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Abstract: 

The primary aim of this study was to examine the impact of population aging on 

income inequality. To achieve this, the Generalized Method of Moments (GMM) 

model was employed to analyze a decade of data from 143 countries. The findings 

reveal that population aging contributes to an improvement in income inequality. 

Furthermore, the study explores the moderating role of education and confirms that 

education positively influences the relationship between population aging and 

income inequality. By expanding the scope of the research population compared to 

previous studies, this study provides empirical evidence supporting the moderating 

effect of education. 
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调查人口老龄化对收入不平等的影响 

摘要： 

本研究的主要目的是考察人口老龄化对收入不平等的影响。为此，采用广义矩法 (GMM) 模型分析了来自 

143 个国家的十年数据。研究结果表明，人口老龄化有助于改善收入不平等。此外，该研究探讨了教育的

调节作用，并证实教育对人口老龄化与收入不平等之间的关系有积极影响。与以前的研究相比，通过扩大

研究人群的范围，本研究提供了支持教育调节作用的实证证据。。 

关键词：人口老龄化，收入不平等，教育，广义矩估计模型 

1. Introduction
In recent years, the global process of population aging

has been increasing. By 2022, 124 countries or regions 

around the world will have entered an aging society. 

Projections indicate that the global population aged 65 

and above is poised to reach 1.6 billion by 2050, 

constituting over 16% of the world’s total population, 

with the older demographic outpacing the growth rate of 

the younger population. These data highlight the 

significant challenges posed by population aging that the 

world is currently facing. Population aging has caused 

substantial shifts in both the labor market structure and 

income distribution, which may have significant 

implications for income inequality. At the same time, 

global income inequality is increasingly severe, and the 

persistent income inequality poses various threats, 

including dampening investment enthusiasm, restraining 

economic growth, amplifying social, economic, and 

political unrest, and increasing the likelihood of crises 

(Dabla-Norris et al., 2015). In this context, studying the 

impact of population aging on income inequality is of 

considerable practical importance. It not only enhances 

our understanding of the relationship between 

demographic shifts and income inequality but also 

provides a theoretical foundation for developing policies 

to address the challenges posed by an aging society. 

Theoretically, population aging may impact income 

inequality in the following ways. First, the demographic 

shift toward population aging presents significant 

challenges for the labor market and health care 

expenditures (Wei & Zhou, 2020). Aging reduces the 

labor force and leads to an older workforce structure. 

This demographic imbalance may prompt employers to 

raise minimum wage levels to attract younger workers, 

which could alleviate income inequality issues (Lin & 

Yun, 2016; Litwin, 2015). Furthermore, population aging 

can precipitate shifts in productive lifestyles, consumer 

preferences, and consumption habits. Given the 

heightened susceptibility of the elderly to health-related 

issues, there may be an increased emphasis on healthy 

living and a greater demand for healthcare services, 

thereby stimulating expansion within the healthcare 

sector (Khoda & Kröger, 2024). This expansion in the 

service industry contributes to the optimization and 

restructuring of the industrial landscape, potentially 

improving income inequality to some extent (Hong & 

Zhang, 2021; Zhou & Li, 2021). 

Indeed, population aging is widely acknowledged as 

a significant determinant of income inequality. The study 

by Dong et al. (2018), Zhang et al. (2021), and Hwang et 

al. (2021) suggested that population aging will increase 

income inequality. However, contrast findings by Wang 

et al. (2016) and Alimi et al. (2018) posit that population 

aging might actually decrease income inequality. These 

contrast outcomes underscore the intricate nature of the 

relationship between population aging and income 

distribution. Therefore, there is a need for further in-

depth research on the specific impact of population aging 

on income inequality. 

This study makes several contributions, which can be 

outlined across two primary aspects. First, in contrast to 

the prevailing focus of existing research on specific 

countries or regions, our study addresses the need for 

broader generalizability by encompassing data from 143 

countries. This expansion surpasses the narrow confines 

of prior studies, thereby enhancing the applicability of 

our findings and augmenting the credibility of our 

conclusions. Second, this study will also analyze the 

moderating effects of the impact of population aging on 

income inequality. By exploring the moderating effects, 

this study sheds more light on the potential factors 

affecting the relationship between population aging and 

income inequality. 

