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Introduction: Given the world’s largest and increasingly serious aging population, China has elevated “positively responding to aging of population” to a national strategy. Exploring the current state and evolutionary trends of active aging over the past decade is a fundamental prerequisite and the primary task for implementing this strategy.

Methods: Based on data from the China Health and Retirement Longitudinal Study (2011-2018), this study primarily employs methods such as the entropy method, Gini coefficient, Moran index, and Kernel density estimation to analyze the development level, regional differences, and dynamic evolution of active aging in China.

Results: (1) From a general point of view, the overall level of active aging in China has not been high in the past decade, but has shown a rising trend year by year. Older Chinese people exhibit high levels of physical and mental health, but social participation and economic status remain areas of weakness in active aging. (2) Inter-regional differences are the main source of the overall differences in the level of active aging in China. (3) There is a spatial clustering of the active aging level in China, along with a neighborhood effect. (4) The bifurcation phenomenon of active aging in China has intensified over time. While the eastern region exhibits uneven development, the central and western regions have generally had more balanced growth.

Discussion: To improve the level of active aging among older adult individuals in China, policymakers should continuously optimize policies and pay more attention to the economic status and social participation of the older adult. Local governments should not only fully leverage their regional advantages but also interact with other regions to achieve cross-regional joint development.
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1 Introduction

Population aging has been and will continue to be one of the most significant processes and factors of the 21st century (or at least the early decades of the 22nd century) (1). This demographic shift brings challenges such as labor shortages, increased healthcare expenditures, and greater burdens on social security systems (2). Insufficient attention to aging issues can lead to social tensions, intergenerational conflicts, and political and social instability. Currently, aging is a global phenomenon (3). As of now, 22 countries and regions have at least 20% of their populations aged 65 or older (4), with the United Nations predicting this number will rise to 59 by 2030 (5). China holds the largest older adult population globally (6), with 216.76 million people aged 65 and older in 2023, a figure set to grow to 260 million by 2030. Focusing and solving aging issues in China can contribute significantly to maintaining stability within the country and mitigating global population aging.

The concept of “active aging” emerged in gerontology in the latter decades of the twentieth century, as the world sought solutions to population aging. Researchers advocate that active aging is an umbrella concept (7), morally sound and economically valuable (8), which can positively impact macro, meso, and micro levels, establishing it as a new paradigm in gerontology (9). The Chinese government has recognized the importance of responding proactively to population aging as a key national strategy. Nevertheless, achieving this strategic goal is challenging. Approximately 190 million older adult people in China suffer from chronic diseases (10), nearly a third have depressive tendencies (11), and the pension incomes for older adult people aged 60 and above in rural areas generally fall below the national poverty line (12). Given these challenges, it is crucial for China to adopt positive means and strategies to address aging. The fundamental prerequisite and primary task in this endeavor is to clarify the current state and evolution trends of active aging in the country.

Current research on active aging is still in its developmental stage and faces several challenges: in terms of doctrine, the connotation of active aging lacks detailed descriptions of construction paths and development strategies, leaving much room for exploration. In terms of empirical evidence, existing studies are limited to specific geographic areas or single years, lacking large-scale national measurements and descriptions of spatial and temporal dynamics. This limitation hampers the ability to present a comprehensive view of the overall development of active aging across the country, regional variations, temporal evolution, and spatial relationships. Given these gaps, this study aims to answer the following questions: What are the characteristics of active aging? What is the development status of active aging in China over the past decade? Are there spatial correlations? What kind of dynamic trends have been observed? Clarifying these questions will help to understand the development of active aging in China, identify its shortcomings, and provide a basis for formulating effective intervention strategies for an aging society. Such insights will aid in promoting the decision-making and strategic deployment of China’s active aging strategy.



2 Literature review


2.1 Connotation of active aging

Since the 1940s and 1950s, “active aging” has gradually attracted attention from various stakeholders. To this day, scholars still argue that “active aging” lacks a clear conceptual definition (13, 14), primarily because its dimensions are not uniform. Some interpretations focus on a single dimension. For instance, certain industrialized countries center their active aging policies on economic factors (15). Similarly, U.S. policymaking organizations often measure only “participation in moderate-intensity sports” (14). However, the multidimensional nature of “active aging” is more widely recognized compared to focusing on a single dimension. For instance, Hsu et al. proposed that employment, community engagement, independent living, health and security, positive aging ability, and a supportive environment represent the essence of active aging (16). Hui et al. incorporated physical vigor, life satisfaction, family support, and active participation into the concept of active aging (17). Rascado et al. contended that active aging comprises two primary components: health and participation (18). Despite their varying focal points, these studies are all aligned with the three-dimensional framework of “health, participation, and security” proposed by the World Health Organization in its “Active Aging: A Policy Framework.”

