pollution led to the increase of
COVID-19 related mortality in Wuhan, China where
daily data from 21 January 2020–31 March 2020 were
used. Similar findings of COVID-19 related mortality
were also observed by Coker et al. [44] for northern
Italy, Isphording and Pestel [45] for Germany, Marquès
et al. [46] for Spain, and Gupta et al. [47] for nine Asian
cities. On the other hand, Karuppasamy et al. [48] found
that the improved air quality due to reduced pollution
decreased the mortality rate due to COVID-19 for India.
However, Cheung et al. [49] obtained the statistically in-
significant impact of the air pollution on cardio-
respiratory mortality in Hong Kong. In their studies, the
researchers did not focus on the rigorous estimation re-
garding the impact of the CO2 emissions and nitrous
oxide emissions as outcomes of industrial pollution on
the death rate, considering the panel of most industria-
lised countries.
Some works that considered CO2 emissions on the re-

lationship with other variables were also found; in the
literature (see Mehmood [50] for Singapore, and Meh-
mood and Tariq [51, 52], and Mehmood et al. [53, 54]
for South Asian countries; Mehmood et al. [50] for 3 de-
veloping countries, and Mehmood [54] for South Asian
countries). However, these studies did not show the im-
pact of CO2 emissions, along with other relevant factors,
on human health.
Thus, more critical analysis regarding the effect of in-

dustrial pollution on human health covering the most
industrialised countries deserves further attention.
The death rate in a country is also related to the num-

ber of physicians employed in that country (see [11, 25–
28]; and [29], among others). In this context, Jebeli et al.
[11] found that there is a strong reverse correlation be-
tween the number of physicians and the crude death rate
in the case of 26 OECD countries for the period 2000–
2012. Muldoon et al. [27] found that higher physician
density rate worked as the significant reducing factor of

infant and child mortality rate in the context of 136 UN
member countries, where a mixed effects linear regres-
sion model based on 2008 cross-sectional data is
employed. In the same way, Farahani et al. [25] found
that the physician density reduces infant mortality both
in the short run and long run, where global data of
1960–2000 are used. Using semi-parametric analysis,
Liebert and Mäder [26] also observed that higher phys-
ician density reduced infant mortality in Germany from
the data of 1928–1936. Russo et al. [28] found that the
supply of primary care physicians contributed to the re-
duction of infant mortality in Brazil during 2005–2012.
Shetty and Shetty [29] also concluded that the number
of doctors per capita had an opposing affiliation with the
mortality rate in the case of Asian countries. The role of
more physicians in the most industrialised countries to
ensure lower mortality rate has not been observed in the
past literature. Therefore, inclusion of the number of
physicians or its density in death rate analysis is essential
to reaffirm its role.
Access to clean water facilities can also influence the

mortality rate (see [14, 16, 27, 30, 31], among others).
Ezeh et al. [31] found that the risk of mortality from un-
improved water was significantly higher in Nigeria,
where pooled data of 2003, 2008 and 2013 of Nigeria
Demographic and Health Survey were used. Likewise,
applying ordinal logistic regression, Cheng et al. [30] ob-
served that the access to water significantly reduced in-
fant, child, and maternal mortality in the case of 193
countries. Similar results were also found by Muldoon
et al. [27] for 136 UN member countries. Lu et al. [14]
ascertained that improved water facilities reduced the in-
fant mortality rate in the case of 84 developing econ-
omies during 1995–2013. In contrast, Shobande [16]
found no significant impact of improved water sources
on infant and child mortality in 23 African countries.
More research related to the necessity of access to clean
water in the panel of industrial countries is urgently
needed, but is not found in the existing literature. These
findings have emphasised the need for more exploration
of the importance of access to clean water facilities on
the mortality rate.
The importance of sanitation facilities on the mortality

