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Abstract: This study sought to examine the impact of air pollution on health in Africa. Air pollution is
a major public health concern around the world. Exposure to air pollution has been linked to a slew of
negative health consequences, ranging from subclinical effects, physiological changes in pulmonary
functions and the cardiovascular system, to clinical symptoms, outpatient and emergency-room visits,
hospital admissions, and finally to premature death. Health impact assessments indicate that sub-
Saharan Africa suffers a high burden of disease and premature deaths, attributable to environmental
pollution in the world. The health and economic repercussions of rapid pollution increases could
jeopardize African efforts to enhance economic development, establish human capital, and achieve
the Sustainable Development Goals (SDGs). Despite all these, literature on pollution and health is
still scanty in the case of Africa. This study was quantitative in nature, and it used a difference GMM
approach to estimate its model. The GMM results showed that children are negatively affected by
pollution. Children under the age of five are especially at risk, and the effects are believed to be most
severe in developing countries, where exposure to high levels of ambient air pollution throughout
childhood is thought to lower total life expectancy by an average of 4–5 years. Based on the findings
of this study, it is recommended that African countries must not overlook the pollution problem. They
must promote and use low carbon technologies and services. In the absence of active intervention,
pollution will soon raise morbidity and death.
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1. Introduction

Air pollution is a major public health concern around the world (Chen et al. 2018a;
GAHP 2019; WHO 2022; European Environmental Agency 2023). Exposure to air pollution
exacerbates and contributes to a variety of negative health effects. Particulate matter (PM)
and nitrogen dioxide are the most widely discussed pollutants in the context of air quality
management, but because air pollution is a complex mixture of gases, other pollutants
may also have an impact on health (Centre for Research on Energy and Clean Air 2023;
European Environment Agency 2023). Exposure to air pollution has been linked to a slew
of negative health consequences, ranging from subclinical effects, physiological changes
in pulmonary functions and the cardiovascular system, to clinical symptoms, outpatient
and emergency-room visits, hospital admissions, and finally to premature death (Lee et al.
2014; Boogaard et al. 2019; United States Environmental Protection Agency 2022; Imperial
College London 2023). It is also acknowledged that the consequences for human health
are significant and extensive. Pollution is the leading environmental cause of disease and
premature death. Air pollution is estimated to have caused 6.5 million fatalities worldwide in
2015, accounting for 16 percent of all deaths (European Commission 2018; World Bank 2022).

Due to the deleterious effects of air pollution, regulations have been enacted at the
international, national, regional, and local levels to reduce pollution. For instance, the
United Nations General Assembly endorsed the 2030 Agenda for Sustainable Development

Economies 2023, 11, 196. https://doi.org/10.3390/economies11070196 https://www.mdpi.com/journal/economies

https://doi.org/10.3390/economies11070196
https://doi.org/10.3390/economies11070196
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/economies
https://www.mdpi.com
https://orcid.org/0000-0002-4765-9318
https://doi.org/10.3390/economies11070196
https://www.mdpi.com/journal/economies
https://www.mdpi.com/article/10.3390/economies11070196?type=check_update&version=2


Economies 2023, 11, 196 2 of 18

in September 2015. The Agenda makes several references to air pollution under Targets
3.9 (to substantially reduce the number of deaths and illnesses from hazardous chemicals
and air, water and soil pollution, and contamination) (WHO 2022). In 2019, the UN called
on each city, region, and country to commit to “achieving air quality that is safe for its
citizens, and to align its climate change and air pollution policies, by 2030”—and to do
so in the name of its citizens’ health (Pan American Health Organisation 2019). This
demonstrates that air pollution has acquired relevance and attention on global agendas.
Furthermore, widespread recognition of pollution and climate change as central public
health concerns is essential for delivering a quick response and an institutional capacity that
enables governments to incorporate and adopt air pollution and climate change policies in
their development strategies.

Despite the global recognition that pollution has received, almost the entire global
population (99%) breathes air that exceeds WHO air quality limits and threatens their health
(WHO 2022). This, then, indicates that pollution is an enormous and under-addressed
public health issue (GAHP 2019). This is particularly true in developing countries. People
in developing countries are the most vulnerable to air pollution, but little is being done to
combat it. As a result of overcrowding and unregulated urbanization, as well as the rise of
industrialisation, the air pollution problem is particularly significant in developing countries.
Juginović et al. (2021) argue that, while air pollution is a major public health concern in
industrialized countries, it is even more pronounced in developing countries, where rapid
population growth combined with widespread industry has resulted in cities with poor air
quality, posing a substantial health risk. This health and social crisis is compromising people’s
ability to take control over their health and lives (WHO 2022; Zhao and Su 2023).

While air pollution is a global health issue, low- and middle-income countries, partic-
ularly in Sub-Saharan Africa, are more likely to be affected because of the high exposure
of the population (GAHP 2019; Cai et al. 2021). Ambient air pollution is increasing across
Africa and it is now the second largest cause of death in Africa (Fisher et al. 2021). Health
impact assessments (Coker and Kizito 2018; Fisher et al. 2021) indicate that Sub-Saharan
Africa suffers from a high burden of disease and premature death, attributable to environ-
mental pollution in the world. The health and economic repercussions of rapid pollution
increases could jeopardize African efforts to enhance economic development, establish
human capital, and achieve the Sustainable Development Goals (SDGs). In the absence of
active intervention, pollution will raise morbidity and death, lower economic productivity,
and stifle development. In order for African countries to make strategy interventions,
reliable data and reliable scholarly information is needed to create and adopt policies that
can reduce air pollution and deliver national development priorities and climate goals.

Despite these hazardous effects of air pollution, studies that have looked at pollution
and health in the case of Africa are still scarce. Of the few studies that were done in Africa
(SSA), one looked at trade and pollution (Adams and Opoku 2020) while Katoto et al.
(2019) carried out a systematic literature review. Thus, this study seeks to increase local
knowledge on pollution and health by examining the impact of air pollution on health
in Africa. The study shall also contribute to both policy and literature by quantifying
the health impacts of air pollution. This is essential for comprehending health burdens
and assessing policy options in African nations. This study makes the case that a greater
comprehension of the health effects of air pollution can lead to improved policies that more
precisely and effectively target particular sources of air pollution.

2. Literature Review

The toxicological impact of air pollution on human health is well documented in the lit-
erature, albeit mostly in developed countries. The literature identifies various mechanisms
through which air pollution affects human health. Studies show that ambient pollution
affects various physiological human functions, including reproduction (Checa et al. 2016;
Talaulikar 2020), the respiratory system (Tie et al. 2009; Gouveia et al. 2018; Viegi et al.
2020), the cardiovascular system (Mannucci et al. 2019; Miller and Newby 2020), throm-
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bosis (Nemmar et al. 2002; Baccarelli et al. 2008; Franchini et al. 2012), mental imbalances
(Buoli et al. 2018; Chen et al. 2018a; Kanner et al. 2021; Qiu et al. 2022), and morbidity and
mortality (Hales et al. 2021; Khojasteh et al. 2021; Khomenko et al. 2021) across different
phases of human life.