This study does not adopt the “three-dimensional framework” proposed by the WHO as the definition of active aging in China. This decision is based on two primary considerations. First, as a country with an exceptionally large and rapidly aging population, China requires a clear strategy for developing pathways and methods for building an active aging society, instead of relying solely on the broad framework proposed by WHO. Secondly, China’s unique context of “aging before affluence” and “aging before readiness” must be considered, rather than limiting the perspective to the globalized view provided by the three-dimensional framework. These unique factors should be explicitly addressed in national policy practices and theoretical research. For example, the “Opinions on Further Strengthening the Cultural Construction for the Elderly” emphasizes optimizing the cultural environment for the older adult and enriching cultural products for them. The “Opinions on Further Strengthening the Preferential Treatment for the Elderly” highlights the need to provide various forms of economic subsidies, preferential treatments, and convenient services for the older adult. The “Opinions of the General Office of the State Council on Formulating and Implementing Elderly Care Service Projects” focuses on tasks such as establishing subsidy systems for economically disadvantaged, older adult people of advanced age and those with disabilities, and strengthening the modification of community and household facilities to be suitable for the older adult. The “Opinions on Strengthening the Work on Aging in the New Era” proposes several initiatives such as improving the multi-level pension security system, enhancing health services and management for the older adult, promoting social participation of the older adult, building a social network for the older adult, creating a livable environment, fostering the silver-hair economy, and enhancing relevant support policies. Furthermore, the “14th Five-Year Plan for Healthy Aging” aims to improve the preventive healthcare service system focusing on both physical and mental health. Lastly, the “Opinions on Promoting the Construction of the Basic Elderly Service System” suggests formulating and implementing a list of basic older adult care services (19–24), and so on.

Additionally, scholars like Fang and Sim and Lee and Tan have suggested specific measures, including organizing classroom activities for the older adult, creating a “third space” in communities for social interaction, and subsidizing physical activity programs as well as parks equipped with amenities (25, 26). These elements respond to and refine the three-dimensional framework. By combining practical requirements at the national governance level and theoretical strategies at the academic research level, it becomes clear that the connotation of active aging should encompass both the ultimate goals and detailed content specified in the “three-dimensional framework.” In this paper, the connotation of active aging in China is summarized as follows: multidimensional physical health, sustainable mental health, diversified social participation, three-dimensional economic status, a suitable physical environment, and full social security coverage.



2.2 Measurement tool for active aging

The World Health Organization has proposed the need to develop tools for measuring and monitoring active aging, prompting scholars globally in relevant fields to embark on exploration. For example, Thanakwang and Soonthorndhada compiled the Thai scale for active aging (AAI-Thai), containing three dimensions, which are “health” “community participation” and “security.” And they further supplemented and refined it in 2014, proposing that the scale for active aging should include seven aspects: being self-reliant, being actively engaged with society, developing spiritual wisdom, building up financial security, maintaining a healthy lifestyle, engaging in active learning and strengthening family ties to ensure care in later life (27, 28). Zaidi et al. developed the EU scale for active aging (AAI-EU), which contains individual factors and environmental factors. And this scale has been widely used in subsequent research (29). Buys and Miller designed the AAQ-AUS scale (Australia), which includes work, study, social interaction, emotions, spirituality, health, family environment, and life events (30). Zasimova and Sheluntcova first developed a Russian scale for active aging, with AAI-RUS containing health, social engagement, and security as its three dimensions (31). Rantanen et al. determined the UJACAS scale (Finland) based on what individuals “want to do,” “can do,” “believe is meaningful to do,” and “actually do,” including indicators such as participation in study or community activities, outdoor recreation, maintenance of physical exercise, conscious exercise of thinking and memory, and social engagement (32).

Chinese scholars have also continuously contributed their efforts. For example, in 2012, Hu constructed the Chinese scale for active aging (AAI-CHN) from the perspectives of individuals and the social environment (33). However, the content of active aging in China has undergone many changes over the past decade, making the scale’s content less timely. In contrast, Xie’s study in 2019 was more comprehensive. However, his study proposed “establishing a model of active aging under Chinese culture” (34). What’s more, the study proposed that the concept of “Chinese culture” is too broad, potentially leading to content redundancy in the model. Zhou et al. enriched the indicators of active aging by incorporating economic security, policy support, materials, and facilities, but lacked validation of reliability and validity or only partially presented them (35). It is obvious that domestic Chinese scholars are at the initial stage of constructing indicators and developing scales for active aging currently.



2.3 Measurement level of active aging

To address the current status of the level of active aging in China, some scholars have conducted preliminary studies. For example, Pham et al. and Um et al. calculated the index of active aging in China using the Vietnam and EU scales, respectively (36, 37); Tian et al. measured the level of active aging among rural disabled older adults in Henan Province using the Barthel index and a scale adapted from Thailand (38); Liu et al. used the same scale to survey 253 older adults in the community of Yanji City, and the results showed that the total score of positive aging among older adults was 99.22 ± 13.69, which was at a medium level, and further analyzed the influence of demographic information on it (39); Bian and Wang, on the other hand, based on the EU scale, used comprehensive national data (China Health and Retirement Longitudinal Study 2011–2018, China General Social Survey), calculate the national and four major regions active aging index by entropy value method, and further analyze its coordination level (40).

In summary, most existing literature relies on foreign indicator systems, employing small sample data to measure the level of active aging in single regions. These studies are often limited to cross-sectional analyses, with few examining national, dynamic, and regional perspectives. This study aims to address these limitations through the following three aspects: first, construct a multidimensional evaluation scale based on the connotation of active aging in China. Second, measure the current status of active aging in China over the past ten years using the entropy value method. The data sources include the China Health and Retirement Longitudinal Study for the years 2011, 2013, 2015, and 2018. The analysis covers overall, dimensional, regional (eastern, central, and western parts of China), provincial levels and urban and rural level. Third, analyze the relative differences in active aging levels in China and their sources using the Gini coefficient and its decomposition. Additionally, explore the relationship between active aging levels and spatial geography with the Moran index, and present the absolute differences and dynamics over the past decade using Kernel density estimation (see Figure 1).
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FIGURE 1
 Research framework.





