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POLITICS & INTERNATIONAL RELATIONS | RESEARCH ARTICLE

Economic growth, air pollution and health
outcomes in Nigeria: A moderated mediation
model
Ese Urhie1*, Adesola Afolabi1, Adedeji Afolabi2, Oluwatoyin Matthew1, Romanus Osabohien1

and Olabanji Ewetan1

Abstract: The third of the sustainable development goals is to ensure healthy living
and promote well-being for all by 2030. The Nigerian government has made several
efforts at achieving this goal. Economic experts have projected that the Nigerian
economy must grow at a minimum rate of 6–8% yearly to catch up with global
development and contribute positively to goals set by nations of the world.
However, the attainment of high levels of economic growth could have implications
for the attainment of other development objectives in the economy. One of such
implications is pollution of the environment caused through productive activities. In
carrying out productive activities, a cycle from production to consumption occurs to
affect the release of emissions into the atmosphere and environment which in turn
hampers health stability. In order to assess the cyclical effects of these economic
relationships, this study adopted the use of a moderated mediation model. The
model helped in the explanation of interactions among economic growth, air pol-
lution and health performance. The interactions were analyzed with PROCESS
macro, an analytical tool developed by Hayes. The study found air pollution and
government expenditure on health as a significant interaction that affects health
performance in Nigeria. Consequently, efforts by the government to ensure
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environmentally friendly production and consumption will minimize air pollution
and prevent adverse health outcomes. Manufacturing firms that emit poisonous
gases into the air should be sanctioned. This will serve as a deterrent to others.

Subjects: Environment & Economics; Statistics for Business, Finance & Economics; Energy
policy and economics; Monetary Economics; Labour Economics; International Economics;
DevelopmentEconomics; Environmental Economics; Ecological Economics

Keywords: economic growth; air pollution; health; government expenditure

1. Introduction
This paper is situated in goal 3 of the sustainable development goals (SDGs) which is to ensure
healthy living and promote well-being for all at all ages by 2030. In line with this goal, it is
expected that by 2030, (i) there will be a reduction in the global maternity mortality rate to less
than 70 per 100,000 live births; (ii) there will be an end to preventable death of new-borns and
children under 5 years of age, a reduction of under-5 mortality rate to 25 per 1,000; and (iii) to
substantially reduce the number of deaths and illnesses from hazardous chemicals and air, water
and soil pollution and contamination. Unfortunately, Nigeria still has a high rate of under-5
mortality (estimated at 70 per 1,000) and a high maternal mortality rate (120 per 100,000 live
births) (United Nations, 2016). In view of the high rate of air pollution, especially in the urban
areas, this study sets out to examine how to maximize health benefits of economic growth while
ensuring that air pollution is minimized at the same time wards achieving SDG-3 of promotion of
healthy living and well-being for all population.

It is a common knowledge that economic growth that is not well managed may not lead to
sustainable development (Urhie, Odebiyi, & Popoola, 2017). Although the development of an
economy requires growth in terms of income, it also entails social progress such as improvement
in the health status of the citizens. It should be noted that a mismanagement of the growth
process may hamper the achievement of sustainable development in many respects. For instance,
between 2005 and 2017, Nigeria’s gross domestic product (GDP), which is a measure of economic
performance, grew by over 235% from $112 billion to $375 billion. Within the same period, the
Human Development Index, an index commonly used to measure economic development,
increased by 14.4% from 0.465 to 0.532. Similarly, LEAB increased marginally from 48.2 to 53.4
years within the same period (World Development Indicators [WDI], 2018).

According to Dhanya (2015), an increase in production and productive activities of a country is a
catalyst for growth, but these activities are usually plagued with a rising spate of air pollution,
especially in developing countries. In Nigeria, productive activities are often associated with
massive pollution due to the poor supply of electricity and poorly maintained state of mechanical
engines. In the study of Nwankwo (2013), electricity supply was asserted to positively influence the
level of productivity in Nigeria, and the study suggested that electricity is the force that drives
continuous growth of any economy, but amidst boosting productive and consumption activities to
steer economic growth, the inadequate supply of electricity in Nigeria has inadvertently led to the
massive acquisition of generators to power up homes, offices and shops. The World Bank (2014)
reported that Nigeria needs an average of 8,000 to 10,000 megawatts to meet energy needs;
however, current supply which falls short by over 80% leaves room for an alternative source of
electricity filled majorly by electricity generating sets.

