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Abstract. This study examines the extent and nature of the impact of social factors on the sustainable 
economic development of China and its regions. Thus, based on the entropy method, the integral index 
of China's sustainable economic development was calculated, which became an explanatory variable in 
the regression analysis. The regression analysis of panel data of 30 Chinese provincial-level administrative 
regions covering the period from 2012 to 2021 resulted in the construction of three fixed-effect models 
showing the relationship between each of the socially-oriented dependent variables, as well as their 
totality, and sustainable economic development. The type of models was selected using the Hausman 
test and, to ensure reliability, an analysis of both the overall sample and its regional heterogeneity was 
carried out in addition to the reliability tests. According to the results of the study, one of the social factors 
(aging of the population) can contribute significantly to China's economic stability. At the same time, the 
second social factor – the growing participation of the population in pension insurance – has a negative 
impact on the Chinese economy. The combination of these factors does not have a significant impact on 
China's sustainable economic development. The study also shows that the impact of the social factors 
analyzed on economic sustainability differs in the eastern, central and western provinces of China. Based 
on the empirical results of the study, the following recommendations are proposed for China's sustainable 
economic development in the face of social challenges (aging of the population): to expand the use of the 
consumer potential of the senior population, and to develop this group as human resources; to promote 
the rational distribution of the factors of production among provinces by coordination of the state's 
regional policies. These recommendations can be used by the government to formulate a strategy for the 
sustainable economic development of China and its provinces. The research results will also be beneficial 
for businesses aiming to adapt their corporate environment to emerging realities and trends.
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Аннотация. В данном исследовании рассмотрены степень и характер влияния социальных 
факторов на устойчивое экономическое развитие Китая и его регионов. Так, на основе энтро-
пийного метода рассчитан интегральный индекс устойчивого экономического развития Китая, 
который стал объясняемой переменной в регрессионном анализе. Результатом регрессионного 
анализа панельных данных по 30 административным районам Китая на уровне провинций за пе-
риод с 2012 по 2021 год Китая стало построение трех моделей с фиксированными эффектами, по-
казывающими связь между каждым из объясняющих показателей социальной направленности, 
а также по их совокупности и устойчивым экономическим развитием. Для определения выбора 
типа моделей был использован тест Хаусмана, а для обеспечения надежности результатов ис-
следования был проведен анализ всей выборки и региональной неоднородности, а также тесты 
на надежность. По результатам исследования доказано, что один из социальных факторов (ста-
рение населения) может в значительной степени способствовать экономической устойчивости 
Китая. В то же время второй социальный фактор (рост участия населения в пенсионном стра-
ховании) негативно влияет на китайскую экономику. Совокупность этих факторов не оказывает 
существенного влияния на устойчивое экономическое развитие Китая. В исследовании также 
показано, что влияние на экономическую устойчивость анализируемых социальных факторов 
различается в восточных, центральных и западных провинциях Китая. Основываясь на эмпири-
ческих результатах исследования, предложены следующие рекомендации по устойчивому эко-
номическому развитию Китая в условиях социальных вызовов (старения населения): расширять 
использование потребительского потенциала пожилого населения, развивать человеческие ре-
сурсы пожилого возраста; содействовать рациональному распределению факторов производства 
в разрезе провинций посредством координации региональной политики государства. Эти реко-
мендации могут быть использованы правительством при формировании стратегии устойчивого 
экономического развития Китая и его провинций. Результаты исследования также будут полез-
ны бизнесу для адаптации корпоративной среды к новым реалиям и трендам.

Ключевые слова: устойчивое экономическое развитие, государство, регион, социальные 
факторы
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Introduction
Many factors influence country's sustainable economic development, which is a goal that integrates 

the economic, social and environmental dimensions [25]. It aims to meet current human needs without 
compromising the ability of future generations to meet their own needs. The economic component of 
development is closely related to the social one. The influence of the economic system on the social 
system and vice versa has been proven by science and practice [30]. Historical social challenges over the  
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millennia have included water and food shortages, inequality and various other social phenomena [26, 
27]. Modern aspects of social tensions include the problems of urbanization, population aging and de-
clining birth rates. The expansion of the range of social issues requires a rethinking of economic policy 
in terms of sustainable development in every country [28]. However, to generate effective management 
decisions, it is essential to understand the relationship between specific social factors unique to a par-
ticular state and its economic system [29].