rate cannot be ignored and a number of studies have re-
vealed their role (see [8, 14–16, 27, 30–32]; among
others). Rahman et al. [15] found that sanitation facilities
significantly reduced the crude death rate and infant
mortality rate in the case of 15 SAARC-ASEAN coun-
tries for the data period of 1995–2014 where fixed effect,
random effect and GMM estimator were employed. Ezeh
et al. [31] also found the impact of unimproved sanita-
tion facilities on mortality in Nigeria. Lu et al. [14] and
Alemu [8] observed that improved sanitation facilities
reduced infant mortality rate for 84 developing
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economies, and for 33 African countries, respectively.
Likewise, Cavalcanti et al. [32] found that the household
sanitary facilities reduced child mortality in Brazil. Fur-
thermore, Shobande [16] discovered that sanitation facil-
ities had a significant impact on infant and child
mortality in 23 African countries. In the same way, Mul-
doon et al. [27] and Cheng et al. [30] found that access
to sanitation facilities reduced infant, child, and maternal
mortality for 136 UN member countries and for 193
countries, respectively. However, in the previous studies,
the importance of sanitation facilities on death rate in
terms of a panel of most industrialised countries has
been ignored. Thus it is important to identify the nexus
between sanitation facilities and the mortality rate as a
way of implementing improved policy initiatives.
Education reduces the mortality rate by increasing

consciousness and responsiveness, as explicated in a
number of empirical works, for example Halpern-
Manners et al. [10], Doniec et al. [34], Buckles et al. [33],
Sajedinejad et al. [35], Ray and Linden (2020), Alemu
[8], Farahani et al. [25], among others. Halpern-Manners
et al. [10] observed the robust relationships between
education and mortality in the case of the USA. Simi-
larly, Doniec et al. [34] discerned that those in lower
educational groups were significantly more likely to die
in the case of 3 Eastern European countries covering the
period of 1982–2013. Buckles et al. [33] also found that
college education reduced the mortality in Vietnam. Fur-
thermore, Sajedinejad et al. [35] identified that education
reduced the maternal mortality rate in 179 countries Ray
and Linden (2020) observed that the primary education
rate significantly reduced infant mortality in 195 coun-
tries during the data period of 1995–2014. Similar statis-
tics were also been obtained by Alemu [8] in the case of
33 African countries from 1994 to 2013. However, Fara-
hani et al. [25] and Anwar et al. [18] found no statisti-
cally significant impact of education on infant and
neonatal mortality for the global panel and the 12 most
vulnerable Asian countries, respectively. By critically
analysing the research, it has been observed that past
studies did not consider the significance of education in
determining the death rate in the panel of most indus-
trialised countries. Therefore, because the nexus be-
tween education and mortality is not clear, there is a
need for investigations into this issue.
Urbanization can also play a significant role in the

mortality rate. In this perspective, Bandyopadhyay and
Green [9] found evidence of robust negative correlation
between crude death rate and urbanization in the case of
the global context. However, Brueckner [36] found no
significant negative correlation between adult mortality
and urbanization in sub-Saharan Africa during the data
period of 1960–2013. Similarly, Wang [37] found that
the increase in urbanization is significantly linked with

reduced mortality, under-five mortality, and infant mor-
tality in 163 countries during 1990–2012, and the effect
is stronger in high-income nations. In contrast, Caval-
canti et al. [32] observed that the urbanization rate sig-
nificantly increases child mortality in Brazil. Similarly,
Taghizadeh-Hesary et al. [17] found that the
urbanization rate increased the risks of lung and respira-
tory diseases in the case of 18 Asian countries. However,
Shobande [16], and Muldoon et al. [27] found no signifi-
cant impact of urbanization on infant and child mortal-
ity for 23 African countries, and for 136 UN member
countries, respectively. The consideration of
urbanization in the context of the panel of highly indus-
trial countries has not been found in previous literature.
Moreover, the ambiguous identification of impact of
urbanization on mortality rate demands more thorough
investigation.
From the current literature it may be observed that

the existing identifications regarding the impact of in-
dustrial pollution, density of physicians, access to clean
water and sanitation facilities, education, and the
urbanization rate on human health status are not unani-
mous and conclusive. Furthermore, the findings of the
noted determining factors on the death rate as a group
in the world’s most 20 industrialised countries are ab-
sent. Therefore, the present study is an endeavour to fill
up the existing literature gap to formulate efficacious
and durable policy in the health sector.