The rest of this paper is organized into four sections. 

Section 2 provides a comprehensive review of relevant 

studies, Section 3 outlines the data and empirical 

methodology employed in this study, Section 4 delves 

into the analysis and discussion of the empirical results, 
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and finally, Section 5 presents the concluding remarks. 

The research flowchart is shown in Figure 1. 

Figure 1. Flowchart of the research methodology 

(authors’ design) 

2. Literature Review
The phenomenon of population aging has drawn

increasing scholarly attention as more countries undergo 

demographic transitions toward aging societies. 

However, the existing body of research, characterized by 

diverse methodologies and study subjects, has produced 

conflicting findings regarding the relationship between 

population aging and income inequality. 

Some scholars posit that population aging intensifies 

income inequality. For example, Lin et al. (2015) 

employed a fixed-effects model incorporating spatial 

effects with data from 22 regions in Taiwan and 

concluded that population aging intensifies income 

inequality while considering spatial dependence. On the 

contrary, Onafowora and Owoye (2017) suggested that 

the lower labor force participation rate and income of the 

elderly population compared to younger individuals 

contribute to an exacerbation of income inequality with 

an aging population. Dong et al. (2018) corroborated this 

view using provincial-level panel data from China 

(1998-2014), finding that increasing elderly dependency 

ratios and declining child dependency ratios significantly 

widen income inequality. More recently, Zhang et al. 

(2021) focused on China, employing dynamic 

computable general equilibrium (CGE) modeling to link 

macroeconomic variables to a micro-level household 

simulation model, ultimately concluding that population 

aging exacerbates income inequality. Similarly, in Korea, 

Hwang et al. (2021) used the Recentered Influence 

Function (RIF) regression method, revealing a 

substantial exacerbation of inequality in low-income 

households due to population aging. 

Conversely, other scholars contend that population 

aging does not worsen income inequality and may even 

alleviate it. Likewise, Wang et al. (2016), employing 

CGE from a micro perspective, argued that population 

aging leads to a reduction in income inequality, 

especially among older households in rural areas, due to 

higher savings rates and imperfect social welfare in those 

populations. Similarly, Alimi et al. (2018), drawing from 

life-cycle theory, demonstrated in New Zealand that 

population aging mitigates the significant increase in 

income inequality.  

Additionally, the study conducted by Md Jamil et al. 

(2024) suggests that while population aging does not 

exert a statistically significant impact on income 

inequality across the entire sample, it may reduce income 

inequality in subsamples characterized by lower initial 

levels of inequality. 

3. Methodology and Data

3.1. Model Specification and Estimation Method 

Following previous research (Dabla-Norris et al., 

2015; Dong et al., 2018; Koochakzadeh et al., 2021), the 

general regression model is represented by Equation (1): 

𝐺𝐼𝑁𝐼 = 𝑓(𝑃𝐴, 𝑅𝐺𝐷𝑃, 𝑅𝐺𝐷𝑃2, 𝐼𝑁𝐹, 𝑇𝑟𝑎𝑑𝑒, 𝐹𝐷𝐼)      (1) 

where GINI represents the Gini coefficient. PA 

represents the population aging coefficient. RGDP 

denotes GDP per capita. RGDP2 denotes the square of 

per capita GDP. INF denotes the inflation rate. Trade 

denotes trade openness. FDI denotes foreign direct 

investment.  
Recognizing the potential endogeneity issues 

associated with static estimation methods, we adopted 

Generalized Method of Moments (GMM) estimation for 

our benchmark regression, following the 

recommendations of Ghaemi Asl & Mirzaei Abbasabadi 

(2021) and Ding et al. (2023). GMM was initially 

introduced by Hansen (1982) and has since undergone 

continuous refinement by subsequent scholars such as 

Arellano & Bond (1991) and Blundell & Bond (1998). 

