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Abstract:

Fossil fuel subsidies have increased in developing countries, especially in sub-Saharan Africa.
High and rising energy prices, as well as the volatility of internationally traded energy prices, are
justifications for such an increase. However, by lowering the price of fossil fuels through subsidies,
governments are encouraging consumption levels that have consequences for health. The aim of
this paper is to examine the asymmetric effects and transmission channels of fossil fuel subsidies
on health in 35 sub-Saharan African countries from 2010-2020. The results of estimations via the
Driscoll-Kraay method show that fossil fuel subsidies have asymmetric effects on health. A
sustained increase in fossil fuel subsidies has a negative impact on health, whereas a decrease over
time improves health. Private health expenditures and greenhouse gas emissions are channels
through which these asymmetric effects are transmitted. These results imply the need to reform
fossil fuel subsidies to move progressively towards clean energy and thus improve people's health.
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1. Introduction

Energy subsidies are used by governments as a political means of reducing costs for end consumers
and facilitating access to energy sources such as fossil fuels and electricity. Fossil fuels are made
up of non-renewable energy sources, such as liquefied petroleum gas (LPG), crude oil and oil
products derived from crude oil. Subsidies, by lowering the price of fossil fuels, encourage levels
of consumption that are environmentally and socially unsustainable (Klaiber et al., 2023). High
energy consumption, particularly in regions heavily dependent on fossil fuels, leads to an increase
in air pollution, which contributes to respiratory diseases and cardiovascular problems (Caglar et
al., 2024).

The combustion of fossil fuels is one of the main sources of air pollution, with harmful
consequences for human health. Approximately 6.7 million people die prematurely worldwide
each year as a result of air pollution, making it the second most important risk factor for
noncommunicable diseases (World Health Organization, 2024). In addition, it is estimated that the
use of fossil fuels had an economic impact on health, amounting to approximately USD 2.9 trillion
worldwide in 2018, or 3.3% of the global GDP, and led to the deaths of 4.5 million people
(Myllyvirta, 2020). For example, Klaiber et al. (2023) reported that eliminating fossil fuel
subsidies in 25 countries could prevent 360,000 premature deaths by 2035.

Furthermore, Arzaghi and Squalli (2023) reported that high fossil fuel subsidies are associated
with an increase in greenhouse gas (GHG) emissions. They find that countries with high-level
subsidy policies emit approximately 11.4% more GHG emissions than those with high-level
taxation policies. Moreover, fossil fuels are responsible for 75% of global greenhouse gas
emissions (International Energy Agency, 2022). These greenhouse gases have an impact on human
health. Indeed, Adeleye et al. (2023) reported that the use of non-renewable energy indirectly
increases the infant mortality rate through an increase in carbon dioxide (CO:) emissions. CO-
emissions reduce life expectancy at birth (Azam et al., 2023; Murthy et al., 2021; Uddin et al.,
2023). Therefore, to overcome health problems and avoid the toxic effects of energy consumption
on health in a country, it is necessary to provide sufficient funds for health expenditures. The use
of fossil fuels for energy purposes leads people to suffer from some illnesses, for which they have
to spend extra money. Thus, higher energy consumption leads to higher healthcare costs. In the
literature, authors have shown that the consumption of fossil fuels can have harmful consequences
for the public and lead to an increase in healthcare expenditure (Alola, 2019; Fatima et al., 2021;
Hao et al., 2018; Jermsittiparsert, 2021). Fossil fuel subsidies can also lead to a reduction in public
expenditure on other sectors, such as health and education. This reduction may lead to an increase
in private health expenditures. On the other hand, the elimination or reduction of energy subsidies
could lead to a reduction in fossil fuel consumption and emissions. These two effects contribute
positively to public well-being by reducing mortality on the one hand and reducing health
expenditure on the other hand.

In short, fossil fuel subsidies, by increasing the burning of fossil fuels, cause the production of a
variety of pollutants and greenhouse gases that contribute to air pollution and other environmental
problems. These environmental problems can have negative effects on people's health, including
an increased risk of respiratory and cardiovascular diseases and other health problems. This can
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lead to a lower life expectancy, higher maternal mortality rates, higher neonatal mortality rates and
higher healthcare costs (Alege et al., 2017; Matthew et al., 2018).

Despite these potential effects on health, the total amount of fossil fuel subsidies worldwide
amounted to 7,000 billion dollars, or 7.1% of the world GDP in 2022, which represents an increase
of 2,000 billion dollars since 2020 (IMF, 2024).

In sub-Saharan Africa, fossil fuel subsidies in billions of dollars rose from 82 billion US dollars in
2015 to 105 dollars in 2020 (IMF, 2023). The percentage of GDP was 4.3% in 2015, whereas it
was 5.5% in 2020 in SSA. Furthermore, SSA is characterised by the poor health of its population
compared with the world average, which is reflected in low life expectancy at birth and high
mortality rates. In 2020, life expectancy and maternal, infant and child mortality rates in the region
were approximately 60 years, 536 per 100,000 births, 51 per 1,000 births and 75 per 1,000 births,
respectively (World Bank, 2024). The world average for these indicators in 2020 was 71 years,
223 per 100,000 births, 29 per 1,000 births and 38 per 1,000 births, respectively. Additionally, in
terms of the health objectives set by the Millennium Development Goals (MDGs) for 2015, SSA
has fallen far short of the targets. For example, the targets for infant and child mortality rates, the
maternal mortality ratio and life expectancy at birth were 42 per thousand births, 67.5 per thousand
and 263 per 100,000 births and 70 years, respectively.

In light of the above, it is clear that sub-Saharan Africa is characterised by poor health outcomes
combined with an increase in fossil fuel subsidies. This raises the following research question:
What is the effect of fossil fuel subsidies on health in sub-Saharan Africa? Are private health
expenditures and greenhouse gas emission transmission channels for fossil fuel subsidies for health
in Sub-Saharan Africa? This study aims to analyse the impact of fossil fuel subsidies on health in
Sub-Saharan Africa. The analysis focuses on the direct effect on the one hand and the conditional
effect through the channel of greenhouse gas emissions and private health expenditure on the other.