Data and methodologies
Selection of countries
This study explores the relationship between health sta-
tus and industrial pollution in the world’s 20 most
industrialised countries. Based on manufacturing, value
added (current US$), these industrialised countries1 are
selected. The countries are China, United States, Japan,
Germany, South Korea, India, Italy, France, United King-
dom, Mexico, Indonesia, Russia, Brazil, Canada, Spain,
Turkey, Thailand, Switzerland, Ireland and Netherland.

Unbalanced panel data
This is a panel data study covering the data period
1960–2019. Our data are unbalanced due to the unavail-
ability of all data for the entire period for all sample
countries. The data for this study are collected from the
World Development Indicator [6] published by the
World Bank. The used data for the selected variables are
on crude death rate (per 1000 people), CO2 emissions
from manufacturing industries and construction (% of

1Data source for these countries: World Bank national accounts data,
and OECD National Accounts data files
https://www.indexmundi.com/facts/indicators/NV.IND.MANF.CD/
rankings
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total fuel combustion), nitrous oxide emissions (thou-
sand metric tons of CO2 equivalent), gross domestic
product (GDP) per capita (constant 2010 US$), physi-
cians (per 1000 people), urban population (% of total
population), people using at least basic drinking water
services (% of population), people using at least basic
sanitation services (% of population) and secondary
school enrolment (% of gross).

Theory, data, econometric approach and estimation
software
Grossman [55] introduces the health production func-
tion, which explains the link between health input and
an individual’s health output. The individual health pro-
duction function can be explained as below:

HO ¼ f HIð Þ ð1Þ

where HO indicates an individual’s health output and
HI denotes input needed for an individual’s health. The
above model investigates individual health outcome at
the micro level. We examine the impact of industrial
pollution on health status at the macro level. Following
Majeed and Ozturk’s [56] study, we converted the above
model to macro level. The health inputs are divided into
economic, environmental and social factors ([56–58],
which can be expressed by the below equation:

HO ¼ f Environmental; Economic; Socialð Þ ð2Þ

Adding healthcare factors, we have extended the eq.
(2). Hence, eq. (2) can be written as follows:

HO ¼ f Environmental; Economic;Healthcare; Socialð Þ
ð3Þ

We used two environmental variables that arose from
industrial pollution: CO2 emissions from manufacturing
industries and construction, and nitrous oxide emissions.
We then developed two models using two industrial pol-
lution variables. The first and second models consisted
of CO2 emissions and Nitrous oxide emissions, respect-
ively. In addition to environmental factors, we have also
added a range of economic, healthcare and social factors
in our models: GDP per capita (economic factor), doc-
tor/population ratio, sanitation, drinking water (health-
care facility factors), secondary school enrolment and
urbanisation (social factors). Hence, our models for em-
pirical investigation is as follows:

DEAit ¼ β1 þ β2CO2it þ β3GDPit þ β4PHYit

þ β5WATit þ β6SANit þ β7SCHit

þ β8URBit þ εit ð4:1Þ

DEAit ¼ β1 þ β2NITit þ β3GDPit þ β4PHYit

þ β5WATit þ β6SANit þ β7SCHit

þ β8URBit þ εit ð4:2Þ
where DEA is our dependent variable that represents

the death rate. The right-hand side variables are ex-
planatory variables where CO2, NIT, GDP, PHY, WAT,
SAN, SCH and URB denote CO2 emissions, nitrous
oxide emissions, GDP per capita, physicians, drinking
water services, sanitation services, secondary school en-
rolment and urbanisation, respectively.
Following previous studies such as those of Majeed

and Ozturk [56] and Siddique and Kiani [58] among
others, we also took the logarithm of our variables. One
of the main advantages of taking the logarithm is that
coefficient estimates will provide the elasticities directly.
Therefore, the models for our empirical study will be as
follows:

lnDEAit ¼ β1 þ β2lnCO2it þ β3lnGDPit

þ β4lnPHYit þ β5lnWATit

þ β6lnSANit þ β7lnSCHit

þ β4lnURBit þ εit ð5:1Þ

lnDEAit ¼ β1 þ β2lnNITit þ β3lnGDPit

þ β4lnPHYit þ β5lnWATit

þ β6lnSANit þ β7lnSCHit

þ β4lnURBit þ εit ð5:2Þ
Heteroscedasticity, serial correlations and cross-

sectional dependences generally exist in panel data be-
cause of an increasing availability of data, rapid
urbanization and industrialisation, improvement of sanita-
tion and water facilities on a priority basis, better educa-
tion opportunities, positive economic development,
significant amount of industrial pollution, focus on public
health issues and economic globalization. All these factors
are more common in the case of world’s most industria-
lised countries. Moreover, if both the cross-section dimen-
sion (N) and the time series dimension (T) are large,
countries’ economic development may be mutually
dependent. Therefore, ignoring the heteroscedasticity, the
serial correlations and the cross-sectional dependences
may provide inefficient statistical inference [59].
The standard fixed effect model will not be able to

produce robust results if a panel data set contains het-
eroscedasticity, autocorrelation, and cross-sectional
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dependence. Therefore, this study adopts Hoechle’s [60]
procedure of the STATA xtscc program that produces
Driscoll and Kraay’s [38] standard error technique for
linear panel models. These are consistent for heteroske-
dasticity and also robust to general forms of cross-
sectional dependence to examine the impact of indus-
trial pollution on health status for a panel of industrial
countries. For applying Driscoll and Kraay’s [38] stand-
ard error technique, this study follows a two-steps pro-
cedure. The average values obtained from the product of
independent variables and residuals is the first step.
These values in a weighted heteroskedasticity autocorrel-
ation (HAC) estimator will be used to generate standard
errors, which now have the added feature of being ro-
bust against cross-sectional dependence in the second
step [61–63]. There are a number of advantages of hav-
ing Driscoll and Kraay’s [38] standard error technique.
First, it is one of the best techniques if there is any scope
of heteroscedasticity, cross-sectional dependency and
serial correlation in the data [64–66]. Second, this tech-
nique is a non-parametric approach which accommo-
dates flexibility, and large time dimension. Third, this
technique can apply in both balanced and unbalanced
panel data. Finally, this technique can handle missing
values [60].
Following the methodology of Le and Nguyen [67];

Ikpesu et al. [68] we have also employed the Panel-
corrected standard error (PCSE) technique for robust-
ness checking and validating our outcomes.
A series of econometric procedures have been applied

to check the unbalanced panel data. First, the study
checks the presence of heteroscedasticity, serial correl-
ation, and cross-sectional dependence in the panel data.
Modified Wald statistics for groupwise heteroskedasti-
city will be used to see the existence of heteroscedasti-
city in the data set [69]. The presence of serial
correlation will be tested using Wooldridge [70]. Pesaran
[71] CD statistic is a diagnostic test that checks the ex-
istence of cross-sectional dependence. Only Pesaran’s
CD test is adequate while using unbalanced panels [60].
Pesaran’s [71] CD test is given as below:

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s

XN−1

i¼1

XN

j¼iþ1

ffiffiffiffiffiffiffiffiffiffiffiffiffi

Tij bpij
2

q

� �

ð6Þ

Where bpij
2 represents the pairwise cross-sectional

correlation coefficient of residuals, and T and N
represent the time and cross-sectional dimensions
of the panel, respectively. In this setting, the null
hypothesis has cross-sectional independence with
CD ~ N (0, 1).

Empirical results
Descriptive statistics
Table 1 presents the descriptive statistics of the vari-
ables. The average (median) value of crude death rate is
9.05 (8.70). The minimum and maximum of crude death
rate are 4.69 and 25.43, respectively. The mean and me-
dian values of CO2 emissions are 21.80 and 21.16, re-
spectively. The average (median) value of nitrous oxide
emissions is 83.65 (38.09). The average of GDP per
capita, physicians, urbanisation, drinking water services,
sanitation services and school enrolment are 21,267.66,
1.99, 62.42, 96.43, 89.11 and 82.71, respectively.

