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Objective: This study aimed to investigate the asymmetric effects of income inequality, new
technologies, and research and development (R&D) expenditures on public health and to evaluate
the differential impacts of positive and negative shocks in these variables over the short and long
run.

Methodology: This applied descriptive-analytical study employed annual data from 1990-2023.
The Nonlinear Autoregressive Distributed Lag (NARDL) model was used to estimate asymmetric
relationships. Public health was measured through life expectancy, while explanatory variables
included income inequality, information and communication technology development, R&D
expenditures, GDP per capita, inflation, population, education, and gross fixed capital formation.
Findings: The Wald test confirmed the presence of asymmetric effects. In the short run, positive
shocks in R&D expenditures improved public health, whereas negative shocks reduced it. Positive
shocks in income inequality adversely affected public health, while negative shocks in inequality
improved health outcomes. New technologies also exhibited asymmetric effects, with positive
shocks enhancing public health and negative shocks diminishing it. The error-correction coefficient
was negative and statistically significant, indicating convergence toward long-run equilibrium.
Long-run estimates revealed that R&D expenditures, technological development, GDP per capita,
education, and capital formation positively influenced public health, whereas income inequality,
inflation, unemployment, and population exerted negative effects.

Conclusion: The findings suggest that strengthening R&D investment and promoting
technological advancement can significantly enhance public health outcomes. Conversely, rising
income inequality undermines population health. Therefore, policies aimed at reducing inequality
while supporting innovation and technological development are essential for improving long-term
public health performance.

Keywords: Income Inequality; New Technologies; Public Health; Research and Development; Life
Expectancy; NARDL.
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EXTENDED ABSTRACT
Introduction

Public health is widely recognized as a fundamental pillar of sustainable development, human
well-being, and socioeconomic progress. In contemporary societies, health outcomes are shaped not only
by healthcare systems but also by broader economic, social, and technological factors. Among these
determinants, income inequality has emerged as one of the most influential variables affecting population
health. Extensive evidence suggests that unequal income distribution limits access to healthcare services,
nutritious food, education, and healthy living conditions, thereby contributing to disparities in health
outcomes across socioeconomic groups (Abdi, 2025; Olden, 2021; Prentice et al., 2024). Moreover, persistent
inequality weakens social cohesion and increases vulnerability among disadvantaged populations,
resulting in adverse health consequences and lower life expectancy (Biitikofer et al., 2021; Gutin & Hummer,
2021; Ignatow & Gutin, 2024).

The relationship between inequality and health has become increasingly important in the context
of sustainable development and inclusive growth. While economic growth may improve living standards,
its benefits are not always distributed evenly across society. Consequently, countries experiencing
substantial economic expansion may continue to face serious public health challenges if income disparities
remain unresolved (Cerra, 2021; Ma et al., 2025; Sutanto et al., 2024). Research has demonstrated that
reducing inequality contributes to improved quality of life, enhanced social welfare, and more equitable
health outcomes (Khamjalas, 2024; Mahdi & Sulistyono, 2023; Murshed, 2024).

Alongside economic transformations, rapid technological advancement has profoundly altered the
landscape of healthcare delivery and public health management. Emerging technologies, including digital
platforms, information and communication technologies, telemedicine, artificial intelligence, and big data
analytics, have created unprecedented opportunities for improving healthcare accessibility, efficiency, and
quality. Technological innovation facilitates health information dissemination, remote medical
consultations, disease monitoring, and evidence-based policymaking, thereby contributing to better health
outcomes (Ren et al., 2024; Yu & Meng, 2022; Zahidi et al., 2024). Furthermore, investments in innovative
medical research and digital competencies have strengthened healthcare systems and enhanced their
capacity to respond to emerging challenges (Algobisi et al., 2024; Shin & Choi, 2022).

Despite these benefits, the expansion of technology may also generate new forms of inequality.
The concept of the digital divide highlights disparities in access to technological resources and digital
literacy across different population groups. Individuals lacking adequate technological access may be
excluded from the benefits of digital healthcare services, potentially reinforcing existing socioeconomic
and health inequalities (Xiao et al., 2024; Zhang et al., 2022). Consequently, technological development may
function either as a mechanism for reducing inequality or as a catalyst for its intensification, depending
on institutional conditions and policy frameworks (Ahmad et al., 2022; Zhao & Li, 2025).

Recent studies indicate that digital transformation can improve financial inclusion, create
economic opportunities, and reduce disparities among vulnerable populations. Digital financial services
and technological innovations have expanded access to financial resources and facilitated economic
participation among previously marginalized groups (Sodokin & Djafon, 2025; V et al., 2024). Similarly,
technological adoption has been associated with reduced gender inequality and greater socioeconomic



inclusion in developing economies (Mpofu, 2023; Ofori & Ofori, 2024). These improvements may indirectly
contribute to enhanced public health by increasing access to resources necessary for healthy living.

Research and development (R&D) expenditures represent another critical determinant of public
health. Investments in research stimulate medical innovation, improve healthcare technologies, enhance
treatment effectiveness, and strengthen disease prevention strategies. Through the generation of scientific
knowledge and technological advancement, R&D activities contribute to the long-term sustainability of
healthcare systems and improvements in population health. Studies emphasize that innovation-driven
growth and scientific progress are essential components of resilient and efficient health systems (Chen et
al., 2025; Shin & Choi, 2022).

Moreover, public health outcomes are influenced by a broad range of social determinants,
including education, employment, living conditions, environmental quality, and healthcare accessibility.
Disparities in these determinants often translate into unequal health outcomes and differences in life
expectancy among population groups (Madu et al., 2021; Prentice et al., 2024). The COVID-19 pandemic
further highlighted how socioeconomic inequalities affect healthcare access, vaccination coverage, and
health resilience across societies (Kennedy-Moulton et al., 2022; Rydland et al., 2022).