3 Materials and methods


3.1 Constructing of active aging scale

This study draws on the research ideas of Sin et al., Rantanen et al., and Ayoun and Schmitz, starting from the conceptual definition and connotation analysis (32, 41, 42). After gaining a clear understanding of the concept and connotation of active aging, following the research process outlined in DeVellis and Thorpe’ Scale Development: Theory and Applications (1991) and relevant academic papers (43, 44), and considering principles such as scientificity, comprehensiveness, and data availability, this study utilizes data from the China Health and Retirement Longitudinal Study. Through a series of rigorous steps including “develop item pool → data preprocessing →project analysis → exploratory factor analysis → confirmatory factor analysis → reliability test” (as shown in Figure 2), a stable and reliable China’s Active Aging Scale (AAI-CHN) has been developed. The scale includes dimensions such as physical health, mental health, social participation, economic status, physical environment, and social security (as shown in Table 1). The Cronbach’s α is 0.867 (≥0.60), GFI = 0.954 (≥0.95), AGFI = 0.940 (≥0.90), RMSEA = 0.050 (≤0.05), and SRMR = 0.047 (≤0.05).

[image: Figure 2]

FIGURE 2
 Flowchart for the development of the Active Aging Scale in China.




TABLE 1 Active Aging Scale in China.
[image: Table1]



3.2 Research methods


3.2.1 Entropy method

The entropy method, as a typical objective assignment technique, can effectively avoid the influence of individual subjective biases. This study utilizes AAI-CHN to calculate the comprehensive and dimension weights for each subsystem and elemental index. By combining these weights with index values, we derived the active aging levels for each province, as well as the levels across six dimensions of active aging, for the years 2011–2018. The scores range from 0 to 100 and are based on a passing benchmark of 60, where higher scores correspond to higher levels of active aging and vice versa. On one hand, these scores reflect the partial current state of active aging development in China at a macro level. On the other hand, it can provide essential data support for further research. The specific process follows the methodology outlined by Luo and Zhou (45).



3.2.2 Dagum Gini coefficient

The Dagum Gini coefficient is a specialized method for depicting and interpreting the magnitude of differences. It not only measures overall regional disparities but also reveals the effects of intra-regional, inter-regional, and transvariation densities on these disparities. This study employs the Dagum Gini coefficient to assess the magnitude and sources of regional differences in active aging within China. The aim is to understand the basic information of the development of active aging in China at the level of relative differences. According to international standards, cut-off points of 0.2, 0.3, 0.4, and 0.5 indicate very low, low, moderate, high, and very high differences, respectively. For the calculation process, please refer to Chen and Jin (46).



3.2.3 Moran index

The Moran Index is a specialized method for measuring the degree of spatial data correlation. It offers advantages such as quantifying autocorrelation, testing the significance of the correlation, and conducting both global and local analyses. This study uses the global Moran Index to test for spatial correlation in the development level of active aging across China. Additionally, the local Moran Index is employed to identify the spatial aggregation patterns of each province. These characteristics will form the basis for this paper’s analysis of active aging from a spatial perspective. For the calculation procedure, refer to Zhou and Wen (47).



3.2.4 Kernel density estimation

The kernel density estimation method is a nonparametric technique used to reveal the distribution trend of a target object over time. It is primarily employed in spatial disequilibrium analysis. To obtain dynamic information on the absolute differences in the level of active aging across the country and its regions, the study employs this method. It examines the distribution location, dynamics, and ductility of active aging levels during the sample period and illustrates the trend of the dynamic evolution of its spatial distribution. For the specific measurement process, refer to Mao et al. (48).




3.3 Data source

The data for this study come from the China Health and Retirement Longitudinal Study (CHARLS). CHARLS is a household survey conducted by the National Development Research Institute of Peking University (NDRI), using multi-stage PPS (Probability Proportional to Size) sampling. It covers 28 provincial-level administrative regions in China, excluding Tibet, Hainan, Ningxia, Hong Kong, Macao, and Taiwan. The survey includes 150 county-level units and 450 village-level units, focusing on middle-aged and older adult individuals aged 45 and above. The CHARLS questionnaire design was modeled after the American Aging Population Health and Retirement Study. The CHARLS survey is highly regarded for its response rate and data quality, achieving some of the highest standards globally for similar research. It has received widespread academic recognition (49) and approval from the Biomedical Ethics Committee of Peking University.1 CHARLS data collection began with the baseline survey in 2011, and follow-up surveys were conducted in 2013, 2015, 2018, and 2020. Due to the COVID-19-specific survey conducted in 2020, those results are not yet considered in this study. In data processing, samples with missing key information (e.g., gender, age, education) and those aged below 60 years were excluded. When original data had varying degrees of missing values, the mean method was used to impute the missing information.




4 Results and analysis


4.1 Measurement of the level of active aging

Based on the indicator weights and values, we provide a basic description of the level of active aging in China over the past ten years. The results are presented in Figures 3–5 and Table 2.

[image: Figure 3]

FIGURE 3
 Overall and dimensional development levels of active aging in China from 2011 to 2018.
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FIGURE 4
 Trends in the level of active aging in the three regions.
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FIGURE 5
 Active aging and its dimension urban–rural development level and urban–rural gap in China from 2011 to 2018.




TABLE 2 Typological distribution of the three major regions of active aging in China.
[image: Table2]


4.1.1 Comprehensive level and level of each dimension

Using the entropy method, we calculated the trend of the overall development level of active aging in China from 2011 to 2018. The results are shown in Figure 3. The mean value of the overall development level of active aging in China ranges from 41.83 to 44.65 (on a scale of 0–100), indicating a lower level of development. However, there is an increasing trend over time, with a growth rate of 6.75%.

