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Background: While the concept of active aging has been extensively studied in high-income countries, China faces distinct
demographic challenges, including a rapidly growing elderly population, accelerated aging, and aging prior to widespread economic
prosperity. These trends highlight the urgent need for a context-specific conceptual and evaluative framework to measure active aging,
tailored to China’s socio-cultural and economic realities.

Methods: This study employs the Latent Dirichlet Allocation (LDA) topic model to construct a multidimensional indicator system for
measuring active aging among older adults in China. Drawing on five waves of nationally representative panel data from the China
Health and Retirement Longitudinal Study (CHARLS), spanning 2011 to 2020, we evaluate individual-level active aging scores using
a quantitatively derived framework.

Results: The measurement system consists of six core dimensions and 21 indicators: (1) physical health and functional capacity, (2)
psychological well-being and life satisfaction, (3) family caregiving and social security, (4) economic security and intergenerational
support, (5) social participation and enabling environments, and (6) lifelong learning and self-management. All scale-based measures
demonstrated acceptable internal consistency (Cronbach’s alpha > 0.70). The average active aging score among the full sample was
0.4912+0.0907.

Conclusion: Active aging levels in China have shown consistent improvements over the observation period, with the most
pronounced gains in the eastern region. The central region has seen a narrowing of differences, while the eastern, northeastern, and
western parts of the country have seen a widening of differences. Key positive correlates of active aging include educational
attainment, urban residence, male gender, alcohol consumption, and being married. Negative associations were found for older age,
geographic region, presence of chronic conditions, number of surviving children, and smoking. Among these, education attainment,
urban-rural status, age and gender emerged as the most influential factors.
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Introduction

Global population is aging at an unprecedented rate. It is projected that the number of individuals aged 60 and above will
increase from 1 billion in 2020 to 1.4 billion by 2030 and reach 2.1 billion by 2050. Although the phenomenon of
population aging initially emerged in high-income countries, its current fastest progression is observed in low and
middle-income nations. By 2050, approximately two-thirds of the global elderly population will be concentrated in these
regions.' As of the end of 2023, China’s population aged 60 and above has reached 297 million, accounting for 21.1% of
its total population; among them, the number of individuals aged 65 and above has reached 217 million, representing
15.4% of the total.> This demographic transition The impacts of population aging are profound, extending beyond

individual quality of life to encompass national economic development and social stability. Consequently, enhancing the
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health status of the elderly population and promoting their well-being have become strategic imperatives in addressing
the challenges posed by population aging.

The concept of active aging was first introduced by the World Health Organization (WHO) in 2002. It refers to the
process of optimizing opportunities for health, participation, and security to enhance the quality of life as people age.
This concept emphasizes that older individuals can continue to contribute to society according to their needs, expecta-
tions, and capabilities through learning, meaningful engagement, and the utilization of their accumulated experience and
talents. After the adoption of the Madrid International Plan of Action on Ageing and the Political Declaration during the
Second World Assembly on Ageing, active aging was established as a core global policy framework. Among interna-
tional organizations, the European Union (EU) has taken a leading role in translating the active-aging concept into
concrete policy actions, demonstrating the feasibility and socioeconomic benefits of such strategies.* As a result, active
aging has gained widespread recognition in the field of gerontology and has been increasingly incorporated into national
population and social policy agendas worldwide.

In China, the “13th Five - Year Plan for the Development of Aging Services and the Elderly Care System”, issued in
2017, formally incorporated the concept of active aging into national policy. It identified active aging as a core metric for
evaluating the quality of life of older adults and the effectiveness of elderly care systems.’ In 2021 China’s “14th Five -
Year Plan for National Economic and Social Development and Long - Range Objectives for 2035 elevated the aging
challenge to the level of national strategy.® That same year, the State Council issued the “Guidelines on Strengthening
Aging Work” in the New Era, which proposed an actionable policy framework and emphasized integrating the principles
of active and healthy aging into all aspects of socioeconomic development.’

Given the global trend towards aging-related policymaking, there is growing interest in developing standardized
measurement tools and empirical data to support the design, implementation, and cross-national comparison of active
aging policies. Scholars around the world have responded by exploring measurement frameworks that reflect local
socioeconomic and cultural conditions. Thailand was among the earliest countries to develop a quantitative active aging
index aligned with WHO’s conceptual framework. Thanakwang constructed the Active Aging Index (AAI), which
included 3 primary goals and 15 indicators tailored to Thai society.® In 2012, the United Nations Economic Commission
for Europe (UNECE) innovatively developed the Active Ageing Index (AAI 2012), which comprises 22 indicators

CEINTS

structured around four target dimensions: “Employment”, “Participation in Society”, “Independent, Healthy and Secure
Living”, and “Capacity and Enabling Environment for Active Ageing”.’ Designed primarily for European countries, the
index’s applicability to other contexts is limited by comparability constraints. The AAI 2012 framework has since been
extended to countries such as China,'®™'" South Korea,'? Vietnam,'® and India,"* where it now informs aging-related
policy development. In addition to international adaptations, scholars from countries including Thailand,'>"'® China,'”"'®
Iran,'” Australia,”® Russia,”' and Finland®* have developed original quantitative tools to assess active aging. These
instruments vary widely in scope, encompassing between 3 and 10 primary dimensions and 11 to 177 items. Most rely on
subnational survey samples, while others utilize national census data for validation. Despite variations in design, these
tools are generally grounded in the WHO’s three-pillar framework—health, participation, and security. However, WHO
provides no definitive guidance on specific indicators, leaving researchers to operationalize the pillars according to the
demographic and cultural contexts of their respective countries. For example, Thanakwang et al proposed seven primary
domains: self-care, social participation, spiritual development, financial security, healthy lifestyle, active learning, and
strong family relationships.'> Mohammadi et al adopted a six-dimensional structure comprising institutional participa-
tion, psychological well-being, social interaction, productive engagement, social attitudes, and physical function.'
Rantanen et al developed an assessment framework with four dimensions—goals, abilities, opportunities, and activ-
ities—without tiered indicators.?* Studies from Vietnam and Thailand included novel indicators such as oral health and
nutritional status.'*?® Hijas-Gomez et al from Spain incorporated variables such as sleep quality, housing environment,
and institutional support into a 10-dimension tool.>* Most of these instruments have focused on the macro-level, relying
on national databases to facilitate international comparisons. Micro-level measurements, especially those targeting
individual older adults, are less common and often limited by small sample sizes, restricted geographic scope, and

local survey data. Some studies involve fewer than 1000 participants, which hinders broader applicability.
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To summarize, first, existing frameworks for measuring active aging largely adhere to the WHO’s three-pillar
structure but exhibit heterogeneity in indicator selection. In recent years, new indicators have emerged, such as access
to digital technology, housing conditions, life events, volunteerism, health services, lifelong learning habits, outings, and
personal grooming, which reflect contemporary aging experiences. Second, most research emphasizes macro-level tools
aimed at informing public health policy and interventions for vulnerable populations. While valuable, such approaches
offer limited insight into intra-national variation and the relationship between individual characteristics and active aging
outcomes. Furthermore, many individual-level tools rely on subnational survey samples and lack cross-regional compar-
ability. Therefore, it is necessary to further develop and refine assessment tools for active aging at the individual level to
support and complement macro-level evaluations while also addressing the limitations of existing individual-level
measurement instruments. Third, in the Chinese context, current measurement frameworks are largely modeled on the
WHO paradigm and are insufficiently grounded in local culture or institutional realities. China faces unique challenges
such as aging before affluence, a high prevalence of unhealthy aging, significant regional disparities, and the widespread
phenomenon of empty-nest elderly. Over 120 million older adults reside in rural areas, comprising nearly 24% of the
rural population. This highlights the urgent need to develop localized tools that reflect China’s sociocultural context and
economic development stage. Moreover, active aging research in China remains in its early stages, making it critical to
advance a culturally embedded conceptual and theoretical framework.