GMM encompasses two distinct methodologies: 

Difference GMM and System GMM. The difference 

GMM relies solely on the moment conditions within the 

first-order difference equations, rendering it susceptible 

to weak instrumental variables and substantial 

downward finite-sample bias. Conversely, the system 

GMM integrates moment conditions from both 

difference and level equations, thereby not only 

addressing issues related to unobserved individual 

heterogeneity, omitted variable bias, measurement error, 

and potential endogeneity, but also mitigating potential 

biases and inaccuracies inherent in first-order difference 

Conclusion

Results Discussion

Basic results, Robustness checks, Moderating effect

Estimation Method

Generalized Method of Moments (GMM)

Model Specification

Literature Review

Objective

To examine the impact of population aging on income 
inequality
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GMM estimation methods. Consequently, system GMM 

(SYS-GMM) was adopted as the estimation approach in 

this study. The estimation equation for the GMM method 

is delineated in Equation (2): 

𝐺𝐼𝑁𝐼𝑖𝑡 = 𝛼0 + 𝛼1𝐺𝐼𝑁𝐼𝑖,𝑡−1 + 𝛼2𝑃𝐴𝑖𝑡 + 𝛽𝑋𝑖𝑡 + 𝜀𝑖𝑡      (2)

In Equation (2), GINI represents the Gini coefficient, 

PA signifies the population aging coefficient, X 

encompasses a set of control variables influencing 

income inequality, ε is the random error term, and i and t 

denote the country and time, respectively. The 

coefficients α0, α1, α2 and β correspond to the respective 

variables. 

The consistency of the GMM estimates typically 

requires the following two tests. The first is the over-

identification test, which verifies whether the 

instrumental variables behave exogenously through the 

Sargan test. The p-value exceeding 0.05 indicates the 

validity of the instruments and the absence of an over-

identification issue. The second is the residual serial 

correlation test using the Arellano-Bond test. In this test, 

we pay special attention to the correlation of the second-

order series, and if the P-value of AR (2) is greater than 

0.05, it indicates that there is no autocorrelation in the 

second-order series, i.e., the instruments are valid. 

3.2. Data Description 

This study adopts a macro perspective and therefore 

the selection of research subjects should be diverse. 

Based on data availability and consistency, this study 

selected empirical data from 143 countries spanning 

from 2010 to 2019 for analysis. The countries chosen 

represent various levels of economic development and 

social structures, which helps to improve the 

generalizability and applicability of the study’s findings. 

The Gini coefficient data were sourced from the World 

Inequality Database, while all other relevant data were 

obtained from the World Bank.  

The detailed description of the variables is as follows: 

Gini Coefficient (GINI): The Gini coefficient, ranging 

from zero to one, serves as the dependent variable in this 

study and is widely recognized as an indicator of income 

inequality. This measure offers a clear and objective 

assessment of wealth disparity among various 

demographic groups, aiding in the identification and 

mitigation of the rich-poor polarization. 

Population Aging Coefficient (PA): This core 

explanatory variable denotes the proportion of the 

population aged 65 years and above within a specific 

country or region relative to the total population. A 

higher value of PA signifies a more significant degree of 

population aging within the area under consideration. 

GDP per capita (RGDP): As a control variable, RGDP 

reflects the level of economic development, which is 

treated logarithmically in the empirical analysis. 

Consistent with the Kuznets curve theory, there exists an 

inverted U-shaped relationship between economic 

development and income distribution status. In 

accordance with this theory, this study introduces both 

primary and secondary terms of GDP per capita to 

capture the Kuznets effect.  

Foreign direct investment (FDI): This study 

incorporated FDI as a control variable, which measures 

the proportion of FDI relative to GDP.  

Inflation rate (INF): As an additional control variable, 

INF is derived from the rate of change in the consumer 

price index.  

Trade openness (Trade): Included as a control 

variable, Trade represents the total value of exports and 

imports as a percentage of GDP.  

4. Results and Discussion

4.1. Basic Results 

Table 1 presents the results of the baseline regression. 

Column I shows the estimation results without using any 

control variables in the regression, while Column II 

includes all the control variables. The results in Column 

I show that the estimated coefficient of the Population 

Aging Coefficient (PA) is -0.0855, while the results in 

Column II show that the estimated coefficient of PA is -

0.054. Both estimated coefficients of PA are negative 

and statistically significant at the 1% level, indicating 

that as population aging increases, the income inequality 

will improve and gradually improve.  

