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Background: With the acceleration of societal aging, the physical health and cognitive function issues of seniors have increasingly garnered widespread attention. This article explores the impact of physical activity on the physical health and cognitive performance of seniors, aiming to provide a theoretical basis for health management and related policy formulation for seniors, which holds significant academic value and social significance.

Methods: This study constructs an ordered logit regression model to analyze the effects of physical activity on the physical health and cognitive performance of seniors, serving as the baseline model, and conducts a parallelism test to verify the model’s applicability. To ensure the robustness of the results, various methods were employed for testing, including model substitution, replacement of independent and dependent variables, and the use of propensity score matching analysis. Through these methods, the marginal effects of physical activity on the physical health and cognitive performance of seniors were revealed, and further analysis was conducted on the heterogeneity of physical health and cognitive performance among different groups and regions of seniors.

Results: (1) Physical activity has a significant promoting effect on the physical health and cognitive performance of seniors. Seniors who engage in physical activity demonstrate markedly better physical health and cognitive abilities compared to those who do not participate in physical activity, indicating that physical activity has a positive effect on improving the physical health and cognitive performance of seniors. (2) Physical activity exhibits notable marginal effects on the physical health and cognitive performance of seniors. The probability of seniors who participate in physical activity experiencing improvements in physical health and cognitive performance significantly increases, while those who do not engage in physical activity show the opposite trend, with a decrease in the probability of improvement. (3) There is significant heterogeneity in the effects of physical activity on the physical health and cognitive performance of different senior groups. Specifically, seniors who are female, married, or living in urban areas exhibit more pronounced improvements in health and cognition after engaging in physical activity, indicating that the benefits of physical activity are particularly prominent in these groups.

Discussion: Seniors who participate in physical activity demonstrate significantly better physical health and cognitive abilities compared to those who do not engage in physical activity, suggesting that physical activity not only helps to delay physical aging but also effectively slows cognitive decline. Future policies should focus on enhancing the promotion and implementation of physical activity among seniors, especially within groups with differentiated needs, to advance the process of healthy aging and further enhance the overall well-being of the senior population.
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1 Introduction

With the acceleration of global aging, the physical health and cognitive function issues of the older adults population have become a significant challenge in the field of global public health. According to the World Health Organization’s definition, health is not merely the absence of disease or infirmity, but a complete state of physical, mental, and social well-being. Therefore, improving the overall health level of the older adults population, particularly in terms of physical function and cognitive ability, has become an important issue in health policies across countries worldwide. In 2020, the World Health Organization released the “Global Guidelines on Physical Activity for Older Adults,” advocating that regular participation in physical activities helps older adults improve their physical health, enhance muscle strength, and increase balance, while also promoting mental health and cognitive function, thereby reducing the risk of depression and anxiety. China’s “Healthy China 2030 Planning Outline” also clearly states that the health of the older adults is a key component in achieving the Healthy China strategy, emphasizing that physical activity should be an effective means to promote the health of older adults, capable of preventing chronic diseases, delaying physical decline, and improving cognitive function.

According to existing research, the main factors influencing the health status of the older adults can be categorized into five major categories: natural attributes, socio-economic status, lifestyle, health conditions, and psychological factors (1). Among these five factors, lifestyle is a crucial determinant of health throughout the entire life course. Lifestyle generally includes smoking, alcohol consumption, physical activity, and participation in various activities. Among these, physical activity has become an internationally recognized strategy for promoting health in middle-aged and older adults due to its low cost and ease of participation (2). However, the proportion of older adults individuals participating in physical activities is currently low in many countries around the world, with a preference for moderate to low-intensity activities. Moreover, a common trend is that the level of participation in physical activities gradually declines with age (3–8). Therefore, there is an urgent need to encourage more older adults individuals to engage in physical activities, promote the implementation of healthy aging, and overall enhance the physical and mental health levels of the older adults population.

Currently, research on physical activity and the physical health and cognitive performance of seniors mainly focuses on the following aspects.

Firstly, the duration, intensity, and type of physical activity have an impact on the physical health and cognitive performance of the older adults. The benefits of physical activity for the physical health and cognitive performance of older adults are undeniable (1, 9). Existing research has found that physical activity is significantly positively correlated with both subjective and objective health; the higher the frequency of participation in physical activities, the better the subjective and objective health status (3). However, the “frequency” of physical activity does not adequately explain the “duration, intensity, and type,” which requires further investigation. Chen classified physical activity intensity into vigorous, moderate, and light levels, and the propensity score matching results showed that participating in moderate activities could increase the probability of healthy aging for seniors by 0.76–0.78%, while vigorous and light physical activities had no significant impact on healthy aging (10). The research by Uchida indicated that low-intensity physical activity could improve lung function and physical condition, and is recommended for promoting the health of seniors (11). Other studies found that physical-cognitive dual-task physical activity games had the best intervention effects, followed by physical-cognitive combined activity games, and lastly, single physical or cognitive training. The frequency of physical activity game interventions was generally three times per week, with a duration primarily of 12 weeks, and intervention times ranging from 18 to 90 min, with each session gradually increasing from less to more, ultimately reaching 30 or 50 min (12–14). Carta verified through randomized controlled trials the effectiveness of moderate-intensity physical activity on the cognitive performance of seniors, indicating that moderate-intensity exercise could improve seniors’ cognitive performance, particularly in memory and visual–spatial skills (15).