Based on the above research background and current context, this study aims to construct an operational framework
for measuring active aging that is grounded in China’s cultural context. Specifically, the main objectives of this study are
as follows:

(1) To identify the core dimensions of active aging among older adults in China and to establish a multidimensional,
individual-level evaluation system;

(2) To measure the individual-level active aging among Chinese older adults using five waves (2011-2020) of data
from the China Health and Retirement Longitudinal Study (CHARLS);

(3) To examine the effects of individual, family, and environmental factors on the level of active aging;

(4) To analyze the spatiotemporal evolution of active aging in China and reveal regional disparities and dynamic
patterns.

Through this research design, the study aims to fill three major gaps in the existing literature. First, there is a lack of
a data driven measurement tool that reflects China’s unique sociocultural characteristics. Second, most existing studies
focus on single-dimensional determinants of active aging, lacking integrated empirical analyses that simultaneously
consider individual, family, and environmental dimensions. Third, as CHARLS is methodologically aligned with
international aging surveys such as HRS, ELSA, and SHARE, our findings not only contribute to the refinement of
China’s aging policy but also provide a valuable reference for cross-national comparative research on active aging.

Methods

Study Population and Sample Size
This study utilizes data from the China Health and Retirement Longitudinal Study (CHARLS), a nationally representa-
tive, multidisciplinary panel survey jointly conducted by Wuhan University and Peking University. The baseline survey
commenced in 2011, adopting a multistage, stratified, probability-proportional-to-size (PPS) sampling method. The
sample encompasses 150 counties and 450 urban and rural communities across 28 provinces in China, involving
17,708 individuals from 10,257 households. Follow-up surveys were carried out in 2013, 2015, 2018, and 2020. The
most recent publicly available CHARLS data were collected in 2020. Detailed methodological information is accessible
in prior publications.*®

CHARLS is designed with reference to international standards to ensure comparability with major aging surveys such
as the Health and Retirement Study (HRS, United States), the English Longitudinal Study of Ageing (ELSA, United
Kingdom), and the Survey of Health, Ageing and Retirement in Europe (SHARE).
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For this study, we initially included 19,395 respondents across the five waves from 2011 to 2020. After applying the
following exclusion criteria: (1) individuals under the age of 60 (in accordance with both WHO and Chinese government
definitions of older adults), (2) missing ADL or IADL data in 2015, (3) missing ADL or IADL data in 2020, and (4)
incomplete or missing key variables, the final analytic sample consisted of 10,863 individuals.

Ethical Considerations

CHARLS was approved by the Institutional Review Board of Peking University (approval number: IRB00001052-
11015), and all participants provided written informed consent. CHARLS adheres to the ethical principles outlined in the
Declaration of Helsinki as well as China’s Personal Information Protection Law. Strict protocols for privacy protection
and data anonymization were implemented throughout the data collection and processing phases to ensure the con-
fidentiality and security of participants’ personal information. The present analysis involved only de-identified, publicly
available data and did not include any direct interaction with human participants or the collection of new human data.
According to the Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects (Article
32, items 1-2, issued February 18, 2023, China), studies using anonymized public datasets are exempt from additional
ethical review. Therefore, this study was exempt from review by our institutional ethics committee.

LDA Topic Modeling

In recent years, natural language processing (NLP) techniques have been increasingly adopted to enhance the precision
and contextual relevance of indicator construction. Among these techniques, topic modeling—specifically, the Latent
Dirichlet Allocation (LDA) model introduced by Blei et al**—has emerged as a widely utilized unsupervised learning
method for extracting latent semantic structures from text corpora.’’” LDA assumes that documents are composed of
multiple latent topics. It represents the thematic composition of documents as probability distributions, facilitating topic
clustering. This model effectively enhances the precision of deep-level text content mining and semantic analysis and is
extensively applied in economics and finance.”® In the evaluation phase, LDA leverages its programming capabilities to
construct lexicons, mine key points of interest, optimize analytical logic, and identify focal areas. These outputs serve as
indicator variables within evaluation dimensions, enabling the quantitative measurement of internal effectiveness within
the subject of assessment.

To extract relevant themes for evaluating active aging in the Chinese context, we collected textual data from three
sources representing different societal perspectives:

(1) Social media comments reflecting public sentiment;
(2) Government policy documents reflecting institutional discourse;
(3) Official news media representing an intermediary narrative space.

For social media, we selected the short-video platform Douyin (TikTok China). We used hashtags such as “#active”
and “#elderly” to retrieve 500 videos sorted by relevance. Videos lacking explicit relevance to the active aging concept or
those posted by official media or corporate accounts were excluded. From the filtered dataset, we constructed a diverse
sample of 20 content creators, ensuring representativeness in terms of gender, age, urban-rural status, thematic focus,
follower count, and engagement levels. The sample included 7 rural and 13 urban creators, with 8 males, 9 females, and 3
mixed-gender accounts; their ages ranged from 51 to 97 years. Content types spanned daily life, emotional narratives,
fitness and fashion, entertainment, and practical skills. For each creator, we selected their top 15 videos based on
engagement and used Python to extract the top 100 first-level comments per video, resulting in a dataset of 30,000 user
comments as of February 10, 2025.

For policy documents, we retrieved 37 national-level policies from authoritative platforms such as “Beida Fabao” and
government portals using the keyword “aging”, excluding irrelevant or low-salience documents.

For news reports, we accessed the official site of Peoples Daily and searched for the terms “aging”, “elderly”, and
“elder care”, collecting the top 10 pages of national-level articles (excluding local news), yielding a total of 93 relevant
reports.
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The LDA model was applied to the combined corpus consisting of 30,000 social media comments, 37 policy texts,
and 93 news articles. The modeling process entailed text preprocessing, topic similarity estimation, and topic-word
distribution analysis. The LDA implementation was carried out using Python 3.10. The preprocessing stage involved
tokenization using Jieba (a Chinese word segmentation tool), removal of stop words, and frequency statistics. The
resulting word cloud visualization depicted prominent terms.