In relation to the prenatal phase, the literature shows the effects of pollution on foetal
growth. For instance, Leung et al. (2022) show compelling evidence of the impact of
air pollution on the growth of foetuses. The authors show that an increase in pollution
levels is associated with smaller ultrasound parameters. Their findings imply that an
increase in PM2.5 leads to a low
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-score among anatomic scans. The findings of Leung et al.
(2022) confirm the findings of Bekkar et al. (2020), which suggest that there is a positive
relationship between air pollution and impaired foetal growth. Bekkar et al. (2020) further
show that pollution affects foetal growth weight, which is a key developmental indicator
for perinatal morbidity and mortality, and eventually affects later life and cardiometabolic
outcomes. Clemente et al. (2017) show that exposure of pregnant individuals to pollution
is linked with changes in the speed of foetal formation and development, and maternal
physiology. This is supported by Korten et al. (2017) and Klepac et al. (2018) who also
suggest that air pollution leads to foetal growth complications. Klepac et al. (2018) further
show that high exposure to air pollution during pregnancy is linked to increased respiratory
complications and asthma, as well as decreased lung function in infancy and childhood.

In addition, Singh et al. (2019) investigated the impact of ambient pollution on child
health and found that an increase in pollution adversely affects the child’s height-for-age
and weight-for-age, and the effect is more acute in poor families. Kurata et al. (2020) find
that pollution heterogeneously affects the exposed individual depending on gender. In
this regard, Kurata et al. (2020) find that pollution (measured by solid fuels) positively
influences respiratory illness in girls but not in boys. Kurata et al. (2020) show that an
increase in exposure to PM2.5 during the prenatal phase correlates with stunted growth
in boys, but pollution negatively affects both boys and girls in the postnatal phase. The
World Health Organization (2018) shows that air pollution has adverse effects on children.
Gouveia et al. (2018) show that pollution leads to respiratory-related deaths in both infants
and children. These findings confirm the findings of Mentz et al. (2018), which show that
an increase in pollutants leads to increases in the shortness of breath, chest tightness, and
coughs for children highly exposed to pollution. Soh et al. (2018) suggest that prenatal
exposure to pollution has an enhanced effect on the childhood respiratory system. This
is in agreement with Karimi and Shokrinezhad (2020), who articulate that an increase in
pollution levels is associated with infant mortality. Goyal and Canning (2017) assert that
high exposure to pollution in utero is linked, in children, to stunted growth and being
underweight.

The detrimental effects of air pollution are also evidenced in damage to the foetus’ liver
and jaundice. According to Pejhan et al. (2019), higher levels of pollution (PM1, PM2.5, and
PM10) are associated with increased levels of alanine aminotransferase, alkaline phosphatase,
and gamma-glutamyl transferase. Their results imply that an increase in particulate matter
is associated with liver injury or disease in new-born babies. Zhang et al. (2019) show that
there is a positive relationship between poor quality air and neonatal jaundice.

Tie et al. (2009) investigated the long-term series of aerosol optical extinction coef-
ficients and found statistical evidence for a relationship between air pollution and lung
cancer, which eventually leads to mortality. In the same vein, Forastiere (2004) shows that
air pollution emits fine particles, which easily penetrate in human lungs, resulting in lung
cancer tumours. Guo et al. (2020) also show the negative effects of pollution on health. In
particular, Guo et al. (2020) found a significant positive relationship between particulate
matter (PM2.5) and incidences of lung cancer for both males and females in China. This
is validated by the findings of Guo et al. (2016) and Han et al. (2017), who also show that
air pollution leads to lung cancer. Lipfert and Wyzga (2020) show that there is a positive
association between ambient air quality and lung cancer.
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Studies also show that there is an association between fertility and air pollution, which
acts as an endocrine disruptor, increasing oxidation stress and exerting genotoxic effect.
For instance, Zhou et al. (2014) assert that an increase in particulate matter reduces the
quality of semen and leads to infertility. Carré et al. (2017), Broekmans and Fauser (2010),
and Talaulikar (2020) show evidence that exposure to air pollution negatively affects the
reproductive capacity and leads to infertility. Alaee (2018) asserta that air pollutants effectively
lead to human infertility and, if not properly controlled, can significantly influence infertility
rates in the future. This is supported by Mahalingaiah et al. (2016) and Conforti et al. (2018),
who give further evidence of the adverse effects of pollution on fertility in both males
and females.

In adults, studies show that air pollution is linked to cardiovascular dysfunctions,
respiratory disorders, neuropsychiatric complications, and dermatological effects (Tie et al.
2009; Ngoc et al. 2017; Wu et al. 2019; Miao et al. 2021). Rajagopalan et al. (2018) assert that
a percentage increase in PM2.5 leads to an increase in acute cardiovascular diseases and
mortality by three percent within few days. Their findings find support in the literature.
For instance, Miller and Newby (2020) show that particulate matter substantially leads to
cardiovascular morbidity and higher mortality rates. Tibuakuu et al. (2018) show that the
effects of pollution on cardiovascular dysfunctions are stronger for susceptible groups such
as the elderly, smokers, and women, among others. This corroborates with the findings by
Hadley et al. (2018), Vidale and Campana (2018), and Wu et al. (2019), which show that
an elevated concentration of particular matter is associated with cardiovascular diseases
and mortality. Furthermore, Ghorani-Azam et al. (2016) articulate that long-term exposure
to PM2.5 concentration is associated with increased risks of cardiovascular dysfunction,
particularly in adults aged between 35–70 years.

In addition, air pollution is related to respiratory complications. Sciaraffa et al. (2017)
show that there is a positive association between atmospheric pollutants (PM10, PM2.5,
NO2, SO2, CO2, O3) and respiratory diseases. Borghini et al. (2017) further show that
ambient pollution leads to a wet cough, asthma, and reduction in volumes and respiratory
flows. These authors further show that air pollution increases hospital admission days. In
the same vein, Lawin et al. (2016) found that high carbon dioxide exposures lead to high
phlegm levels. This is supported by Arulprakasajothi et al. (2018), who show that ambient
air pollutants cause respiratory disorders such as asthma, bronchitis, and emphysema.
Zhu et al. (2019) argue that air pollution is linked to lung cancer and respiratory diseases,
and females are more susceptible to respiratory mortality compared to their male coun-
terparts. Similarly, Kim et al. (2018) show that ambient pollution leads to lung infection.
In a recent study, Niu et al. (2021) show that exposure to ambient pollution positively
leads to asthma and chronic pulmonary obstruction. Kim et al. (2018) further suggest
that air pollution has acute effects on outpatients and hospital admissions. This is con-
firmed by Seposo et al. (2021), who state that an increase in ambient pollution leads to
respiratory complications.