Secondly, the impact and mechanisms of physical activity on the physical health and cognitive performance of seniors. Physical activity can enhance the physical, mental, and social functions of the research subjects, improve the physical condition of seniors, and increase their immune system strength. For seniors with certain chronic diseases, it helps alleviate or maintain their conditions, thereby improving their physical condition and promoting physiological health. Svobodová et al. found that physical activity could improve seniors’ aerobic capacity and endurance, with seniors engaging in physical activity showing significant improvements in indicators such as the 10-meter walking test and the 6-min walking test, indicating that endurance training helps enhance seniors’ muscle strength and endurance, as well as improve coordination and balance, thus enhancing walking ability (16). Fang Guoliang et al. found that high-intensity interval training could significantly improve seniors’ short-term memory, reaction speed, and resistance to interference in cognitive functions, although its effect on improving attention was not significant (17). Although there is no direct research indicating specific mechanisms through which physical activity affects seniors’ cognitive functions, physical activity can improve cardiovascular function, increase blood supply and oxygen delivery to the brain, and sufficient blood and oxygen supply can maintain normal metabolism and function of neurons, enhancing the synthesis and transmission efficiency of neurotransmitters, thereby contributing to improved cognitive abilities.

Thirdly, there are differences in the impact of physical activity on the physical health and cognitive performance of older adults individuals with different characteristics. Among those who engage in regular physical activity, the probability prediction values for both subjective and objective health for middle-aged and older men are higher than those for middle-aged and older women. Regular physical activity has a greater positive effect on the health levels of middle-aged and older men who have experienced famine. Additionally, urban older adults individuals who have experienced famine and participate in physical activity occasionally or regularly have higher health probability prediction values than their rural counterparts with the same physical activity habits and famine experience (3). Research by Gonçalves A K and others found that physical fitness improves with training, but the effects vary across different age groups: physical training has a positive impact on the 60–69 and 70–79 age groups, while it has no significant effect on those aged 80 and above (18).

It is evident that the consensus in academia is that physical activity can enhance the physical health and cognitive abilities of the older adults, although the focus varies slightly by country. Some studies in European countries pay more attention to the effects of physical activity on brain structure and neural plasticity, while research in developing countries tends to emphasize the prevention and control of common chronic diseases through physical activity. Some findings are particularly novel and thought-provoking; for example, in Indonesia, physical activity can increase bone density, reduce fat accumulation, improve body mass index, lower the risk of musculoskeletal system damage, influence dopamine levels and changes in neurotrophic factors, and suppress cognitive decline and dementia. In Malaysia, physical activity is associated with cognitive function in the older adults, with walking improving cognitive abilities. In developed countries, physical activity is considered essential for maintaining physical function in older adults, improving quality of life, and preventing chronic diseases, with dance potentially having the greatest impact on enhancing cognitive abilities in healthy older adults. In China, physical exercise has been shown to significantly improve cognitive function in sedentary older adults patients with diabetes (19–26). However, there are still disagreements in academia regarding the intensity of physical activity, and research on the differences in the impact of physical activity on the physical health and cognitive performance of older adults individuals with different characteristics remains incomplete. Currently, there is no evidence to suggest that longer durations of physical activity, more frequent activities, or higher intensity levels lead to greater functional improvements (27). The optimal intensity of physical activity for enhancing the physical health and cognitive performance of the older adults still needs to be explored. Questions remain, such as whether higher intensity physical activity can lead to better health outcomes for older adults, whether there are marginal effects of physical activity on older adults health, and whether the impact of physical activity varies among different age groups, genders, and regions. There is currently no comprehensive and unified perspective in academia on these issues.

In light of the above issues, this paper aims to verify the impact of physical activity on the physical health and cognitive performance of seniors by constructing an ologit model. Based on this, it will explore the marginal effects of physical activity on seniors with different levels of physical health and cognitive performance, the differences in the effects of light, moderate, and vigorous physical activity on seniors of different age groups, as well as the heterogeneity in terms of gender, marital status, and urban–rural differences. Finally, combined with empirical findings, this study attempts to provide a scientific basis for health management and policy formulation for seniors, thereby promoting the overall improvement of societal health levels. This research not only has theoretical significance but also provides practical guidance for addressing public health challenges in an aging society.

