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Abstract:

The present article aims to examine the nonlinear effects of income inequality and modern technologies on public health in
selected countries. For this purpose, the Panel Smooth Transition Regression (PSTR) model was applied using annual data
from selected developed and developing countries during the period 2010-2023. Based on the results, a one-unit increase in
research and development expenditures, the technology development index, per capita income, gross fixed capital formation,
and human capital respectively leads to an increase of 0.14, 0.13, 0.37, 0.26, and 0.46 units in the public health index in
developed countries, and 0.09, 0.10, 0.15, 0.27, and 0.22 units in developing countries. Furthermore, a one-unit increase in
unemployment, income inequality, and the inflation rate respectively leads to a decrease of 0.07, 0.002, and 0.08 units in the
public health index in developed countries, and 0.31, 0.23, and 0.15 units in developing countries. Individuals’ access to higher
levels of education, population growth, high unemployment, and inflation—beyond their effects on income levels and income
distribution—can also influence quality of life, thereby improving or worsening health conditions in society. On the other
hand, with an increase in literacy rates and, consequently, public awareness, individuals can play a more effective role in
society and thereby achieve higher income levels. Considering the obtained results and given that income equality plays a
significant role in human development and, consequently, in comprehensive development, it is recommended that
policymakers pay special attention to the implementation of fair income distribution policies.
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Extended Abstract

Introduction

Public health has long been recognized as one of the most crucial determinants of sustainable development, directly
influencing economic productivity, human capital formation, and social well-being. The transformation of disease patterns
from infectious to chronic conditions has emphasized the importance of socio-economic and technological factors that shape
health outcomes beyond traditional medical care (Mbau et al., 2023). Social determinants such as income, education,
employment, and environmental conditions significantly influence the quality of life and longevity of populations. Among
these, income inequality and the adoption of modern technologies emerge as critical dimensions whose nonlinear effects
warrant deeper exploration (Gaies, 2022; Gulzar & Ahmed, 2022).

Income inequality is considered a central challenge for human development as it directly affects access to healthcare
resources, nutrition, housing, and education (Nathaniel, 2021). A growing body of literature reveals that societies with higher
income disparities often experience lower levels of trust, weaker social capital, and poorer health outcomes (Canbay & Kirca,
2022). Studies further confirm that income inequality can exacerbate mental health problems, increase stress-related
disorders, and limit the capacity of individuals to invest in preventive health behaviors (Mastowska et al., 2025). Moreover,
unemployment and inflation, which frequently accompany unequal income distributions, intensify the pressure on household
expenditures and restrict access to healthcare services (Odhiambo, 2021; Olayiwola et al., 2021).

At the same time, the role of modern technologies in reshaping public health has become increasingly prominent.
Technological innovation, particularly digitalization, artificial intelligence (Al), and health information systems, enhances the
efficiency and accessibility of healthcare services (Lee, 2025; Love, 2025). Digital platforms enable timely diagnosis, improve
patient monitoring, and reduce healthcare costs, thereby addressing some of the inequities in healthcare delivery (Goh,
2025). For example, Al-driven applications provide personalized health solutions and empower individuals with better
information for decision-making (Haregu et al., 2025). These advancements are particularly significant in developing
countries, where technological adoption can bridge the gap created by resource constraints (Penghui et al., 2022; Ying et al.,
2022).

Another dimension relates to human capital and education, which contribute substantially to public health outcomes.
Higher levels of literacy and educational attainment enhance health awareness, improve lifestyle choices, and encourage
preventive health behaviors (Hatak & Zhou, 2021; Thinagar et al., 2021). Similarly, investments in higher education strengthen
the quality of human capital and foster innovations in healthcare delivery (Ozdogan Ozbal, 2021; Zhao & Du, 2021). In this
sense, human capital operates as a mediator between economic growth and health development, highlighting the
interconnectedness of education, income, and health.

Research has also highlighted the nonlinear dynamics between health expenditures, economic growth, and public health
outcomes. For instance, while increases in healthcare spending often improve health status, excessive or inefficient spending
can generate diminishing returns, particularly in resource-constrained settings (Esen & Celik Kecili, 2021; Sagdi¢c & Yildiz,
2021). This necessitates analytical approaches that capture nonlinear relationships, such as panel smooth transition
regression (PSTR) models, to account for thresholds and context-specific variations (Suzan & Yasar Dincer, 2021; Tunali Sari

etal., 2021).
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Given these multidimensional linkages, this study investigates the nonlinear effects of income inequality and modern
technologies on public health in selected developed and developing countries from 2010 to 2023. By employing the PSTR
approach, the research explores how variations in economic, technological, and social indicators interact to influence health
outcomes across heterogeneous contexts.