Recent scholarship has also emphasized the interconnectedness of technological progress,
inequality, environmental sustainability, and quality of life. Technological development and innovation
are increasingly viewed as instruments for promoting sustainable development, reducing inequality, and
enhancing societal well-being (Caous & Huarng, 2020; Volodzkiené & Streimikiené, 2023). Likewise,
evidence from developing and emerging economies suggests that technology, governance quality, and
inclusive economic policies jointly shape public welfare outcomes (Chandio et al., 2024; Dhamija et al.,
2025; Fattahi, 2023; Héléne et al., 2025; Khan & Chiu, 2023; Molina-Salazar & Carbajal-De-Nova, 2023; Zou et
al., 2023).

Although previous studies have explored the relationships among inequality, technological
development, and health, most have focused on linear associations. However, positive and negative
changes in inequality, technology, and R&D investment may produce different effects on public health.
Understanding these asymmetric effects is crucial for designing effective policy interventions. Therefore,
this study investigates the asymmetric impacts of income inequality and emerging technologies on public
health indicators, with particular emphasis on research and development expenditures.

Methods and Materials

This study employed an applied descriptive-analytical research design using annual time-series
data covering the period from 1990 to 2023. Public health was measured using life expectancy as the
primary indicator. The explanatory variables included income inequality, emerging technologies, research
and development expenditures, unemployment rate, GDP per capita, inflation rate, population growth,
educational attainment, and gross fixed capital formation.

To capture the potentially asymmetric effects of positive and negative shocks in income inequality,
technological development, and R&D expenditures, the Nonlinear Autoregressive Distributed Lag
(NARDL) model was utilized. Prior to model estimation, stationarity tests were conducted to determine
the order of integration of the variables. Cointegration tests were subsequently applied to examine the
existence of long-run equilibrium relationships among the variables. Short-run and long-run coefficients
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were estimated, and diagnostic tests were performed to assess model adequacy, including serial
correlation, heteroskedasticity, normality, and asymmetry tests.

Findings

The empirical results confirmed the existence of significant asymmetric relationships between the
study variables and public health.

In the short run, positive shocks in research and development expenditures exerted a positive and
statistically significant effect on public health, whereas negative shocks in R&D expenditures reduced
public health outcomes. These findings indicate that increases and decreases in R&D spending do not
produce equivalent impacts, confirming the presence of asymmetry.

Income inequality also demonstrated asymmetric effects. Positive shocks in income inequality
significantly reduced public health indicators, while negative shocks in inequality, reflecting
improvements in income distribution, enhanced public health outcomes. The magnitude and direction of
these effects differed considerably, suggesting that public health is highly sensitive to changes in income
distribution.

Similarly, emerging technologies exhibited asymmetric impacts on public health. Positive
technological shocks improved health outcomes, whereas negative shocks weakened public health
indicators. The results indicate that technological advancement contributes directly to improvements in
population health, while setbacks in technological development may have detrimental consequences.

The Wald test confirmed the existence of asymmetric effects for income inequality, technological
development, and research and development expenditures. The error correction coefficient was negative
and statistically significant, indicating convergence toward long-run equilibrium and confirming the
stability of the estimated model.

Long-run estimates revealed that research and development expenditures, technological
development, GDP per capita, education, and gross fixed capital formation positively affected public
health. In contrast, income inequality, inflation, unemployment, and population growth exerted negative
effects on health outcomes. Diagnostic tests further confirmed the absence of serial correlation,
heteroskedasticity, and model specification errors, supporting the robustness of the empirical findings.

Discussion and Conclusion

The findings demonstrate that public health is strongly influenced by economic, technological, and
developmental factors and that these influences are inherently asymmetric. The positive effects of research
and development expenditures highlight the critical role of innovation and scientific advancement in
improving healthcare quality, expanding medical knowledge, and enhancing the effectiveness of health
systems. Investments in R&D contribute not only to technological progress but also to long-term
improvements in population well-being.

The negative impact of income inequality on public health underscores the importance of equitable
resource distribution. Unequal access to healthcare services, education, nutrition, and economic
opportunities creates significant disparities in health outcomes. The results suggest that reducing
inequality can produce substantial public health benefits by enhancing access to essential resources and
improving overall social welfare.

The positive contribution of emerging technologies emphasizes the transformative potential of
digitalization and technological innovation within healthcare systems. Improved access to information,



telemedicine services, digital health platforms, and innovative medical technologies can strengthen
healthcare delivery and increase population health. However, the asymmetric findings also indicate that
technological decline or unequal access to technology may undermine these benefits.

The long-run results further reveal that sustainable improvements in public health require a
combination of technological progress, investment in research and innovation, economic prosperity,
educational advancement, and capital formation. Conversely, persistent inequality, inflationary pressures,
unemployment, and demographic challenges may hinder health improvements and exacerbate social
vulnerabilities.

Overall, the study demonstrates that public health cannot be understood solely through the lens of
healthcare provision. Broader socioeconomic and technological dynamics play a decisive role in shaping
health outcomes. Policies aimed at reducing income inequality, promoting inclusive technological
development, expanding research and development investments, strengthening educational systems, and
fostering sustainable economic growth can collectively enhance public health and contribute to long-term
social prosperity. The findings highlight the importance of integrated policy approaches that
simultaneously address economic equity, technological innovation, and health development to achieve
sustainable and inclusive well-being.
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