This research contributes to the literature on several levels. First, it fills the gap in the literature by
analysing the relationship between fossil fuel subsidies and health. Indeed, to our knowledge, no
studies have addressed this relationship, especially in developing countries such as those in sub-
Saharan Africa. Second, analysis according to transmission channels has rarely been addressed in
the literature. Finally, asymmetric analysis is another contribution to the literature.

The rest of this article is structured as follows: the second section addresses the theoretical and
empirical analysis of the effects of fossil fuel subsidies on health. The next section addresses the
methodology, including the specification of the model, the data and the estimation method. The
fourth section addresses the empirical results and their discussion, and the final section concludes
with policy implications.

2. Effects of fossil fuel subsidies on health: A theoretical and empirical review

In the literature, both theoretical and empirical studies have established a link between energy and
health. The theories of environmental stress (Cohen et al., 1986; Martin et al., 1996) and health
production (Grossman, 1972) provide the theoretical basis for explaining the effects of fossil fuel
subsidies on health. According to the first theory, health problems are influenced by the adaptive
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responses of the human body to environmental stressors such as pollutants. Pollution caused by
fossil fuel consumption, therefore, harms people's health (McDuffie et al., 2021; Reis et al., 2022)
because the human body can withstand only limited quantities of pollution. The second theory
establishes a relationship between the various factors influencing health and the production of
health. Fayissa and Gutema (2005) divided the factors contributing to overall health outcomes into
medical and nonmedical inputs. Health outcomes can be measured via variables such as life
expectancy. Medical inputs include factors such as health expenditures, whereas nonmedical
variables include elements such as economic factors (such as gross domestic product) and
environmental issues (such as fossil fuel subsidies). For example, fossil fuel subsidies, by
increasing fossil fuel consumption, result in carbon dioxide emissions that influence health (Xing
etal., 2019).

Additionally, similar to the State, individuals also invest in private health expenditures. This
private health expenditure, which is largely made up of direct payments, is high when the state
budget allocated to health is low. Indeed, an increase in fossil fuel subsidies would result in a
reduction in the resources available to the state to allocate to other sectors, such as health and
education. Some authors, such as Couharde & Mouhoud (2020) ), have shown that an increase in
fossil fuel subsidies reduces the budgetary room for manoeuvring other essential items that are
more beneficial to poor households.

Additionally, Lin & Xu (2019) show that massive fossil fuel subsidies (as seen in developing
countries) not only burden governments' financial obligations but also threaten sustainable social
and economic development.

Finally, fossil fuel subsidies exacerbate health poverty, which is based on the idea that increasing
these subsidies reduces the government's ability to provide an adequate budget for essential
sectors, including the health sector (Solarin, 2022). To compensate for this fall in public spending
on healthcare, and on the basis of the principle of substitutability between public and private
spending on healthcare (Frimpong et al., 2022), households feel obliged to increase their private
spending on healthcare. This increase in private spending would be based more on direct health
payments in a context where health insurance is not developed. This increase in private health
expenditure could lead to a reduction in the use of health services. This would be particularly true
for people with low incomes, who may not be able to afford the necessary medical treatment or
preventive measures.

In addition to the private expenditure channel, health can also be influenced by environmental
factors, including greenhouse gas emissions as a result of subsidies. Indeed, fossil fuel subsidies
have a positive influence on greenhouse gas emissions (Arzaghi & Squalli, 2023; Stefanski, 2014),
which in turn influence the health of populations (Adeleye et al., 2023; Tan et al., 2022). On the
other hand, phasing out fossil fuel subsidies is an effective way to reduce energy-related CO-
emissions, as it can increase energy prices and reduce energy consumption (Lin & Xu, 2019),
which would benefit health.

Empirically, no studies have analysed the effects of fossil fuel subsidies on people's health.
Existing studies have examined the impact of subsidy reforms on health, fossil fuel consumption,
greenhouse gas emissions and health expenditures. With respect to the effects of subsidy-related



Energy Studies Review Vol 28 (2) 2026 Boundioa & Diallo 6672

reforms on health, some authors have shown that eliminating or reducing fossil fuel subsidies
would make it possible to avoid premature (Coady et al., 2015; Klaiber et al., 2023; Parry et al.,
2021).

With respect to its effects on fossil fuel consumption, Nyekwere et al. (2024) show that fossil fuel
subsidies reduce fossil fuel prices and do not encourage consumers to rationalise their
consumption. The literature reveals that an increase in fuel consumption has consequences for
health. Indeed, Sial et al. (2022) showed that in 15 Asian economies between 1996 and 2019, there
was a U-shaped relationship between fossil fuel consumption and infant mortality. This indicates
that excessive consumption of fossil fuels has a negative effect on living standards. Ibrahim (2022)
also reported that fossil fuels reduce life expectancy. Shobande (2020) analysed the relationship
between energy consumption and infant mortality rates in 23 African countries between 1999 and
2014. Using the general method of moments, they show that indicators of energy use harm infant
mortality rates. Youssef et al. (2015) also reported a strong relationship between health and energy
consumption for a sample of 16 African countries over the period from 1971--2010.

In contrast, Xing et al. (2019) reported that total fossil energy consumption was beneficial for
increasing the life expectancy of 33 countries with high GDP and fossil energy consumption from
1995-2015. Arawomo et al. (2018), in studying sub-Saharan Africa from 1990-2014, concluded
that energy consumption has no significant impact on health outcomes in selected sub-Saharan
African countries.

The combustion of fossil fuels, recognised as a major contributor to CO. emissions, releases
pollutants that significantly contribute to air pollution (Caglar et al., 2024; Majekodunmi et al.,
2023). This pollution is likely to cause respiratory diseases and reduce life expectancy, particularly
in regions with high levels of pollution. Indeed, Murthy et al. (2021), for example, revealed that
CO: emissions considerably reduced life expectancy in 8 developing countries. Azam et al. (2023)
reported a consistent negative effect of CO: emissions on life expectancy in Pakistan. Adeleye et
al. (2023) reported that the use of non-renewable energies indirectly increased infant mortality
rates by increasing CO: emissions in forty-two countries in Asia and the Pacific over the period
2005-2015.