Results of heteroscedasticity and autocorrelation
Table 2 presents the results of heteroscedasticity and
autocorrelation. The presences of heteroscedasticity, ser-
ial correlation and cross-sectional dependence in panel
data have serious problems for econometric analysis.
Heteroscedasticity exists when the variance of the dis-
turbance differs across samples [72]. Autocorrelation is
the error term correlated with any variable of the model
which is not affected by the error term related to other
variables in this model [73]. Table 2 ensures the exist-
ence of heteroscedasticity and autocorrelation.

Results of cross-sectional dependence test
Table 3 reports Pesaran’s [71] cross-sectional depend-
ence test results. The presence of cross-sectional de-
pendence in a panel study suggests the existence of
common unobserved shock among the cross-sectional
variables over a time period [74]. The results show that
the null hypothesis of cross-sectional dependence is
rejected at the 1% statistical significance level for all vari-
ables used in this study implying that there is strong evi-
dence of the presence of cross-sectional dependence.

Results of Driscoll-Kraay standard error estimation
This study estimates regression results using Hoechle’s
[60] procedure with Driscoll-Kraay’s [38] robust stand-
ard error to validate the statistical inferences. All vari-
ables except GDP per capita and urbanization are found
to be significant at the 1% level while using Eq. (5.1) in
Model 1 of Table 4. The GDP per capita and
urbanization are significant at the 5% level. Carbon
emissions positively and significantly contribute to in-
dustrial pollution which leads to an increase in the crude
death rate, suggesting that a 1% increase in CO2 emis-
sions increases crude death rate by 0.10% in the world’s
twenty most industrialised countries. This result is com-
parable with that of Siddique and Kiani [58] who found
that a 1% increases in CO2 emissions increases infant
mortality rate by 0.14, 0.09 and 0.26% in middle-income,
upper-middle-income and lower-middle-income coun-
tries, respectively.
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The impacts of a number of factors on crude death
rate: economic growth, availability of physicians,
urbanization, accessible sanitation and education are
negative and statistically significant indicating that 1%
increase in these factors decreases crude death rate by
0.07, 0.12, 0.13, 0.45 and 0.10%, respectively. Since the
average income of workers in industrial countries is
high, they are likely to have better resources and tech-
nologies to reduce the death rate arising from industrial
pollution. The residents from industrialised countries
can have more accessibility to doctors and healthcare fa-
cilities that reduce the death rate from industrial pollu-
tions. Urbanization, sanitation and education have
positive effects on health status [58] that mitigate the
crude death rate. Our obtained results confirm this
proposition empirically.
Model 2 of Table 4 shows the results using Eq. (5.2).

The effect of nitrous oxide emissions on crude death
rate is positive and statistically significant at the 1% level
implying that a 1% increase in of nitrous oxide emissions
increases crude death rate by 0.07% in the sample coun-
tries. This result is also comparable with that of Siddique
and Kiani [58] who find that a 1% increase in nitrous
oxide emissions increases infant mortality rate by 0.21,
0.24 and 0.19% in middle-income, upper-middle-income
and lower-middle-income countries, respectively. Eco-
nomic growth, access to physicians, urbanization and
sanitation have a negative and significant effect on the
crude death rate suggesting that 1% increase in these
areas decreases the crude death rate by 0.08, 0.13, 0.17
and 0.39%, respectively. Our findings of economic

growth and sanitation facilities are in line with those of
Rahman et al. [15] and Kengnal and Holyachi [75], and
the effect of access to physicians is consistent with the
findings of Shahid et al. [76]. However, our result in re-
lation to urbanisation is contradictory to the findings of
Li et al. [77]. Surprisingly, we have obtained a positive
association between crude death rate and basic drinking
water services. This result is unexpected and contradict-
ory to the findings of Majeed and Ozturk [56] who in-
vestigated the relationship between infant mortality and
safe drinking water, using a global panel sample for the
period 1990–2016, and found a negative relationship be-
tween infant mortality rate and safe drinking water.