Compared to existing research, the potential marginal contributions of this paper are as follows. First, this paper further verifies the positive impact of physical activity on the physical health and cognitive performance of seniors based on the ologit model, with robust results. Second, it explores the marginal effects of physical activity on seniors with different levels of physical health and cognitive performance. Third, it investigates the differences in the effects of light, moderate, and vigorous physical activity on seniors of different age groups, as well as the heterogeneity in terms of gender, marital status, and urban–rural differences, thereby supplementing existing evidence.



2 Data and methods


2.1 Data sources and variable selection


2.1.1 Data sources

The data for this study comes from the China Health and Retirement Longitudinal Study (CHARLS). CHARLS is a large-scale household survey led by the National School of Development at Peking University, which is nationally representative and covers 150 counties and 450 villages across 28 provinces (autonomous regions and municipalities) in China. In terms of survey content, the CHARLS questionnaire includes a wealth of individual and family information about middle-aged and seniors, encompassing their physical and mental health status represented by chronic diseases, disability levels, depression, and cognitive abilities, as well as demographic variables such as gender, age, marital status, and education level. This information provides data support for exploring the causal relationship between physical activity and the physical health and cognitive performance of seniors. Therefore, based on the research objectives, this study utilizes the latest fifth wave (2020) national follow-up data, which was officially released to the public on November 16, 2023. After data cleaning, samples of seniors aged 60 and above were retained, resulting in a final valid sample of 11,473.



2.1.2 Variable selection


2.1.2.1 Dependent variables

This article uses physical health and cognitive performance to reflect the health level of seniors, constructing the following indicators based on these two metrics:

First, physical health is composed of 12 categorical variables, including whether the individual has hypertension, diabetes, cancer, lung disease, heart disease, has had a stroke, arthritis, abnormal blood lipids, liver disease, kidney disease, stomach disease, or asthma. This article distinguishes the health status of the older adults based on the number of illnesses using Hu’s method (28). Using the recode command in Stata software, physical health is categorized into five levels: very poor health, poor health, average health, good health, and very good health.

Second, cognitive performance indicators are constructed from two aspects: situational memory and mental memory. Situational memory is represented by phrase memory, which consists of immediate phrase recall and delayed phrase recall. Mental memory is represented by cognitive completeness, which includes date recognition, calculation, and drawing ability. The former is scored from 0 to 10, with higher scores being better, while the latter is scored from 0 to 11, also with higher scores being better. The combined cognitive performance score ranges from 0 to 21, with higher scores indicating better performance. This is based on Hu’s analysis of cognitive function in the older adults from the CHARLS database (29). Using the recode command, cognitive performance is categorized into five levels: very poor, poor, average, good, and very good.



2.1.2.2 Core explanatory variable

The core explanatory variable is a binary variable indicating whether seniors aged 60 and above participate in physical activities, where 0 represents non-participation and 1 represents participation.



2.1.2.3 Control variables

Control variables include gender, age, age squared, marital status, education level, the logarithm of family income, the logarithm of per capita family consumption, and the logarithm of financial support from children to parents.



2.1.2.4 Other variables

For alternative variables, ADL and IADL are selected as substitutes for the dependent variable of physical health, while situational memory and mental memory are used as substitutes for cognitive performance. Light physical activities (primarily referring to walking, including moving from one place to another while working or at home, as well as other walking for leisure, exercise, or entertainment), moderate-intensity physical activities (activities that make the respondent breathe faster than usual, such as carrying light objects, cycling at a regular pace, mopping, practicing Tai Chi, or brisk walking), and high-intensity physical activities (intense activities that cause the respondent to breathe heavily, such as carrying heavy objects, digging, farming, aerobic exercise, fast cycling, or cycling with cargo) are selected as alternative variables for the core explanatory variable. For heterogeneity analysis, urban–rural status (0 indicates living in a rural area, 1 indicates living in an urban area), gender (0 indicates female, 1 indicates male), and marital status (0 indicates unmarried, 1 indicates married) are chosen as covariates for the heterogeneity analysis.




2.1.3 Descriptive statistics of the data

Table 1 shows the descriptive statistics of the variables.



TABLE 1 Descriptive statistics of variables.
[image: Table1]

In terms of the dependent variables, the average scores for physical health and cognitive performance are 2.90 and 3.22, respectively, indicating that the average score for cognitive performance is slightly higher than that for physical health. Based on the values assigned to physical health and cognitive performance, the health status of the surveyed seniors is at a moderate level. The standard deviation for physical health is 1.30, while the standard deviation for cognitive performance is 1.17, suggesting that the variability in physical health is greater. Both variables have a range of 4, indicating significant health disparities within the old people group.

Regarding different levels of physical activity, the proportions of surveyed seniors who have participated in light physical activity, moderate physical activity, and intense physical activity are 75.20, 49.70, and 30.50%, respectively, indicating that as the intensity of exercise increases, the participation rate among seniors decreases.

