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Objective: This study investigates the impact of physical activity on cognitive
function in Chinese middle-aged and older adult individuals, examining the
relationship between different intensities of physical activity and cognitive
function, as well as the effect of physical activity on various types of cognitive
function.

Method: A total of 27,529 samples were selected from the China Health and
Retirement Longitudinal Study (CHARLS) data from 2011 to 2018 for regression
analysis. Multidimensional fixed effects estimation was used to validate the
impact of physical activity on cognitive function in middle-aged and older
adults, analyzing differences in the intensity of physical activity and types of
cognitive function. The empirical results were further tested using methods
such as propensity score matching (PSM). Additionally, this paper conducted
heterogeneity analyses by gender, place of residence, presence of children, and
marital status.

Results: Physical activity had a positive impact on cognitive function among
middle-aged and older adults in China by improving their cardiovascular
health, and this result held true regardless of gender, rural or urban residence,
presence of children, or marital status. This conclusion was supported by both
alternative explanatory variables and results from propensity score matching.
Further research found that physical activity improves immediate memory and
delayed recall among middle-aged and older adults. Moderate physical activity
enhances the health of the older adult population, whereas excessive physical
activity may impair cognitive function in middle-aged and older adults.

Conclusion: Our study found that PA can effectively promote the improvement
of cognitive function in middle-aged and older adults, with this conclusion still
holding true in older populations. Such physical activity should be moderate,
because vigorous physical activity may impair cognitive function in middle-aged
and older people. The study conclusions play a significant role in promoting
physical activity, delaying cognitive decline, achieving active aging, and reducing
the burden of informal caregiving.
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1 Introduction

With the intensification of global aging, how to improve the well-
being of the older adult and achieve healthy aging has become a concern
for researchers. According to the World Health Organization (WHO),
by 2050, the world’s population of 60 and over is expected to reach two
billion, up from 900 million in 2015 (1). Recent data from the seventh
national population census reveals a striking statistic: in 2020, the
cohort aged 60 and above reached 264 million, representing 18.7% of
Chinas total population. The growth trend of the older adult population
has brought serious challenges to China’s economic development and
social security (2). Among them, the decline of cognitive function in the
older adult seems to be an inevitable consequence of aging (3).

Mild cognitive impairment (MCI) among older adults has
emerged as a critical public health challenge in aging societies (4). As
a clinical transitional phase between normal cognition and dementia,
MCI not only signifies substantial deterioration in individual cognitive
functioning but is also recognized as a pivotal window for delaying
dementia progression (5). Current evidence indicates that cognitive
decline involves not only core domain impairments but is frequently
accompanied by neuropsychiatric symptom clusters such as anxiety
and depression, along with significant deterioration in instrumental
activities of daily living (IADL) (6).

Cognitive impairments are prevalent among the older adult,
including memory decline, attention deficits, deterioration of
executive functions, and reduced spatial visual abilities (7). The
decline in cognitive function significantly affects the self-care abilities
of the older adult, impacting their quality of life and increasing the
burden of care for families and society (8). Severe cognitive decline
requires long-term physical care, reducing the quality of life in later
years and profoundly affecting the healthy life expectancy of the older
adult population (9). Therefore, exploring the causes of cognitive
impairment is of great significance for enhancing the cognitive health
of the older adult and improving their overall well-being (10).