Similarly, Uddin et al. (2023) reported that carbon emissions and the ecological footprint were
key factors in the decline in life expectancy in certain Asian countries. Shaari et al. (2024), in five
Southeast Asian countries from 1995-2020, revealed that CO. emissions could have a significant
negative impact on life expectancy.

On the other hand, Amuka et al. (2018) reported that there is a positive and significant association
between CO: emissions and life expectancy in Nigeria. Similarly, Rjoub et al. (2021) reported the
same result in Turkey. Das and Debanth (2023) reported that there is a nonlinear relationship
between CO: emissions and life expectancy at birth in India. Using an autoregressive approach
over the period 1991-2018, they find that the optimal threshold for CO. emissions is 1.29 metric
tonnes per capita. Below this threshold, emissions have a positive effect on life expectancy at birth,
and once this threshold is exceeded, the effect becomes negative.
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In addition, the consumption of fossil fuels can have harmful consequences for the public and lead
to an increase in healthcare expenditure. Lin & Xu (2019) found that massive fossil fuel subsidies
(as seen in developing countries) not only burden governments' financial obligations but also
threaten sustainable social and economic development. Households are obliged to increase their
private spending on healthcare. An increase in private health expenditure has consequences for
health outcomes. However, there is some controversy in the literature about the effect of private
health expenditure on population health. The first group of authors (Abbasi and Sohail, 2022;
Novignon et al., 2012) find a positive effect, whereas the second group (Logarajan et al., 2022;
Sirag et al., 2017) find a negative or insignificant effect. Novignon et al. (2012) reported that an
increase in private health expenditure leads to an increase in life expectancy at birth and a reduction
in the infant mortality rate. Arthur & Oaikhenan (2017) find a positive effect on life expectancy at
birth but a negative effect on infant and under-five mortality rates. Rahman et al. (2018) find
similar results in the regions of the South Asian Association for Regional Cooperation (SAARC)
and the Association of Southeast Asian Nations (ASEAN). Abbasi & Sohail (2022) show that
private expenditure contributes to health improvement by applying the generalised method of
moments (GMM) to a dynamic panel threshold model in Southeast Asia.

In contrast to these first groups of authors, Rad et al. (2013) and Sirag et al. (2017) reported that
private health expenditures had a negative effect on the health of populations. Singh et al. (2022)
reported that private health expenditure had a positive effect on health in only two (02) Southeast
Asian countries (Brunei and Singapore) and that it had no significant effect on the other countries.
Ray & Linden (2020) reported that private health expenditure does not have a significant effect on
health in either low- or high-income countries. Logarajan et al. (2022) and Nicholas et al. (2016)
find similar results in Malaysia and sub-Saharan Africa, respectively.

3. Methodology and data

3.1 Econometric models

To model the effects of fossil fuel subsidies on health, this research is based on Grossman's (1972)
a theoretical model of health production. The model of Grossman (1972) explains health
production at the microeconomic level in terms of individual behaviour, medical equipment and
health constraints, among other factors (Majeed & Ozturk, 2020). In the same vein, Fayissa &
Gutema (2005 a) believe that at a macroeconomic level, health production is a function of a set of
economic, social and environmental factors. Health production can therefore take the following
functional form:

H=f({,SE) (1)
where H represents the production of health and where Y, S, E represents sets of economic, social
and environmental factors.

Taking energy subsidies into account as an environmental factor, equation (1) can be rewritten in
scalar form as follows:

H = f(y1, V2, < Yn; S1)S2, -+ S €1, €2, .. €—1, FFS) 2)
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where FFS represents fossil fuel subsidies. y4,y5, ... Vp =Y 51,52, .S = S, €1, €5, ...€x_1, FFS =
E and n, m and k are the numbers of economic, social and environmental variables, respectively.
With reference to Fayissa & Gutema (2005a) via calculus, equation (2) can be transformed into its
explicit Cobb—Douglas form as follows:

H=0x Ty x T, sff x [Tt el x FFSP 3)
where (1 is the initial stock of health capital.

According to Fayissa & Gutema (2005b) taking equation (3) in logarithm to the left and right of
the equation, we obtain the following model:

Log(H) = Log(Q) + X1 a;Log(y,) + XLy AiLog(s;) + XS viLog(e) + BLog(ffs) (4)

On the basis of equation (4), a panel data econometric model for the empirical estimation of the
effect of fossil fuel subsidies on health can be formulated as follows:

LogH;; = By + B1LogFFS;; + 0'X;e + € (5)
where H;; is a vector of health status indicators; X;; is a vector of economic, social and
environmental control variables determining health status according to the literature; and ¢;; is an
error term.
To capture the possible asymmetric effects of fossil fuel subsidies on health, Model (5) can be
transformed into a three-stage model on the basis of the work of Allison (2019). The first step is
to take the first difference of fossil fuel subsidies. Model (5) then becomes:
withALogFFS;; = LogFFS;; — LogFFS;;_4

To distinguish between increases and decreases in the level of fossil fuel subsidies, Model (6) can
be rewritten as follows:

LogH;. = By + By LogFFS + By LogFFS; + 0'X;. + &;¢ (7)

LogFFSt = ALogFFS;, if ALogFFS;; > 0,otherwise 0
here 't
LogFFS;; = —ALogFFS; if ALogFFS;; < 0,otherwise 0

Finally, to control for multicollinearity problems, it is important to consider positive and negative
permanent changes by considering the cumulative sums of decreases and increases in fossil fuel
subsidies. Finally, model (7) takes the following form:

LogH;; = By + Bf CumLogFFS;t + By CumLogFFS; + 0'X;; + &;; (8)

withCumLogFFS;; = Yt_, LogFFS;, andCumLogFFS;; = ¥'_, LogFFS;,
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In the literature, private health expenditures and CO> emissions are recognised as major
determinants of health status (Majeed & Ozturk, 2020 ; Arthur & Oaikhenan, 2017b). For the
analysis of the transmission channels of the effects of fossil fuel subsidies on health, these two
variables are considered. Thus, for permanent positive changes in fossil fuel subsidies, private
health expenditure is considered a channel. In fact, an increase in fossil fuel subsidies could
increase the consumption of fossil fuels, leading to an increase in private health expenditures and
ultimately having a negative impact on people's state of health. In terms of permanent negative
changes in fossil fuel subsidies, greenhouse gas emissions are considered a channel. A reduction
in fossil fuel subsidies can effectively reduce their consumption and pollution, which could have
a positive impact on people's state of health. The model for analysing the transmission channels of
the effects of fossil fuel subsidies on health can therefore be formulated as follows:

LogH;; = By + B CumLogFFS;; + By CumLogFFS;; + B,LogPrHE;; + B3LogGHGE;; +
B CumLogFFS; * LogPrHE;; + Bs CumLogFFS;; * LogGHGE;; + &;; (8)

with PrHE;; private health expenditures and GHGE;; emissions of greenhouse gases.

3.2 Estimation method

In panel data analyses, it is essential to perform preliminary econometric tests to choose an
appropriate estimation method. Generally, preliminary tests begin with an analysis of cross-
sectional dependence. These tests make it possible to detect the possible existence of
interdependence between countries that could lead to spillover effects in the event of shocks
(Diallo, 2023a). In the literature, cross-sectional dependence tests can be performed on variables
or models. Tests on variables are generally used to choose the appropriate stationarity and
cointegration tests. However, when the time dimension is small, as in our study, unit root and/or
cointegration tests cannot be used because they suffer from severe distortions and lack statistical
power (Dialga & Ouoba, 2022; Gengenbach et al., 2009). This research therefore favours cross-
sectional dependence tests over models (Frees, 1995; Pesaran, 2015). For the Pesaran test (2015),
the null hypothesis assumes the presence of low cross-sectional dependence, whereas the
alternative hypothesis supports the presence of high cross-sectional dependence. In the Frees test
(1995), the null hypothesis assumes an absence of cross-sectional dependence, whereas the
alternative hypothesis supports the presence of cross-sectional dependence.

After cross-sectional dependence tests, it is also appropriate to examine the existence of certain
econometric problems, such as serial correlation and heteroscedasticity. For serial correlation, this
research opts for a Wooldridge (2002) serial correlation test, as it has good size and power
properties with moderate sample sizes (Drukker, 2003). In this test, the null hypothesis assumes
an absence of serial correlation, whereas the alternative hypothesis suggests the presence of serial
correlation. For heteroscedasticity, the modified Wald test for group-level heteroscedasticity
proposed by Baum (2000) is used. For this test, the null hypothesis assumes an absence of
heteroskedasticity, whereas the alternative hypothesis assumes the presence of serial correlation.
Another important issue in panel data analysis is the significance test for fixed effects. This
research employs the Fisher test to determine the significance of fixed effects. The null hypothesis
of this test assumes that the fixed effects are insignificant, whereas the alternative hypothesis
maintains that the fixed effects are significant.
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For the econometric estimation of models, the estimation method is generally chosen in light of
the results of preliminary tests. In the presence of certain econometric issues, such as cross-
sectional dependence, serial correlation and heteroscedasticity, standard pooled, fixed-effects and
random-effects estimation methods are no longer robust (Hoechle, 2007). Indeed, applying these
traditional estimation methods in this situation could lead to biased results (Joshi et al., 2021). In
this case, Driscoll & Kraay (1998) is appropriate because it overcomes most econometric
problems. Indeed, the nonparametric estimator of the covariance matrix proposed by Driscoll &
Kraay (1998) produces standard errors that are robust to heteroskedasticity, serial correlation, and
cross-sectional dependence. In addition, the method overcomes potential endogeneity problems
between variables by considering first-order lags in parameter estimation (Diallo, 2023b; Ouoba,
2016). Indeed, when dealing with health outcome variables, paying particular attention to problems
of endogeneity, which may arise from the existence of reverse causality or simultaneity, is
essential. In the theoretical and empirical literature, some variables, such as economic growth
(Bhargava et al., 2001), energy subsidies (Hosan et al., 2023), health expenditures (Bokhari et al.,
2007), and education (Brunello et al., 2016), are suspected to be endogenous. To guarantee the
validity and robustness of the results of the Driscoll-Kraay method, the Durbin—-Wu—Hausman
endogeneity test is carried out via instrumental variable two-stage least squares (2SLS-IV)
estimation. Similar to Sharma (2020), the lags of the variables were used as instruments. Finally,
to test for the existence of asymmetric effects in the specified models, a Wald test (87 = B7) can
be performed. When the coefficients are significantly different, it can be concluded that
asymmetric effects exist.

3.3 Data

The data used in this research are panel data covering 35 sub-Saharan African countries (see Table
Al in the appendix) from 2010-2020. The choice of sample size and analysis period was
constrained by data availability. In this research, the dependent variable that captures the
population’s health status is measured by four (04) indicators, two (02) of which are for the
baseline analyses and two (02) others for the robustness analyses. For the baseline analyses, these
variables are life expectancy at birth (in years) and the under 5 mortality rate (per 1,000 live births)
following Chireshe & Ocran (2020) and Novignon et al. (2012). The maternal mortality rate (per
100,000 live births) and infant mortality rate (per 1,000 live births) were used for robustness
analyses (Kiross et al., 2020; Arthur & Oaikhenan, 2017b). These indicators are the most widely
used indicators in the literature because they reflect the health status of populations and are
generally very sensitive to changes in the quality of care (Chireshe & Ocran, 2020)..