Unfortunately, the effects of powering up industrious activities release unhealthy portions of
carbon dioxide into the atmosphere, causing pollution that increasingly causes threats to not just
human health but to other living creatures on earth. Chigbo (2011) categorised productive and
consumption activities to be explorative or exploitative in nature. The study noted that either
which negatively affects the environment, causing earth instability and emission of obnoxious
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gases leading to climate and environmental changes. This further emanates into health challenges
by factors which include waterborne disease, air pollution and exposure to harmful chemicals
(World Health Organisation (WHO, 2014)).

With air pollution now identified as the leading cause of death in the world (WHO, 2018), and
productive activities recorded to be the fastest way to get the air polluted, Nigeria’s level of
emissions measured by PM2.5 reaches as high as 125 µg per cubic meter annually, and this is
significantly higher than the recommended levels and world averages. A measure of Nigeria health
status shows that 12.5 deaths per 1,000 live persons are recorded daily as against a global average
of 7.6 deaths per 1,000 live persons. This places Nigeria as the 15th highest among countries of the
world with high death rates per 1,000 live persons (WDI, 2018). Similarly, the rate of infant
mortality which stands at 64.6 per 1,000 live births puts Nigeria as the 9th country globally with
high infant mortality rate. This is in sharp contrast to the average 29.4 per 1,000 live infants that
die across the world before reaching 1 year of age.

While an emission record in Nigeria to indicate the contribution of pollution from various sources
is not yet standardised, evaluations indicate that petrol- or diesel-fuelled engines used to power
homes and businesses are major sources of pollution. Emissions from diesel- and petrol-run
engines including generators, cars and other means of transportation constantly pollute the
environment, without efficient checks to prevent hazards.

It is interesting to note that many studies (for instance, Matthew et al., 2019) that examined the
relationship among government policy, economic growth and sustainable development fail to
account for the actual role played by each factor—transmission medium or moderator. In order
to evaluate health implications of economic growth and aid in the achievement of sustainable
economic development, this study has the following specific objectives: (i) to assess the direct,
indirect and total effects of economic growth on health; and (ii) to analyze the extent to which
public spending on health moderates the impact of air pollution on the health of citizens.

2. Literature review
The processes and outcomes of economic growth are associated with both positive and adverse
consequences. These processes and outcomes are interrelated. The dynamic relationships among
these variables are not often captured by any single study. Thus, this section reviews the various
strands of this dynamic relationship among economic growth, air pollution, health outcomes and
government expenditure on health.

2.1. Economic performance and air pollution
Kuznets (1955) in an investigation of the empirical connection between income inequality and
income per capita propounded the Environmental Kuznets Curve (EKC) theory. It states that the
connection between economic growth and air pollution might look like an inverted U, known as the
EKC. The hypothesis posits that environmental quality tends to get better as an economy grows,
after which the quality peaks and begins a downward spiral. Porter (1991) hypothesis (PH) is another
theory that seeks to explain the relationship between economic growth and pollution. Owning the
view that regulations designed to protect the environment from business activities will enhance
competition, the Porter (1991) hypothesis developed by Michael Porter, one of Harvard’s economist,
was particularly quite popular due to its deviation from the old view of environmental regulation
held by an economist at the time. Then, economists were of a consensus that compelling businesses
to reduce business activities that degrade the environment restricted production options and
adversely impacted profits (Ambec, et al., 2014). But the PH argument was further flawed when
economist expressed that assuming there were indeed profitable avenues for reducing pollution,
firms out to maximise profit would have since taken advantage of such opportunities. Osabuohien,
Efobi, and Gitau (2014) applied the EKC model to 50 African countries. Using data from 1995 to 2010,
the study found a long-term relationship between CO2 and particulate matter (PM) emissions and
per capita income. Other factors which include institutional factors and trade were also found to
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affect sustainable development in an African context. Hanif (2018) found that consumption activities
across these economies facilitated by different energy sources led to a rise in the expansion of these
countries. However, these expansions began to decline following a peak, confirming the EKC hypoth-
esis in low- and middle-income countries of sub-Saharan Africa. Spatial regression analysis carried
out by Zhou et al. (2018) with data obtained from 945 posts in 190 cities in China suggested that
economic growth exerts a significant negative impact on PM2.5 absorptions, while factors such as
population density, industrial soot emissions, industrial structure and road density have a significant
direct impact on PM2.5 absorptions. Also, a Tanzanian study on the same subject matter indicates the
presence of a stable long-run connection between energy intake and consumption growth
(Odhiambo, 2009). These findings prompted the author to conclude that in Tanzania, energy con-
sumption spurs economic growth. An econometric analysis conducted by Wang, Zhou, Wang, Feng,
and Hubacek (2017) in 190 cities across China revealed that the relationship between GDP per capita
(a measure for economic growth) and PM2.5 concentrations initially increased. The authors, however,
noted that the relationship declined thereafter, adding that urban development and structural
economic alteration contribute significantly to a rise in urban PM2.5 emission across the country,
which if further precipitated could catalyse into spartan air pollution resulting in substantial health
risks.