The relationship between physical activity (PA) and cognitive
function in older adults has been a subject of extensive research over the
past few decades (11). As the global population ages, the prevalence of
cognitive decline and dementia is increasing, posing significant
challenges to public health and quality of life (12). Physical activity has
been proposed as a potentially modifiable risk factor that could help
maintain and enhance cognitive function in older adults. However, the
evidence regarding the specific nature and extent of this relationship
remains inconsistent and complex (13). Several systematic reviews and
meta-analyses have been conducted to synthesize the existing literature
on PA and cognitive function in older adults. A Cochrane review by
Angevaren et al. (14) concluded that physical activity can improve
cognitive function in older people without known cognitive impairment.
Similarly, a meta-analysis by Colcombe et al. (15) found that fitness
training has a positive effect on the cognitive function of older adults.
More recently, a systematic review and meta-analysis by Iso-Markku
etal. (11) examined the longitudinal associations of physical activity
with cognition and found that physical activity was associated with
better late-life cognition, although the association was weak. The type
and intensity of physical activity have also been identified as important
factors in determining its impact on cognitive function (16). For
instance, a study by Erickson et al. (17) demonstrated that exercise
training increases the size of the hippocampus and improves memory
in older adults. Furthermore, a review by Erickson et al. (18) highlighted
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the importance of meeting 24-h movement guidelines for cognitive
health. However, the specific cognitive domains that benefit from
physical activity may vary. For example, a study by Hotting & Roder
(19) found that physical activity was associated with global cognition
and specific cognitive domains such as episodic memory and verbal
fluency. The role of sedentary behavior in cognitive function has also
been explored. A systematic review by Barha et al. (20) suggested that
there is a significant association between sedentary behavior and
cognitive function. Moreover, a study by Covenant et al. (21) predict
cognitive performance from actigraphy data and found preliminary
evidence of the interactive association between physical activity,
sedentary behavior, and sleep with cognitive health. The use of objective
measures such as accelerometers has provided more reliable data on the
relationship between physical activity and cognitive function. A cross-
sectional study by Feng et al. (22) found that accelerometer-assessed
physical activity was positively associated with better processing speed
in the youngest-old adults. However, the directionality of these
associations remains to be determined. In conclusion, while there is a
growing body of evidence suggesting that physical activity is associated
with better cognitive function in older adults, the specific mechanisms
and conditions under which these benefits occur remain to be fully
understood. Further research is needed to clarify the role of different
types and intensities of physical activity.

The purpose of this study is to: (i) explore the relationship between
physical activity and cognitive function in middle-aged and older
adults; (ii) estimate the trends in cognitive function changes among
middle-aged and older adults at different levels of physical activity;
and (iii) propose policy recommendations to improve cognitive
function in middle-aged and older adults and achieve healthy aging.

2 Method
2.1 Data sources

The samples of this study were derived from the 2011, 2013, 2015
and 2018 China Health and Retirement Longitudinal Study (CHARLS)
data sets. Considering the impact of the pandemic on individual
behavior and health, we did not include CHARLS 2020 data in this
study. CHARLS data is a follow-up survey for middle-aged and older
adult groups over the age of 45 in China, covering 28 provinces and
450 village-level units in China. CHARLS sampling is very advanced,
with good randomness and representativeness, which makes its data
a good representative of the situation of middle-aged and older adult
groups in China (23). Only samples aged 45 and above were selected
in the study, and samples with key variables were excluded. Thus,
27,529 valid observations were finally obtained.

2.2 Assessment of physical activity

This paper measures participation in different intensity types of
physical activity (PA) based on responses in the CHARLS
questionnaire, setting participation in at least one type of physical
activity as 1 and no participation in any type of physical activity as 0,
to explore the impact of physical activity on individual cognitive
function. Additionally, this paper similarly handles different intensity
types of physical activity for subsequent in-depth research.
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2.3 Assessment of cognition

Past research has indicated that memory capacity is an important
content for assessing an individual’s cognitive status (24). This paper
constructs a cognitive function variable based on the immediate and
delayed recall of 10 words from the CHARLS questionnaire. Each time
the sample recalls a word, they score 1 point, with a minimum of 0 and
a maximum of 20. Additionally, this paper uses the self-assessment of
memory from the sample to construct an alternative explanatory
variable, setting samples who self-assess their memory as 0 to
represent poor memory, otherwise as 1 to represent good memory.
We also use respondent’s number of correct subtractions in the serial
7’s test in order to comprehensively value their cognition function.

2.4 Covariates

Our article incorporates participants’ demographic characteristics
as control variables to enhance the model’s explanatory power, with
assessed variables including: age (continuous, at least 45 years old),
gender (male, female). Education level (primary education and below,
high school and vocational education, higher education), marital
status (married, other), place of residence (rural, urban), smoking
status, drinking status, self-assessed health status (good, fair, poor),
number of living children, and presence of children. Additionally, this
article fixes regional and temporal effects based on the sample
province and survey year, and clusters at the village level to enhance
the model’s explanatory power (25).

Descriptive statistics of variables are shown in Table 1.

2.5 Research methodology

2.5.1 Fixed effects regression

This paper uses a fixed effects regression to measure the
relationship between PA and cognitive function. This article fixed the
year and province effects, clustered on the village-level administrative

units, while incorporating demographic and sociological

characteristics of the sample to refine the model.