For the variables of interest, fossil fuel subsidies were measured by per capita fossil fuel subsidies
in US dollars (Diallo et al., 2024; Solarin, 2020a, 2020b). These fossil fuel subsidies include
subsidies for coal, natural gas, oil, and electricity produced from fossil fuels. In energy economics,
per capita measurement is more consistent because it better reflects the dynamics of the sector.
Indeed, absolute measurement is generally not very useful because of differences in population,
economic development and energy market conditions between countries (Bourcet, 2020). In terms
of transmission channels, greenhouse gas emissions are captured by total emissions in tonnes of
CO2 equivalent per capita, whereas private health expenditure is measured by private domestic
health expenditure as a percentage of current health expenditure (Chireshe & Ocran, 2020; Fayissa
& Gutema, 2005b).
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Energy subsidies account for a significant proportion of the budgets of countries, particularly
emerging and developing countries (Coady et al., 2019; McCulloch et al., 2021; Moerenhout,
2022), and in some cases are comparable to the budgets allocated to social spending on education
and health (Clements et al., 2014; Ebeke & Ngouana, 2015). Thus, they have a negative effect on
the budget allocated to health. Indeed, Ebeke & Ngouana (2015) find a negative correlation
between energy subsidies and social spending (education and health) in 109 low- and middle-
income countries. This result was later confirmed in developing countries by Briton et al. (2023).
Reducing this health budget could have a negative effect on private spending (especially out-of-
pocket payments) on health. Authors such as Silva et al. (2024) have shown that public spending
on health has a negative effect (including substitutability) on private spending on health.

Thus, an increase in fossil fuel subsidies (that resulted in a reduction in the budget allocated to
health) would lead to an increase in private spending on health. In the literature, the effect of
private health spending on health remains ambiguous. While some authors find a positive effect,
others find a negative effect. In this research, we postulate a negative effect on health. In fact, in
developing countries in general and in SSA in particular, the main source of private health
expenditure is financed directly by households (direct health payments). According to data from
the World Bank (2024), from 2010-2022, direct payments as a percentage of current health
expenditures were 28.96%. This component is a burden for low-income citizens and those in poor
health. In fact, direct healthcare payments should not exceed 15% to 20% of current healthcare
expenditures to ensure that healthcare services are affordable and accessible to all people (Xu et
al., 2010). Out-of-pocket expenditures increase the financial risk and uncertainty associated with
healthcare, discourage patients from seeking preventive care, and encourage them to delay medical
treatment until it is most needed (World Health Organisation, 2010). This postponement of medical
treatment would lead to a deterioration in their state of health.

High fuel subsidies are associated with an increase in GHG. In fact, Arzaghi & Squalli (2023)
reported that countries with high subsidy policies emit approximately 11.4% more GHG emissions
than those with high taxation policies. These emissions have a negative impact on people's health.
For example, Murthy et al. (2021) revealed that CO: emissions considerably reduced life
expectancy in 8 developing countries. Azam et al. (2023) reported a constant negative effect of
CO: emissions on life expectancy in Pakistan. Adeleye et al. (2023) reported that the use of non-
renewable energy indirectly increases the infant mortality rate through an increase in CO:
emissions in forty-two countries in Asia and the Pacific over the period 2005--2015. In addition,
Tan et al. (2022) reported that greenhouse gas emissions have a negative effect on human health
through an increase in temperature in China.

A reduction in fossil fuel subsidies could therefore lead to a reduction in greenhouse gas emissions
and, consequently, an improvement in health. Reducing subsidies would make it possible to reduce
global greenhouse gas emissions by 8% by 2050 (Burniaux & Chateau, 2014), which would lead
to an improvement in people's health.
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In terms of control variables, the level of education is approximated by the human capital index
calculated by Feenstra et al. (2015) from the average number of years of schooling and the assumed
rate of return to education. Following the literature on the determinants of health status, public
health expenditure per capita, real gross domestic product (GDP) per capita, the urbanisation rate,
the rate of access to clean cooking fuels and technologies, and the rate of access to drinking water
have been used (Arthur & Oaikhenan, 2017b; Chireshe & Ocran, 2020; Kiross et al., 2020). Tables
A.2 and A.3 in the appendix present the sources, descriptive statistics and variance inflation factors
(VIFs) for the different variables, respectively.

4. Results and discussion

4.1 Preliminary tests

The results of the preliminary tests on the basic models are shown in Table 1. An analysis of the
results reveals that the 2 models suffer from interindividual dependencies. Indeed, the test statistics
of Pesaran (2015) and Frees (1995) are all significant at the 1% level, suggesting rejection of the
respective null hypotheses of low cross-sectional dependence and absence of cross-sectional
dependence. The results also show the existence of a serial correlation problem for the two models,
as the statistics from the Wooldridge test (2002) are all significant at the 1% level. The null
hypothesis of no serial correlation is therefore rejected for the two models. Finally, the results
show the presence of heteroscedasticity and the significance of fixed effects for the two models.
The statistics from the modified Wald and Fisher tests are all significant at the 1% level, which
means that the null hypotheses of no heteroscedasticity and no significance of fixed effects are
rejected. In view of the results of these preliminary tests, this research uses the Driscoll & Kraay
(1998) method for econometric estimation to overcome the econometric problems detected.