2.2. Air pollution and health outcomes
Aiming to address the implications of air pollution on health performance to policymakers, a WHO
2013 study highlighted cardiovascular and respiratory illness, such as worsening of respiratory
symptoms and asthma and an upsurge in hospital admissions as side effects of increasing PM in
the atmosphere. The study indicated that there is worthy proof of the impact of short-term
exposure to PM10 on respiratory health. The study, however, indicated mortality as a result of
long-term contact. It elucidated that PM2.5 is a tougher risk influence than PM10, with death arising
from respiratory and cardiovascular diseases as well as from lung cancer. The study projected that
about 3% of cardiopulmonary and 5% of lung cancer deaths are attributable to PM universally.
Feng, Gao, Liao, Zhou, and Wang (2016) highlighted the generational implication resulting from a
prevalent increase in PM2.5. The authors found that absorption of the pollutant into target cells
could harm cellular physiological/biochemical developments and result in adverse birth outcomes
as well as the growth of diabetes mellitus, cardiopulmonary diseases and so on. In 2015, lower
respiratory infections were classified as the most harmful infectious disease, resulting in 3.2 million
deaths globally (WHO Factsheet, 2017). In cases where death is not recorded, air pollution has led
to other health implications like respiratory damage, nasal infection and lung cancer. A review of
air pollution and health statistics in Nigeria shows an inverse relationship. Employing the auto-
regressive distribution lag (ARDL) econometric approach of co-integration, Matthew, Osabohien,
Olawande, and Urhie (2019) examined the effect of construction emissions and manufacturing
industries on health conditions in Nigeria. The study found a negative association between health
conditions and carbon emissions.

2.3. Economic performance and health
Yazdi and Khanalizadeh (2017) studied the Middle East and North Africa region states to determine
the effects of economic performance and environmental value on health spending. A co-integra-
tion panel was found to exist among all three components. Also, using the ARDL approach, the
authors found that income, CO2 and PM 10 have statistically significant direct impact on health
spending. Overall, the selected literature infer that environmental exploitation for economic
growth is being largely practiced across the globe and has ensured consideration for efficient
productivity; however, environmental degradation, particularly air pollution, differs in its effects on
health status across economies of the world.

2.4. Growth—pollution theories
Three theories that demystify the sustainability challenges associated with growth and fundamentals
that arise from explorative and exploitative activities for growth are highlighted in this section.
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The first is the EKC—a hypothesis in the environmental economics literature. It postulates
that the association between pollution and economic development takes the shape of an
inverted U, known as the EKC. The hypothesis posits that environmental quality tends to get
better as an economy grows, after which the quality peaks and begins a downward spiral.

Porter (1991) hypothesis owns the view that regulations designed to protect the environment
from business activities will enhance competition. The third theory found in environmental eco-
nomics literature which was adopted by this study is the circular flow model which demonstrates
the link between production and consumption activities of an economy with an inference that
proves fundamental decisions that comprise economic activity is directly connected to environ-
mental problems. The circular flow model demonstrates the link between production and con-
sumption activities of an economy.