Measures

The CHARLS dataset offers high quality micro-level data that are representative of individuals aged 45 and above in
China. This enables interdisciplinary research on population aging and evidence based policy development. The survey
encompasses a wide array of topics, including demographic characteristics, family structure and support, health status,
physical assessments, healthcare utilization and insurance, employment, retirement and pensions, income, consumption,
assets, and community conditions. To make the data more accessible to researchers and to facilitate such comparisons,
the USC Gateway to Global Aging Data team created the Harmonized CHARLS, a user-friendly version of a subset of
the CHARLS interviews. The Harmonized CHARLS initiative is part of a larger set of projects. With funding and
support from the National Institute on Aging, they have also developed Harmonized HRS (USA), Harmonized MHAS
(Mexico), Harmonized ELSA (England), Harmonized SHARE (Europe and Israel), Harmonized CRELES (Costa Rica),
Harmonized KLoSA (South Korea), Harmonized JSTAR (Japan), Harmonized TILDA (Ireland), Harmonized LASI
(India), and Harmonized MARS (Malaysia). The variables for this study were selected from the Harmonized CHARLS to
construct evaluation indicators for research on active aging. Since the Harmonized CHARLS only includes data up to
2018, we manually incorporated the 2020 wave into the dataset following the same coding logic.

Numerous studies have demonstrated the utility of assessing older adults’ ability to perform basic (ADLs) and
instrumental (IADLs) activities of daily living. Accordingly, we adopted the ADL (Cronbach’s alpha = 0.82) and IADL
(Cronbach’s alpha = 0.83) scales from Harmonized CHARLS. The ADL scale measures difficulties with bathing,
dressing, eating, getting in/out of bed, and toileting. The IADL scale assesses abilities in areas such as using the
telephone, managing finances, shopping for groceries, and preparing meals.

Emotional status was assessed using the 10-item CESD depression scale (CESD-10, Cronbach’s alpha = 0.80) from
Harmonized CHARLS, which asks about the frequency of ten depressive symptoms experienced in the past week: (1)
How often they felt depressed, (2) How often they felt that everything they did was an effort, (3) How often they had
restless sleep, (4) How often they felt happy (reverse-coded), (5) How often they felt lonely, (6) How often they were
bothered by things that usually do not bother them, (7) How often they felt they could not get “going”, (8) How often
they had difficulty concentrating on what they were doing, (9) How often they felt hopeful about the future. (reverse-
coded), (10) How often they felt fearful. Responses for each item were assigned values from 0 to 3, corresponding to
increasing frequency. The scale includes positive items such as feeling happy and hopeful about the future, which were
reverse-coded. Each item is rated on a 0-3 scale, and total scores range from 0 to 30, with higher scores indicating worse
emotional health.

Cognitive function was measured using a composite scale (Cronbach’s alpha = 0.83) that encompasses self-rated
memory, immediate recall, delayed recall, numeracy, orientation, and visual-spatial ability.

To assess household economic status, we followed recent CHARLS-based literature which recommends using
household consumption rather than income to reflect long-term living standards, particularly in rural settings with
fluctuating incomes.* Therefore, we included per capita housechold consumption and the average annual income of
children as economic indicators. Given that most elderly in China are retired and rely on pensions or subsidies, children’s
income serves as a proxy for the household’s primary earning capacity.

Residential environment (Cronbach’s alpha = 0.71) was assessed through 10 variables: structural integrity of housing
(reinforced concrete or brick), availability of flush toilet, electricity, piped water, bathing facilities, use of polluting fuels
for heating and cooking, telephone access, broadband internet, and household cleanliness. Each item was coded from 0 to
1, yielding a total score between 0 and 10.

These indicators were categorized into six primary dimensions based on LDA-derived themes: physical health and
functional capacity, psychological well-being and life satisfaction, economic security and intergenerational support,
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family caregiving and social security, social participation and environmental support, and lifelong learning and self-
management. In total, 22 secondary indicators were identified for a comprehensive evaluation of active aging levels.

Data Analysis

Many existing measurement tools for individual-level active aging rely on exploratory factor analysis (EFA) to extract
latent dimensions from observed variables. This method is particularly suitable for contexts where the theoretical
framework is still evolving. EFA is often combined with weighting approaches such as the Analytic Hierarchy Process
(AHP), entropy weighting, or the CRITIC (Criteria Importance Through Intercriteria Correlation) method to assign
relative importance to each indicator. Given that this study had already established a theoretical framework using LDA,
we opted for an objective weighting strategy to minimize subjective bias. Specifically, we employed the CRITIC method,
which determines indicator weights based on both contrast intensity and inter-criterion conflict among 21 variables.
A composite Active Aging Index (AAI) score was then computed for each respondent using weighted arithmetic means,
with a range from 0 to 1.

All statistical analyses were performed using Stata MP 17.0, IBM SPSS Statistics 29.0.2.0, and MATLAB R2024a.
Descriptive statistics were computed for active aging scores and individual, household, and environmental character-
istics. One-way ANOVA and independent-sample t-tests were used to assess group differences in active aging levels.
Multivariate linear regression (backward stepwise method) was conducted to identify key determinants of active aging,
with a significance threshold of a=0.05, P < 0.05 were considered statistically significant.

To further explore the distributional dynamics and evolution of active aging levels across China, we applied kernel
density estimation (KDE). KDE enables the non-parametric visualization of the probability density function of the
composite AAI score.

To further explore the dynamic distribution and evolutionary patterns of absolute disparities in active aging levels
across China, this study employs kernel density estimation to analyze the positional characteristics, distributional trends,
extensibility, and polarization tendencies of the composite index within the country. Let f(x) denote the density function
of the composite index x, representing the level of active aging in China:

76 =g =k () n

Where N is the number of observations, X; represents independently and identically distributed observations, x is the
mean of the observed values, K(-) is the kernel function, and / is the bandwidth. A smaller bandwidth corresponds to
higher estimation precision. The kernel function is a type of weighting or smoothing function. Depending on its
functional form, kernel density functions can be classified into several types, including Gaussian, Epanechnikov,
Triangular, and Quartic kernels. This study adopts the commonly used Gaussian kernel function to estimate the dynamic
evolution of the distribution of the composite index of active aging levels in China. The Gaussian kernel density function

K = —ox (_ %2) @

KDE plots assist us in comprehending three crucial distributional characteristics of active aging: (1) central tendency

is defined as follows:

(mean level), (2) shape and dispersion (degree of inequality and polarization), and (3) tail behavior (extent of
divergence). For instance, the height and width of peaks provide us with information regarding variation and conver-
gence, whereas the number of peaks signifies polarization. The lengths of the tails disclose the magnitude of disparities.

Results
LDA Topic Modeling Results

Prior to applying the LDA model, text preprocessing was conducted using Jieba word segmentation. To reduce noise,
common Chinese stop-word lists were applied. As shown in Figure 1, word frequencies were visualized using a word
cloud, providing an intuitive depiction of dominant terms in the corpus.
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Figure | Word cloud.

In the operation of the Latent Dirichlet Allocation (LDA) model, the number of topics K significantly impacts the
final results. To objectively and reasonably determine the optimal number of topics, this study calculates the perplexity.
Perplexity measures the uncertainty of topic assignment for documents; the lower the perplexity, the better the clustering

performance. It is defined as follows:

Perlexity(D) zexp{ lellnl;\(] )} 3)

Perplexity was calculated using Python, and the optimal number of topics K was determined at the point where the
downward trend of perplexity became insignificant or reached an inflection point. As shown in Figure 2, the perplexity
curve exhibits an inflection point at K = 6, indicating that the optimal number of topics is six. When K ranges from 1 to 6,
the curve declines continuously until it levels off. When K ranges from 6 to 9, the curve begins to rise. Therefore, this
study sets the number of topics in the LDA model to 6.