Table 1: Results of preliminary tests for baseline models

Specification Issue Test Statistic Conclusion
Cross-sectional dependence Pesaran (2015) 6.883%** Presence
Model 1 Frees (1995) 11.071%** Presence
(Life Serial correlation Wooldridge (2002) 95.915%%** Presence
expectancy) Heteroscedasticity Wald Modified 9118.540%** Presence
Fixed effect Fisher 111.960%** Presence
Cross-sectional dependence Pesaran (2015) 7.783%** Presence
Model 2 Frees (1995) 11.343%%* Presence
(Under 5 Serial correlation Wooldridge (2002) 37.025%** Presence
mortality Heteroscedasticity Wald Modified 3480.530%** Presence
rate) Fixed effect Fisher 225.870*** Presence

Source: Authors Note: (¥*%). (**). (*) = significant at the (1%). 5% and 10% levels, respectively

Table 2 presents the results of the endogeneity analysis. The results of the Wu—Hausman and
Durbin—Wu—Hausman tests reveal the absence of endogeneity in both models. Indeed, the statistics
are not significant, so the null hypothesis of exogeneity of explanatory variables cannot be rejected.
The results also show that the instruments used to test the endogeneity are valid because they are
not weak (Cragg-Donald test) and the models are not under-identified (Anderson canonical
correlation test) or overidentified (Hansen test).
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Table 2: Results of the endogeneity tests

Specification Issue Test Statistic P value
Endogeneity Wu-Hausman (F) 1.557 0.200
Model 1 Durbin-Wu-Hausman (y?) 4.816 0.185
(Life Underidentification Anderson canon. corr. (LM) 210.672 0.000
expectancy) Weak identification Cragg-Donald (Wald F) 89.137 <0.05%*
Overidentification Hansen (J) 7.508 0.2764
Endogeneity Wu-Hausman (F) 1.044 0.373
Model 2 Durbin-Wu-Hausman (y?) 3.24869 0.354
(Under 5 Underidentification Anderson canon. corr. (LM) 210.672 0.000
mortality Weak identification Cragg-Donald (Wald F) 89.137 <0.05*
rate) Overidentification Hansen (J) 7.265 0.297
Source: Authors Note: * = The statistic is above the Stock—Yogo critical value at the 5% level (16.10).

4.2 Effects of fossil fuel subsidies on health

The results of the estimation of the effects of fossil fuel subsidies on health are shown in Table 3.
The results show that fossil fuel subsidies have negative effects on health, as measured by life
expectancy at birth and the under-5 mortality rate. The results also show the existence of
asymmetric effects of fossil fuel subsidies on health in sub-Saharan Africa. Indeed, the results of
the Wald test reveal the existence of a significant difference in effects between a sustained increase
and a sustained decrease in fossil fuel subsidies. A sustained increase in fossil fuel subsidies
worsens people's health, whereas a permanent reduction in subsidies improves it. This result could
be explained by the fact that an increase in subsidies leads to a decrease in the price of fossil fuels,
which in turn leads to an increase in the consumption of these fuels. This increase in energy
consumption leads to an increase in the emission of environmental pollutants that are harmful to
health. Pollution caused by the use of fossil fuels has been linked to various problems, such as
cancer, asthma, heart disease and premature mortality (Manisalidis et al., 2020). On the other hand,
a reduction in these subsidies would lead to an increase in energy prices and, consequently, a
reduction in energy consumption. Indeed, according to Burniaux & Chateau (2014), the
withdrawal of subsidies will inevitably lead, at least initially, to an increase in energy prices in
countries that have undertaken these reforms. Thus, depending on the price elasticity of demand,
the response to the price increase will be a potential reduction in fossil fuel consumption over the
medium and long term (Whitley & Van der Burg, 2015). This reduction in consumption would
translate into a decrease in pollutants from energy sources and, consequently, a gain in terms of
health. This result corroborates those reported by Coady et al. (2015) and Klaiber et al. (2023)
concerning the reform of fossil fuel subsidies.

Gross domestic product improves the health of the population in SSA. Indeed, an increase in GDP
leads to an increase in life expectancy at birth (a decrease in the mortality rate for children under
five). This result would mean that an increase in income would facilitate an increase in both public
and private healthcare expenditures. This health expenditure will lead to better access to health
services and consequently higher mortality rates and life expectancies at birth. This relationship
between GDP and health aligns with the results of previous studies (Miles, 2023; Segbefia et al.,
2023).
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Table 3: Baseline results of the asymmetrical effects of fossil fuel subsidies on health

Dependant variable

Life expectancy

Under 5 mortality

Explanatory variables

Coefficients (std. errors)

Coefficients (std. errors)

Fossil fuel subsidies -0.0053*** 0.0147%*%*
(0.001) (0.004)
Positive change in fossil fuel subsidies (3;") -0.0043*** 0.0058***
(0.001) (0.002)
Negative change in fossil fuel subsidies (3;) 0.0057*** -0.0187**
(0.002) (0.007)
Public health expenditures -0.0100 -0.0103 -0.0436** -0.0403**
(0.007) (0.007) (0.015) (0.013)
Private health expenditures -0.0011 -0.0011 -0.0156 -0.0155
(0.001) (0.001) (0.011) (0.010)
GDP per capita 0.0349** 0.0336** -0.1118%** -0.0994%**
(0.013) (0.013) (0.029) (0.027)
Education 0.1462%** 0.1434%** -0.5829%** -0.5558%**
(0.010) (0.011) (0.044) (0.040)
Urbanisation 0.0048*** 0.0045*** -0.0187%** -0.0156%**
(0.001) (0.001) (0.002) (0.003)
Green House Gas emissions -0.0085 -0.0066 0.1108** 0.0922%**
(0.013) (0.013) (0.042) (0.033)
Access to clean cooking fuels 0.0010** 0.0010** -0.0030%** -0.0027%**
(0.000) (0.000) (0.000) (0.001)
Access to drinking water 0.0006*** 0.0007*** -0.0070%** -0.0072%**
(0.000) (0.000) (0.000) (0.000)
Constant 3.3766%** 3.3911*** 7.4955%** 7.2741%%*
(0.097) (0.113) (0.234) (0.245)
Observations 385 385 385 385
Number of countries 35 35 35 35
R squared 0.6119 0.6123 0.7917 0.7942
Fisher test 208086.24*** 245105.18*** 56714.58%** 347715.01%**

Wald asymmetric effect test (817 = B7)

F-statistic (P value)
15.380
(0.0029)

F-statistic (P value)
9.730
(0.0109)

Source: Authors

Note: (¥*%). (**). (*) = significant at the (1%). 5% and 10% levels, respectively
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The level of education has a positive and significant influence on health at the 1% level. An
increase in the level of education results in an increase (respectively, a decrease) in life expectancy
at birth (respectively, in the mortality rate for children under 5). This result can be explained by
the fact that, on the one hand, education makes it possible to acquire information and knowledge
about health risk behaviour, and on the other hand it enables people to earn income through access
to employment. These different channels help reduce the risk of under-5 mortality and improve
life expectancy at birth. Finally, people with a higher level of education can recognise symptoms
of poor health in good times and seek appropriate medical help. Similar results were obtained by
Fletcher & Noghanibehambari (2024) and Raghupathi and Raghupathi (2020).