TABLE 1 Descriptive statistics.
Var name  Obs Mean SD Min Max
cognition 27,529 7.693 3.741 0.000 20.000
PA 27,529 0915 0.278 0.000 1.000
age 27,529 59.932 9.035 45.000 108.000
gender 27,529 0.508 0.500 0.000 1.000
health 27,529 3.070 0.967 1.000 5.000
marriage 27,529 0.893 0.309 0.000 1.000
education 27,529 1171 0.432 1.000 3.000
rural 27,529 0.745 0.436 0.000 1.000
smoking 27,529 0.443 0.497 0.000 1.000
drinking 27,529 0.474 0.499 0.000 1.000
hchild 27,529 2569 1.295 1.000 10.000
coreside 27,529 0.494 0.500 0.000 1.000
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2.5.2 Propensity score matching

This paper employs robustness checks through the substitution of
explanatory variables and propensity score matching (PSM) to ensure
that the empirical regression results are more reliable (26). Using nearest
neighbor matching and radius matching with a radius of 0.05, PSM
divided the samples into a processing group (participating in physical
activity) and a control group (not participating in physical activity) to
make it similar to a natural experiment, thereby reducing selection bias
and better observing the net effect of physical activity participation on
cognitive function in middle-aged and older adult people.

2.5.3 Heterogeneity analysis

This paper also employs heterogeneity analysis to explore the
impact of physical activity on the cognitive function of middle-aged
and older adult populations. We grouped the middle-aged and older
adult population based on household registration (rural or not),
gender, coreside of children, and marital status, conducting separate
regressions to test whether the impact of physical activity on their
cognitive function varies.

3 Results
3.1 Benchmark regression results

Table 2 presents the estimation results of the benchmark
regression. Column (1) does not include control variables and fixed
effects to avoid potential “bad controls (27)” Column (2) includes
individual demographic and sociological characteristics as control
variables in the regression. Column (3) adds time and regional fixed
effects, and the results remain significant. This paper selects the results
from Column (3) as the benchmark. The estimation results indicate
that participation in physical activity significantly enhances the
cognitive function of middle-aged and older adult individuals,
suggesting that physical activity can improve cognitive abilities in this
age group, consistent with previous research. From the control
variables, cognitive function declines with age, males generally have
better cognition function than females, and middle-aged and older
adult individuals in urban areas have stronger cognitive function
compared to those in rural areas. Healthier individuals tend to have
better cognitive function (28, 29). Individuals with higher education
levels also have better cognitive function (30), and there may be a life-
cycle interaction between the two: individuals with stronger cognitive
function have better learning abilities, leading to better educational
attainment, which in turn further enhances their cognitive abilities
(31). An interesting finding is that marriage can improve the cognitive
function of middle-aged and older adult individuals within a family,
but the presence of children may lead to cognitive decline in the older
adult. This can be linked to informal care: existing literature suggests
that more informal care may reduce the health of the older adult, so
policies promoting informal care should be implemented with caution
(32). For couples, their companionship is a process of mutual support
and care, where both are caregivers and care recipients, thus improving
the cognitive function of both partners; however, when there are more
children, especially when they are present, the closest or cohabiting
children are often the main caregivers in the family, as shown by
existing literature (33). Therefore, after older adult individuals receive
sufficient care from their children, their self-care needs may decrease,

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1562747
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Chen et al.

TABLE 2 Benchmark regression results (N = 27,529).

10.3389/fpubh.2025.1562747

TABLE 3 Robustness test results.

(1) (2) (3) ()] (2) (3) (4)
Cognition Cognition Cognition Memory Serial7s Cognition Cognition
PA 115755 0608 0.617%#% PA 0.023%% 0.215%#% 1.065%% 0.618%#
(0.138) (0.120) (0.087) (0.010) (0.037) (0.175) (0.073)
age —0.114%5 —0.121 % age —0.002775 —0.018% —0.119%#5 —0.120%5
(0.005) (0.004) (0.001) (0.002) (0.009) (0.003)
gender 0.018 0.088 gender 01135 0565 0.259 0.093
(0.098) (0.097) (0.011) (0.041) (0.197) (0.062)
health 0.222745% 0.193%#% health 0.099%5% 0.038%75% 0.065 018975
(0.028) (0.024) (0.003) (0.007) (0.063) (0.021)
marriage 04585 0.440%#% marriage —0.0247% 0183 0.414°% 0.439%
(0.075) (0.077) (0.009) (0.037) (0.196) (0.068)
education 1.3647%5 1,234 education 0047755 0.346% % 1.009%#5 1,231
(0.104) (0.073) (0.007) (0.022) (0.195) (0.051)
rural —1.1897#:#* —1.144%%* rural —0.0977%** —0.359%:% —1.038%##* —1.144%%*
(0.077) (0.078) (0.008) (0.028) (0.173) (0.053)
smoking —0.215%#5 —0.2747 smoking —0.029%5 —0.061% —0.308* —0.274%%5
(0.058) (0.063) (0.007) (0.031) (0.187) (0.059)
drinking 0.091 0.099 drinking 0.005 0.018 0.153 0.094%
(0.094) (0.074) (0.009) (0.019) (0.155) (0.048)
hchild —0.135%5 —0.066* hchild —0.010% —0.038# —0.097* —0.066%*
(0.042) (0.037) (0.003) (0.012) (0.055) (0.019)
coreside —0.209%%* —0.022 coreside 0.015%: 0.001 0217 —0.022
(0.056) (0.048) (0.005) (0.022) (0.135) (0.042)
_cons 6.634%% 12.6887%7 12.992% 5 _cons 053475 3.901%#% 12,7945 11.82375
(0.145) (0.300) (0.281) (0.040) (0.112) (0.758) (0.244)
N 27,529 27,529 27,529 N 27,529 27,529 2,791 27,438
R 0.007 0.178 0.215 R 0.105 0.107 0.206 0.214
adj. R? 0.007 0.178 0.214 adj. R? 0.104 0.106 0.194 0.213
province NO NO YES province YES YES YES YES
year NO NO YES year YES YES YES YES