Using Python’s LDAvis package, we visualized the LDA topic space (Figure 3). The six topics were distributed with
clear boundaries and minimal overlap, indicating good semantic separation.

The top keywords for each topic were extracted and analyzed to assign thematic labels (Figure 4). These latent topics
reflect the key concerns and evaluative criteria associated with active aging in China. The final six dimensions identified
through LDA were: physical health and functional capacity; psychological well-being and life satisfaction; family
caregiving and social security; economic security and intergenerational support; social participation and enabling
environments; lifelong learning and self-management. These dimensions form the theoretical basis for the subsequent

construction of the Active Aging Index.

Risk Management and Healthcare Policy 2025:18 heeps: 3825



Tao and Deng

Perplexity vs. Number of Topics

-4.35

-4. 40 -

~4.45 -

-4.50 -

Perplexity

—4.55 -

_4.60_.

—4. 65 -

-4.70 -

T T T T T

1 2 3 4 5 6 7 8
Number of Topics

Figure 2 Line Chart of Topic Perplexity.

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Salient Terms'
[ 100 200 300 400 500 600 700

Hygiene

Reading

Medical Insurance

Dementia

Hearing

Security

Exercise

Environment

2 Compassion
Community

Medical and Elderly Care

s Education
Fitness

Cancer

Consumption

Disability

Economy

Support

Medical Care

Intemet

Care

Alzheimer's Disease

Family

3 Psychological
Housing

Prevention

4 Technology
Learning

Physical Activity

Marginal topic distribution

Overall term frequency
2% I Estimated term frequency within the selected topic

1. saliency(term w) = frequency(w) * [sum_t p(t | w) * log(pi(t | w)/p(t))} for topics t; see Chuang et. al (2012)
2. relevance(term w | topic t) =A * p(w | t) + (1-A) * p(w | t)/p(w); see Sievert & Shirley (2014)

Figure 3 Visualization of Topic Modeling Results.

Indicator System for Active Aging Based on LDA
To ensure scientific validity and practical relevance, we combined qualitative and quantitative approaches to develop the
indicator system. First, the six primary dimensions identified through LDA were aligned with key conceptual
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frameworks, such as the WHO Active Ageing Policy Framework,’® and definitions of active aging at the individual
level.?>®! This informed the construction of an initial indicator pool. Next, we employed the brainstorming method to
refine and screen indicators. We removed those with high missingness or weak theoretical relevance and supplemented
others based on domain knowledge. The final measurement system included 22 secondary indicators across six
dimensions (Table 1). These were designed to capture both objective conditions and subjective experiences, offering
a comprehensive profile of active aging among older adults in China. Each indicator was coded with clear positive or

Table | Active Aging Measurement Indicator System

Primary Dimension Secondary Indicator Indicator Description Attribute
Physical Health and Functional | Self-rated Health Very Poor = |; Poor = 2; Fair = 3; Good = 4; Very Good =5 +
Maintenance (XI) Activities of Daily Living Score range: 0-6; higher scores indicate greater difficulty in daily -

(ADL) activities

Instrumental Activities of | Score range: 0-5; higher scores indicate greater difficulty in -

Daily Living (IADL) instrumental daily activities

Cognitive Ability Score range: 0-21; higher scores indicate better cognitive function +
Mental Health and Life Psychological Status Score range: 0—-30; higher scores indicate poorer psychological status | —
Satisfaction (X2) Life Satisfaction Not at all satisfied = |; Not very satisfied = 2; Fairly satisfied = 3; Very | +

satisfied = 4; Extremely satisfied = 5

(Continued)
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Table 1 (Continued).

Primary Dimension Secondary Indicator Indicator Description Attribute
Economic Security and Work Participation Engaged in any form of work in the past year = |; otherwise = 0
Intergenerational Support Per Capita Household Unit: RMB
(X3) Consumption
Financial Support from Unit: RMB +
Children to Parents
Per Capita Income of Unit: RMB +
Children
Family Caregiving and Social Contact with Children Weekly contact with children (face-to-face, phone, text, letter, or +
Security (X4) email) = |; otherwise = 0
Medical Insurance Covered by basic medical insurance = |; otherwise = 0
Pension Insurance Covered by basic pension insurance = |; otherwise = 0
Social Participation and Community Activities Participated in mahjong, cards, chess, or other community activities in
Environmental Support (X5) the past month = |; otherwise = 0
Association Activities Participated in activities organized by social associations in the past +
month = |; otherwise = 0
Providing Help Provided unpaid assistance to non-cohabiting relatives, friends, or +
neighbors in the past month = |; otherwise = 0
Volunteer Service Participated in volunteer or charitable activities in the past month = |; | +
otherwise = 0
Living Environment Living environment scale; higher scores indicate better living +
conditions
Lifelong Learning and Self- Physical Exercise Engaged in physical activities (eg, dancing, fitness, qigong) in parks or | +
Management (X6) other venues in the past month = |; otherwise = 0
Internet Use Used the internet at least once in the past month = |; otherwise = 0
Continuing Education Attended school or training courses in the past month = |; otherwise = 0

negative directionality, and most were drawn from standardized instruments within CHARLS (eg, ADLs, CESD - 10,

cognitive assessments).

Sample Characteristics

After filtering for valid observations—excluding missing or extreme values across outcome and predictor variables—the
final analytical sample included 10,863 individuals, contributing 22,097 person-wave observations across the five survey
rounds from 2011 to 2020. The average age of these individuals was 67.87 (SD 6.144 years). Most participants were men
(53.1%) and rural residents (62.6%). A majority of the participants had spouses (85.0%) or had suffered from at least one
chronic disease (83.2%). About half of the participants were smokers (47.5%) or had not completed primary school
education (50.4%). Number of living children: There were between 1-10 living children (Mean = 3.04, SD = 1.403).

CRITIC-Based Weighting of Indicators
Table 2 presents the weights of each dimension and indicator derived using the CRITIC method. Through the CRITIC
method, this study finds that within the active aging level evaluation system, Social Participation and Environmental
Support, Physical Health and Functional Maintenance, and Family Caregiving and Social Security account for
a substantial proportion of the overall weighting. Among these, Contact with Children, Community Activities, and
Pension Insurance emerge as particularly significant, containing a high degree of informational content. In addition, Work
Participation, Providing Help, and Self-rated Health also play important roles that should not be overlooked. Using these
weights, we computed standardized composite scores for each respondent.