In the circular flow model of economic growth and air pollution described by Callan and Thomas
(2013a), there are two major market structures in the model which comprise the households and
the firms. These market structures are, respectively, represented as the consumers and the
producers in a circular flow motion through which the supply of factors of production and demand
for output describe the process of economic activities. These economic activities and the magni-
tude of the flow are, however, largely dependent on socio-economic factors such as the population
growth, technological advancement, labour productivity, capital accumulation and natural phe-
nomena such as drought or flood.

The model also succinctly illustrates the association between economic activities and the
environment. An engagement in consumption and productive acts is known to dwell on the
supply of natural resources earth has been blessed with. Both activities, however, generate
by-products that can pollute the environment. This means that the essential decisions
that comprise economic activities are directly connected to problems that besiege the
environment.
3. Research design

3.1. Conceptual framework and model specification
The framework to achieve the objectives of this study which aims to estimate both the direct and
indirect effects of economic growth on health, as well as analyse the extent to which public
spending on health moderates the impact of air pollution on health, is actualised through the
model shown in Figure 1.

Figure 1. Conceptual model.
Source: Authors’ computation,
2019.

Urhie et al., Cogent Social Sciences (2020), 6: 1719570
https://doi.org/10.1080/23311886.2020.1719570

Page 5 of 14



The model examines the relationship between economic growth as it affects Nigeria’s health
performance between 1980 and 2017. Economic growth is captured with the use of GDP. The
model shows that it has a direct relationship with health performance which this study captured
with life expectancy at birth (LEAB). A mediation variable, air pollution which depicts a transmis-
sion mechanism wherein economic growth influences health performance indirectly is captured
with carbon dioxide (CO2) emissions, while government expenditure on health (GEHTH) serves as a
moderating factor for the impact of air pollution on health status.

The model can be written in its functional form as;

LEAB ¼ f GDP; CO2EKT; GEHTHð Þ (1)

The econometric equation based on the model above can be thus written as;

LEAB ¼ α0 þ α1GDP þ α2CO2EKT þ α3GEHTHþ α4CO2EKT � GEHTHþ μ (2)

CO2EKT ¼ β0 þ β1GDPþ e (3)

where: LEAB represents health variable

GDP represents economic growth

CO2EKT represents air pollution variable

GEXHTH represents government expenditure on health

CO2EKT*GEHTH represents the interaction between air pollution and government expenditure
and µ represents the error term

α0 is the intercept, and α1, α2, α3 and α4 are the elasticity of the output of economic growth,
LEAB, air pollution and government expenditure on health, respectively, while µ represents the
error term. The coefficients of the explanatory variables are expected to take the following signs:
α0 > 0, α1 > 0, α2 > 0, α3 < 0, α4 > 0. This means that increase in these explanatory variables should
be positively linked with the rate of increase in LEAB, safe for air pollution, ceteris paribus.

3.2. Estimation technique
To estimate the formulated model, the study used time series data from 1980 to 2015. A regres-
sion path analysis modelling tool for SPSS-PROCESS—developed by Hayes (2017) was used in the
estimation procedure. PROCESS helps to conduct observed variable mediation, moderation and
conditional process analysis. According to Hayes (2013), it facilitates the outcome of direct and
indirect impact in mediation and moderation models. In addition to estimating the coefficients of
the model using the ordinary least square regression for continuous outcomes, the analytical
software tool developed by Hayes also provides different tools for examining two- and three-way
interactions. It aids the construction of percentile-based bootstrap confidence intervals for uncon-
ditional and conditional indirect impact.

4. Results

4.1. Relationship among economic growth, air pollution, health and government expenditure

4.1.1. Trend analysis of economic growth and air pollution in Nigeria
Based on available data, the connection between economic performance (GDP) and air pollution
(CO2) in Nigeria is seen to be positive as shown in Figure 2. The graph illustrates that when GDP
improves, air pollution increases, and when GDP records a decline, a decrease in the volume of air
pollution is seen.
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4.1.2. Trend analysis of air pollution and health performance in Nigeria
The Figure 3 describes the relationship that exists between health status in Nigeria and air
pollution. Health performance was measured with LEAB, while air pollution was captured by CO2

emissions (CO2EKT) over a 35-year period. The diagram shows that as air pollution drops, an
increase in life expectancy is recorded. On the other hand, for periods when air pollution rises,
life expectancy is seen to dip, depicting an inverse relationship.