The literature further shows that air pollution leads to blood clots inside blood vessels.
Robertson and Miller (2018) show that pollution positively leads to thrombosis. The
authors further assert that acute exposure to particulate matter leads to a shift in the
haemostatic balance towards a pro-thrombotic/procoagulative state and eventually leads
to cardiovascular dysfunction. This is similar to Renzi et al. (2022), Hamanaka and
Mutlu (2018), Zhang et al. (2019), and Miao et al. (2021), who find that pollution leads
to thrombosis and inflammation, which leads to cardiovascular dysfunction. Chen et al.
(2004) posit that air pollution leads to morbidity, mortality, and hospital admissions.

Evidence further shows that air pollutants are negatively related to the mental well-
ness of individuals, resulting in psychological disorders. Gu et al. (2020) argue that air
pollution is linked with a high prominence of negative emotions such as depression, power-
lessness, nervousness, and restlessness. The authors further assert that pollution increases
psychological disorders, mainly in women. These findings are similar to the findings of
Chen et al. (2018b), Ghorani-Azam et al. (2016), Bernardini et al. (2020), and Gu et al.
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(2020). Furthermore, the literature shows that air pollution leads to depression and suicide
(Buoli et al. 2018; Gładka et al. 2018; Chirico and Magnavita 2019). Buoli et al. (2018)
show that air pollution potentially worsens mental conditions. Chen et al. (2018b) found a
positive and significant relationship between pollution and autism. This is supported by
other studies (Ritz et al. 2018; Rahman et al. 2022a; Raz and Oulhote 2022; Yang et al. 2022).

3. Materials and Methods
3.1. Data Sources

The study used a panel data set covering 50 African countries, over the period of 1970–
2019. Data were sourced from the World Bank’s World Development indicator database.

3.2. Estimation Techniques

The theoretical specification of this study follows Grossman (1972) and the empirical
specification follows that of Fayissa and Gutema (2005). Grossman developed the following
theoretical health production function:

H = f (X), (1)

where H, a measure of individual health output, is a function of X (a vector of individual
inputs to the health production function such as income, the environment, education,
etc). However, Fayissa and Gutema (2005) argue that Grossman’s model was designed
for analysis of health production at the micro level and might not fit well in macro level
analyses. In order to switch from micro to macro analysis without losing the theoretical
ground, Fayissa and Gutema (2005) modified the Grossman (1972) model and came up
with the following model:

H = f (Y, S, V), (2)

where Y is a vector of per capita economic variables, S is a vector of per capita social
variables, and V is a vector of per capita environmental factors. The choice of variables for
estimation in this study is in line with the model developed by Fayissa and Gutema (2005).
This present study estimated the following dynamic model:

Hi,t = α Hi,t−1 + β xit + εit, (3)

where Hi,t, is life expectancy (or infant mortality as estimated in Model 2) of country i at
time t, Hi,t−1 is its one-period lag, xit a vector of the explanatory variables, and εit is the
error term for country i at time t. The error term is given by:

εit = µi + vit, (4)

where µi ∼ iid
(
0, σ2

u ) and vit ∼ iid
(
0, σ2

v ) are independent amongst themselves and each
other. In order to eliminate country-specific effects, we first take the differences of (2):

Hi,t − Hi,t−1 = α (Hi,t−1 − Hi,t−2) + β (xit − xit−1) + εit − εit−1. (5)

However, the construction of the new error term, εit − εit−1 is correlated with the
lagged dependent variable (Hi,t − Hi,t−1). In order to address the endogeneity problem,
Levine et al. (2000) suggest the use of instruments. This study does this by applying
a GMM estimator, which operates under the assumption that the error term, εit, is not
serially correlated and that the explanatory variables, X, are weakly exogenous. Mućk
(2020) maintains that the consistency of the GMM estimator is based on the assumption
that the transformed error term is not serially correlated, i.e.,:

E(∆εi,t , (∆εi,t−2) = 0. (6)
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This is the difference estimator. Difference GMM is so-called because estimation pro-
ceeds after first-differencing the data in order to eliminate the fixed effects. The difference
GMM approach deals with this inherent endogeneity by transforming the data to remove
the fixed effects. The standard approach applies the first difference (FD) transformation,
which removes the fixed effect (Baum 2002).

The GMM estimator is an instrumental variable (IV) estimator, where endogenous
variables are instrumented using their lagged values (internal instruments) and/or other
variables (external instruments) that are only correlated with health through the endoge-
nous variables. Following Fayissa and Gutema (2005), the Fundamental Cause Theory, and
Grossman (1972), this study employs the following specifications of the Dynamic Panel
Data models:

Model 1

LEi,t = β0 + β1LEi,t + β2GDPi,t + β2HEi,t + β3EDUi,t + β4FAi,t + β5PMi,t + β6HIVi,t + β7REMi,t + µi,t, (7)

Model 2

IMi,t = β0 + β1LEi,t + β2GDPi,t + β2HEi,t + β3EDUi,t + β4FAi,t + β5PMi,t + β6HIVi,t + β7REMi,t + µi,t, (8)

where LE is life expectancy (a measure for health), IM is infant mortality, GDP is economic
growth, HE is health expenditure, EDU is education, FA is foreign aid, PM is particulate
matter, a proxy for air pollution, HIV is human immunodeficiency virus, and REM is
remittances. These variables are presented in Table 1 below.

Table 1. Description of variables.

Variable Symbol Variable Definition Source of Data

LE Life expectancy at birth. Life expectancy is a statistical measure
of the estimate of the span of a life. World Bank Development Indicators

IM
Infant mortality. Infant mortality rates measure child survival.
The infant mortality rate is the probability of a child born in a
specific year or period dying before reaching the age of one.

World Bank Development Indicators

GDP Economic Growth. Annual percentage growth rate of GDP at
market prices based on constant local currency. World Bank Development Indicators

HE

Health Expenditure. Health expenditure includes all
expenditures for the provision of health services, family
planning activities, nutrition activities, and emergency aid
designated for health.

World Bank Development Indicators

EDU Education. Secondary school enrolment, percent of all
eligible children. World Bank Development Indicators

FA Foreign aid and official development assistance received. World Bank Development Indicators

PM
Particulate matter. Net official development assistance (ODA)
consists of disbursements of loans made on concessional terms
(net of repayments of principal) and grants by official agencies.

World Bank Development Indicators

HIV
Prevalence of HIV, total (% of population aged 15–49).
Prevalence of HIV refers to the percentage of people aged 15–49
who are infected with HIV.