Standard errors in parentheses.
#p < 0.1, ¥*p < 0.05, #**p < 0.01, the same applies hereinafter.

potentially leading to a decline in self-care abilities, which is reflected
in cognitive decline.

3.2 Robustness test

Table 3 column (1) lists the substitution dependent variable as the
empirical result of personal self-assessment of memory ability. As
mentioned earlier, memory ability is a major component of cognitive
function, therefore self-assessed memory can serve as a good
alternative explanatory variable in this context. This paper categorizes
samples with self-assessed memory scores of las poor, otherwise as
good. Empirical results show that physical activity significantly
improves the memory ability of the older adult, and the regression
results remain significant at the 10% level. This result strongly supports
the basic conclusion of this paper: physical activity can improve the
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cognitive function of the older adult. Since self-assessment reports
generally underestimate the effectiveness (34), this result may
be underestimated, that is, in fact, the effect may be better.

Column (2) use represents performance in the serial 7’s to value
their cognition. Serial 7’s is a quick and reasonably accurate test for
assessing intellectual efficiency or deterioration in patients with
psychiatric and neurologic disorders (35). Interviewers ask the
respondent to subtract 7 from 100 and then continue subtracting 7
from each answer for 4 more trials. Correct subtractions are based on
the previous answer given, the more times respondents make the right
calculation, the higher they score. The empirical results show that PA
significantly improved the accuracy of serial7’s calculation for middle-
aged and older adults at the 1% level, further corroborating the
improvement in cognitive function due to physical activity.

Columns (3) and (4) of Table 3 are the PSM estimation results
using nearest neighbor matching and radius matching with a radius
of 0.05, respectively. In order to alleviate the problem of selection bias,
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on the basis of changing the form of variable setting, this paper further
uses PSM to construct a counterfactual causal framework to test the
causal effect between physical activity and cognitive function. PSM
divided the samples into a processing group (participating in physical
activity) and a control group (not participating in physical activity) to
make it similar to a natural experiment, thereby reducing selection
bias and better observing the net effect of physical activity participation
on cognitive function in middle-aged and older adult people. To this
end, this paper uses nearest neighbor matching and caliper matching
to match the processing group and the control group, respectively.
Then a balance test is carried out to test the validity of the match based
on the “‘common support hypothesis” and the “independence
hypothesis” to ensure that there are no systematic differences in
explanatory variables other than cultural predisposition between the
control group and the treatment group, and to ensure that the
treatment process is similar to a natural experiment to obtain more
realistic results. After matching, the standardized deviation of most

TABLE 4 Heterogeneity analysis.

10.3389/fpubh.2025.1562747

variables is less than 10%. The t-test shows that there is no significant
systematic difference between most of the treatment group and the
control group, so it meets the basic requirements of randomized
experiments. It can be found from the table that after using the PSM
method to reduce the selection bias, the net effect is still positive,
which shows that the results of the basic regression are robust.
Under various settings, the basic conclusions of this paper have
remained stable. For the middle-aged and older adult, the cognitive
function of the groups that participate in physical activity is stronger
than that of the groups that do not participate in physical activity.