Thus, for China, the population aging is a major trend in global demographic development and an 
important challenge in the economic and social development. At present, Chinese society is in the 
transition stage from a mildly aging society to a moderately aging society [1]. In the context of actively 
coping with population aging, achieving sustainable economic development has become an urgent is-
sue. The impact of population aging on the economy and society is multifaceted [2]. On the one hand, 
population aging reduces the effective supply of labor, affecting enterprise production and economic 
development, but population aging will also force enterprises to replace labor with technology, stimulate 
the endogenous power of innovation, thus promoting economic development. On the other hand, the 
increase in population aging leads to an increase in financial risks associated with formation of a pension 
fund, and, therefore, measures are constantly being taken to adjust the participation of the population in 
pension insurance. As can be seen, both the aging of the population and its participation in the pension 
insurance are important factors influencing the sustainable economic development of a country. There-
fore, the purpose of the study is to assess the extent and nature of the impact of modern social factors 
on the sustainable economic development of China and its regions. Research objectives are as follows:

– identify the impact of population aging on China's sustainable economic development;
– determine the impact of population participation in pension insurance on China's sustainable 

economic development;
– assess the impact of a combination of two above factors on the sustainable economic development 

of China;
– analyze the heterogeneity of the impact of aging of the population and its participation in pen-

sion insurance on sustainable economic development in different regions of China (eastern, central and 
western);

– develop recommendations for improving China's national and regional economic policies, taking 
into account the issues of aging of the population and its participation in pension insurance.

Literature review
Recent studies on the impact of population aging on the economic stability of the state has led to a 

variety of conclusions, with most studies suggesting that population aging has a constraining effect on 
economic growth. For example, in [3] Malaysia's 1981–2019 panel data was examined, and the results 
showed that the increase of population aging has a negative impact on economic growth. In [4], based on 
Chinese provincial panel data, it was found that population aging hinders economic development, while 
human capital, technological innovation and social security effectively mitigate its negative impact. In 
[5] it was pointed out that population aging significantly reduces the level of high-quality economic 
development in the region and neighboring regions. However, there are also studies that have opposite 
findings. Some studies have shown that population aging has a promoting effect on economic growth. 
For example, in [6] it is argued that population aging will have a positive impact on economic devel-
opment in the long run. In [7] and [8] it was confirmed that population aging promotes high-quality 
economic development with financial stability and human capital as mediating variables. In [9] China's 
Inner Mongolia Autonomous Region was taken as the research area and it was verified that population 
aging significantly promotes high-quality economic development in ethnic areas. This shows that there 
is still no consensus on the impact of population aging on sustainable economic development.

There are even fewer studies on the impact of participation of the population in pension insurance on 
sustainable economic development. In the current situation, China has a pronounced trend of negative  
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population growth and population aging, which poses significant risks to the state pension system and 
could lead to a serious pension crisis. Based on the current basic pension insurance premium rates, pen-
sion fund income and expenses, in [10], using mathematical and actuarial modeling, the fund balance 
dynamics was assessed and a series of recommendations to reduce the pressure on income and expenses 
of the funds was proposed. In [11] it was suggested that the downward adjustment of the enterprise pen-
sion insurance contribution rate has become an important measure to reduce the burden on enterprises, 
stimulate market vitality and promote long-term stable economic growth. In [12] the authors prior-
itized economic growth maximization and established a pension insurance equilibrium model, which 
concluded that the optimal contribution rate is lower than the realistic collection rate. The research 
[13] pointed out that a higher contribution rate of enterprise pension insurance would limit the income 
and benefit level of ordinary employees, which is not conducive to the accumulation of employees' hu-
man capital, resulting in a shortage of qualified professionals, difficulties in industrial upgrading, and 
impediments to product innovation, etc. In general, a high compulsory participation in the pension 
system is not conductive to the accumulation of human capital. On the contrary, it may further con-
strain economic growth, contribute to a shortage of pension fund accumulation, and negatively impact 
government revenues and expenditures. It is important to note that few studies are devoted to the rela-
tionship between population aging and its participation in pension insurance. In [14] it was found that 
population aging and declining fertility rate would cause an increase in pension insurance expenditures, 
which may trigger the payment risk of pension insurance. In [15] it was found that aging will directly or 
indirectly increase the pressure of urban workers' pension insurance payments. Therefore, in the face of 
increasing population aging, which leads to increased pension insurance payment pressure, the pension 
insurance participation rate will also increase.