The mean Active Aging Index (AAI) score across the full sample was 0.49118440.090737. Subdimension averages were as
follows: Physical Health and Functional Maintenance: 0.147347+0.030992; Mental Health and Life Satisfaction: 0.051336
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Table 2 Weight of Evaluation Index of Active Aging Level Assessment

Indicator Dimension Weight Coefficient | Indicator Name | Weight Coefficient
Physical Health and Functional Maintenance (XI) 20.99% X1 5.324835%
X12 4.892254%
XI3 5.742564%
X14 5.034235%
Mental Health and Life Satisfaction (X2) 851% X2l 4.678577%
X22 3.829111%
Economic Security and Intergenerational Support (X3) | 12.38% X31 7.319852%
X32 0.511848%
X33 0.445105%
X34 4.103869%
Family Caregiving and Social Security (X4) 20.51% X41 7.780702%
X42 5.562387%
X43 7.171227%
Social Participation and Environmental Support (X5) 25.21% X51 7.011409%
X52 3.459657%
X53 6.279796%
X54 3.602772%
X55 4.859223%
Lifelong Learning and Self-Management (X6) 12.39% X61 5.357496%
X62 5.475216%
X63 1.557869%

+0.012894; Economic Security and Intergenerational Support: 0.052994+0.035750; Family Caregiving and Social Security:
0.1784314+0.041488; Social Participation and Environmental Support: 0.051690+0.040761; Lifelong Learning and Self-
Management: 0.009385+0.022759. The study population consisted of individuals aged between 60 and 120 years, with a mean
age of 67.87+6.14 years. Among them, 14,635 were aged 60—69, 6284 were aged 70-79, and 1178 were aged 80 or above. The
sample included 11,736 males (53.11%) and 10,361 females (46.89%). A total of 13,839 individuals (62.63%) resided in rural
areas, while 8258 (37.37%) lived in urban areas. In terms of marital status, 18,801 respondents (85.08%) were married or had
a spouse, whereas 3296 (14.92%) were unmarried, widowed, or divorced. Regarding educational attainment, 11,138 individuals
(50.41%) had not completed primary school, 5189 (23.48%) had completed primary school, 3583 (16.21%) had received
secondary education, and 2187 (9.90%) had attained high school education or above.

Group Differences: Independent t-Tests and ANOVA

As shown in Table 3, significant differences in active aging scores were observed across various individual, household,

and environmental characteristics (all p-values < 0.001):

(1) Gender: Male older adults scored significantly higher than females.

(2) Age: Younger elderly (ages 60—69) had higher scores than those in older age groups.

(3) Urban - rural status: Urban residents outperformed their rural counterparts.

(4) Marital status: Married individuals exhibited higher scores than those without a spouse.

(5) Educational attainment: Scores increased significantly with the education level.

(6) Geographical region: The eastern region reported the highest scores, followed by central and northeastern China,
with the western region scoring the lowest.

(7) Chronic conditions: Those without chronic diseases had significantly higher scores.

(8) Alcohol consumption: Drinkers scored higher than non-drinkers.

(9) Smoking: Smokers scored slightly higher than non-smokers.
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Table 3 Comparison of Active Aging Scores Across Subgroups

Variable Category N (%) Active Aging Score t/IF P-value
(Mean £ SD)

Gender Male 11736 (53.11%) 0.5050 + 0.0887 24.441 <0.001
Female 10361 (46.89%) 0.4755 + 0.0905

Age 60-69 14635 (66.23%) 0.5010 + 0.0894 340.305 <0.001
70-79 6284 (28.44%) 0.4774 + 0.0896
280 1178 (5.33%) 0.4423 + 0.0877

Residence Urban 8258 (37.37%) 0.5116 + 0.0902 26.177 <0.001
Rural 13839 (62.63%) 0.4790 + 0.0889

Marital Status With spouse 18801 (85.08%) 0.4965 + 0.0894 21.165 <0.001
Without spouse 3296 (14.92%) 0.4606 + 0.0920

Education Level No formal schooling 11138 (50.41%) 0.4676 + 0.0852 768.379 <0.001
Primary 5189 (23.48%) 0.4957 + 0.0865
Secondary 3583 (16.21%) 0.5226 + 0.0873
High school or above 2187 (9.90%) 0.5492 + 0.0899

Geographic Region Eastern 9340 (42.27%) 0.4993 £ 0.0891 84.469 <0.001
Central 3632 (16.44%) 0.4978 + 0.0933
Western 7466 (33.79%) 0.4781 + 0.0896
Northeast 1659 (7.51%) 0.4899 + 0.0927

Chronic Disease No 3697 (16.73%) 0.5085 + 0.0828 12.791 <0.001
Yes 18400 (83.27%) 0.4877 + 0.0919

Alcohol Consumption No 14336 (64.89%) 0.4798 + 0.0899 —25.636 <0.001
Yes 7757 (35.11%) 0.5121 + 0.0887

Smoking No 11589 (52.45%) 0.4827 + 0.0907 —14.639 <0.001
Yes 10507 (47.55%) 0.5005 + 0.0898
Yes 5572 (46.59%) 0.5107 + 0.0846

Number of Living Children 0 10 (0.05%) 0.4847 + 0.0725 157.296 <0.001
[ 2199 (9.95%) 0.5104 + 0.0983
2 6725 (30.43%) 0.5067 + 0.0916
3 6126 (27.72%) 0.4893 + 0.0877
24 7037 (31.85%) 0.4720 + 0.0860

(10) Notably, active aging scores varied according to the number of living children. Respondents with only one child
had the highest scores (mean = 0.5104), followed by those with two children (mean = 0.5067). Scores declined for
those with three or more children, with the lowest observed in those with four or more (mean = 0.4720). This
suggests a possible inverted U-shaped relationship.

Multivariate Linear Regression Analysis

To further examine the mechanisms through which individual, family, and environmental characteristics influence the
level of active aging among older adults in China, multivariate linear regression analysis (backward stepwise method)
was conducted using the composite Active Aging Index (AAI) and its six dimensional scores as dependent variables. The
independent variables included individual characteristics—gender (male = 1, female = 0), age (60-69 = 1, 70-79 = 2,
>80 = 3), educational attainment (no formal schooling = 1, primary school = 2, secondary school = 3, high school or
above = 4), presence of chronic disease (no = 0, yes = 1), alcohol consumption (no = 0, yes = 1), and smoking status (no
=0, yes = 1); family characteristics—marital status (with spouse = 1, without spouse = 0), number of living children (0 =
0,1=1,2=2,3 =3, >4 =4); and environmental characteristics—residence type (rural = 0, urban = 1), and geographic

region (eastern = 1, central = 2, northeastern = 3, western = 4). The detailed regression results are presented in Table 4.
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Table 4 Summary of Multiple Regression Results for the Active Aging Index (AAl) and Its Six Dimensions

Variable

AAI Total Score

Physical Health &
Functional
Maintenance
x1)

Mental Health
& Life
Satisfaction
(X2)

Economic Security &

Intergenerational
Support (X3)

Family
Caregiving &
Social Security
(X4)

Social Participation &

Environmental
Support (X5)

Lifelong Learning
& Self-

Management (X6)

Gender (male=1)

Age

Educational Attainment

Presence of Chronic Disease (yes=1)
Alcohol Consumption (yes=1)
Smoking Status (yes=1)

Marital Status (partnered=1)
Number of Living Children
Residence Type (urban=1)

Geographic Region (east—west)

0.058% (0.002)
—~0.128% (0.001)
0.226% (0.001)
~0.070% (0.002)
0.099% (0.001)
~0.017 (0.002)
0.064%5 (0.002)
~0.036% (0.001)
0.108%5 (0.001)
—0.081° (0.000)