World Bank Development Indicators

REM

Personal remittances received (currency USD). Personal
remittances comprise personal transfers and compensation of
employees. Personal transfers consist of all current transfers in
cash or in kind made or received by resident households to or
from non-resident households

World Bank Development Indicators

The study’s main variables are life expectancy and particulate matter for Model 1 and
infant mortality and particulate matter for Model 2. Life expectancy acts as a proxy for
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health and particulate matter as a proxy for air pollution. This choice was guided by the
literature. Life expectancy is seen as a good measure of health (OECD 2017; Chewe and
Hangoma 2020). The second model was incorporated because some studies (Gouveia et al.
2018; World Health Organization 2018; Singh et al. (2019) have shown that children are
more affected by pollution than adults. For example, the World Health Organization (2018)
shows that air pollution has adverse effects in children. Gouveia et al. (2018) show that
pollution leads to respiratory-related deaths in both infants and children. The selection
of independent variables was based on the literature, particularly Fayissa and Gutema
(2005), the Fundamental Cause Theory, and Grossman (1972). According to Fundamental
Cause Theory, it is social inequality in access to flexible social resources (in particular,
wealth, income, education, and racial privilege) that drives population health inequalities
(Riley 2020). On the other hand, Grossman developed the following theoretical health
production function, which depicted health as a function of X (a vector of individual inputs
to the health production function such as income, the environment, education, etc.).

4. Results
4.1. Correlations

Table 2 contains the correlation coefficients between the dependent and indepen-
dent variables.

Table 2. Correlation test.

PM FA GDP HE EDU REM

PM 1 0.1767 −0.0788 0.1496 0.4350 0.0264

FA 0.1767 1 0.0933 −0.0710 −0.1327 0.4391

GDP −0.0788 0.0933 1 −0.1661 −0.1504 −0.5702

HE 0.1496 −0.0710 0.1661 1 0.3182 0.3321

EDU 0.4350 −0.1327 −0.1504 0.3182 1 0.0123

REM 0.0264 0.4391 −0.5702 0.3321 0.0123 1

The results show that the coefficients were quite low, indicating that multicollinearity
was unlikely to be a problem in our estimations. The correlation coefficients were found to
be below 0.8, as suggested by econometric studies.

4.2. Results and Discussion

The results from the empirical estimation are presented in Table 3 with the application
of the difference GMM.

The results show that there is a very weak positive relationship between pollution and
life expectancy. However, these results are insignificant. This means that pollution does
not affect life expectancy in Africa. The results are surprising because pollution is seen as
a health hazard. Ebenstein et al. (2017), Bennett et al. (2019), Lelieveld et al. (2020) and
Fatima et al. (2021) note that one of the major worldwide health concerns, air pollution,
is responsible for a large excess mortality and reduction in life expectancy. According to
a World Bank analysis from 2020, exposure to pollution decreased the average global life
expectancy at birth by almost one year in 2016. A study by Rahman et al. (2022b) showed
that emissions have a significantly negative impact on life expectancy, suggesting that
higher the carbon emissions lower the life expectancy. Poor air quality is an established
predictor of poor health outcomes, and even small air quality improvements are estimated
to prevent millions of premature deaths each year (Shindell et al. 2022; Burnett et al. 2018).
However, the findings of this study are in line with those of OECD (2017) and Hailemariam
and Pan (2019) and Mahalik et al. (2022). Hailemariam and Pan (2019) revealed that a
10 percent increase in per capita carbon dioxide emissions in the atmosphere causes an
increase of 2.2% in the crude death rate and a reduction in life expectancy of about 0.6%.
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Mahalik et al. (2022) showed that CO2 emissions seem to improve the life expectancy for
developing countries. In an OECD (2017) study it was found that air pollution was also
not significantly associated with life expectancy gains, despite there being clear evidence
elsewhere of the adverse effects of air pollution on health. This result reflects the long lag
in time before air pollution affects a person’s health, and also the relatively small decreases
in air pollution over time (OECD 2017).

Table 3. Regression results: one-step GMM.

(Model 1) (Model 2)

Variables LE INFM

LE (−1) 0.2499 **
(0.0898)

INFM (−1) 0.5346 **
(0.2086)

EDU (Education) 0.2756 ** 0.5974 **
(0.0696) (0.2674)

HE (Health Expenditure) 0.0078 −0.1023 ***
(0.0701) (0.0009)

GDP (Economic Growth) 0.2788 *** 0.1521 ***
(0.1416) (0.0043)

FA (Foreign Aid) 0.1956 ** 0.5528
(0.0822) (0.2620)

PM (Particulate Matter) 0.00377 −0.0159 ***
(0.00636) (0.0029)

HIV 0.0216 *** 0.0628 ***
(0.0007) (0.0049)

REM (Remittances) 0.2587 0.5251
(0.2327) (0.5120)

Number of Countries 50 50
J-statistic 2.441 3.219
(p-value) 0.691 0.487

Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05.

However, it should also be noted that life expectancy, although it is seen as a good
measure of health (Chewe and Hangoma 2020), fails to capture the health of individuals
sufficiently. What needs to be considered is whether the additional years are spent in good
or bad health. Many years might be lived in poor health. In 2017, life expectancy at birth in
Sub-Saharan Africa was 63.9 years, but healthy life expectancy was only 55.2 years (Roth
et al. 2018). This suggests that people are living many years in poor health. However, due
to data issues, this study could not use the health life expectancy as a proxy for health. In
order to address this shortcoming, the study had to use another health indicator: infant
mortality. This indicator was used because the issue of pollution has been seen to be
affecting vulnerable groups such as children (UNICEF 2017; UNEP 2022). Furthermore,
infant mortality is an indicator of the state of the health care system and can signal the need
for improved health care services (Reidpath and Allotey 2003; Chewe and Hangoma 2020).
In order to capture this, Model 2 used infant mortality as a health indicator.

Results showed that pollution positively affected infant mortality. This is in line with
literature. Manisalidis et al. (2020) found that children and the elderly are more vulnerable
to the short- and long-term consequences of high levels of environmental pollution, which
raises the mortality rate. Children under the age of five are especially at risk, and the effects
are believed to be most severe in developing countries where exposure to high levels of
ambient air pollution throughout childhood is thought to lower total life expectancy by an
average of 4–5 years (Lelieveld et al. 2018; Jordan 2020; Fisher et al. 2021; Osipov et al. 2022).
According to the World Health Organization (2018) and Cullillan (2023), children are known
to be more vulnerable to the adverse health effects of air pollution due to their higher per
minute ventilation, immature immune system, involvement in vigorous activities, and the
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longer periods of time they spend outdoors. Several studies (Friedrich 2018; Heft-Neal
et al. 2018; Jordan 2020; deSouza et al. 2022; Wang et al. 2023) have shown that air pollution
contributes to infant mortality. A study by deSouza et al. (2022) showed that fine particulate
matter in air has contributed to infant mortality in India. Heft-Neal et al. (2018) showed that
mortality rates are substantially higher for infants exposed to higher levels of particulate
matter. The study further showed that poor air quality is responsible for one in five infant
deaths in Sub-Saharan Africa. Wang et al. (2023) showed that fine particulate matter in
the air has contributed to infant mortality in China. A study conducted by the European
Environment Agency (2023) linked pollution to low birth weight and premature birth and
concluded that children are most vulnerable to the health impacts of air pollution.