A review of the literature has shown the relevance of the present research on the assessment of a 
country's sustainable economic development under the influence of interrelated factors: population ag-
ing and its participation in pension insurance. Let us formulate three hypotheses of the proposed study.

Population aging significantly influences sustainable economic development through labor supply, 
human capital and consumption [16]. It reduces labor supply and increases costs, but at the same time 
stimulates technological innovation in businesses [17]. With an increase in life expectancy, the return 
on investment in education increases, which results in a higher level of education and human capital 
development [18]. Population ageing also increases consumer demand, particularly in the healthcare 
sector due to rising morbidity and medical costs, contributing to the development of the elderly care 
and healthcare industries. It is necessary to use the consumption potential of the elderly in the enter-
tainment and cultural sector, promoting the development of the “silver” economy. Therefore, the first 
hypothesis is proposed: Population aging positively affects sustainable economic development [19].

An increase in the participation rate in pension insurance can increase the financial burden on the 
state and society in the context of an aging population. An increase in the participation rate leads to an 
increase in pension payments, which can lead to a strain on the pension system if income growth lags 
behind expenditure growth, which will negatively affect the economy [20]. An increase in the participa-
tion rate may also lead to earlier retirements, reducing labor supply and dampening productivity [21]. In 
addition, enterprises may need to raise wages to ensure that they have enough labor, which will lead to 
higher costs. While the pension system aims at improving social welfare and combating poverty, it could 
increase intergenerational inequality, with younger cohorts bearing a higher tax burden to fund pen-
sions for the elderly [22]. Based on the above analysis, the second hypothesis is proposed: An increase 
in population participation in pension insurance can have a negative impact on sustainable economic 
development.

In recent years, the continuous intensification of population aging and the continuous adjustment 
of the pension insurance system, with the pension insurance participation rate continuously increasing, 
the negative impact of the increase in the pension insurance participation rate on sustainable economic  
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development may affect the impact of population aging on sustainable economic development. Based on 
the above analysis, the third hypothesis is proposed: An increase in the pension insurance participation 
rate mitigates the impact of population aging on sustainable economic development.

Methods and materials
The study is based on panel data from 30 provincial-level administrative regions in China covering 

the period from 2012 to 2021 and uses the regression analysis method. The result of the study was the 
construction of three fixed-effect models showing the impact of population aging and participation of 
the population in pension insurance on China's sustainable economic development.

The integral index of sustainable economic development (sed) is selected as the dependent variable 
in the model. This indicator is based on the approach in [23], according to which, a set of indicators of 
China's sustainable economic development was classified into five groups:

1) innovation;
2) coordination;
3) green development;
4) openness;
5) sharing.
The set of indicators is presented in Table 1.
The entropy method was used to assign weights to each indicator, and the resulting weights were used 

to calculate the comprehensive index of sustainable economic development for 10 provinces (cities) in 
China over the period 2012–2021.

The comprehensive evaluation model and specific steps of the entropy value method are as follows [31]:
(1) Indicator standardization.
Positive indicators:

Negative indicators:

where i stands for the province (i = 1, 2, ... , n), j is the indicator (j = 1, 2, ... , m), Xij is the original indi-
cator,     is the standardized indicator, and max(Xij) and min(Xij) are the maximum and minimum values 
of the original indicator, respectively.

(2) Calculation of the proportion of the indicator accounted for by the i-th province under the j-th 
indicator.