In terms of control variables, males constitute 48.20% of the surveyed seniors, indicating a relatively balanced gender distribution. The average age of the respondents is 70.05 years, with a minimum age of 60 years and a maximum age of 120 years. Regarding marital status, the proportion of those who are married reaches 70.05%, while nearly 30% of the senior respondents are not married, including widowed, unmarried, and divorced individuals.

In terms of educational attainment, 52.29% of the respondents have an education level of elementary school or below, 20.23% have completed elementary school, 16.20% have completed junior high school, and 11.28% have completed high school or higher, indicating that the overall educational level of the respondents is not high. The means for the logarithm of household income, the logarithm of household consumption per capita, and the logarithm of children’s financial support for parents are 7.00, 9.39, and 7.09, respectively.

Regarding other variables, 51.00% of the surveyed seniors live in urban areas, while 49.00% reside in rural areas, indicating a relatively balanced urban–rural distribution among the respondents. Looking at activities of daily living (ADL) and instrumental activities of daily living (IADL), the mean scores after reverse coding are 4.42 and 4.38, respectively, indicating that most seniors do not require assistance with ADL and IADL and can generally manage their daily lives independently. In terms of contextual memory and mental imagery, both have a mean score of 3.17, suggesting that the cognitive performance of seniors is slightly above average.




2.2 Research methods

The dependent variables of seniors’ physical health and cognitive performance are classified as ordinal variables, and an ologit regression can be used to estimate the impact of physical activity on seniors’ physical health and cognitive performance. The equation of the ologit model can be expressed as:
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⋮
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In Equations 1–4, [image: image] represents the cumulative probability of the dependent variable being less than or equal to option j, while the denominator [image: image]represents the probability of being greater than option j. The expression [image: image] is the logit of the cumulative probability. On the right side of the equation, there is no constant term aj; instead, it is replaced by cutting points [image: image]. [image: image] represents the regression coefficients of the independent variables. From the above equation, it can be seen that the ologit model is not a single model, but rather j models; the ologit model actually estimates j-1 effective models (where j is the number of ordered categories of the dependent variable).




3 Results and analysis


3.1 Benchmark regression and diagnostic testing


3.1.1 Benchmark regression

The ologit model uses the maximum likelihood estimation method for parameter estimation, and the interpretation of its regression results is similar to that of the binary logistic model. We will present the odds ratios from the ologit model and explain the baseline models for the dependent variables of physical health and cognitive performance. Models (1) and (2) represent the baseline regression models for physical health, while Models (3) and (4) represent the baseline regression models for cognitive performance.

After four iterations and final convergence, Models (1), (2), (3), and (4) all passed the significance tests (Table 2).



TABLE 2 Ologit model estimating the health influencing factors for seniors.
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Model (1) shows that the coefficient of the core explanatory variable, physical activity, is statistically significant, with a p-value less than 0.05, indicating that there are significant differences in the physical health of seniors. Specifically, seniors who participate in physical activities have noticeably better physical health compared to those who do not. Model (2) indicates that when controlling for variables such as gender, age, agesqr, education, lninc, lnfacom, and lnfinasu, the significance level of the core explanatory variable, physical activity, remains unchanged, with a p-value still less than 0.05, further confirming the significant differences in the physical health of seniors. The odds ratio (OR) of the core explanatory variable is 0.205, which is a positive number, reflecting that seniors who participate in physical activities are more likely to have a higher ranking in the dependent variable and better physical health compared to those who do not participate in physical activities (the reference group). In other words, seniors who engage in physical activities are healthier than those who do not. Controlling for other variables, the OR of physical activity is 0.280, indicating that, while keeping other variables constant, seniors who participate in physical activities are increasingly likely to have a higher ranking in the dependent variable. Model (2) further reveals that seniors who engage in physical activities are healthier than those who do not.

Model (3) shows that the coefficient of the core explanatory variable, physical activity, is statistically significant, with a p-value less than 0.05, indicating that there are significant differences in the cognitive performance of seniors. Specifically, seniors who participate in physical activities exhibit noticeably better cognitive performance compared to those who do not. Model (4) indicates that when controlling for variables such as gender, age, agesqr, education, lninc, lnfacom, and lnfinasu, the significance level of the core explanatory variable, physical activity, remains unchanged, with a p-value still less than 0.05, further confirming the significant differences in the cognitive performance of seniors. The OR of the core explanatory variable is 0.554, which is a positive number, reflecting that seniors who participate in physical activities are more likely to have a higher ranking in the dependent variable and stronger cognitive abilities compared to those who do not participate in physical activities (the reference group). In other words, seniors who engage in physical activities demonstrate better cognitive performance than those who do not. Controlling for other variables, the OR of physical activity is 0.325, indicating that while the likelihood of seniors who participate in physical activities having a higher ranking in the dependent variable has somewhat diminished, Model (4) reveals that seniors who engage in physical activities exhibit stronger cognitive performance compared to those who do not.