The results show a positive relationship between education and life expectancy. This is
consistent with the literature. There is a well-established, significant relationship between
education and health. According to Picker (2007), an additional four years of education
lowers five-year mortality by 1.8 percentage points. The Fundamental Cause Theory asserts
that social variables like education are “fundamental” causes of disease and health because
they affect access to a wide range of material and non-material resources like money, safe
neighbourhoods, and healthier lifestyles, all of which protect or improve health (Zajacova
and Lawrence 2018). Furthermore, the Human Capital Theory (HCT) states that education
enhances a person’s knowledge, skills, reasoning, efficacy, and a wide range of other
abilities, all of which can be used to generate health (Mirosky and Ross 2005). People who
are well educated experience better health, as reflected in the high levels of self-reported
health and low levels of morbidity, mortality, and disability (OECD 2017; Raghupathi and
Raghupathi 2020). While those with higher levels of education are frequently more aware
of the benefits and drawbacks of particular actions, they are also more likely to absorb and
act on this information. This demonstrates how good education serves as the cornerstone
upon which health and wellness are built.

The effect of education is even more pronounced on infant mortality. Results show a
positive relationship between education and infant mortality. This is consistent with the
literature. The educational attainment of parents, particularly mothers, has been associated
with lower levels of child mortality (Balaj et al. 2021). A study by a Schellekens (2021)
also showed that better maternal education explains 15% of the infant mortality decline
in Indonesia from 1980 to 2015. Education assists women in making wiser decisions
regarding a variety of health and disease-related issues, including prenatal care, basic
hygiene, nutrition, and immunization, all of which are crucial for lowering the primary
causes of death in children under the age of five.

Foreign aid is seen to have a positive relationship with life expectancy. Foreign aid
for health care is directly linked to an increase in life expectancy and a decrease in child
mortality in developing countries (Bendavid and Bhattacharya 2014; Ritcher 2014). This
refutes the claim that foreign aid has been associated with delayed development. The
fungibility of aid, or whether it will be used for its intended purpose or be redirected
to another sector or disappear owing to corruption, has a significant problem with its
distribution (Van de Sijpe 2013). Martinez-Alvarez and Acharya (2012) are also of the
view that aid fragmentation creates extra costs for recipient countries and reduces the
effectiveness of foreign aid on health. However, this study found that foreign aid is
effective in increasing life expectancy in African countries. Toseef et al. (2020) also found
evidence that foreign aid improved life expectancy in developing countries. However,
results show that the relationship between foreign aid and infant mortality is insignificant.
This shows that foreign aid does not influence infant mortality.

Health expenditure is seen to have a positive but insignificant relationship with life
expectancy. This is surprising because health expenditure must significantly contribute
to health. For instance, Bein et al. (2017) found that an increase in healthcare spending
is correlated with an increase in life expectancy and a decrease in new-born, under-five
deaths, and neonatal fatalities. Jaba et al. (2014), Aísa et al. (2014), and Rahman et al. (2018)
also revealed an association between life expectancy and healthcare expenditures. Our
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findings are in tandem with Deshpande (2014), who observed that there is no significant
correlation between healthcare spending and life expectancy in developing countries. They
further argued that in developing countries it is not the quantity spent but the quality
of expenditure that impacts healthcare. Furthermore, Zarulli et al. (2021) argues that,
among countries with lower levels of education, decreasing unemployment and income
inequality increases average life expectancy without increasing health expenditure levels.
However, corruption, misuse, and displacement of aid from the health sector undermines
the ability to use these resources for health improvements. Filmer et al. (1998) identified
that, rather than public healthcare expenditure, the level of poverty, income inequality,
female education, and other socio-economic factors were the main determining factors of
child mortality.

However, results show that health expenditure reduces infant mortality. This shows
that an increase in health expenditure reduces infant mortality. The results are consistent
with empirical literature. Houeninvo (2022) showed that an increase in public health
expenditure per capita by 1% reduces infant mortality and child mortality in the next 3 year
period by 0.009 and 0.0268%, respectively. Dhrifi (2018) and Kiross et al. (2020) had, earlier,
showed the contributory role of public health expenditure to infant mortality. However,
Akinlo and Sulola (2019) argued that, due to corruption in African states, public health
expenditure does not have an effect on health outcomes (including infant mortality).

GDP is found to have a positive relationship with life expectancy. The empirical
relationship between mortality and national income was first noted by Samuel Preston, who
found that there is a positive log relationship between a country’s gross domestic product
(GDP) per capita and life expectancy (Shkolnikov et al. 2019). There is a strong relationship
between GDP and life expectancy (Lleras-Muney cited in (Guo et al. 2016)). Income
influences the condition of people’s lives and is a main socioeconomic determinant of health
(Bayati et al. 2013). Sickles and Taubman (1997) had earlier provided evidence that life
expectancy increases as a country improves its standard of living has long been recognized,
as higher income is typically associated with development and makes possible, in part, the
consumption of goods and services that improve health. The data strongly suggest that
longevity is an economic good. Through increased economic growth and development in a
nation, GDP per capita raises the life expectancy at birth and so contributes to the extension
of lifespan (Miladinov 2020).

Remittances were seen to have a positive but insignificant relationship with life ex-
pectancy. Several studies have found the developmental impact of remittances. Ponce et al.
(2011) find significant effects of remittances on medicine expenditures when illness occurs.
Remittances increase healthcare access for the poor and low-income earners in developing
countries (Awojobi 2020). Zhunio et al. (2012) found that remittances play an important
role in improving primary and secondary school attainment, increasing life expectancy,
and reducing infant mortality. However, the findings of this study are inconsistent with
a UNICEF study. In Jamaica, a joint research study by UNICEF and the Government
of Jamaica found no significant differences in the health outcomes of children between
remittance-recipient households and those that are not in receipt of remittances. This was
in spite of increased health expenditure in remittance-recipient households (UNICEF 2013).

4.3. Diagnostics

For the model to be valid it must be ensured that the model passes the J-test and
the Arellano–Bond test for second-order serial correlation in the residuals. Results are
presented in Table 4.

Table 4. Arellano–Bond test.

Test Order m-Statistic rho SE(rho) Prob

AR (1) −2.3312 −143.34 82.129 0.0197

AR (2) 0.9847 64.311 73.97 0.3247
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The results show that the first- and second-order autocorrelations reveal no evidence
against the validity of the instruments used in this study. The p-value for AR(1) is less than
0.05 and for AR(2) it is insignificant. If the innovations are i.i.d., the first order statistic must
be significant, and the second order statistic must be insignificant. The J-statistic turned out
to be 2.441 and it had a p-value of 0.691. This shows that the instruments used in this study
were valid.

