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?;gf};gez%' Abstract:
Health is the most valuable asset of humanity and is often considered
priceless. In recent decades, the increasing consumption of fossil fuels and
Accepted: its consequences—such as carbon emissions and environmental
24/03/2025 pollution—have worsened health conditions, strained healthcare systems,
and raised mortality rates in many countries. Additionally, urbanization
Keywords: and demographic shifts have introduced new challenges for the health
Environmental Pollution, | sector. This study employs time-series data and the autoregressive
Age Dependency, distributed lag (ARDL) model to examine the impact of environmental
Urbanization, Energy and social factors—including renewable energy consumption, carbon
Consumption emissions, urban population growth, and the age dependency ratio—on
health expenditures in Iran from 1990 to 2019. The key indicators
JEL Classification: analyzed include government health expenditures, renewable energy

C32, 118, Q20, Q50, R23 | consumption as a share of total energy use, annual urban population
growth, and the age dependency ratio as a percentage of the working-age
population. The findings indicate that rising carbon dioxide emissions,
urban population growth, and a higher age dependency ratio contribute to
increased health expenditures, while greater renewable energy
consumption, by reducing carbon dioxide emissions, has a significant
negative effect on healthcare costs. In other words, increased reliance on
renewable energy improves public health and reduces financial burdens
on the healthcare system. These results underscore the importance of
developing renewable energy sources, transitioning away from fossil
fuels, and prioritizing green growth strategies to enhance environmental
quality and promote public health.
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1. Introduction

Health is a fundamental determinant of societal well-being and a prerequisite for
economic and social development by enhancing human capital, fostering economic
growth, and increasing labor productivity. Among the key factors influencing public
health are climate, air quality, and environmental conditions, all of which have been
significantly degraded by human activities—particularly the excessive consumption of
fossil fuels, which has led to severe environmental pollution and greenhouse gas
emissions. Consequently, policies aimed at reducing carbon dioxide and other
greenhouse gas emissions from fossil fuel combustion can yield co-benefits, including
improved public health and enhanced environmental quality. Countries heavily reliant
on carbon-intensive technologies face detrimental effects on both environmental
sustainability and population health, as high fossil fuel consumption poses serious
health risks. To mitigate these adverse effects, governments must curb fossil fuel use
and promote renewable energy adoption, which offers multiple advantages such as
lower air pollution, improved health outcomes, and reduced healthcare expenditures.
Air pollution significantly influences both public and private healthcare costs, yet its
role in shaping health expenditures is often overlooked. Additionally, the impact of air
pollution on healthcare spending is shaped by various socioeconomic factors, with
studies suggesting that urbanization amplifies this relationship. Furthermore, improved
living standards, enhanced urban life quality, and well-designed policies addressing
demographic shifts and age composition can positively influence public health and
healthcare costs. Given these dynamics, this study explores the interplay between
energy consumption, environmental quality, social indicators, and public health, using
health expenditure indices as a key analytical framework.

2. Research method and data

This study examines the impact of renewable energy consumption, carbon dioxide
emissions, urban population growth, and the age dependency ratio on health
expenditures in Iran from 1990 to 2019 using the Auto-Regressive Distributed Lag
(ARDL) approach. Unlike Johansen’s method, the ARDL model does not require all
variables to be integrated at the same level to establish long-run relationships, making it
more flexible and statistically reliable for small samples. This approach enables the
estimation of both long-run and short-run dynamics while also determining the speed of
adjustment toward long-run equilibrium after short-term shocks through the inclusion of
the Error Correction Model (ECM). Additionally, the ARDL method mitigates
endogeneity concerns due to the non-correlation of residuals. The study's key variables
include the ratio of government health expenditures to GDP, renewable energy
consumption as a percentage of total energy use, carbon dioxide emissions relative to
GDP, annual urban population growth, and the age dependency ratio as a percentage of
the active population.
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3. Analysis and discussion

Before estimating the model, the stability of all variables was tested. Unit root test
results indicated that health expenditures (HE), urban population growth (UPG), and the
age dependency ratio (ADR) were stationary at level, while renewable energy
consumption (RE) and carbon dioxide (COL! emissions became stationary at first
difference. Classical assumptions were validated to ensure the reliability of the model
coefficients. The Jarque-Bera test confirmed the normality of residuals (p-value =
0.413), while the LM autocorrelation test and the Breusch-Pagan-Godfrey test verified
the absence of autocorrelation and heteroskedasticity (p-values = 0.272 and 0.882,
respectively). Additionally, Ramsey’s RESET test[Iconfirmed the correct model
specification (p-value > 0.05), and the CUSUM and CUSUMQ tests indicated
parameter stability throughout the study period.

At a 95% confidence level, the bounds test showed that the F-statistic (9.088)
exceeded the upper critical bound value (3.97), rejecting the null hypothesis of no long-
run relationship among the variables. Long-run estimates revealed that increased
renewable energy consumption improves environmental quality and public health,
thereby reducing health expenditures. In contrast, carbon dioxide emissions, urban
population growth, and the age dependency ratio were positively associated with higher
health expenditures. The coefficient for renewable energy consumption was -0.425,
indicating a significant negative relationship with health expenditures. Conversely,
carbon dioxide emissions exhibited a significant positive relationship with health
expenditures (coefficient = 3.152), reflecting the increased prevalence of diseases due to
higher emissions. Similarly, urban population growth and the age dependency ratio had
significant positive effects on health expenditures (coefficients = 0.936 and 3.238,
respectively), highlighting the rising demand for healthcare services driven by
urbanization and demographic shifts. The error correction model confirmed that
deviations in health expenditures from equilibrium in the previous period were
corrected in the current period, as indicated by the statistically significant and negative
coefficient of CointEq(-1), ensuring a stable adjustment toward long-run equilibrium.

4. Conclusion
The findings of this study underscore the critical role of renewable energy in replacing
fossil fuels, reducing pollutants, and enhancing environmental quality and public health,
which ultimately leads to lower health expenditures. In contrast, fossil fuel consumption
and the resulting carbon dioxide emissions pose significant risks to public health,
contributing to rising healthcare costs. The direct threat of carbon emissions to societal
health highlights the urgency of transitioning to renewable energy sources as a
fundamental solution.

Urbanization has also emerged as a key driver of higher health expenditures due to its
socio-economic and environmental challenges. Urban lifestyles, stress, air pollution
exposure, and social issues such as marginalization among migrants negatively impact
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health and increase healthcare costs. Additionally, higher living standards in urban areas
have heightened the demand for healthcare services, further driving expenditures.

The age dependency ratio plays a crucial role in shaping healthcare costs, as non-
working populations—particularly the elderly and young children—require diverse and
extensive medical services. Aging populations, in particular, experience a rapid decline
in health, increasing the burden on medical and insurance systems and escalating
healthcare expenditures. Based on these findings, governments are encouraged to
diversify renewable energy sources, promote their adoption, and prioritize green growth
to mitigate environmental pressures and enhance public health. Expanding renewable
energy production and consumption reduces ecological footprints and improves
environmental quality. Moreover, policies supporting eco-friendly technologies and
prioritizing preventive healthcare measures can further protect the environment and
foster better societal health outcomes.
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