0.129%% (0.001)
~0.115%5 (0.000)
0.214% (0.000)
—~0.183% (0.001)
0.075% (0.000)
~0.052%+ (0.001)
0.026% (0.001)
~0.05 1 (0.000)
0.117%5 (0.000)
—0.082 (0.000)

0.103* (0.000)
0.045%5 (0,000)
0.086* (0.000)
~0.132% (0.000)
0.028% (0.000)
~0.033* (0.000)
0.064% (0.000)
~0.026* (0.000)
0.106%5 (0.000)
—0.082 (0.000)

0.099% (0.001)
~0.23 1% (0.000)
~0.100** (0.000)
~0.06 1% (0.001)
0.089* (0.000)
~0.018* (0.001)
0.074% (0.001)
~0.019** (0.000)
—0.264% (0.000)
~0.020** (0.000)

~0.018* (0.001)
0.034% (0.001)
0.076% (0.000)
0.039% (0.001)
—0.023** (0.001)
0.032%5 (0.001)
0.114%5 (0.000)
0.130%5 (0.001)
—0.022%* (0.000)

~0.023%* (0.000)
0.163* (0.000)
0.026% (0.001)
0.074% (0.001)
0.026% (0.001)
—~0.082 (0.000)
0.136%5 (0.001)
—0.052 (0.000)

~0.092 (0.000)
~0.039% (0.000)
0282 (0.000)
0.023%5 (0.000)
0.042% (0.000)
~0.023** (0.000)
—0.088*** (0.000)
0.148%5 (0.000)

Notes: Values are standardized regression coefficients (B); numbers in parentheses are standard errors (SE). *** p < 0.001, ** p < 0.01, * p < 0.05; “—" = not significant (p = 0.05).
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Results show that all ten explanatory variables entered the final regression model. According to the standardized
coefficients (), the relative influence of the variables on the overall AAI score was ranked as follows: educational
attainment (§ = 0.226) > age (p = —0.128) > residence type (B = 0.108) > alcohol consumption ( = 0.099) > geographic
region (B = —0.081) > presence of chronic disease (B = —0.070) > marital status (p = 0.064) > gender ( = 0.058) >
number of living children (B = —0.036) > smoking status (B = —0.017). Among these variables, educational attainment,
residence type, alcohol consumption, marital status, and gender were positively associated with the AAI, while age,
geographic region, presence of chronic disease, number of living children, and smoking status were negatively
associated.

Regression results for the six dimensions revealed substantial heterogeneity in both the strength and direction of
effects across domains.

(1) Physical health and functional maintenance: Educational attainment (B = 0.214) and gender ( = 0.129) exerted the
strongest positive effects, while chronic disease showed the strongest negative effect (3 = —0.183). This indicates
that educational advantages in health literacy, male physiological advantages, and disease burden play central roles
in this dimension.

(2) Psychological well-being and life satisfaction: Educational attainment (f = 0.086) and marital status (f = 0.064)
had significant positive effects, whereas chronic disease (B = —0.132) and region (B = —0.082) exhibited clear
negative effects. This suggests differences in psychological and life satisfaction outcomes across health and
regional contexts.

(3) Economic security and intergenerational support: Residence type showed the strongest negative association (f = —
0.264), indicating that rural older adults performed better than urban older adults in this dimension. This may be
related to the higher labor participation rate among rural elders and the greater importance of children’s financial
transfers in rural family economies. Age had the second-largest negative effect (B = —0.231), and gender exhibited
a positive effect (B = 0.099).

(4) Family caregiving and social security: Residence type ( = 0.130) had the strongest positive influence, reflecting
the higher level of social security coverage in urban areas. The number of living children (B = 0.114) and
educational attainment (f = 0.076) were also positively associated with this dimension, consistent with the key
role of offspring in family caregiving and the informational advantages of better-educated groups in accessing
social insurance programs.

(5) Social participation and environmental support: Educational attainment (f = 0.163) and residence type (B = 0.136)
showed significant positive effects, while the number of surviving children had a significant negative association (B =—
0.082). These results suggest that higher education levels and urban residence correspond to greater social participation
opportunities, whereas having more children may reduce time and autonomy for community engagement.

(6) Lifelong learning and self-management: Educational attainment had the strongest positive impact (B = 0.282),
followed by residence type (B = 0.148) and gender (B = —0.092). This indicates that better education enhances
learning ability and willingness to adopt new behaviors (eg, internet use, health management), while urban
environments provide superior learning facilities and resources.

Overall, educational attainment, residence type, age, region, and chronic disease were the most influential and stable
determinants across models. Positive effects were mainly observed for education, urban residence, marital status, and
alcohol consumption, whereas negative effects were found for age, region, chronic disease, and the number of surviving
children. Certain variables demonstrated dimension-specific patterns. For instance, age showed a positive association
with psychological well-being but negative associations with other dimensions and the overall AAI, while chronic
disease had positive effects in the family caregiving, social participation, and lifelong learning dimensions but a negative
effect on the overall AAIL. These results highlight the heterogeneity in how age and chronic disease affect different
dimensions of active aging. Educational attainment consistently exhibited the most stable positive influence, whereas age

displayed the most stable negative effect across dimensions.
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Figure 5 Evolution of Active Aging Scores (Five-Wave Panel Data from 2011 to 2020).

Spatial Distribution and Temporal Trends in Active Aging

As shown in the Figure 5, the distribution and dynamic evolution of active aging levels in China exhibit the following
three key characteristics: (1) The distribution shifted rightward over time, indicating an overall improvement in active
aging levels; (2) The shape of the distribution became progressively flatter over time: the initially sharp peak gave way to
a broader and flatter distribution, and the width of the distribution increased. This suggests that disparities in active aging
levels have widened over the years. According to the evaluation results, active aging scores generally ranged between 0.2
and 0.8 from 2011 to 2018 but expanded to a range of 0.18 to 0.84 by 2020. Furthermore, Figure 5 shows that the left tail
of the distribution became longer over the observation period, further indicating an expansion in the disparity of active
aging levels; (3) The number of distributional peaks increased from a single main peak to two closely spaced peaks over
time. This suggests the emergence of a mild polarization in active aging levels among older adults during the study
period.

As shown in Figure 6, the three-dimensional kernel density estimation of active aging levels across Eastern, Central,
Northeastern, and Western China reveals several distinct patterns of dynamic distributional evolution over the five-wave
observation period:

First, the overall distribution in the Eastern and Northeastern regions shifted to the right during the study period,
indicating a gradual improvement in active aging levels in these two regions, with the Eastern region showing the most
pronounced rightward shift. In contrast, the distributions in the Central and Western regions initially moved slightly to the
left before shifting to the right, suggesting a pattern of decline followed by improvement in active aging levels over time.

Second, both the Eastern and Western regions experienced a flattening of peak height and broadening of peak width,
indicating an expanding disparity in active aging levels. The Northeastern region exhibited a more complex evolution:
the peak height transitioned from sharp to flat, then returned to sharp before ultimately flattening again. In the Central
region, however, the distributional peak became increasingly pronounced and narrower in width, suggesting a reduction

in intra-regional disparity in active aging levels.
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Figure 6 Evolution of Active Aging Levels in Eastern, Central, Northeastern, and Western China (Five-Wave Panel Data from 2011 to 2020).