4.4. Robustness

A simple robustness test consists of running the same model using the Fixed and
Random Effects panel techniques. Results are shown in Table 5.

Table 5. Regression results: Random Effects and Fixed Effects.

(FE) (RE)

Variables LE LE

EDU (Education) 0.1372 ** 0.3177 **
(0.0592) (0.1365)

HE (Health Expenditure) 0.5434 2.9148 **
(0.1375) (1.2084)

GDP (Economic Growth) 0.0052 0.0067 ***
(0.0061) (0.0012)

FA (Foreign Aid) 0.6706 ** 0.0265
(0.2144) (0.0087)

PM (Particulate Matter) 0.0315 *** 0.3377 **
(0.0056) (0.1314)

HIV −1.7928 * 0.2621
(0.8762) (0.3015)

REM (Remittances) 0.1406 0.0069 ***
(0.4388) (0.0010)

Hausman Test (chisq) 12.567
(p-value) 0.4792
Random Effect Appropriate

Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

The study findings reveal that most of the coefficients’ sign and significance align with
the GMM estimation. Both models show that there is a positive relationship between air
pollution and life expectancy. This partially confirms the findings that were reported in the
GMM estimation, which is this study’s main output.

5. Conclusions and Recommendations

This study seeks to increase local knowledge on pollution and health by examining
the impact of air pollution on health in Africa. The study was motivated by the fact that
although air pollution is a problem for health worldwide, low- and middle-income nations—
particularly those in Sub-Saharan Africa—are more likely to be impacted because of large
population exposure. The direct impact of economic growth on environmental pollution
can indirectly compromise public health. Exposure to air pollution has been linked to a slew
of negative health consequences, ranging from subclinical effects, physiological changes in
pulmonary functions and the cardiovascular system, to clinical symptoms, outpatient and
emergency-room visits, hospital admissions, and finally to premature death. This study
was quantitative in nature, and it used secondary panel data to achieve its objective.

Results showed that pollution and life expectancy are positively related. It can thus
be assumed that the direct impact of economic growth on environmental pollution is yet
to compromise public health in African countries on a macro-level. However, since the
variable that was employed to measure health has been found to be deficient, the findings
should be interpreted with caution. As a result, an emphasis should be placed more on
“healthy life expectancy” than “life expectancy” in general by international statistical data
repositories like the World Bank and UN. This should also apply to future studies in
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this study area; they must make an attempt to use both life expectancy and healthy life
expectancy as their dependent variables. Furthermore, micro studies (longitudinal studies)
are required to scrutinise and vouch for the findings from secondary studies.

The results showed that pollution is affecting children. Results showed that pollution
positively affects infant mortality. This is in line with the literature. A survey of literature
conducted by the study showed that children and the elderly are more vulnerable to the
short- and long-term consequences of high levels of environmental pollution, which raises
the mortality rate. Children under the age of five are especially at risk, and the effects
are believed to be most severe in developing countries, where exposure to high levels of
ambient air pollution throughout childhood is thought to lower total life expectancy by an
average of 4–5 years.

Based on these findings, this study recommends that governments engage in data
collection on the causes of air pollution and its health effects, particularly on children and
the general public. They should establish and maintain air quality monitoring systems and
ascertain whether children are not dangerously exposed to pollution. The main goal should
be to reduce children’s exposure to air pollution. African governments should, therefore,
adopt policies that are environmentally friendly: policies that promote and use low carbon
technologies and services. In the absence of active intervention, pollution will soon raise
morbidity and death. Air pollution issues need to be a priority in order to protect the health
of children and support sustainable development for future generations.

Author Contributions: Conceptualization, C.M.; methodology, C.M.; software, C.M.; validation,
C.M., P.N. and N.N.; formal analysis, C.M.; investigation, C.M. and P.N.; resources, B.N. and B.M.;
data curation, C.M., P.N. and N.N.; writing—original draft preparation, C.M., P.N. and N.N.; writing—
review and editing, C.M.; visualization, C.M, P.N. and N.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
Adams, Samuel, and Eric Opoku. 2020. Trade and environmental pollution in Africa: Accounting for consumption and territorial-based

emissions. Environmental Science and Pollution Research 27: 44230–39. [CrossRef] [PubMed]
Aísa, Rosa, Jesús Clemente, and Fernando Pueyo. 2014. The influence of health expenditure on longevity: A reconsideration.

International Journal of Public Health 59: 867–75. [CrossRef] [PubMed]
Akinlo, Anthony, and Abiola Sulola. 2019. Health care expenditure and infant mortality in sub-Saharan Africa. Journal of Policy

Modeling 4: 168–78. [CrossRef]
Alaee, Sanaz. 2018. Air Pollution and Infertility—A Letter to Editor. Available online: https://www.researchgate.net/publication/33

1036096 (accessed on 14 April 2022).
Arulprakasajothi, Maha, Yuvarajan Devarajan, and Chandrasekhar Ur. 2018. An analysis of the implications of air pollutants in

Chennai. International Journal of Ambient Energy 41: 209–13. [CrossRef]
Awojobi, Oladawo. 2020. Impact of remittances on healthcare utilisation and expenditure in developing countries: A systematic review.

Rwanda Journal of Medicine and Health Sciences 2: 304–24. [CrossRef]
Baccarelli, Andrea, Ida Martinelli, Antonella Zanobetti, Paolo Grillo, Li-Fang Hou, Pier A Bertazzi, Pier Mannuccio Mannucci, and Joel

Schwartz. 2008. Exposure to Particulate Air Pollution and Risk of Deep Vein Thrombosis. Archives of Internal Medicine 168: 920–27.
[CrossRef]

Balaj, Mirza, Hunter Wade York, Kam Sripada, Elodie Besnier, Hanne Dahl Vonen, Aleksandr Aravkin, Joseph Friedman, Max Griswold,
Magnus Rom Jensen, Talal Mohammad, and et al. 2021. Parental education and inequalities in child mortality: A global systematic
review and meta-analysis. The Lancet Journal 398: 608–20. [CrossRef]

Baum, Christopher. 2002. Instrumental Variables and GMM: Estimation and Testing. Available online: https://faculty.washington.
edu/ezivot/econ583/ivreg2_bcwp545.pdf (accessed on 14 April 2022).