Figure 3 also presents the development levels of the six dimensions of active aging in China: (1) The physical health of Chinese older adults is the highest among the six dimensions, with values of 70.52, 70.81, 70.06, and 74.53 from 2011 to 2018, respectively. (2) The average mental health score ranges from 66 to 70, with a composite mean value of 67.69, indicating relatively satisfactory mental health among older adults. (3) The physical environment score increased from 39.42 in 2011 to 47.21, ranking third with a national average value of 44.10. This shows increasing importance placed on the living environment of the older adult. (4) Social security improved from 25.24 in 2011 to 37.03 in 2018. Although the overall development level was not high, the situation was favorable, with an average annual growth rate of 6.68%, thanks to the continuous enrichment of social security content and expansion of coverage in China. It shows a trend of continuous growth. (5) The overall mean value of social participation is 19.89. According to Maslow’s Hierarchy of Needs Theory, social participation belongs to the middle and high-level needs. If the lower-level needs are not fulfilled, the motivation and level of social participation will not be effectively activated. This suggests that social participation is an important factor restricting the development of active aging. (6) The mean value of economic status is only 6.03. Although the development is not as good as expected, it increased from 2.49 in 2011 to 6.99 in 2018, with an average annual growth rate of 25.90%. This indicates that, despite the highlighted problem of poverty among the older adult, economic adjustments made by the State, such as the transformation of the economic development mode, financial reforms, comprehensive deepening of reform and opening up, poverty reduction programs, and improvement of the pension system, have directly raised the economic level of the older adult.



4.1.2 Regional level

The study analyzes the changes in active aging levels in the eastern, central, and western regions of China, as depicted in Figure 4. The overall trend indicates a steady increase in active aging across all three regions, suggesting positive growth momentum. Specifically, the average value of active aging in the eastern region is significantly higher than that in the central and western regions, with mean values ranging from 44.77 to 47.74. In contrast, the levels of active aging in the central and western regions are similar, although the central region shows slightly better outcomes than the western region. Therefore, in terms of absolute differences, which is the differences between the mean values, the level of active aging in the eastern region is markedly higher than that in the central and western regions.



4.1.3 Development level of each province

To explore the development of active aging in 28 provinces, this study utilized the findings of He et al. and Wei and Li (50, 51). The national level was categorized into four types based on the mean level (41.83–44.65), the composite mean (E) (43.01), and the standard deviation (SD) (3.65) for each year. Provinces with a composite mean of 44.84 or higher are referred to as “leading provinces.” Those with a composite mean between 43.01 and 44.84 are termed “progressive provinces.” Provinces with a composite mean between 41.19 and 43.01 are labeled “catching up provinces,” and those with a composite mean of less than 41.19 are called “lagging behind provinces.” The distribution of these categories across different regions is illustrated in Table 2.

The leading provinces in coping with aging include Shanghai, Beijing, Tianjin, Zhejiang, and Jiangsu. These regions have achieved remarkable results in actively addressing aging. The progressing provinces consist of Heilongjiang, Guangdong, Shaanxi, and Guangxi, reflecting a high level of active aging. The 12 catching-up provinces are Jiangxi, Xinjiang, Shandong, Fujian, Liaoning, Henan, Hebei, Hunan, Hubei, Inner Mongolia, Guizhou, and Jilin. The level of active aging in these provinces is below the national average, but there is potential for improvement. The remaining seven provinces are lagging behind, indicating a significant gap compared to the leading provinces.

In this evaluation, the leading provinces are primarily concentrated in the eastern region. Among the progressing provinces, one is in the east, one is in the center, and two of them are in the west. For the catching-up provinces, four are in the eastern region, five are in the central region, and three are in the western region. The lagging provinces are mainly in the central and western regions, with two in the central region and five in the western region. This distribution highlights regional differences in China’s active aging development. The eastern region, with its economic advantages, has made notable progress in terms of active aging. In contrast, the central and western regions, though currently behind, are showing positive momentum. Some areas have achieved higher success in active aging due to their accumulated resources and potential.



4.1.4 Urban and rural development levels of active aging

The study analyzed the development levels, trends, and urban–rural differences of active aging from 2011 to 2018. Overall, the level of active aging among the urban older adult was 45.54 and that of rural older adult was 40.06 from 2011 to 2018. Although the level of active aging among urban older adult was higher than that of rural older adult, the average difference was only 5 points, indicating that there was no significant fluctuation in the urban–rural difference during the eight years.

Specifically, (1) From 2011 to 2018, the physical health level of the older adult in both urban and rural areas improved, with a small and stable urban–rural gap. (2) The mental health level of the older adult in urban and rural areas showed a small gap, and the urban–rural difference in 2018 was slightly narrowed compared to the baseline year. (3) Compared to rural areas, the level of social participation among urban older adult was slightly higher. In 2011, the level of social participation among the older adult in both urban and rural areas was much higher than in other years, and the urban–rural gap widened in 2018 compared to 2011. (4) In 2011, the economic levels of the older adult in both urban and rural areas were low and almost identical, but the improvement in the economic level of urban older adult in 2013 led to an expansion of the urban–rural gap, which subsequently narrowed year by year. (5) Among the six dimensions, the physical environment showed the largest difference between urban and rural older adult, with an average gap of 16.45, but this gap continued to narrow over time. (6) In 2011, the level of social security for rural older adult was slightly higher than that of urban older adult, but the level of urban older adult surpassed rural older adult in 2013. In 2015, development showed a balanced trend between urban and rural areas, and in 2018, the urban level was again higher than that of the rural area (as shown in Figure 5).