Third, the Northeastern region consistently maintained a single dominant peak throughout the observation period,
indicating no evidence of multipolar polarization. In contrast, both the Eastern and Central regions transitioned from
having one main peak and a smaller secondary peak on the right to a single main peak, reflecting a mitigation of
multipolar polarization in active aging levels. Meanwhile, the Western region evolved from a single dominant peak to
two closely spaced peaks, suggesting the initial emergence of a bipolar distribution in active aging levels among older
adults in that region.

Fourth, the left tail of the active aging level distribution lengthened across all regions during the observation period,
further indicating a gradual widening of disparities.

Discussion

This study develops a six-dimension evaluation framework for active aging in China using a Latent Dirichlet Allocation
(LDA) topic model and conducts an empirical analysis based on five waves of CHARLS panel data. We systematically
examine levels, determinants, and spatiotemporal dynamics of active aging among Chinese older adults. The findings

resonate with international theory and evidence while uncovering mechanisms shaped by China’s socioeconomic context,

3834 https: Risk Management and Healthcare Policy 2025:18



Tao and Deng

family structure, and regional development disparities. Below we elaborate the core results and situate them within the
literature.

LDA-Based Assessment Framework

Responding to China’s unique challenge of “aging before affluence” and the limited localization of existing tools, we
triangulate social media discourse, policy documents, and news narratives, and identify six core dimensions of active
aging via LDA: physical health and functional maintenance, psychological well-being and life satisfaction, economic
security and intergenerational support, family caregiving and social security, social participation and environmental
support, and lifelong learning and self-management. Building on WHO’s tripartite pillars of health, participation, and
security, the framework further specifies culturally salient domains such as “family caregiving and social security” and
“lifelong learning and self-management”, reflecting the centrality of family in China and the emerging needs of digital
inclusion and educational empowerment among older adults.

CRITIC weighting indicates that “social participation and enabling environments” (25.21%), “physical health and
functional maintenance” (20.99%), and “family caregiving and social security” (20.51%) account for the largest shares of
information content—signaling that participation opportunities, bodily function, and family/social support are key pillars
of active aging in China. The prominence of family-related domains mirrors the country’s cultural context. A similar
emphasis on family relations as a core domain also appears in Thailand’s AAI work."

Determinants of Active Aging

Multivariate linear regressions show that education, urban residence, male gender, alcohol use, and being partnered are
positive predictors of active aging, whereas older age, region, chronic conditions, number of living children, and smoking
are negative predictors. Decompositions by dimension reveal marked heterogeneity in pathways—offering a more
granular account of the Chinese case.

Active aging differs significantly by gender, with men scoring higher than women. This aligns with evidence from
multiple settings. In Bangladesh, gender gaps are significant across all AAI dimensions and women score lower than men
in both rural and urban areas.’® In Iran, women record markedly lower AAI totals and widespread physical inactivity,
which undermines health-related quality of life.”> Even where overall AAI differences are attenuated, women face
structural disadvantages in the “security” pillar—lower land ownership, pension coverage, and income sufficiency.>*
These results underscore the need for gender-sensitive policies to ensure equitable opportunities in later life. In China,
a dual mechanism likely operates: traditional gender roles sustain men’s participation channels (eg, employment), while
women experience higher chronic disease prevalence and cumulative social-network disadvantages—ijointly constraining
their active aging outcomes.

Overall AAI declines with advancing age, consistent with expectations that multimorbidity, cognitive decline, and
losses in social resources elevate depression risks and functional limitations among the oldest-old.*> Yet age exhibits
a positive association within the psychological well-being and life satisfaction dimension. This is consistent with the
“paradox of aging”, whereby emotional regulation and subjective well-being improve despite physical decline.’
Socioemotional Selectivity Theory further posits that shortened time horizons orient older adults toward affective
goals and high-quality relationships, fostering greater emotional stability and life satisfaction.®” Policies should leverage
this adaptive capacity by pairing medical and functional support with targeted psychological promotion.

Educational attainment shows the largest standardized effect among covariates, highlighting the primacy of individual
resources for active aging and confirming education’s status as a “fundamental cause” within social determinants of
health.*® Qualitative work identifies educational attainment as a key driver in AAI computation, on par with social
participation and access to health services.>® In Brazil, AAI-Brazil correlates positively with HDI and, specifically, AAI-
employment with HDI-education.*>*' In China, education additionally facilitates digital adaptation and navigation of the
social insurance system, thereby broadening participation and lifelong learning opportunities.

Consistent with international evidence, chronic disease suppresses overall AAI through restrictions on function,
financial burdens, and depressive symptoms.**** However, we observe positive associations for chronic conditions
within family caregiving and social security, social participation and enabling environments, and lifelong learning and
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self-management. A plausible explanation is a compensatory active-aging mechanism: diagnoses may trigger stronger
mobilization of family care, greater uptake of insurance and community resources, participation in health programs, and
heightened self-management and health literacy behaviors (eg, exercise, online learning). Disease thus acts as an external
motivator that, while reducing health capacity, can stimulate supportive interactions and self-care capabilities. Active
aging can consequently be attained not merely through health-related advantages but also by means of disease-mediated
support mechanisms and behavioral compensatory strategies.

Contrary to intuitive expectations, the data in this study indicate that alcohol consumers exhibit higher AAI indices.
International findings on alcohol and healthy aging are mixed and context-dependent.** The positive effect found in this
study may be due to the mediating role of social capital: moderate alcohol consumption in China is often embedded in
social activities, and this social embedding may offset some health risks by increasing social participation.

The independent samples #-test results in the previous section revealed higher scores in the smoking group compared
to non-smokers. However, after controlling for individual, family, and environmental characteristics in the multiple
regression analysis, the independent effect of smoking turned negative. This suggests that smoking itself may exert
a mild inhibitory effect on active aging levels when other variables are excluded. Future research could further integrate
theoretical frameworks and inter-variable relationships to explain why smoking’s effect on active aging reverses after
controlling for other factors. Existing data also indicate a negative correlation between smoking and healthy aging.** An
Indian study demonstrated that elderly males exhibit significantly higher smoking rates than females, with smoking being
a major predictor of poor health status.*’

Being partnered is associated with higher AAI, in line with cross-national evidence that spouses provide emotional
support, instrumental help, and economic security that buffer aging stress and promote participation;*® unpartnered older
adults face greater barriers to healthcare access.*” Compenstatory mechanisms may potentially emerge: filial support, sibling
assistance, or cohesive community networks could partially mitigate spousal absence. Consequently, enhancing social support
systems for elderly individuals experiencing singlehood represents an efficacious compensatory intervention strategy.

Current research consistently highlights the positive correlation between the number of children and intergenerational
support as well as well-being among the elderly. Generally, increased numbers of children correlate with higher levels of
intergenerational support and well-being for older adults,*® with the rise in children’s numbers showing a significant
positive effect on their life satisfaction.*” However, some empirical studies indicate a threshold effect in children’s
numbers, suggesting that parental intergenerational support is not always positively correlated with the number of
children.”® Our study reveals that families with one surviving child exhibit the highest level of active aging among the
elderly. When the number of surviving children exceeds one, increased numbers paradoxically lead to lower active aging
levels, forming an inverted U-shaped curve. This phenomenon may reflect a paradigm shift in family dynamics during
modernization: smaller families tend to optimize intergenerational support quality, while large families may experience
“responsibility diffusion effects” due to dispersed caregiving responsibilities.