4.1.3. Trend analysis between economic output and health performance
Figure 4 describes Nigeria’s trend of performance in health standard and economic growth. This
relationship was captured by Nigeria’s LEAB and economic growth (GDP) data sourced from the
world development indicators compiled by the World Bank (2018) over a 35-year period. It shows
that economic growth has a positive relationship with Nigeria’s economic growth over the
reviewed period.

Figure 2. Comparative analysis
between economic growth and
air pollution in Nigeria. Source:
Authors’ Computation, 2019.

Figure 3. Comparative analysis
between health performance
and air pollution in Nigeria.
Source: Authors’ Computation,
2019.
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4.1.4. Trend analysis of government expenditure on health and health performance in Nigeria
Despite the notable improvement in the LEAB from 45 years in 1980 to 53 years in 2017, the average
expected livelihood of a Nigerian citizen is still pegged at a low of 47.6 years (see Figure 5). Its
relationship with government expenditure on health which peaks in 2015with N257.7 billion allocated
for health expense is balanced, except for the 2015 development, which came on the heels of an Ebola
outbreak that shook the core of the country, after which funds for health began to dwindle.

4.2. Path-based moderated mediation analysis
The results and analysis of data collated from the World Bank to achieve the earlier stated
objectives were evaluated with a computational tool for path analysis-based mediation and

Figure 4. Comparative analysis
between health performance
and economic growth in
Nigeria. Source: Authors’ com-
putation, 2019.

Figure 5. Comparative analysis
between health performance
and government expenditure
on health in Nigeria. Source:
Authors’ computation, 2019.
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moderation analysis referred to as PROCESS. The study also presented the data in charts and
explained findings with percentages and mean scores. In estimating the model formulated in
Figure 1, the study used time series data from 1980 to 2017. PROCESS software was used in the
estimation.

The descriptive analytical results presented in Table 1 show that despite notable improvement in
the LEAB from 45 years in 1980 to 53 years in 2017, the average expected livelihood of a Nigerian
citizen is still pegged at a low of 47.6 years. Carbon dioxide emissions in the country have also
been described to have hit an all-time high of 0.928 in the early 1980s after which it trended
downwards to 0.325 (the lowest in 1998). However, recent statistics shows that emissions are re-
gathering momentum with 2017 figures pegged at 0.546. Government expenditure on health is
seen to be at the peak in 2015 with N257.7 billion allocated for health expense; ironically, this
development came on the heels of an Ebola outbreak that shook the core of the country, after
which funds for health began to dwindle.

The model outcome of air pollution variable represented by carbon dioxide emissions (CO2EKT) in
Table 2 showed that it holds a positive and significant relationship with economic growth. Thus, as
economic growth rises in Nigeria, air pollution increases significantly. Table 3 shows the summary of
the moderation analysis carried out on the model. It revealed an R-squared value of 0.9683 and
adjusted R-squared value of 0.9375, expressing that the model has a goodness of fit on the
estimation. The adjusted R-squared value of 0.9375 reveals that approximately 94% of the systema-
tic variations in the dependent variable (LEAB) are explained by changes in the independent vari-
ables (carbon emissions and GDP per capita). This indicates that the model’s explanatory power is
high. The F-statistic value of 155.05 is also rationally high. The combination of independent variables
is also found to be suitable in explaining the variations in Nigeria’s health status in the short term.
Thus, the explanatory variables have a joint effect on the dependent or explained variable.

The explanatory variables in the outcome model presented in Table 4 conformed to a priori
expectations. The constant term which represents the regression line estimate showed a positive
intercept, implying that, other things being held constant, the explained variable, which is LEAB, has a
positive value of 0.2922units. The negative sign of the coefficient of carbon dioxide emissions (CO2EKT)
shows the presence of a negative relationship between air pollution and LEAB, implying that a unit
increase in carbon dioxide emissions will result in 0.1050-unit depreciation in life expectancy, with
other factors remaining same. Government expenditure on health has a significantly positive relation-
ship with LEAB, depicting that a unit increase in government expenditure on health will raise health
performance by 1.34 units. The interaction term (Int_1) which captures the moderation effect on the
model shows a significant relationship with LEAB. The results also show a negative relationship with
health performance in Nigeria. This implies that health performance in Nigeria is significantly wor-
sened as a result of air pollution as well as other factors amidst expenses allocated for the provision of
health-care facilities.