Urbanisation helps improve the health of people in SSA. This result can be explained by the fact
that an increase in the rate of urbanisation could encourage the development of health and medical
services. Indeed, the level of these services is compatible with the development of urbanisation.
Additionally, in terms of the resources allocated to the health sector, urban areas are generally
better endowed than are rural areas, which favours the development of improved health facilities.
In addition, health insurance coverage is generally higher in urban areas than in rural areas,
allowing city dwellers to take better care of themselves. Our findings support those of Tripathi &
Maiti (2023) and Zhang et al. (2023)

Access to clean fuels has a positive effect on the health of people in SSA. This means that access
to clean fuels can improve health in this area. Indeed, access to modern cooking energy systems
by communities could significantly improve indoor air quality and reduce the burden of
preventable diseases. Household access to clean cooking fuels could lead to an increase in life
expectancy and a reduction in the under-5 mortality rate by reducing indoor air pollution. This
result is similar to that of Roy (2025) and Byaro et al. (2024)

Access to clean water has a significant effect on health at the 1% level. An increase in access to
water increases life expectancy at birth and reduces the under-5 mortality rate. In fact, access to
clean drinking water helps prevent certain diseases, such as cholera and diarrhoea. Ummalla et al.
(2022) reported a similar result in a global sample of 100 countries.

Table 4 presents the robustness results when alternative indicators for measuring health are used.
The results of the Wald test confirm the existence of asymmetric effects of fossil fuel subsidies on
health. Furthermore, the significance of the coefficients is almost identical to that of the baseline
estimates (Table 3). We can therefore conclude that the results are robust.
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Table 4: Robustness results of the asymmetrical effects of fossil fuel subsidies on health

Dependant variable

Maternal mortality

Infant mortality

Explanatory variables

Coefficients (std. errors)

Coefficients (std. errors)

Fossil fuel subsidies 0.0240%*** 0.0115%***
(0.007) (0.004)
Positive change in fossil fuel subsidies (5;") 0.0330%* 0.0056***
(0.011) (0.001)
Negative change in fossil fuel subsidies (8;) -0.0198*** -0.0142%*
(0.006) (0.005)
Public health expenditures 0.0802** 0.0767* -0.0310 -0.0287*
(0.032) (0.035) (0.017) (0.016)
Private health expenditures 0.0109 0.0109 -0.0052 -0.0051
(0.009) (0.009) (0.008) (0.007)
GDP per capita -0.1571%* -0.1697** -0.0701** -0.0619**
(0.065) (0.066) (0.023) (0.020)
Education -0.3700%** -0.3976%** -0.4478*** -0.4298***
(0.061) (0.063) (0.018) (0.016)
Urbanisation -0.0167*** -0.0199%** -0.0173%** -0.0152%**
(0.003) (0.004) (0.001) (0.002)
GHG emissions -0.1548%* -0.1358%* 0.0751** 0.0627**
(0.062) (0.066) (0.033) (0.026)
Access to clean cooking fuels 0.0000 -0.0003 -0.0023*** -0.0021***
(0.002) (0.002) (0.000) (0.000)
Access to drinking water -0.0172%** -0.0170%** -0.0053*** -0.0053***
(0.001) (0.001) (0.000) (0.000)
Constant 9.2112%** 9.521 [*** 6.3397%%* 6.1965%**
(0.492) (0.520) (0.197) (0.179)
Observations 385 385 385 385
Number of countries 35 35 35 35
R squared 0.5313 0.5326 0.8072 0.8090
Fisher test 18835.80%** 176017.32*** 24847.96%** 20105.94***

Wald asymmetric effect test (87 = B7)

F-statistic (P value)
12.87
(0.0050)

F-statistic (P value)
10.38
(0.0092)

Source: Authors

Note: (**%). (**). (*) = significant at the (1%). 5% and 10% levels, respectively
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4.3 Analysis of transmission channels

The results in Table 5 show that private health expenditures and greenhouse gases are transmission
channels for fossil fuel subsidies for health. Specifically, subsidies to fossil fuels result in a fall in
public spending on health and, consequently, an increase in private spending on health. This
increase in private spending has led to a deterioration in the health of the population in sub-Saharan
Africa. This result is in line with those of Boundioa & Thiombiano (2024), Rad et al. (2013 ) and
Sirag et al. (2017). This result can be explained by the fact that in sub-Saharan Africa, the main
source of private spending is the patients' share, which can be a burden for low-income citizens
and those with poor health (World Health Organisation, 2017). Second, this assumption of private
expenses by households leads to financial difficulties for households (especially poor ones) and
could dissuade them from using preventive care on the one hand and postponing (or completely
foregoing) medical examinations on the other hand. This situation could lead to a worsening of
health and, consequently, a deterioration in health outcomes. Finally, increasing private spending
on health by reducing the household budget negatively influences the level of consumption of
other goods and services, which may have consequences for the health of individuals (Van Minh
et al., 2013). On the other hand, reducing subsidies would mean greater budgetary leeway for
social spending linked to sustainable development objectives (Webb et al., 2023).