Compared with rural residents, urban residents have significant advantages in active aging, which reflects the
profound socio-economic and infrastructure gaps between urban and rural areas in China. Relevant studies have revealed
the disparities between urban and rural regions in the aging process, with rural elderly populations facing more severe
socio-economic risks.’® Other studies, through analyzing the quality of life of the elderly, have found that urban elderly

scored higher than rural elderly in all dimensions of AAI*?

Based on this, policy-making should balance urban and rural
development, improve the accessibility of medical services in rural areas, increase pension coverage, and enhance
community facilities, to promote balanced development of active aging in both urban and rural areas.

China shows significant regional disparities in active aging, with eastern regions outperforming central, northeastern,
and western regions. This pattern profoundly reflects the structural impact of China’s uneven economic development on
the aging process. Equally noteworthy is the northeastern region (0.4899+0.0927), which, as the earliest area in China to
enter deep aging, has a slightly higher level of active aging than the west but remains significantly lower than the east and
central regions. This finding corroborates the typical characteristics of “Rust Belt Aging”: traditional industrial bases,
after enduring the pains of industrial transformation, face multiple pressures such as population outflow and declining
pension replacement rates, creating a vicious cycle where institutional transformation and the aging process reinforce
each other. Some studies indicate that although the concept of active aging carries positive connotations, neglecting
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regional diversity in policy formulation may lead to top-down policy implementation that deviates from local realities.
Therefore, incorporating regional diversity into policy considerations is one of the key strategies to avoid such risks.>’
On the other hand, Thai research reveals that the central region has significantly lower levels of active aging compared to
the north, northeast, and south, suggesting the need for targeted policy interventions in the central region.>* Based on this,
it is necessary to formulate regionally differentiated policies to enhance the level of active aging and establish a precise
intervention system that balances regional characteristics and group needs.

Spatiotemporal Dynamics

From 2011 to 2020, China’s active aging level exhibited spatiotemporal evolution characteristics of “overall steady
improvement and intensified regional differentiation”. The rightward shift of the distribution curve during the sample
period confirmed the positive effects of incorporating active aging into national strategic planning.

The eastern region continues to expand its leading advantages, with its distribution curve showing a significant rightward
shift and widening gap, reflecting accumulated strengths in economic development, public services, and innovation
resources. However, the emerging polarization within the region indicates diverging capabilities among different subgroups
(such as urban-rural divides and elderly populations with varying socioeconomic statuses) in addressing aging challenges.
While some groups may successfully ride the wave of development, others risk falling behind.

During the investigation period, the level of active aging in central and western regions experienced a process of first
decreasing and then increasing. This phenomenon likely reflects the combined impact of socio-economic macro policies and
demographic changes on central and western regions during the specific period of 2011-2020 in China. The initial decline in the
level of active aging may have been affected by negative factors such as the outflow of young and able-bodied labor and changes
in family support patterns in central and western regions, while the subsequent increase benefited from the long-term and
cumulative dividends of national strategic policies (such as poverty alleviation and social security). The distribution peak in
central regions became sharper and narrower, possibly due to the effectiveness of regional coordinated development under the
central rise strategy, where the effective descent of resources and policies has narrowed the welfare gap among elderly
populations in different regions within the province.

The complex changes in the peak pattern of northeast China reflect the instability of the active aging level of this
traditional industrial base under the multiple challenges of industrial transformation, population outflow and the pressure
of pension security system.

The above complex regional evolution pattern indicates that China’s active aging process is not a uniform picture, but
is deeply constrained by the transformation paths of local socio-economic structures. Therefore, some of the country’s
“one-size-fits-all” aging policies are clearly insufficient. It is necessary to implement refined governance that respects
regional diversity to truly achieve balanced development of active aging.

Conclusions

This study developed a novel indicator framework for measuring active aging among older adults in China, based on
Latent Dirichlet Allocation (LDA) topic modeling. Drawing upon five waves of panel data from the China Health and
Retirement Longitudinal Study (CHARLS), we conducted a comprehensive and rigorous assessment of individual-level
active aging outcomes.

Key Findings Include
(1) Overall Improvement: The active aging level of older adults in China has steadily improved during the study period
(2011-2020), with the most significant progress observed in the eastern region.

(2) Widening Regional Gaps: Disparities in active aging levels increased between the eastern, northeastern, and
western regions, whereas the central region experienced a narrowing of differences.

(3) Determinants of Active Aging: Factors positively associated with active aging scores include higher educational
attainment, urban residency, male gender, alcohol consumption, and being married. Conversely, older age, region
(central/west/northeast), the presence of chronic conditions, a greater number of living children, and smoking were
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negatively associated. Among these, educational attainment, urban-rural residence, age, and gender emerged as the most
salient determinants.

Limitations and Future Directions

Limitations

This study acknowledges several limitations. First, in the CHARLS dataset, proxy responses were utilized when
participants were unable to independently complete the survey due to cognitive impairment, illness, or disability.
Although this approach was necessary, it may undermine the accuracy of the information provided by or about the
most vulnerable sub-populations, potentially influencing the representativeness of the analysis.

Additionally, even though the measurement framework was constructed using a data-driven LDA model, the specific
operational indicators were chosen from pre-existing variables within the CHARLS dataset. Consequently, the frame-
work may not comprehensively encompass all relevant dimensions of active aging, such as personal interests, religious
involvement, sexual health, working conditions, and the availability of community-based services.

Finally, the use of multivariate linear regression, while identifying key determinants, may not fully capture the
complex, non-linear interactions between these factors. Future research could employ techniques like graph analysis to
model the intricate network of relationships among determinants, potentially revealing central hubs and synergistic
effects that are not apparent in a linear additive model.

Strengths

Despite these limitations, the study offers several novel contributions. It introduces a methodological innovation by
departing from the conventional WHO “three-pillar” framework and employing topic modeling on diverse textual
sources—including social media comments, government policies, and news articles—to construct an empirically
grounded and culturally specific indicator system for active aging in China. Furthermore, by utilizing five waves of
nationally representative CHARLS panel data and aligning it with international datasets such as HRS, ELSA, and
SHARE, the study not only provides robust insights into the dynamics of active aging in China but also establishes
a foundation for cross-national comparative research. Finally, the research enhances policy relevance by uncovering the
individual, familial, and contextual factors that shape active aging, thereby offering empirical evidence to support the
development of more targeted and equitable aging policies.

Future Directions

Future research may consider several promising directions. One potential avenue is the integration of geospatial analysis
and predictive modeling to examine long-term trends and regional heterogeneity in active aging trajectories across China.
Additionally, expanding the indicator framework to include dimensions such as subjective well-being, digital literacy,
community support systems, and environmental adaptability would enable a more holistic assessment of active aging.
Given the adaptability of the LDA-based framework, future studies could also adopt a “local calibration—indicator
mapping” strategy to apply this model in other national contexts using internationally harmonized datasets such as HRS
and SHARE, thereby laying the groundwork for a global comparative paradigm in active aging research.
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