Methods and Materials

The study adopted a quantitative approach, utilizing annual data from 2010 to 2023 across selected developed and
developing countries. Public health was proxied by life expectancy at birth, reflecting long-term health conditions and overall
well-being. Independent variables included income inequality (measured by the Gini coefficient), unemployment rate,
inflation, research and development (R&D) expenditures, technology development index (ICT), gross fixed capital formation,
per capita income, and human capital (proxied by education levels).

The Panel Smooth Transition Regression (PSTR) model was applied to capture nonlinear effects and threshold dynamics.
The inflation rate was chosen as the transition variable to distinguish between different health regimes under varying
economic conditions. Data were sourced primarily from the World Bank and the World Health Organization (WHO). Countries
were divided into two groups: developed countries (including OECD members such as the United States, Germany, and Japan)
and developing countries (including Iran, India, Brazil, and Turkey).

Findings

The results revealed significant nonlinear relationships between income inequality, modern technologies, and public
health. Specifically, in developed countries, a one-unit increase in R&D expenditures, the ICT index, per capita income, gross
fixed capital formation, and human capital raised the public health index by 0.14, 0.13, 0.37, 0.26, and 0.46 units, respectively.
In developing countries, the effects were positive but weaker, with corresponding increases of 0.09, 0.10, 0.15, 0.27, and 0.22
units.

Conversely, a one-unit increase in unemployment, income inequality, and inflation reduced the public health index by
0.07, 0.002, and 0.08 units in developed countries, and by 0.31, 0.23, and 0.15 units in developing countries, respectively.
The analysis indicated that inflation acted as a critical threshold variable, magnifying the negative effects of inequality and
unemployment on health outcomes when surpassing specific levels.

The results also showed that the magnitude of positive effects from technology, education, and income was significantly
higher in developed countries, suggesting stronger institutional capacity, better infrastructure, and more effective resource
allocation. By contrast, developing countries displayed greater vulnerability to unemployment, inequality, and inflation, with
disproportionately negative impacts on public health indicators.

Discussion and Conclusion

The findings confirm that income inequality exerts a detrimental influence on public health, consistent with previous
studies highlighting its role in undermining social cohesion, increasing stress levels, and limiting access to healthcare (Canbay
& Kirca, 2022; Gulzar & Ahmed, 2022). This reinforces the argument that equitable income distribution is not merely a social
justice issue but a public health imperative (Nathaniel, 2021). Moreover, the stronger negative effects observed in developing
countries underscore the need for redistributive policies and targeted interventions to mitigate disparities in access to

healthcare and other social services (Odhiambo, 2021; Olayiwola et al., 2021).
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The positive role of modern technologies highlights their transformative capacity in healthcare systems. By improving
efficiency, reducing costs, and enabling broader coverage, technologies such as Al, telemedicine, and digital health platforms
can counterbalance some of the adverse effects of economic inequalities (Lee, 2025; Love, 2025). The results align with
studies showing that technological innovation is a key driver of sustainable health systems, especially in contexts where
traditional infrastructure is lacking (Haregu et al., 2025; Penghui et al., 2022). Nevertheless, the differential magnitude of
these effects between developed and developing countries suggests that institutional readiness, digital literacy, and
investment capacity significantly mediate the benefits of technological adoption (Ying et al., 2022).

Human capital and education were also found to be critical for improving public health outcomes. The positive impact of
higher educational attainment on lifestyle, health awareness, and disease prevention supports the argument that education
policies are inherently health policies (Hatak & Zhou, 2021; Thinagar et al., 2021; Zhao & Du, 2021). This highlights the need
for integrated strategies that combine investments in education with health sector reforms to achieve long-term
improvements in well-being.

The nonlinear nature of the relationships further emphasizes the importance of considering threshold effects in policy
design. Inflation, identified as a significant transition variable, exacerbates the negative consequences of inequality and
unemployment on health once it exceeds certain levels. This finding resonates with research showing that macroeconomic
instability reduces the capacity of both households and governments to invest in health (Bahrami et al., 2019; Esen & Celik
Kecili, 2021; Shahraki & Ghaderi, 2019). Thus, macroeconomic stability should be regarded as a prerequisite for effective
health system development.

This study highlights the complex and nonlinear dynamics linking income inequality, modern technologies, and public
health across developed and developing countries. The results demonstrate that while technological advancements, human
capital, and income growth positively influence public health, rising inequality, unemployment, and inflation impose
significant negative effects. Moreover, the magnitude and direction of these impacts vary across countries depending on their
level of development and institutional structures.

Policy implications are clear: reducing income inequality, investing in modern technologies, and strengthening human
capital are essential for enhancing public health outcomes. At the same time, macroeconomic stability and effective
redistributive policies are required to shield vulnerable populations from the adverse effects of unemployment and inflation.
By adopting a holistic approach that integrates economic, social, and technological dimensions, policymakers can design more

equitable and resilient health systems capable of supporting sustainable development.
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