Robustness check
Panel-corrected standard error (PCSE) technique ef-
fectively deals with heteroscedasticity, serial correla-
tions, and cross-sectional dependence [67, 68].
Therefore, we use PCSE estimation as robustness test
to compare our results. Table 5 reports the results of
PCSE.
Carbon emissions, nitrous oxide emissions and

water have significant positive effects on crude
death, which are consistent with the results of
Table 4. The economic growth, access to physicians,
and sanitation have a negative and significant effect
on the crude death rate. Overall, the results from
the PCSE estimate show consistent results with the
results of Driscoll-Kraay’s [38] robust standard
error estimates.

Table 1 Descriptive Statistics

Variable Mean Median Std. Dev. Minimum Maximum Observation

DEA 9.05 8.70 2.69 4.69 25.43 1180

CO2 21.80 21.16 7.81 7.96 49.15 993

NIT 83.65 38.09 103.78 2.39 587.17 860

GDP 21,267.66 17,442.06 18,365.67 132.07 79,703.41 1131

PHY 1.99 1.81 1.17 0.02 6.63 741

URB 62.42 71.10 19.63 14.59 91.88 1200

WAT 96.43 98.88 5.41 75.65 100.00 353

SAN 89.11 98.04 17.07 16.37 100.00 354

SCH 82.71 91.47 27.28 18.13 140.69 745

Table 2 Results of diagnostic tests for heteroscedasticity and autocorrelation

Test statistic

Test CO2 emissions
equation (5.1)

Nitrous oxide emissions eq. (5.1)

Modified Wald test for groupwise heteroskedasticity 425.29**** 3355.33***

Wooldridge test for autocorrelation in panel data 5.538** 4.705**

Heteroscedasticity: Modified Wald test for groupwise heteroskedasticity; Ho: sigma(i)^ 2 = sigma^ 2 for all i: No heteroskedasticity. Auto correlation: Wooldridge
test for autocorrelation in panel data. H0: no first-order autocorrelation. Note: *** and ** denote significance level at 1 and 5%, respectively
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Conclusions and policy implications
The current study explores the link between health sta-
tus and industrial pollution in the world’s 20 most
industrialised countries, controlling for some other vari-
ables. Crude death rate is used to represent health status,
and CO2 emissions from manufacturing industries and
construction, and nitrous oxide emissions are considered
as markers for industrial pollution. Using annual data
for 60 years (1960–2019), an unbalanced panel data esti-
mation method is followed where Driscoll and Kraay’s
[38] standard error technique is employed to deal with
heteroscedasticity, autocorrelation and cross-sectional
dependence problems. The research findings indicate
that industrial pollution arising from both variables

significantly increases the death rate, while an increase
in economic growth, number of physicians, urbanisation,
sanitation facilities and access to schooling decreases the
death rate. Therefore, minimisation of industrial pollu-
tion should be the topmost policy agenda in these coun-
tries. All the findings are consistent theoretically, and
have empirical implications as well. These outcomes also
comply with the policy guidelines of United Nations De-
velopment Program (UNDP) and World Health
Organization (WHO) in addressing industrial pollution
along with other factors to substantially reduce the death
rate by 2030 and improve the public health status
(SDGs’ target 3.9 of Goal 3, [78, 79]). The policy impli-
cation of this study is: the mitigation of industrial pollu-
tion, considering other pertinent factors, should be
addressed appropriately by enunciating effective policies
to reduce the human death rate and improve health sta-
tus in the studied panel countries. The following particu-
lar recommendations will be useful in this respect:

i. Reducing industrial pollution: The reduction of
industrial pollution (CO2 and nitrous oxide
emissions) is essential in relation to environmentally
friendly initiatives, which can play a role in
reducing pollution related diseases, and eventually
diminish the death rate. In this regard, effective
pollution disposal facilities should be introduced
and technology should be developed to convert
industrial wastages into fresh materials and polluted
smoke into clean air. A complete and wide-ranging
policy package on reducing industrial pollution
should be formulated and executed.

ii. Sustainable economic development: Sustainable
economic development along with environmental