4.2 Regional differences in active aging

The study identified absolute differences in active aging across the eastern, central, and western regions of China. Subsequently, the research will utilize the Dagum Gini Coefficient to analyze the evolutionary characteristics of these relative differences in active aging.


4.2.1 Overall differences and sources

Figure 6 displays the result of overall Gini coefficient for active aging in China from 2011 to 2018. In general, the average Gini coefficient for the degree of active aging is 0.0394, falling below the international standard threshold of 0.2. This suggests that the overall disparity in active aging throughout the country is relatively minimal. Examining specific years, the Gini coefficient rose from 0.0400 to 0.0433 between 2011 and 2013, decreased to 0.0348 in 2015, and increased slightly to 0.0396 in 2018. This suggests that the overall variation in active aging development remained largely consistent.

[image: Figure 6]

FIGURE 6
 Overall differences in active aging levels in China from 2011 to 2018.


Regarding the structure of the overall difference, the contribution rates of inter-regional and transvariation density exhibited alternating fluctuation patterns over the sample period, characterized as “rising-declining” and “falling-rising,” respectively. The average contribution rates are as follows: intra-regional variation at 25.57%, transvariation density at 10.98%, and inter-regional variation, which is the highest, at 63.45%. This indicates that the overall disparity in active aging in China is primarily driven by inter-regional differences, followed by intra-regional differences, with transvariation density contributing the least (see Figure 7).

[image: Figure 7]

FIGURE 7
 Contribution to regional differences in active aging levels in China from 2011 to 2018.




4.2.2 Intra-regional differences

Figure 8 illustrates the Gini coefficient results for active aging levels in the East, Central, and West regions from 2011 to 2018. The eastern region exhibits the highest mean Gini coefficient at 0.0435, indicating unbalanced development in active aging levels within this region. This disparity is due to significant differences in active aging levels among provinces like Beijing, Shanghai, Tianjin, Hebei, Jiangsu, Zhejiang, Fujian, Shandong, Liaoning, and Guangdong, with mean levels ranging from 43.40 to 54.90. In contrast, the central region’s mean Gini coefficient is 0.0212, showing a “small increase and then gradual decrease” pattern, which suggests diminishing disparities in active aging levels within the region. Notably, the central region is the only one showing a decreasing trend in intra-regional differences. The western region has an average Gini coefficient of 0.0207, indicating smaller intra-regional differences. Despite slight fluctuations from 2011 to 2018, the overall trend in the western region’s active aging levels has been a slow increase, likely due to improvements in areas such as Shaanxi and Guangxi.

[image: Figure 8]

FIGURE 8
 Intra-regional differences in active aging levels in China from 2011 to 2018.




4.2.3 Inter-regional differences

Figure 9 depicts the interregional differences in active aging development levels and their trends from 2011 to 2018. The mean interregional Gini coefficients between the East and West, and between the East and Central regions is higher, which both exceed 0.05. Notably, while the differences between the East and West widened after fluctuations in the sample period, the gaps between the East and Central narrowed over the same period. In contrast, the mean interregional Gini coefficient between the Central and Western regions is the lowest. The mean is 0.0224, indicating smaller differences between these two regions. Overall, the differences between the eastern region and the other regions are more pronounced.

[image: Figure 9]

FIGURE 9
 Inter-regional differences in active aging levels in China from 2011 to 2018.





4.3 Spatial correlation of active aging

To analyze the spatial distribution and space aggregation of active aging, we utilize the global Moran’s index and local Moran’s index in this section.


4.3.1 Global spatial autocorrelation

Table 3 shows that the Moran Index from 2011 to 2018 is consistently positive, with a significance level below 5%. This signifies a significant spatial correlation in active aging levels among provinces, indicating mutual provincial influence. For instance, Beijing and Tianjin, which are the driving forces, significantly drive the growth of active aging in Hebei Province. The province’s growth rate reached 6.85% between 2011 and 2018, ranking third nationally.



TABLE 3 Global spatial autocorrelation Moran’s index of active aging levels in China.
[image: Table3]

The trend in the global Moran Index reveals that China’s active aging levels have undergone phases of “rising, then falling, then rising,” reflecting an overall increase in spatial correlation despite fluctuations. This indicates that provinces with higher levels of active aging tend to cluster together. Consequently, this finding highlights the spatial pattern of active aging development and serves as a crucial reference for policy formulation.



4.3.2 Local spatial autocorrelation

Figures 10A–D illustrate the distribution of active aging levels in Chinese provinces, categorized into four quadrants based on local Moran index analysis from 2011 to 2018. These quadrants represent “High-High,” “Low-Low,” “High-Low,” and “Low-High” aggregation patterns. The majority of provinces are in the third quadrant, indicating a “L-L” pattern. Meanwhile, the Beijing-Tianjin-Hebei and Jiangsu-Zhejiang-Shanghai regions are mostly in the first quadrant, showing an “H-H” pattern.

[image: Figure 10]

FIGURE 10
 (A–D) Local Moran’s index scatter plot of active aging levels by province.