3.1.2 Parallelism test

The baseline regression model explains two facts: that engaging in physical activities offers more benefits for seniors, at least in terms of meeting health requirements and enhancing cognitive performance. However, due to the assumption in the ologit model that the proportional odds hold, meaning the effect of the independent variable on the dependent variable remains constant across the categories of the dependent variable, it is necessary to conduct a score test for the proportional odds assumption. This test examines whether the impact of different values of the independent variable on the dependent variable is consistent across the various regression equations. The null hypothesis of the score test for the proportional odds assumption is that the model satisfies parallelism. If the p-value is greater than 0.05, it indicates that the model accepts the null hypothesis, thus meeting the parallelism test; conversely, if the p-value is less than or equal to 0.05, the null hypothesis is rejected, indicating that the model does not satisfy the parallelism test. Since parallelism is a prerequisite for using the ologit model, if it cannot be satisfied, it is preferable to use the mlogit model.

After running the ologit regression model, execute the brant command to output the results of the parallelism test for the ologit model. The parallelism test consists of two parts: one part tests the overall model, represented by the row corresponding to “All,” which checks whether all variables together violate the parallelism assumption, while the other part assesses whether the individual effects of each independent variable violate the parallelism assumption.

As indicated in Table 3, regarding the baseline regression model for physical health, both the overall model test and the tests for each independent variable yield relatively small Chi2 values, and the parallelism tests for all variables, including ac, gender, age, agesqr, edu, lninc, lnfacom, and lnfinasu, are not significant, which means that the baseline regression model for physical health fully satisfies the parallelism assumption. In the case of the baseline regression model for cognitive performance, the Chi2 value for the overall model test is relatively large, and the overall model test is significant, indicating that the baseline regression model for cognitive performance does not satisfy the parallelism assumption. Therefore, since the cognitive performance baseline regression model violates the parallelism assumption, how should we address this issue? Given the complexity of social phenomena, it is not uncommon for the ologit model to be used for statistical estimation of qualitative variables in quantitative social science research, even when the parallelism assumption is violated. If it is found that the model violates the parallelism assumption after testing, different measures should be taken based on the specific situation. If the variable that violates the assumption is not a core explanatory variable in the study but rather a control variable, it may not be necessary to be overly concerned about this issue, as long as the effect of the core explanatory variable does not violate the parallelism assumption, indicating that its estimates for the dependent variable are reliable (30). However, if the core explanatory variable violates the parallelism assumption, the ologit model cannot be used for estimation; in this case, the mlogit model can be chosen for estimation. In Table 3, the Chi2 value for the core explanatory variable ac is relatively small, and its parallelism test is not significant, indicating that the core explanatory variable does not violate the parallelism assumption, and the baseline regression model for cognitive performance still possesses explanatory power.



TABLE 3 Brant test of parallel regression assumption.
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3.2 Marginal effects analysis

Based on the baseline regression and parallelism test, in order to make the analysis results more quantifiable and precise, we run the margins command to measure the health marginal effects of participation in sports activities among different categories of seniors.

First, we examine the marginal effects of participation in sports activities on physical health among the old people (Table 4). We select the probabilities of having very poor physical health (score of 1), poor physical health (score of 2), average physical health (score of 3), good physical health (score of 4), and very good physical health (score of 5) based on participation in sports activities. Holding other variables constant, the probabilities of having very poor physical health for those who do not participate in sports activities and those who do are 19.50 and 15.51%, respectively; the probabilities of having poor physical health are 31.54 and 28.68%; the probabilities of having average physical health are 19.91 and 20.78%; the probabilities of having good physical health are 17.68 and 20.55%; and the probabilities of having very good physical health are 11.37 and 14.48%. This indicates that the probability of having better physical health with participation in sports activities is increasing, while the probability of having better physical health without participation in sports activities is decreasing. The two show a polarized difference, proving that participation in sports activities is beneficial for the physical health of seniors, and the marginal effect on physical health from participating in sports activities is significant.



TABLE 4 Marginal effects of physical activity on the physical health of seniors.
[image: Table4]

Second, we examine the marginal effects of participation in sports activities on cognitive performance among the old people (Table 5). We select the probabilities of having very poor cognitive performance (score of 1), poor cognitive performance (score of 2), average cognitive performance (score of 3), good cognitive performance (score of 4), and very good cognitive performance (score of 5) based on participation in sports activities. Holding other variables constant, the probabilities of having very poor cognitive performance for those who do not participate in sports activities and those who do are 9.63 and 7.27%, respectively; the probabilities of having poor cognitive performance are 22.85 and 19.35%; the probabilities of having average cognitive performance are 31.95 and 31.41%; the probabilities of having good cognitive performance are 21.94 and 24.57%; and the probabilities of having very good cognitive performance are 13.62 and 17.41%. This indicates that the probability of having better cognitive performance with participation in sports activities is increasing, while the probability of having better cognitive performance without participation in sports activities is decreasing. The two show a polarized difference, proving that participation in sports activities is beneficial for the cognitive performance of seniors, and the marginal effect on cognitive performance from participating in sports activities is significant.