https://doi.org/10.1007/s11356-020-10328-8
https://www.ncbi.nlm.nih.gov/pubmed/32757132
https://doi.org/10.1007/s00038-014-0574-6
https://www.ncbi.nlm.nih.gov/pubmed/24986366
https://doi.org/10.1016/j.jpolmod.2018.09.001
https://www.researchgate.net/publication/331036096
https://www.researchgate.net/publication/331036096
https://doi.org/10.1080/01430750.2018.1443504
https://doi.org/10.4314/rjmhs.v2i3.15
https://doi.org/10.1001/archinte.168.9.920
https://doi.org/10.1016/S0140-6736(21)00534-1
https://faculty.washington.edu/ezivot/econ583/ivreg2_bcwp545.pdf
https://faculty.washington.edu/ezivot/econ583/ivreg2_bcwp545.pdf


Economies 2023, 11, 196 13 of 18

Bayati, Mohsen, Reza Akbarian, and Zahra Kavosi. 2013. Determinants of life expectancy in eastern mediterranean region: A health
production function. International Journal of Health Policy and Management 22: 57–61. [CrossRef]

Bein, Murad, Dogan Unlucan, Gbolahan Olowu, and Wagdi Kalifa. 2017. Healthcare spending and health outcomes: Evidence from
selected East African countries. African Health Sciences 17: 247–54. [CrossRef]

Bekkar, Bruce, Susan Pacheco, Rupa Basu, and Nathaniel DeNicola. 2020. Association of air pollution and heat exposure with preterm
birth, low birth weight, and stillbirth in the US: A systematic review. JAMA Network Open 3: 208–43. [CrossRef]

Bendavid, Eran, and Jay Bhattacharya. 2014. The relationship of health aid to population health improvements. JAMA Internal Medicine
174: 88–97. [CrossRef] [PubMed]

Bennett, James, Helen Tamura-Wicks, Robbie Parks, Richard Burnett, Arden Pope, Matthew Bechle, Julian Marshall, Goodarz Danaei,
and Majid Ezzati. 2019. Particulate matter air pollution and national and county life expectancy loss in the USA: A spatiotemporal
analysis. PLoS Medicine 16: e1002856. [CrossRef] [PubMed]

Bernardini, Francesco, Riccardo Trezzi, Roberto Quartesan, and Luigi Attademo. 2020. Air pollutants and daily number of admissions
to psychiatric emergency services: Evidence for detrimental mental health effects of ozone. Epidemiology and Psychiatric Sciences
29: 66–80. [CrossRef] [PubMed]

Boogaard, Hanna, Katherine Walker, and Aaron Cohen. 2019. Air pollution: The emergence of a major global health risk factor.
International Health 11: 417–21. [CrossRef]

Borghini, Alice, Andrea Poscia, Silvia Bosello, Adele Anna Teleman, Mario Bocci, Lanfranco Iodice, Gianfranco Ferraccioli, Daniele
Ignazio La Milìa, and Umberto Moscato. 2017. Environmental Pollution by Benzene and PM10 and Clinical Manifestations of
Systemic Sclerosis: A Correlation Study. International Journal of Environmental Research and Public Health 14: 1297. [CrossRef]

Broekmans, Frank, and Bart Fauser. 2010. Female Subfertility. Endocrinology 360: 71–85. [CrossRef]
Buoli, Massimiliano, Silvia Grassi, Alice Caldiroli, Greta Silvia Carnevali, Francesco Mucci, Simona Iodice, Laura Cantone, Laura

Pergoli, and Valentina Bollati. 2018. Is there a link between air pollution and mental disorders? Environment International 118:
154–68. [CrossRef]

Burnett, Richard, Hong Chen, Mieczysław Szyszkowicz, Neal Fann, Bryan Hubbell, Arden Pope, Joshua Apte, Michael Brauer, Aaron
Cohen, and Scott Weichenthal. 2018. Global estimates of mortality associated with long-term exposure to outdoor fine particulate
matter. Proceedings of the National Academy of Sciences of the United States of America 115: 9592–97. [CrossRef]

Cai, Samuel, Harry Gibson, Rema Ramakrishnan, Mohammad Mamouei, and Kazem Rahimi. 2021. Ambient Air Pollution and
Respiratory Health in Sub-Saharan African Children: A Cross-Sectional Analysis. International Journal of Environmental Research
and Public Health 18: 9729. [CrossRef]

Carré, Jullie, Nicolas Gatimel, Jessika Moreau, Jean Parinaud, and Roger Léandri. 2017. Does air pollution play a role in infertility? A
systematic review. Environmental Health Perspectives 16: 82. [CrossRef]

Centre for Research on Energy and Clean Air. 2023. Health Impacts of Eskom’s Non-Compliance with Minimum Emissions
Standards. Available online: https://cer.org.za/wp-content/uploads/2023/02/Health-impacts-of-Eskoms-non-compliance-
with-minimum-emissions-standards-Google-Docs.pdf (accessed on 13 February 2023).

Checa, Vizcaíno, Mireia González-Comadran, and Benedicte Jacquemin. 2016. Outdoor air pollution and human infertility: A
systematic review. Fertility and Sterility 106: 897–904.e1. [CrossRef] [PubMed]

Chen, Bingheng, Chuanjie Hong, and Haidong Kan. 2004. Exposures and health outcomes from outdoor air pollutants in China.
Toxicology 198: 291–300. [CrossRef] [PubMed]

Chen, Gongbo, Zhijuan Jin, Shanshan Li, Xingming Jin, Shilu Tong, Shijian Liu, You Yang, Hong Huang, and Yuming Guo. 2018a. Early
life exposure to particulate matter air pollution (PM1, PM2.5 and PM10) and autism in Shanghai, China: A case-control study.
Environment International 121: 1121–27. [CrossRef]

Chen, Shuai, Paulina Oliva, and Peng Zhang. 2018b. Air Pollution and Mental Health: Evidence from China. National Bureau of
Economic Research 86: 1–16. [CrossRef]

Chewe, Mwimba, and Peter Hangoma. 2020. Drivers of Health in Sub-Saharan Africa: A Dynamic Panel Analysis. Health Policy OPEN
1: 100013. [CrossRef] [PubMed]

Chirico, Fransesco, and Nicola Magnavita. 2019. Letter to the editor (January 1, 2019) concerning the paper “Impact of air pollution on
depression and suicide”. International Journal of Occupational Medicine and Environmental Health 32: 413–14. [CrossRef]

Clemente, Diana, Maribel Casas, Bram Janssen, Aitana Lertxundi, Loreto Santa-Marina, Carmen Iñiguez, Sabrina Llop, Jordi Sunyer,
Mònica Guxens, Tim Nawrot, and et al. 2017. Prenatal ambient air pollution exposure, infant growth and placental mitochondrial
DNA content in the INMA birth cohort. Environmental Research 157: 96–102. [CrossRef] [PubMed]

Coker, Eric, and Samuel Kizito. 2018. A Narrative Review on the Human Health Effects of Ambient Air Pollution in Sub-Saharan Africa:
An Urgent Need for Health Effects Studies. International Journal of Environmental Research and Public Health 15: 427. [CrossRef]

Conforti, Alesandro, Marika Mascia, Giuseppina Cioffi, Cristina De Angelis, Giuseppe Coppola, Pasquale De Rosa, Rosario Pivonello,
Carlo Alviggi, and Giuseppe De Placido. 2018. Air pollution and female fertility: A systematic review of literature. Reproductive
Biology and Endocrinology 16: 117. [CrossRef]

Cullillan, Kerry. 2023. Air Pollution Causes over 1200 Childhood Deaths Annually in the European Union. Available online:
https://healthpolicy-watch.news/air-pollution-causes-premature-deaths-in-european-children/ (accessed on 27 October 2022).