(3) Calculation of the information entropy ej of the indicator.
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Table 1. The set of sustainable economic development indicators for China [31]

Dimension Norm Unit
Indicator 
properties

Weights

Innovation
(0.4305)

Science and technology expenditures 
as a share of fiscal expenditures

% + 0.0676

R&D staff full-time equivalent man-year + 0.1213

Technology market turnover/GDP % + 0.1406

Number of domestic three kinds of patent 
applications authorized for 10000 people

item + 0.1010

Coordination
(0.1204)

GDP per capita by region as % of national GDP per capita % + 0.0520

Ratio of annual per capita disposable 
income of urban and rural residents

– – 0.0121

Share of added value of tertiary sector in GDP % + 0.0246

Share of local fiscal expenditure on culture, 
sports and media in fiscal expenditure

% + 0.0317

Green
(0.0474)

Non-hazardous treatment rate of domestic waste % + 0.0042

Greening coverage in built-up areas % + 0.0120

Electricity consumption per unit of GDP kWh/$ – 0.0070

Share of environmental protection 
expenditure in fiscal expenditure

% + 0.0242

Openness
(0.2440)

Total exports and imports of goods/regional GDP % + 0.0779

Number of foreign-invested enterprises
classifier for 
households

+ 0.1461

Sharing
(0.1777)

Urban registered unemployment % – 0.0195

Public library holdings per capita
classifier 

for volumes 
of books

+ 0.0658

Teacher-student ratio in general colleges % + 0.0314

Physicians per 10,000 people man + 0.0278

Share of social security expenditure in local 
general public budget expenditure

% + 0.0332

(4) Calculation of the information redundancy of the j-th indicator dj.

(5) Calculation of the weight of each indicator wj.

(6) Determination of the integrated indicator of sustainable economic development (sedi), which is 
then used as the basis for subsequent regression analysis.
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The following two indicators were selected as dependent variables for the regression analysis:
1) population aging as an indicator calculated as a percentage of the population aged 65 years and over;
2) rate of participation in the pension insurance, which is an indicator calculated as a percentage of 

the population covered by the basic pension insurance.
Control variables were also identified:
1) level of human capital, measured by the average number of students enrolled in higher education 

institutions per 100000 inhabitants;
2) employment rate, measured as the ratio of employment at the end of the year to the total popula-

tion of each province and city;
3) urban population density, expressed as the ratio of the urban population to the urban area;
4) level of government support (gov), measured by the share of budget expenditure in GDP.
The regression models are as follows:

In (1) the direct impact of population aging on sustainable economic development is analyzed, while 
(2) focuses on the direct impact of population participation in pension insurance on sustainable eco-
nomic development.

To construct (3), based on (1) and (2), the coefficient of interaction between the two factors under 
consideration was incorporated to investigate the deterrent effect of population participation in pension 
insurance. In the equation i is a province (or an autonomous region, or a municipality directly subordi-
nated to the central government), t is the year, sed is an integral indicator of sustainable economic de-
velopment, aging is an indicator of population aging, pension is the coefficient of participation of the 
population in pension insurance, aging×pension is an indicator of the relationship between population 
aging and the coefficient of the population participation in pension insurance, control is the control 
variables: human capital (human), the level of employment in relation to the employer (employ), and 
the level of employment in relation to the employee (employee), the coefficient of population participa-
tion in pension insurance (pension), population density (density), and the level of government support 
(gov); µi is a fixed effect for a region, δt is a fixed effect for a year, and eit is a random disturbance.

Results and discussion
To solve the problem of selecting a fixed effect model and a random effect model for testing, the 

Hausman test was used. It showed P = 0.000, which indicates that the original hypothesis of using a 
random effect model is rejected [24]. Therefore, in this study, a fixed effect model was selected for the 
regression analysis.

Table 2 shows the regression results for the entire sample. The first column shows the results of regres-
sion analysis of the influence of population aging factor on sustainable economic development, and the 
coefficient of population aging here is positive and provides a contribution to sustainable economic devel-
opment at the level of 1%, which confirms the first hypothesis. If we analyze the reason for this, it may be 
that population aging will increase the demand of the elderly for pension and health care and other goods 
and services. This will lead to the modernization of pension, health care and other industries, thus forming 
a new point of economic growth, which will have a positive impact on the sustainable development of the 
economy. This will have a positive impact on the sustainable economic development.