TABLE 5 Marginal effects of the impact of physical activity on cognitive performance of seniors.
[image: Table5]



3.3 Robustness test

To verify that the results of the benchmark regression model analysis are more convincing, the study conducts robustness tests using methods such as sampling replacement models, replacing independent variables, replacing dependent variables, and propensity score matching analysis.


3.3.1 Replace the model

The ologit model corresponds to the oprobit model; these two models are like twin sisters. They both assume that there is some relationship between the independent variables and the categories of the dependent variable, and they explain the ordinal changes in the dependent variable through the influence of these independent variables. The ologit model models the relationship through linear regression of Log odds, while the oprobit model models the relationship between the dependent and independent variables through a latent normal distribution, and is derived based on the cumulative distribution function. Similarly, four benchmark models are explained for the dependent variable of physical health and the dependent variable of cognitive performance. Models (5) and (6) are the benchmark regression models for physical health, while models (7) and (8) are the benchmark regression models for cognitive performance. The results of the oprobit model (Table 6) show that the coefficient of the core explanatory variable, physical activity, is statistically significant, with a p-value less than 0.05, indicating that seniors’ participation in physical activities significantly promotes both physical health and cognitive performance. When controlling for variables such as gender, age, agesqr, edu, lninc, lnfacom, and lnfinasu, the regression coefficient of the core explanatory variable, physical activity, remains significant, suggesting that the replacement model has robust benchmark regression results.



TABLE 6 Oprobit model for estimating factors influencing the health of seniors.
[image: Table6]



3.3.2 Replace the independent variable

Select “whether engaged in light physical activity,” “whether engaged in moderate physical activity,” and “whether engaged in vigorous physical activity” as substitute variables for participation in physical activity, that is, replacing the core explanatory variables. Light physical activity refers to walking, including moving from one place to another while working or at home, as well as other walking done for leisure, exercise, sports, or entertainment, without significant fatigue or shortness of breath, reaching 40–55% of maximum heart rate; moderate physical activity refers to activities of moderate intensity that cause the respondent’s breathing to be slightly faster than usual, such as carrying light objects, cycling at a regular pace, mopping, practicing Tai Chi, or brisk walking, where there is a certain degree of shortness of breath during exercise, but normal conversation is still possible, reaching 55–70% of maximum heart rate; while vigorous physical activity refers to intense activities that cause the respondent to experience shortness of breath, such as lifting heavy objects, digging, farming, aerobic exercise, cycling quickly, or carrying loads while cycling, where there is significant shortness of breath and an increased heart rate during exercise, making it difficult to maintain a coherent conversation for long periods, reaching 70 to 90% of maximum heart rate (31).

It is surprisingly found that different intensities of physical activities have significant differences in their effects on the physical health and cognitive performance of seniors. Light physical activities like walking do not have a significant impact on the physical health of seniors (Table 7), with a positive but insignificant regression coefficient in Model (9). The regression coefficients in Model (10) and Model (11) are positive and significant, indicating that participation in moderate or vigorous physical activities significantly promotes the physical health of seniors, with greater benefits to physical health as the intensity of physical activities increases. Conversely, the regression coefficients in Model (12), Model (13), and Model (14) decline from 0.292 to 0.207 and then to −0.141, indicating that an increase in the intensity of physical activities leads to a decrease in cognitive performance among seniors.



TABLE 7 Robustness test of estimated health influences on seniors: replacing the independent variable.
[image: Table7]

Why are vigorous physical activities more beneficial for the physical health of seniors, while detrimental to cognitive performance? We attempt a comparative analysis across different age groups, dividing seniors into the 60–69 age group, the 70–79 age group, and those aged 80 and above. The regression results show that as the age group increases, vigorous physical activities are more beneficial for the physical health of seniors. However, in reality, vigorous physical activities may not be suitable for seniors aged 80 and above. Therefore, we further divide seniors aged 80 and above into urban and rural groups. The results reveal that vigorous physical activities are beneficial for the physical health of urban seniors aged 80 and above, with a positive and significant regression coefficient, while the regression coefficient for rural seniors aged 80 and above is not significant. In terms of cognitive performance, vigorous physical activities have a negative impact on the cognitive performance of seniors in the 60–69 age group, while the regression coefficients for cognitive performance in the 70–79 age group and the 80 and above age group are not significant.