Lower fossil fuel subsidies mean lower greenhouse gas emissions and, consequently, improved
public health. Studies have shown that high fossil fuel subsidies lead to an increase in greenhouse
gas emissions (Arzaghi & Squalli, 2023). These gases have a negative impact on human health.
Indeed, Tan et al. (2022) and Murthy et al. (2021) reported that an increase in greenhouse gas
emissions has a negative effect on health in China and in developing countries. On the other hand,
reducing or abolishing fossil fuel subsidies could lead to a reduction in greenhouse gas emissions
and consequently improve people's health. Reducing subsidies could reduce global greenhouse gas
emissions by 8% by 2050 (Burniaux & Chateau, 2014). The IMF has also estimated that removing
all fossil fuel subsidies and effectively pricing the hidden costs of fossil fuel externalities would
lead to a net reduction in global GHG emissions of 21% ( Coady et al., 2017). For example, Klaiber
et al. (2023) reported that removing fossil fuel subsidies could prevent 360,000 premature deaths
by 2035. This result could be explained by the fact that lower subsidies would result in lower
emissions, which would improve health.
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Dependant variable Life Under 5 Maternal Infant
expectancy mortality mortality mortality
Explanatory variables Coefficients (std. errors)
Positive change in fossil fuel subsidies (PFFS) 0.0153%** -0.1084*** -0.1152%** -0.0948***
(0.003) (0.006) (0.022) (0.002)
Private health expenditures (PrHE) 0.0141%%* -0.0691*** -0.0891 *** -0.0522%**
(0.003) (0.015) (0.012) (0.008)
PFFSxPrHE -0.0020*** 0.0151%** 0.0217%** 0.0140%**
(0.001) (0.002) (0.006) (0.001)
Negative change in fossil fuel subsidies (NFFS) 0.0127%*%** -0.0511*** -0.0474%** -0.0380***
(0.003) (0.009) (0.008) (0.006)
Green House Gas emissions (GHGE) 0.0189 -0.0234 -0.3087%** -0.0224
(0.013) (0.037) (0.077) (0.031)
NFFSxGHGE 0.0022%** 0.0010 -0.0221** -0.0042**
(0.001) (0.002) (0.010) (0.002)
Constant 4.0161%** 4.5791%** 6.5283*** 4.1346%**
(0.023) (0.058) (0.098) (0.044)
Observations 385 385 385 385
Number of countries 35 35 35 35
R squared 0.4448 0.5846 0.3628 0.5971
Fisher test 284.87*** 746.86%** 207.22%** 1116.69%**
Source: Authors Note: (*¥*%). (**). (*) = significant at the (1%). 5% and 10% levels, respectively

5. Conclusion

This paper aimed to analyse the asymmetric effects of fossil fuel subsidies on health outcomes in
35 sub-Saharan African countries from 2010-2020, taking into account transmission channels. The
estimation results obtained via the Driscoll-Kraay method reveal the existence of asymmetric
effects of fossil fuel subsidies on health. A sustained increase in fossil fuel subsidies has a negative
effect on people's health, whereas a reduction in subsidies over time improves it. In addition,
private health expenditures and greenhouse gas emissions are channels through which these
asymmetric effects are transmitted. These results are robust to alternative health measurement
indicators. To mitigate the effects of subsidies on health, it would be worth reducing fossil fuel
subsidies and adopting measures to move towards cleaner energy sources. To do this, governments
should prioritise major investments in renewable energy infrastructures such as biofuels and
biogas. They should also develop public transport and replace obsolete fossil fuel technologies.
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Appendix
Table Al: List of countries
1 Angola 8 Congo-Brazzaville 15 Kenya 22 Mozambique 29 South Africa
2 Benin 9 Congo-Kinshasa 16 Lesotho 23 Namibia 30 Sudan
3 Botswana 10 Ivory Coast 17 Madagascar 24 Niger 31 Tanzania
4 Burkina Faso 11 Eswatini 18 Malawi 25 Nigeria 32 Togo
5 Burundi 12 Ethiopia 19 Mali 26 Rwanda 33 Uganda
6 Cameroon 13 Gabon 20 Mauritania 27 Senegal 34 Zambia
7 Central African Republic 14 Ghana 21 Mauritius 28 Sierra Leone 35 Zimbabwe

Source: Authors

Table A2: Sources of variables

Variables Abbreviation Sources
Life expectancy at birth (years) LEX WDI (2023)
Under-5 mortality rate (per 1.000 live births) USMR WDI (2023)
Maternal mortality ratio (per 100,000 live births) MMR WDI (2023)
Infant mortality rate (per 1.000 live births) IMR WDI (2023)
Fossil fuel subsidies per capita (US dollars) FFS OECD. IEA. IMF
Public health expenditures per capita (international current dollars) PHE WDI (2023)
Domestic private health expenditure (% of current health expenditure) PrHE WDI (2023)
Gross domestic product per capita (constant 2015 US dollars) GDP WDI (2023)
Education EDU PWT 10.1
Urban population (% of total population) URB WDI (2023)
Total greenhouse gas emissions per capita (t COze/capita) GHGE WDI (2023)
Access to clean fuels and technologies for cooking (% of population) ACFT WDI (2023)
Access to drinking water (% of population) ADW WDI (2023)

Source: Authors

Table A3: Descriptive statistics and VIFs of explanatory variables

Variable Observation Mean Std. dev. Min Max VIF Tolerance
LogLEX 385 4.1027 0.0807 3.8198 43110
LogUSMR 385 42110 0.4331 2.6741 5.0808
LogMMR 385 5.9033 0.5837 3.7377 7.0344
LogIMR 385 3.8495 0.3714 2.5494 4.6756
LogFFS 385 1.7110 1.6376 0.0000 5.2582 1.25 0.8019
LogPHE 385 3.6811 0.4732 2.1220 4.4585 1.32 0.7604
LogPrHE 385 3.7741 1.2738 0.8343 6.6001 3.36 0.2974
LogGDP 385 7.1548 0.8823 5.5735 9.3017 1.07 0.9316
EDU 385 1.8671 0.4635 1.1661 2.9388 2.25 0.4437
URB 385 40.1736 16.8818 10.6420 90.0920 2.26 0.4417
Log 385 0.6465 0.6973 -0.6127 2.5151
GHGE 3.50 0.2856
ACFT 385 23.7946 26.7019 0.1000 98.9000 2.49 0.4024
ADW 385 64.0300 15.1297 33.9888 99.9958 2.83 0.3536
Mean VIF 2.26

Source: Authors