0 1 2 ;it it it i t itsed aging control= α +α +α +µ +σ + ε (1)

0 1 2 ;it it it i t itsed pension control= β +β +β +µ + δ + ε (2)

( )0 1 2 3 4 .it it it it i t itsed aging pension aging pension control= ν + ν + ν + ν × + ν +µ + δ + ε (3)
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Table 2. Full sample regression results

Variables (1) (2) (3)

aging 0.011*** 0.011***

pension -0.005*** -0.003***

aging×pension 0.000

human 0.021** 0.113*** 0.058***

employ 0.007** 0.008** 0.008**

density 0.000*** 0.000*** 0.000***

gov 0.000 0.001 0.000

constant -0.717** -0.707* -0.749**

observations 300 300 300

R2 0.584 0.515 0.617

Province NF YES YES YES

Year NF YES YES YES

* p < 0.1, ** p < 0.05, *** p < 0.01

Column (2) shows the results of the regression analysis of the effect of the pension insurance partic-
ipation rate on economic sustainability. It is negative and has a significance of 1%, which means that a 
higher pension insurance participation rate has a significant negative effect on economic sustainability, 
and the second hypothesis is confirmed. Column (3) shows the results of the regression analysis of the 
relationship between population aging and pension insurance participation rate, and it has no signifi-
cant effect on economic sustainability. The third hypothesis remains untested, likely because the design 
and implementation of the pension insurance system were based on the reality of population aging. As 
a result, the influence of population participation in pension contributions on sustainable development 
cannot be effectively measured, as the system inherently accounts for the effects of population aging.

As can be seen from Table 2, the regression analysis results of the intercept terms in Equations (1–3) 
are all significant at the 10% level, and this research selected panel data of 30 provincial administrative 
regions in China from 2012 to 2021, thus generating 300 observations, and all of them have R2 greater 
than 0.5, which indicates that the model has a strong explanatory power. Fixed effects for province and 
year were done in the regression model.

Next, a heterogeneity test was performed. China occupies a vast geographical area, and the level of 
population aging may vary in different regions, and the impact of population aging on high-quality eco-
nomic development may also differ. Therefore, for the purpose of this study, China is divided into three 
regions based on factors such as geographic location, natural environment, level of economic develop-
ment and cultural differences: eastern, central and western regions.

The eastern region, which has earlier economic development, may face more serious problems of 
aging, and its population aging and pension insurance participation may be different from that of other 
regions. While the central and western regions may be less developed economically than the eastern one, 
they have unique advantages in terms of resources, labor force and market potential, but they age dif-
ferently because of differences in population flows and fertility rates. This research further explores the 
correlation between population aging, pension insurance participation rate and sustainable economic 
development from the perspective of regional heterogeneity (see Table 3).

In the study, the regions of China are divided into three groups:
1) the eastern region, including Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, 

Fujian, Shandong, Guangdong and Hainan;
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2) the central region, including Shanxi, Jilin, Heilongjiang, Henan, Hubei, Hunan, Anhui, and 
Jiangxi;

3) the western region, including Inner Mongolia, Chongqing, Sichuan, Guangxi, Guizhou, Yun-
nan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.

Table 3. Regression results based on regional heterogeneity analysis

Eastern region Central Region Western region

(1) (2) (3) (4) (5) (6) (7) (8) (9)

aging 0.011*** 0.014*** 0.001 -0.009* 0.010*** 0.001

pension -0.014*** -0.007*** -0.002** -0.005*** -0.001* -0.003**

aging×pension 0.000 0.000 0.000

human 0.024 0.135*** 0.120*** 0.077*** 0.100*** 0.062*** 0.009 0.054*** 0.013*

employ 0.015 -0.002 0.007 0.019*** 0.019*** 0.016*** 0.002 0.002 0.005*

density 0.000*** 0.000*** 0.000*** 0.000** 0.000** 0.000 0.000 0.000 0.000

gov -0.000 0.001 0.001 -0.002** -0.002** 0.000 -0.000 -0.000 -0.000

constant -1.389 0.411 -0.639 -1.833*** -1.828*** -1.431*** -0.227 -0.086 -0.378

observations 110 110 110 80 80 80 110 110 110

R2 0.615 0.588 0.700 0.802 0.813 0.843 0.733 0.593 0.747

Province NF YES YES YES YES YES YES YES YES YES

Year NF YES YES YES YES YES YES YES YES YES

* p < 0.1, ** p < 0.05, *** p < 0.01

Columns (1) and (7) show that population aging has a significant positive effect on sustainable eco-
nomic development in the eastern and western regions, which has a significance level of 1%. In contrast, 
column (4) shows that in the central region, population aging has no significant effect on sustainable 
economic development, and the central region shows weaker results than the eastern and western re-
gions. The reason for this difference may be that the labor supply structure and industrial structure of the 
central region need to be improved. In order to fully realize the positive effects of population aging on 
sustainable economic development, the central region should further improve the allocative efficiency 
and optimize the industrial structure.