5. Discussion
The central argument of this paper is that the full impact of the development effect of economic
growth, that is, health improvement, is hampered by an inevitable adverse consequence (air
pollution) of economic growth itself. In addition, the full effect of air pollution on health perfor-
mance could be moderated by the level of government spending/policy on health.

The result shows a positive and significant relationship between economic growth and air pollution in
Nigeria. This confirms the first stage of the EKC (1955), which hypothesized that economic development
initially leads to a deterioration in the environment. It is also in line with Osabuohien et al. (2014) and
Zhou et al. (2018). As expected, the result shows an inverse relationship between air pollution and health
performance in Nigeria. This supports both Feng et al. (2016) and Osabuohien et al. (2019). Although
government health expenditure was found to have a positive effect on health performance, this was not
strong enough to neutralize the adverse effect of air pollution. Thus, the Federal Government of Nigeria
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still needs to paymore attention to the health sector in terms of allocatingmore resources for preventive
interventions. Better enforcement of existing air pollution policies should be promoted. A notable case is
the Vehicular Emission Law initiated by the national Environmental Regulation and Enforcement Agency
(NESREA). Aside from complying with existing environmental laws, other environment-friendly mode of
production laws should be initiated. An example is the ban on the use of polyethylene or plastic
wrappers. Many eco-friendly countries have made the use of cellophane bags compulsory for certain
goods. It should be noted that while cellophane is derived from natural sources such as wood,
polyethylene/plastic wrap is made from petroleum product. Unlike plastic, cellophane cannot be
recycled, but it is biodegradable, so it can be composted or sent to a landfill in the regular garbage.
The environmental challenges (such as health issues) caused by plastic waste that is not well managed
are also avoided. These steps will lead the country towards achieving the third sustainable development
goal (SDG-3) geared towards guaranteeing healthy lives and enhancing well-being for everyone at all
ages. It will also compliment efforts towards attaining goal 11 of the SDGs, which hinges on sustainable
cities and communities.

6. Conclusion and recommendations
This study has shown that economic growth has an influence on the health status of Nigerians via air
pollution, and there is a degree of moderation facilitated by public expenditure on health. The indirect
conditional effect analysis of the model output also showed that to an extent, health expenditure has
no significant effect on air pollution. However, with low levels of expenditure on health, the relation-
ship between air pollution and health status in Nigeria continues to wax stronger. Consequently,
efforts by the government to ensure environmentally friendly production and consumption will mini-
mize air pollution and prevent adverse health outcomes. Also, the government should putmeasures in
place to reduce carbon emissions since there is a negative relationship between air pollution and life
expectancy; the higher the air pollution, the lower the life expectancy would be. Manufacturing firms
that emit poisonous gases into the air should be sanctioned. This will serve as a deterrent to others.

Table 2. Model outcome variable (ZCO
2EKT)

R R-sq MSE F df1 df2 p

0.5978 0.3574 0.6620 18.3558 1.0000 33.0000 0.0001

Coeff SE T p LLCI ULCI

Constant 0.0000 0.1375 0.0000 1.0000 −0.2798 0.2798

ZGDP 0.5978 0.1395 4.2844 0.0001 0.3139 0.8818

Source: Calculated by the Researchers through PROCESS software in SPSS, 2019.

Table 3. Moderation analysis model summary {Outcome variable (ZLEAB)}

R R-sq MSE F df1 df2 p
0.9683 0.9375 0.06855 155.0556 3.0000 31.0000 0.0000

Source: Computed by the researchers through PROCESS software in SPSS, 2019.

Table 4. Model outcome variable (ZLEAB)

Coeff SE t p LLCI ULCI
Constant 0.2922 0.1306 2.2371 0.0326 0.0258 0.5586

ZCO2EKT −0.1050 0.1215 −0.8639 0.3943 −0.3528 0.1428

ZGEXHTH 1.3388 0.2096 6.3860 0.0000 0.9112 1.7663

Int_1 −0.4663 0.1961 −2.3777 0.0238 −0.8662 −0.0663

Note: Int_1 is the interaction term: ZCO2EKT*ZGEXHTH. Source: Computed by the researchers through PROCESS
software in SPSS, 2019.
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