3.3.3 Replace the dependent variable

Using ADL and IADL to replace the dependent variable physical health, and using memory and mentim to replace the dependent variable cognitive performance, is highly persuasive. ADL refers to the most basic activities of daily living for individuals, primarily involving the ability for personal self-care. It consists of indicators such as the ability to dress, bathe, eat, use the toilet, walk, and perform activities in bed. IADL refers to relatively complex activities that require higher cognitive and social abilities; these do not involve basic self-care but are crucial for a person to maintain independent living. It includes the ability to cook, clean, shop, manage finances, appear in public, communicate by phone, and manage medication. Both ADL and IADL are important indicators of physical health status. This paper employs the comprehensive scoring analysis method developed by Chen et al. to recode ADL and IADL, where a higher score indicates better physical health (32). Contextual memory is represented through phrase memory, consisting of immediate and delayed phrase recall, while mental image is represented through cognitive completeness, comprising date recognition, calculation, and drawing abilities. Both can reflect cognitive performance.

The regression results of Model (15) and Model (16) show that, while controlling for other variables, seniors’ participation in physical activities has a significant positive effect on ADL and IADL scores, with positive and significant regression coefficients (Table 8). The regression results of Model (17) and Model (18) indicate that, while controlling for other variables, seniors’ participation in physical activities significantly promotes memory and mentim, with positive and significant regression coefficients. These four models validate the robustness of the baseline regression results.



TABLE 8 Robustness test of estimated health influences on seniors: replacing the dependent variable.
[image: Table8]



3.3.4 Propensity score matching analysis

The propensity score refers to the probability of an individual being in any given intervention state (33). This section considers whether to engage in physical activity as a binary intervention variable, with the propensity score representing the probability of this intervention variable taking a value of 1. Propensity score matching analysis has advantages over linear regression, as it can directly obtain estimates of causal effects based on matched samples, while linear regression must include other control variables when estimating causal effects. Common methods for propensity score matching analysis include 1:1 matching, 1:4 matching, radius matching, and kernel matching. For ease of comparison, we present the results of the four matching methods (Table 9). From the 1:1 matching, there is a significant difference in the ATT and ATU values for physical activity regarding phyh, indicating that the health effect for seniors who have engaged in physical activity is 6.21%, while the expected health effect for those who have not engaged in physical activity is 18.89%. The differences in the ATT and ATU values for cognitive performance (cog) are relatively small, with the effect for seniors who have engaged in physical activity being 21.14%, compared to an expected cognitive performance effect of 19.86% for those who have not. From the 1:4 matching, the health effect for seniors who have engaged in physical activity is lower than the expected health effect for those who have not, while the cognitive performance effect is the opposite. From the radius matching, the ATT and ATU values are the same, indicating that the health effects are identical regardless of whether physical activity is undertaken. The results of kernel matching are interpreted similarly to the above. For the 1:1 matching, 1:4 matching, and kernel matching, the health effects from physical activity are lower than those of the untreated group, while the cognitive performance effects are higher than those of the untreated group. This aligns with the lower regression coefficient for phyh and the higher regression coefficient for cog in the baseline regression, indicating that the results of the baseline regression analysis are robust.



TABLE 9 Propensity-matched score analysis of physical activity on physical health and cognitive performance of seniors.
[image: Table9]

After completing the propensity score matching analysis, we conducted a balance test on the data using physical activity as an example for the health of the older adults. The kernel propensity score matching method was employed here. The results showed a significant improvement in data balance compared to before matching. Most of the t-test results for the covariates before matching were significant, while the significance levels of the t-tests after matching decreased substantially. The mean and median of the standardized mean differences of the covariates both showed a noticeable decline after matching (Figure 1), reflecting that the B index and R index of overall data balance fell within a reasonable range after matching. The R2 after matching also became significant (Table 10), indicating that kernel propensity score matching is robust.

[image: Figure 1]

FIGURE 1
 Standardized mean differences of covariates before and after matching.




TABLE 10 Propensity score matching balance test.
[image: Table10]




3.4 Heterogeneity analysis

The heterogeneity of physical activity’s impact on the physical health and cognitive performance of seniors is revealed from three aspects: gender (male and female), marital status (married and unmarried), and urban versus rural settings.

In terms of physical health heterogeneity, physical activity benefits the physical health of both male and female seniors, but in terms of intensity, physical activity is more beneficial for female seniors. Regarding marital status, physical activity benefits the physical health of both married and unmarried seniors, but in terms of intensity, physical activity is more beneficial for married seniors. When examining the physical health status of seniors in urban and rural areas, physical activity benefits the physical health of both urban and rural seniors, but in terms of intensity, physical activity is more beneficial for urban seniors (Table 11).