Specifically, the eastern provinces of Tianjin, Beijing, Shanghai, Jiangsu, and Zhejiang consistently appear in the first quadrant, indicating higher levels of development for themselves and their neighboring provinces. In contrast, the western provinces are predominantly in the third quadrant, indicating lower levels of development for themselves and their neighboring provinces. Hebei, Chongqing, Fujian, and Shandong are mostly in the second quadrant, representing lower self-development levels but higher levels in neighboring provinces. This may be due to more rational and scientific active aging development planning in neighboring areas. Guangdong and Guangxi, however, frequently appear in the fourth quadrant, showing higher development for themselves but lower development in neighboring provinces.

Regarding the migration of spatial correlation patterns, most provinces show stable spatial correlation with minimal changes. However, some eastern and western provinces have transitioned between neighboring quadrants. For example, Shandong and Hebei moved between the first and second quadrants, while Liaoning, Guangxi, and Shaanxi transitioned between the third and fourth quadrants.




4.4 Dynamic evolution of active aging

Although the Dagum Gini coefficient captures the size and source of relative differences in active aging levels across the country and its three major regions, it does not reflect the absolute differences and their dynamics. Hence, this section will evaluate the spatial distribution and dynamic evolution of active aging levels in China from 2011 to 2018.


4.4.1 National active aging density estimation

Using the Kernel density estimation method, we selected data on the active aging levels of 28 provinces in China for the years 2011, 2013, 2015, and 2018, and plotted the dynamic evolution trend (see Figure 11). The position of the curve shows that the center of the Kernel density curve has shifted to the right obviously, indicating an annual increase in the level of active aging in China. The width of the main peak in 2018 contracted compared to that in 2011, reflecting increased aggregation in the active aging levels of the 28 provinces. Regarding distribution ductility, the national distribution curve shows an obvious right tail, indicating provinces with higher levels of active aging, such as Beijing, Shanghai, and Tianjin. Additionally, the Kernel density curve for active aging levels displayed a double-peak phenomenon between 2011 and 2018. This double-peak became increasingly evident over time, reflecting a gradual intensification of the polarization of active aging across the country.
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FIGURE 11
 Dynamic evolution of active aging levels in China.




4.4.2 Density estimation of active aging in three major regions

Figures 12A–C respectively illustrate the Kernel density maps of the eastern, central, and western regions of China. Through observation, the position of the main peak in the active aging distribution curve for all three regions shifted to the right from 2011 to 2018. This shift indicates an increased level of active aging across these regions.
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FIGURE 12
 (A–C) Dynamic evolution of active aging levels in the three major regions of China.


Regarding distributional ductility, the eastern region exhibits a right-tail phenomenon, whereas the central and western regions do not. This observation suggests uneven development in the eastern region, primarily due to higher levels of active aging in provinces like Beijing, Shanghai, and Tianjin. In contrast, active aging development in the central and western regions appears more balanced.

In terms of distributional polarization, the eastern region’s Kernel density curve exhibited a double-peak pattern from 2011 to 2018. This pattern indicates a two-tiered polarization of active aging levels of the eastern region, particularly in 2013, when a more prominent sub-peak emerged. The central region displayed a multi-peak phenomenon in the Kernel density curve in 2013, but this two-tier differentiation weakened after 2013. In the western region, the Kernel density formed two main peaks in 2011, suggesting that there was a differentiation; however, this phenomenon has improved over time.





5 Robustness test

To avoid potential biases in empirical results caused by the choice of measurement methods, this paper conducts robustness checks by altering the measurement of the China Active Aging Index.

Firstly, we change the method for determining indicator weights. In this study, we mainly obtain the weights of the indicators using the entropy method, which is an objective weighting approach. However, for the robustness test, we adopt the equal weighting method, a widely used subjective weighting approach, to determine the weights and subsequently calculate the level of active aging in China from 2011 to 2018. Then, we use this result to conduct secondary verification of the research findings through methods such as Dagum Gini Coefficient, Moran’s Index, and Kernel Density Estimation. As shown in Figures 13–15, although there are some numerical changes in the recalculated level of active aging in China, the overall trends, dynamic evolution, and regional differences at both the national and regional levels remain obviously unchanged. Additionally, the global Moran’s I values for the period from 2011 to 2018 are 0.183 (p = 0.027), 0.235 (p = 0.009), 0.159 (p = 0.045), and 0.228 (p = 0.012), and there are no fundamental changes in their significance or trends. Therefore, the research findings presented above are relatively robust.
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FIGURE 13
 Overall and regional trends of active aging in China.


[image: Figure 14]

FIGURE 14
 (A–D) Dynamic evolution of active aging across China and its regions.
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FIGURE 15
 Overall Gini coefficient and decomposition results of regional difference contribution rate for active aging in China.


Secondly, the synthesis method for the composite index was changed. In this paper, we primarily use the linear weighting method to synthesize the China Active Aging Index. For robustness test, we adopted the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) to synthesize the index and then calculated the China Active Aging Index for the period 2011–2018. Due to limited space, specific research data is not presented here. The results show that they are generally consistent with previous findings, indicating that the research conclusions have a certain degree of robustness.



6 Conclusion and discussion

This study, based on a comprehensive understanding of active aging in China, constructed an AAI-CHN encompassing six key dimensions: physical health, mental health, social participation, economic status, physical environment, and social security. Utilizing CHARLS data, this study quantitatively describes the current situation, regional differences, spatial correlations, and spatial–temporal evolution of active aging in China. These insights aim to provide essential facts and guidance for the development and promotion of active aging in China. The study concludes the following points:

(1) On the whole, the level of active aging in China is still relatively low, but looking at the data from 2011 to 2018, it shows a stable year-by-year increasing trend. In the multidimensional assessment of active aging, we find that the physical and mental health of the older adult constitute the core driving force for promoting active aging, followed by improvements of material environment and social security. However, social participation and economic status have become the significant shortcomings in enhancing the level of active aging.