Table 1. Baseline regression results (compiled by the 

authors) 
Variables I II 

L. GINI 0.8981***(0.0194) 0.9426***(0.0018) 

L. IS

PA -0.0855***(0.0166） -0.054***(0.004) 

Odep 

RGDP 0.0162***(0.0013) 

(RGDP)2 -0.0009***(0.00007) 

FDI -0.0021***(0.0002)

INF 0.007***(0.0004) 

Trade -0.0007***(0.0002) 

Constant 0.0641***(0.0122） -0.0322(0.0058) 

Observations 1234 1234 

Sargan Test 0.1035 0.2625 

AR (2) 0.2001 0.2189 

Note: ***, **, and * indicate statistical significance at the 1%, 

5%, and 10% levels, respectively.  

The findings are consistent with those of Wang et al. 

(2016) and Alimi et al. (2018). However, it differed from 

the results of Lin et al. (2015), Onafowora & Owoye 

(2017), Dong et al. (2018), and Hwang et al. (2021). 

They contend that as the population ages, income 

inequality rises. The different findings may stem from 

the inclusion of only a single study subject in their 

studies, such as South Korea, China, and the US; as a 

result, the conclusions may only be applicable to the 

sample nations and cannot be broadly applied. In 
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contrast, this study selected a wider sample including 

143 countries for the study. This could account for the 

variations in the study findings. As previously discussed, 

population aging may result in a labor shortage in the 

labor market, causing the minimum wage level to rise in 

order to encourage more individuals to enter the labor 

market, hence improving income inequality to some 

extent. Furthermore, population aging may stimulate the 

development of the healthcare service industry, creating 

more job opportunities and facilitating the optimization 

and upgrading of the industrial structure, all of which are 

beneficial to reducing income inequality and promoting 

a more equitable distribution of wealth. 

4.2 Robustness Checks 

To validate the reliability of the conclusions derived 

from the benchmark regression, a robustness test is 

essential. Typically, such a test involves modifying the 

model by introducing variations in the variables (Fang et 

al., 2022). In this study, the variable substitution method 

was employed to assess the robustness of the baseline 

regression. First, as suggested by Md Jamil et al. (2024), 

we replaced the population aging coefficient with the old 

age dependency ratio (Odep). The old-age dependency 

ratio denotes the proportion of the population aged 65 

and above in the working-age population, offering 

another measure of population aging.  

According to the regression results in Columns I and 

II of Table 2, there is a negative correlation between 

Odep and GINI. Specifically, as Odep increases, GINI 

shows a downward trend. A higher Odep indicates a 

greater degree of aging, suggesting that an increase in 

population aging may promote an improvement in 

income distribution and reduce income inequality. This 

result is consistent with the findings of the baseline 

regression.

Table 2. Robustness check results (compiled by the authors) 
Variables I II III IV 

L. GINI 0.9206*** (0.0161) 0.9429*** (0.0018) 

L. IS 0.8644*** (0.1879) 0.9313*** (0.0021) 

PA -0.1209*** (0.0156) -0.0649*** (0.0044)

Odep -0.0462*** (0.0095) -0.0341*** (0.0025)

RGDP 0.0154*** (0.0013) 0.0104 (0.0015) 

(RGDP)2 -0.0009*** (0.00007) -0.0006*** (0.0001)

FDI -0.0023*** (0.0002) -0.0049*** (0.0001)

INF 0.0072*** (0.0004) 0.0035*** (0.0003) 

Trade -0.0074*** (0.00023) -0.0003 (0.0003)

Constant 0.0502*** (0.0102) -0.0282 (0.0058) 0.0706*** (0.0096) -0.0072 (0.0067)

Observations 1234 1234 1234 1234 

Sargan Test 0.1378 0.4033 0.2504 0.2286 

AR (2) 0.1985 0.2211 0.2196 0.1061 

Note: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

Second, we referred to Flores (2021) regarding the 

substitution of explanatory variables and replaced the 

Gini coefficient with the income of the top 10% income 

share (IS) to gauge income inequality. The regression 

results from Columns III and IV of Table 2 indicate a 

negative correlation between the population aging 

coefficient (PA) and IS. Both the results without and with 

controlling variables show that as PA increases, IS 

decreases. Here, IS represents the income share held by 

the wealthiest 10% of the population, so a lower IS 

indicates a fairer income distribution. Therefore, the 

negative correlation suggests that an increase in 

population aging improves income inequality, making 

the social income distribution more equitable. This result 

is also consistent with the findings of the baseline 

regression, verifying the reliability of the baseline 

regression results. 