TABLE 11 Heterogeneity analysis of the ologit model for estimating factors affecting physical health of seniors.
[image: Table11]

In terms of the heterogeneity of cognitive performance, physical activity benefits the cognitive performance of both male and female seniors, but in terms of intensity, physical activity is slightly more beneficial for female seniors. Regarding marital status, physical activity benefits the cognitive performance of both married and unmarried seniors, but in terms of intensity, physical activity is more beneficial for married seniors. When examining the cognitive performance of seniors in urban and rural areas, physical activity is beneficial for the cognitive performance of urban seniors, but it does not have a significant impact on the cognitive performance of rural seniors (Table 12).



TABLE 12 Heterogeneity analysis of the ologit model for estimating factors influencing cognitive performance among seniors.
[image: Table12]




4 Discussion

This study systematically reveals the mechanism of physical activity on multidimensional health indicators in the older adults population by constructing an ordered logit model and conducting a series of robustness tests. Through marginal effect decomposition and heterogeneity analysis, the research deepens the understanding of intervention pathways and provides new empirical evidence for the design of differentiated health policies. At the foundational mechanism level, the study finds that the promoting effects of physical activity on physical health and cognitive function are statistically significant and biologically plausible. The research reveals that the marginal effects exhibit non-linear characteristics: when the frequency of participation in physical activity exceeds a threshold, health benefits show an accelerating growth trend. Meanwhile, propensity score matching analysis eliminates health selection bias, confirming that the observed health gains primarily stem from the causal effects of physical activity rather than individual self-selection. In terms of heterogeneity analysis, the study identifies significant group differences: female participants, married individuals, and urban residents exhibit stronger intervention responsiveness. This difference may arise from the moderating role of social support networks—emotional support and exercise companionship provided by marital relationships may enhance behavioral compliance; well-equipped fitness facilities and health education in urban communities lower the barriers to participation in physical activity.

This study has three methodological limitations: first, although the classification of health indicators references internationally accepted standards, the setting of classification thresholds may affect the sensitivity of ordered regression parameter estimates; second, insufficient age stratification in the sample may obscure lifecycle effects, necessitating further differentiation of exercise response patterns between younger older adults (ages 65–74) and older adults (ages 75 and above). For instance, the small proportion of the very older adults population (those aged 90 and above only account for 1.2% of the total sample) may not be suitable for high-intensity physical activities, and future research needs to delve deeper to reveal the impact mechanisms of physical activity on older adults health; finally, the absence of mental health variables prevents the study from fully constructing a “physiological-psychological-social” health model. Subsequent research could adopt a mixed-methods design, combining biomarker detection and longitudinal tracking to explore the multidimensional pathways of exercise interventions in depth.

Based on the above findings, it is recommended to optimize healthy aging policies from three levels: first, establish an exercise prescription system based on precision medicine concepts, designing tiered intervention plans for different subgroups; second, improve the age-friendly transformation of community sports facilities, with a focus on enhancing resource allocation in rural areas; third, incorporate exercise adherence assessment into the basic public health service package, building a long-term health promotion mechanism with multi-departmental collaboration. These measures align closely with the life-cycle health management strategy proposed in the “Healthy China 2030 Planning Outline” and hold significant practical value for achieving active aging.



5 Conclusion

This article constructs a regression model to analyze the impact of physical activity on the health of seniors, delving into the marginal effects of physical activity on their physical health and cognitive performance, revealing the significant influence of physical activity on senior health. The main conclusions are as follows:

First, physical activity has a significant promoting effect on the physical health and cognitive performance of seniors. There are notable differences in physical health and cognitive performance between seniors who participate in physical activities and those who do not. Specifically, seniors who engage in physical activities outperform their counterparts in both physical health status and cognitive performance. This conclusion has been validated across different model settings, variable substitutions, adjustments of dependent and independent variables, as well as propensity score matching analysis, further demonstrating the robustness of the results obtained using the ologit model.

Second, physical activity exhibits a clear marginal effect on the physical health and cognitive performance of seniors. Participation in physical activities significantly increases the probability of seniors’ physical health status improving positively, whereas seniors who do not engage in physical activities show a declining trend in the probability of positive health developments. Similarly, physical activity has a comparable marginal effect on seniors’ cognitive performance, with those participating in physical activities demonstrating significant improvements in cognitive abilities, while those not participating show no significant enhancement in cognitive abilities. These results indicate that physical activity has a strong marginal effect on both the physical health and cognitive performance of seniors.

Third, the impact of physical activity on the physical health and cognitive performance of different groups of old people shows significant heterogeneity. There are heterogeneous effects of physical activity on the physical health and cognitive performance of various groups of old people. Specifically, the benefits of physical activity are particularly pronounced among female seniors, married seniors, and those living in urban areas, with substantial improvements in their physical health and cognitive performance. In contrast, while physical activity still promotes the physical health and cognitive abilities of male seniors or unmarried seniors, the effects are relatively weaker. This heterogeneity provides a basis for developing more targeted health intervention strategies.
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