Further analysis is as follows: Firstly, in recent years, the Chinese government has issued several policies related to older adult care, which are about medical care, older adult care, cultural activities, education, and community organizations. These policies aim to benefit more older adult people from the reform and development. As the policies are continuously implemented, their effects are becoming more apparent year by year, and their role in promoting active aging among the older adult is increasingly strengthening. Secondly, many studies indicate that areas that the older adult can control themselves, such as physical and mental health, and family environment, perform relatively well. On the contrary, the levels of dimensions that are more influenced by cultural factors, social customs, and traditional values, such as social participation and economic status, are relatively low. For example, there is still thought in Chinese society that “the old are useless,” which leads to the older adult often being forced to withdraw from economic and social activities after getting old. This phenomenon urgently needs to be changed. Therefore, the development of active aging not only requires the guiding role of formal institutions but also the influence of informal institutions.

(2) When considering regional differences, inter-regional disparities are the primary source of variation in the level of active aging in China. Notably, the disparities between the eastern region and other regions are particularly significant, whereas the differences between the central and western regions are relatively minor.

The driving forces behind this phenomenon are complex and diverse. It is evident that economic development is closely related to local finance and wage levels, which directly determine the investment in older adult care facilities, the allocation of medical resources, and the income levels of residents. These factors, in turn, enhance the level of active aging among the older adult in the eastern region and gradually widen the gap with other areas. Additionally, the degree of aging in a region and the government’s emphasis on this issue are also crucial factors. For instance, Shanghai established employee pension insurance accounts in 1991 and achieved a high enrollment rate in universities for the older adult in 2008. In 2014, Beijing launched the “Beijing Tong - Elderly and Disabled Assistance Card” to improve the quality of life for the older adult. Furthermore, the relatively lower environmental and living quality in the central and western regions is also a potential factor contributing to the gap in active aging levels between regions. In summary, to fully understand the regional disparities in China’s active aging, it is necessary to consider a multitude of factors, including economic development, policy support, environmental quality, and living quality.

(3) From the perspective of spatial correlation, the level of active aging in China exhibits spatial clustering. Each province can receive and transmit effects, with a spatial clustering trend showing phases of “enhancement, weakening, and enhancement” during the sample period. Moreover, the development of active aging demonstrates localized clustering effects. Notably, “Low-Low” clustering is more frequent and primarily occurs in the central and western regions. In contrast, “High-High” clustering is mainly found in the eastern regions, such as Beijing, Tianjin, Hebei, Jiangsu, Zhejiang, and Shanghai. This indicates the presence of a “neighborhood effect” in the development of active aging, highlighting the importance of spatial factors and coordinated development among neighboring provinces.

Further exploration shows that this spatial agglomeration is not just due to geographical proximity but may also involve several factors: first, it’s related to the regional spread of economic development models, where successful models often spread first to nearby areas; second, it’s closely linked to regional policies and planning, as governments’ regional development strategies may guide resources to focus on specific areas, affecting the spatial distribution of active aging. So, understanding the spatial agglomeration of active aging needs to consider the interactions among geography, economy, policy, and other factors.

(4) From a dynamic evolution perspective, the polarization of active aging in China has gradually intensified. Among them, the development of active aging in the eastern region is uneven, showing a clear two-tier differentiation between 2011 and 2018. In contrast, the central and western regions experienced more balanced development in most years, although there were some instances of divergence.

During the process of analysis, we also considered other possible explanations: The higher levels of active aging in provinces like Beijing, Shanghai, and Tianjin compared to other eastern provinces may explain some of the polarization in eastern regions. However, the uneven development within eastern provinces themselves is also a factor that cannot be ignored. For example, differences in resource allocation, infrastructure, and social welfare between cities and nearby towns may further increase intra-regional polarization.

Accordingly, this study makes several contributions. First, within the international framework, the Active Aging Scale with Chinese characteristics was constructed by combining China’s policy orientation and academic recommendations, and through a rigorous scale development process. Second, this study measures the current status of active aging in 28 Chinese provinces over the past ten years. It includes overall measurements, dimensions, geographic regions (eastern, central, and western region), province, and urban and rural levels. Third, the study analyzes the relative differences in active aging levels and their sources at the national level and in the three major regions. Additionally, it explores the relationship between active aging levels and spatial and geographic regions, showing the changing trends over the past ten years. For China, understanding the current situation of active aging from national, regional, temporal, spatial, dynamic, and static perspectives can provide crucial data for problem-solving, action intervention, and policy formulation. It is also expected to offer research ideas, measurement tools, and action strategies for other countries, especially developing nations.

However, due to limited conditions and perspectives, this study has several shortcomings. Firstly, while striving to scientifically develop the China Active Aging Scale and conduct normative research on its current status, our work was constrained by our reliance on data sources. For example, the 2020 CHARLS survey focused on the COVID-19 pandemic, resulting in the exclusion of many original items, which forced us to abandon the 2020 data. Additionally, the latest data had not been released at the time of our research, limiting our exploration to the years 2011–2018. Furthermore, CHARLS lacks data from Tibet, Hainan, Ningxia, Hong Kong, Macao, and Taiwan, leading to insufficient understanding of these regions. Secondly, due to the complexity of active aging, the selected indicators are not perfect, potentially excluding some content such as chronic diseases, work, medical expenses, and pensions. Thirdly, this paper only analyzes the level measurement, regional differences, and dynamic evolution of active aging in China, without investigating influencing factors or constraints.