Table 3 Pesaran [71] CD test for cross-sectional dependence

Variables CD test p-value

DEA 27.876*** 0.000

CO2 49.870*** 0.000

NIT 18.372*** 0.000

GDP 93.776*** 0.000

PHY 39.419*** 0.000

URB 91.624*** 0.000

WAT 19.473*** 0.000

SAN 4.234*** 0.000

SCH 39.806*** 0.000

Notes: Under the null hypothesis of cross-section independence, CD ~ N(0,1) P-
values close to zero indicate data are correlated across panel groups. ***

indicates rejection of the null hypothesis at the 1% significance level

Table 4 Estimation results: Driscoll-Kraay [38] standard errors

Models 1 2

Constant −8.8219 (−5.86)*** −6.6460 (− 6.57)***

CO2 0.0988 (5.67)*** –

NIT – 0.0687 (4.13)***

GDP − 0.0648 (−2.56)** −0.0757 (− 3.80)***

PHY − 0.1214 (−5.41)*** − 0.1302 (− 7.12)***

URB − 0.1311 (− 2.00)** − 0.1723 (− 2.30)**

WAT 3.1370 (7.06)*** 2.4197 (7.68)***

SAN − 0.4528 (−6.41)*** − 0.3938 (− 6.28)***

SCH − 0.1003 (− 3.58)*** 0.0473 (1.46)

within R-squared 0.4945 0.4550

F-statistic 606.57 414.64

Probability 0.0000 0.0000

Number of groups 19a 19

Number of observations 225 197

Note: *** and ** denote significance level at 1 and 5%, respectively
aJapan does not have the secondary school enrolment data for the studied
period, therefore, the statistical software and estimation techniques used in
this study exclude Japan from this analysis.

Table 5 The results of PCSE regression

Models 1 2

Constant −10.7364 (−9.50*** −8.1999 (−6.66)***

CO2 0.0945 (5.92)***

NIT – 0.0637 (4.61)***

GDP −0.1251 (−3.86)*** − 0.1112 (− 3.41)***

PHY − 0.1072 (−4.74)*** −0.1052 (−6.11)***

URB −0.0828 (−1.19) −0.0943 (− 1.45)

WAT 3.6369 (11.53)*** 2.8050 (8.13)***

SAN −0.4754 (−12.12)*** − 0.3948 (− 10.58)***

SCH − 0.0733 (− 1.68)* 0.0155 (0.32)

R-squared 0.9820 0.9830

F-statistic 533.69 585.08

Probability 0.0000 0.0000

Number of groups 19 19

Number of observations 225 197

Note: ***, **, and * denote significance level at 1%, 5% and 10%, respectively
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considerations is required to make the earth
habitable for future generations. In this perspective,
green development, green growth, green technology
and a pollution free environment are urgently
needed to improve the habitat for humans and thus
reduce the mortality rate. Thus efficient and
inclusive policy initiatives to ensure sustainable
development will be essential for improving the
health status of people by reducing the death rate.

iii. Increasing physician numbers: Physicians provide
better medical services and guidelines for taking
proper drugs and medicines leading to cures from
various diseases and improving living standards,
which both decrease the mortality rate. In this
perspective, a concrete policy venture for
generating abundant physician numbers and ease
access to them to protect human health is essential.

iv. Enhancing access to clean water and sanitation
facilities: Wide access to clean water and better
sanitation facilities is required to decrease the
mortality rate, as contaminated drinking water and
unhygienic sanitation may cause an increase in the
death rate. A well-thought out and well-accepted
policy initiative is required to facilitate access to
clean water and sanitation facilities to all people.

v. Enlarging educational opportunities: Educational
facilities increase awareness of medical and health
consciousness to protect people from various fatal
diseases and therefore reduce the death rate. An
effective policy formulation is necessary to enlarge
widespread educational facilities among the entire
population to reduce the mortality rate.

vi. Well-organized urbanization: Well-planned urban
facilities may increase living standards and increase
quality of life by establishing well-organized hous-
ing, industries, hospitals, supplying electricity, clean
water and hygienic sanitation facilities. Therefore, a
complete well-organized urbanization policy design
is urgently needed in conjunction with other
policies.
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