Deshpande, Natasha. 2014. The Effect of National Healthcare Expenditure on Life Expectancy. Available online: https://repository.
gatech.edu/entities/publication/230a8f23-2204-4cc1-a900-39df6d5b1b9d (accessed on 27 October 2022).

https://doi.org/10.15171/ijhpm.2013.09
https://doi.org/10.4314/ahs.v17i1.30
https://doi.org/10.1001/jamanetworkopen.2020.8243
https://doi.org/10.1001/jamainternmed.2014.292
https://www.ncbi.nlm.nih.gov/pubmed/24756557
https://doi.org/10.1371/journal.pmed.1002856
https://www.ncbi.nlm.nih.gov/pubmed/31335874
https://doi.org/10.1017/S2045796019000623
https://www.ncbi.nlm.nih.gov/pubmed/31690359
https://doi.org/10.1093/inthealth/ihz078
https://doi.org/10.3390/ijerph14111297
https://doi.org/10.1016/B978-1-4160-5583-9.00131-3
https://doi.org/10.1016/j.envint.2018.05.044
https://doi.org/10.1073/pnas.1803222115
https://doi.org/10.3390/ijerph18189729
https://doi.org/10.1186/s12940-017-0291-8
https://cer.org.za/wp-content/uploads/2023/02/Health-impacts-of-Eskoms-non-compliance-with-minimum-emissions-standards-Google-Docs.pdf
https://cer.org.za/wp-content/uploads/2023/02/Health-impacts-of-Eskoms-non-compliance-with-minimum-emissions-standards-Google-Docs.pdf
https://doi.org/10.1016/j.fertnstert.2016.07.1110
https://www.ncbi.nlm.nih.gov/pubmed/27513553
https://doi.org/10.1016/j.tox.2004.02.005
https://www.ncbi.nlm.nih.gov/pubmed/15138055
https://doi.org/10.1016/j.envint.2018.10.026
https://doi.org/10.3386/W24686
https://doi.org/10.1016/j.hpopen.2020.100013
https://www.ncbi.nlm.nih.gov/pubmed/37383314
https://doi.org/10.13075/ijomeh.1896.01417
https://doi.org/10.1016/j.envres.2017.05.018
https://www.ncbi.nlm.nih.gov/pubmed/28535425
https://doi.org/10.3390/ijerph15030427
https://doi.org/10.1186/s12958-018-0433-z
https://healthpolicy-watch.news/air-pollution-causes-premature-deaths-in-european-children/
https://repository.gatech.edu/entities/publication/230a8f23-2204-4cc1-a900-39df6d5b1b9d
https://repository.gatech.edu/entities/publication/230a8f23-2204-4cc1-a900-39df6d5b1b9d


Economies 2023, 11, 196 14 of 18

deSouza, Priyanka, Sagnik Dey, Kevin Mwenda, Rockli Kim, and Patrick Kinney. 2022. Robust relationship between ambient air
pollution and infant mortality in India. Science of The Total Environment 815: 152755. [CrossRef]

Dhrifi, Abdelhafidh. 2018. Health-Care Expenditures, Economic Growth and Infant Mortality: Evidence from Developed and
Developing Countries. Available online: https://www.cepal.org/sites/default/files/publication/files/44321/RVI125_Dhrifi.pdf
(accessed on 27 October 2022).

Ebenstein, Avraham, Maoyong Fan, Michael Greenstone, and Maigeng Zhou. 2017. New evidence on the impact of sustained exposure
to air pollution on life expectancy from China’s Huai River Policy. Proceedings of the National Academy of Sciences 14: 10384–89.
[CrossRef]

European Commission. 2018. Global Pollution Kills 9 Million People a Year. Available online: https://ec.europa.eu/newsroom/intpa/
items/612355/en (accessed on 10 August 2022).

European Environment Agency. 2023. Europe’s Air Quality Status 2023. Available online: https://www.eea.europa.eu/publications/
europes-air-quality-status-2023 (accessed on 27 October 2022).

European Environmental Agency. 2023. How Air Pollution Affects Our Health. Available online: https://www.eea.europa.eu/en/
topics/in-depth/air-pollution/eow-it-affects-our-health (accessed on 10 August 2022).

Fatima, Rizwan, Noman Arshed, and Uzma Hanif. 2021. Do ecological factors dictate the longevity of human life? A case of Asian
countries. Ukrainian Journal of Ecology 11: 1–12.

Fayissa, Bichaka, and Paulos Gutema. 2005. Estimating a health production function for Sub-Saharan Africa (SSA). Applied Economics
37: 155–64. [CrossRef]

Filmer, Deon, Jeffrey Hammer, and Lant Pritchett. 1998. Health Policy in Poor Countries: Weak Links in the Chain. Policy Research Working
Paper, No. 1874. Washington, DC: World Bank.

Fisher, Samantha, David C. Bellinger, Maureen L. Cropper, Pushpam Kumar, Agnes Binagwaho, Juliette Biao Koudenoukpo, Yongjoon
Park, Gabriella Taghian, and Philip Landrigan. 2021. Air pollution and development in Africa: Impacts on health, the economy,
and human capital. The Lancet Planetary Health 5: e681–e688. [CrossRef]

Forastiere, Fransesco. 2004. Fine particles and lung cancer. Occupational and Environmental Medicine 61: 797–98. [CrossRef] [PubMed]
Franchini, Massimo, Giuseppe Guida, and Antonio Coppola. 2012. Air pollution, vascular disease and thrombosis: Linking clinical

data and pathogenic mechanisms. Journal of Thrombosis and Haemostasis 10: 2438–51. [CrossRef] [PubMed]
Friedrich, Mary. 2018. Air Pollution Linked to Infant Deaths. JAMA 320: 633. [CrossRef]
GAHP. 2019. Pollution and Health Metrics. Available online: https://gahp.net/wp-content/uploads/2019/12/PollutionandHealthMetrics-

final-12_18_2019.pdf (accessed on 10 August 2022).
Ghorani-Azam, Adel, Bamdad Riahi-Zanjani, and Mahdi Balali-Mood. 2016. Effects of air pollution on human health and practical

measures for prevention in Iran. Journal of Research in Medical Sciences 21: 65. [CrossRef]
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