These limitations emphasize the necessity for continued research. In the future, we will continue to focus on research on active aging in China and keep abreast of updates to this study as new data emerges. We plan to consider Tibet, Hainan, Ningxia, Hong Kong, Macao, and Taiwan as typical regions for targeted investigations, either through self-administered questionnaires or qualitative research, to understand the level of active aging among the older adult in these regions. Meanwhile, continuous optimization and improvement of the indicator system are essential. Finally, based on the conclusions of this study, we will further expand the research content, such as conducting studies on driving factors, obstacle analysis, development trend prediction, and convergence research.



7 Countermeasures

First, optimize the orientation of policies. At the national level, policies aimed at meeting the basic survival needs of the older adult must balance addressing developmental shortcomings and improving quality. Policies aimed at meeting the medium-to-high needs of the older adult should strive to benefit all older adult individuals. For example, in urban areas or areas that older adult-friendly facility renovations are relatively well-developed, the housing and construction department, information technology departments, and local governments can collaborate to create intelligent spaces for the older adult and improve their living environment. In towns, governments can enhance basic service facilities such as activity centers and canteens for the older adult through third-party services and public-private partnerships. It’s worth mentioning the “Dining Hall for the Elderly,” also known as the “Panda Dining Hall” in Shanghai. This is a company located in the heart of the community, specifically catering to the older adult. It has greatly solved the dining problems for older adult people in the nearby areas. In recently poverty-alleviated rural areas, it is crucial to continue updating infrastructure, including water, electricity, gas, heating, toilets, and networks. Additionally, social participation is a critical yet often overlooked developmental component. Based on national policy guidance, more equal opportunities should be provided to enable the older adult nationwide to participate in social, cultural, and recreational activities, which represents a significant approach taken by countries like the United States in response to the aging society.

Secondly, we should address the developmental shortcomings. On the economic front, it is essential to strengthen the basic pension insurance system to ensure older adults have a stable pension source. Tax support should be provided for the development of inclusive financial products that offer low to medium risks, steady returns, and a balance between savings and insurance functions. An in-depth understanding of older adults’ needs regarding their lives, health, and spirituality is necessary to build a system of multilevel, personalized products and services, thereby stimulating their consumption potential. Lastly, companies should be encouraged to fulfill their social responsibilities by retaining aged workers whenever possible. For instance, some large North American enterprises strive to help aged employees acquire new knowledge and skills, thus maximize the retention of experienced staff. In terms of participation, society should not only dismantle the inherent mindset of “the theory of the burden of the elderly” and encourage older adults to utilize their potential and contribute to society but also abandon its prejudices toward the older adult and integrate them back into the wider community and help them integrate into society. For example, Japan’s digital inclusion initiatives in public libraries have ensured that digitally disadvantaged older adult people can better enjoy library services. And then, by involving governments, markets, and universities, promoting education for the older adult can break down invisible barriers to social participation and digital obstacles. France’s experience in this regard is worth learning from, as the French government has incorporated older adult education into the national education system and provided planning direction and financial support to ensure its success. Finally, communities should actively encourage and promote volunteer services, experience forums, and other activities that enable the older adult to “remain productive,” supporting them in contributing their remaining energy.

Thirdly, we should fully leverage our geographical advantages. In the eastern region, we encourage science and technology enterprises and research institutes to develop intelligent products and services for the older adult, such as wearable devices and telemedicine. Furthermore, we should promote the integration of the senior care service industry with tourism, culture, education and other sectors to create new economic growth points. Meanwhile, the eastern regions offer a relatively abundant array of entertainment and cultural activities. While catering to the needs of young people, these companies can also add operational modules for the older adult to meet the entertainment and social needs of trendy seniors who pursue a higher quality of life. In the central region, a diversified senior care service system should be established to cater to different needs. This includes home care, community care, and institutional care. Leveraging the strategy of the rise of central China, social capital investment in the senior care industry should be encouraged through favorable policies. For instance, the German government exempts property taxes on land used for the older adult care industry and sets a minimum land price ceiling to ensure the supply of land for this purpose. In France, tax incentives are provided through preferential tax rates and tax exemptions on value-added tax to encourage the provision of older adult care services. The western region should take advantage of its rich natural resources to develop ecological and tourism-based retirement care. Unique ethnic cultures can be utilized to organize cultural activities and festivals. Additionally, infrastructure development, health management, medical services, and the social security system should be improved.

Fourthly, regional linkages should be realized. Each region must recognize its own strengths and weaknesses in politics, economy, culture, environment and other aspects. These strengths should be distilled into empirical knowledge. And then share with national urban agglomerations in a timely manner to achieve cross-regional development. For example, Yangpu District in Shanghai has been deeply exploring and utilizing its territorial resources. Based on its status as a national model city for national fitness, it has innovatively created a “sports+” community sports and health center through multi-department collaboration, which deeply integrates national fitness and national health. This center prioritizes the older adult as its key service targets, providing them with sports and wellness services such as health monitoring, fitness guidance, knowledge dissemination, leisure, and social activities. The center has now matured and formed a model that is being promoted in many provinces and cities in China. At the same time, neighboring regions should collaborate to build development clusters for active aging based on their unique resources and characteristics. This collaboration will form a spatial pattern of complementary advantages. To further enrich the linkage of non-neighboring regions, the National Office on Aging should establish an information interaction platform. This platform would showcase the work on aging in different regions, share model cases and experiences, and provide a window for national exchange and cooperation.
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