Columns (2) and (5) show that in the eastern and central regions, the pension insurance participation 
rate has a negative effect on the sustainable economic development and the significance level is 1% and 
5%, respectively. Column (8) shows that the effect of pension insurance participation rate on the sus-
tainable economic development of the western region is negative and the significance level is 10%. The 
reason may be that the western region is less industrially developed, its economic foundation is weaker, 
the pension insurance participation rate is theoretically lower, and the impact on the sustainable eco-
nomic development is not significant.

The next step was to test the robustness of the models. For this purpose, the leave-out method of for 
the robustness test was used in order to ensure the stability of the test results. Beijing, Shanghai, Tian-
jin and Chongqing, as municipalities directly under the central government, may differ significantly 
from other provinces (autonomous regions) in terms of economic development, the degree and speed of 
population aging and social burden, and thus the impacts of population aging on sustainable economic 
development may also be different. Therefore, a regression analysis is conducted on the sample data 
excluding the four municipalities mentioned above. From the regression analysis results, it can be seen 
that the impact of population aging on sustainable economic development is significantly positive at the 
1% level, and the impact of pension insurance participation rate on sustainable economic development  
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is still negative. This is generally consistent with the regression analysis results on the full sample, indi-
cating that the previous argument is valid.

Conclusion
Based on panel data for Chinese provinces for 2012–2021, regression modeling was conducted to 

assess the impact of two social factors (population aging and population participation in pension insur-
ance) on sustainable economic development, and the following results were obtained:

1) population aging has a positive impact on the sustainable economic development of China and 
its regions;

2) a higher rate of pension insurance participation will have a negative impact on sustainable eco-
nomic development;

3) relationship between pension insurance participation and population aging has no significant ef-
fect on sustainable economic development due to the perfection of the pension insurance system;

4) positive effect of population aging on sustainable economic development is more significant in 
western and eastern regions of China.

5) negative effect of pension insurance participation rate on sustainable economic development is 
more significant in eastern and central regions of China.

Based on the above mentioned results, the following conclusions are made:
1. To leverage the positive effects of population aging, efforts can be focused on activating the elderly 

consumer market – particularly in the health care sector – and developing a “silver” economy to meet 
the diversified needs of the elderly and promote the growth of related industries [25]. At the same time, 
policies can be adopted to gradually postpone retirement, optimize the allocation of human resources, 
and use the rich experience of older workers to improve the quality of the workforce. Government sup-
port is also needed to develop a quality elderly care industry.

2. It is necessary to adjust the mechanism of population participation in pension insurance to miti-
gate the negative impact on the economy. In order to reduce the burden of pension payments, it is neces-
sary to optimize the management of pension insurance funds, increase efficiency, and balance insurance 
premium rates and benefit payment conditions, taking into account an increase in the retirement age 
and the increase in working hours. The government should support a multi-level elderly care insurance 
system to diversify risks and reduce the burden on the basic pension. In order to improve public aware-
ness of pension insurance, it is necessary for the media and education to play a more active role in raising 
public awareness in this issue.

3. It is necessary to promote the rational allocation of production factors in order to achieve co-
ordinated regional development. Particular attention should be paid to the allocation of resources and 
cooperation between regions, the introduction of advanced technologies, and the elimination of short-
comings in economic development. At the same time, it is important to assess the characteristics of 
population aging and the level of pension provision in different regions, make use of the comparative 
advantages of regions, and develop demographic and pension insurance policies that take into account 
regional characteristics, so as to promote the sustainable economic development of China's regions.

Future research directions
Future research will focus on how the positive effect of population aging on economic development 

can be fully realized through policy innovation and market activation. It is necessary to review and op-
timize the pension insurance system to adapt to demographic changes and ensure its sustainability. It is 
also necessary to explore strategies for inter-regional resource allocation and industrial cooperation in 
order to promote coordinated and sustainable economic development on a national level.
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