4.3. Moderating Effect 

As mentioned earlier, population aging may affect the 

labor market, which in turn impacts income inequality.

Research by Nahar et al. (2015) highlights the pivotal 

role of education in shaping labor market outcomes, 

suggesting that higher levels of education correlate with 

heightened labor productivity. Consequently, it is 

conceivable that education level serves as a moderating 

factor in the association between population aging and 

income inequality.  

To confirm this hypothesis, we conducted a 

moderation analysis, and the estimated results are 

presented in Table 3.

Table 3. Moderating effect (compiled by the authors) 

Variable I II 

PA 0.1062 (0.1011) 

Edu 0.0124*** (0.0040) -0.0060 (0.0103)

PA*Edu -0.2434** (0.1061)

RGDP 0.0097 (0.0079) -0.0057 (0.0073)
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(RGDP)2 -0.0005 (0.0005) 0.0003 (0.0004) 

FDI -0.0072*** (0.0017) -0.0082*** (0.0013)

INF 0.0009 (0.0021) 0.0070*** (0.0014) 

Trade 0.0069*** (0.0008) -0.00027 (0.0007)

L. Gini 1.0603***(0.0240) 0.9518***(0.0160) 

Constant -0.1094***(0.0316) 0.0546*(0.0281) 

Observations 1234 1234 

Sargan Test 0.1135 0.3961 

AR (2) 0.2215 0.2437 

Note: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels. 

On the one hand, the findings in Column I indicate 

that education level impacts income inequality. On the 

other hand, the results in Column II reveal that the 

estimated coefficient of the interaction term (PA*Edu) is 

negative at the 1% significance level.  

In Table 3, the coefficient of the Population Aging 

Coefficient (PA) is also significantly negative. This 

implies that education level not only impacts the 

association between population aging and income 

inequality but also enhances this relationship, leading to 

a further reduction in income inequality. This 

phenomenon may be attributed to several factors. First, 

individuals with higher levels of education often have 

higher productivity and competitiveness, making them 

more likely to obtain employment opportunities and 

higher wages, thus placing them in a more advantageous 

position in the labor market (Friedrich & Hirtz, 2021) 

and relatively less affected by population aging. 

Therefore, as the level of education increases, the 

mitigating effect of population aging on income 

inequality becomes more pronounced. Second, 

individuals with a good education are likely to have 

higher skills and knowledge, making them more 

adaptable to the changing social and economic situations 

(Mili, 2018). Therefore, compared to individuals with 

lower levels of education, those with higher levels of 

education are more capable of coping with the economic 

pressures brought about by population aging, thereby 

enhancing the mitigating effect of population aging on 

income inequality. 

5. Conclusion
This study systematically examined the impact of

population aging on income inequality in 143 countries 

using dynamic GMM estimation. The use of the dynamic 

GMM method effectively overcomes the potential 

endogeneity problem and ensures the reliability and 

robustness of the results.  

Specifically, the study draws the following key 

conclusions:  

1) The overall sample shows a negative correlation

between population aging and income inequality, 

implying that income inequality improves as population 

aging progresses, promoting a more equitable income 

distribution.  

2) The study empirically tested the potential

moderating effect by incorporating the average years of 

schooling into the model. The results indicate that 

education level positively moderates the impact of 

population aging on income inequality.  

The implications of this study lie in two aspects: Firstly, 

this study offers new insights into the relationship 

between population aging and income inequality, 

particularly in terms of its broader applicability across 

different global economies. Policymakers should 

recognize that population aging is an important factor 

affecting income inequality. Second, this study 

highlights the crucial role of education in moderating this 

relationship. Therefore, governments should focus more 

on universal access to quality education, increase 

investment in the education sector, and work toward 

improving the overall educational attainment of their 

citizens. 

6. Limitations and Further Study
This study was constrained by limitations in data

availability, which narrowed its scope. Future research 

could expand the scope by increasing the number of 

countries in the sample or extending the time period, 

enabling a more comprehensive analysis. 
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