3.3 Heterogeneity analysis

Table 4 presents the results of the heterogeneity regression in this
paper. The first and second columns of Table 4 show the urban-rural
regression results, while the third and fourth columns display the

Gender Coreside Marriage
(3) (4) (5) (6) (7) (8)
PA 054675 0.858% 05377 069077 0.4687% 0.7517%%% 0.5983#% 07237
(0.079) (0.163) (0.095) (0.120) (0.121) (0.107) (0.090) (0.179)
age —0.129%% —0.0997 —0.122%% —0.119%** —0.116%% —0.127%%5% —0.121%%% —0.120%%
(0.005) (0.008) (0.006) (0.005) (0.005) (0.006) (0.005) (0.007)
gender 0.229% —0.293%* 0.101 0.084 0.077 0.239
(0.116) (0.141) (0.087) (0.135) (0.102) (0.219)
health 01707 0.2617% 0.205%%* 0.174%#% 0175 0.207%%5% 0.195% 0.143*
(0.024) (0.042) (0.029) (0.030) (0.029) (0.038) (0.025) (0.058)
marriage 0.445%#5 0.515%% 0.440% 0457 0.3727%%% 0.536%%%
(0.072) (0.196) (0.104) (0.104) (0.114) (0.090)
education 1.445%%% 1.0687#% 0.9647% 1,731 1,182 1.267%%% 1,209 1.486%%
(0.119) (0.067) (0.090) (0.118) (0.112) (0.069) (0.074) (0.282)
smoking —0.263%* —0.3507% —0.241 %% —0.442%%% —0.3573 —0.202%% —0.264%%% —0.362
(0.101) (0.104) (0.086) (0.145) (0.102) (0.078) (0.067) (0.220)
drinking 0.081 0.142 0.126 0.062 0.055 0.150 0.093 0.184
(0.082) (0.119) (0.091) (0.081) (0.091) (0.097) (0.077) (0.114)
hchild 0.016 —0.278% —0.020 —0.095%* —0.049 —0.079% —0.079% —0.009
(0.042) (0.044) (0.044) (0.035) (0.060) (0.045) (0.041) (0.050)
coreside 0.038 —0.184* —0.120% 0.079 —0.040 0.134
(0.063) (0.092) (0.067) (0.062) (0.050) (0.108)
rural —1.067%** —1.183%:k* —1.026%** —1.281%:%* —1.124%%* —1.327%%*
(0.085) (0.111) (0.101) (0.113) (0.072) (0.224)
_cons 11.8873%: 12.264%%* 13.382%% 12.365%% 12,848 13.273%#% 13.5077%% 12,5345
(0.297) (0.566) (0.393) (0.339) (0.337) (0.418) (0.312) (0.684)
N 20,519 7,010 13,996 13,533 13,612 13,917 24,587 2,942
R 0.177 0.239 0.202 0.237 0.208 0.227 0.203 0.230
adj. R? 0.175 0.235 0.199 0.235 0.206 0.225 0.202 0.219
province YES YES YES YES YES YES YES YES
year YES YES YES YES YES YES YES YES
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gender regression results, the fifth and sixth columns show the results
of the cohabitation with children regression, and the seventh and eighth
columns present the results of the heterogeneity analysis by marital
status. Empirical results indicate that physical activity significantly
improves cognitive function among middle-aged and older adult
residents regardless of whether they reside in urban or rural areas,
regardless of gender, and regardless of whether they are accompanied
by children. This suggests that the implementation of policies to
promote physical activity may achieve cognitive function improvement
for all older adult individuals. Given the increasing aging population in
China today, active aging and healthy aging are imperative. Therefore,
the government can enhance the conditions for older adult individuals
to participate in physical activity by configuring public facilities, thereby
improving the cognitive function of the older adult population (36).

3.4 Mechanism analysis

This study has used fixed effects regression and propensity score
matching (PSM) to strengthen causal inference. To add depth to the
findings, this study measures the impact of physical activity on
cardiovascular health in the older adult population based on answers
to the questionnaire regarding whether they have ever had
hypertension. Empirical results in Table 5 show that engaging in
physical activity significantly reduces the risk of hypertension in
middle-aged and older adult populations. Among the potential targets
for enhancing cognitive health in older adults, arterial hypertension
stands out as one of the most common and modifiable pathologies
(37). Hypertension has been shown to exert adverse effects on several
cognitive domains, including abstract reasoning and/or executive
function, memory, and mental processing speed (38). Thus,
participation in physical activity can improve cardiovascular health in
middle-aged and older adults, thereby slowing the progression of
cognitive decline.

4 Discussion

In the previous sections, we use fixed effects regression of time
and region to confirm the role of PA in improving cognitive function
in middle-aged and older adult individuals. After replacing the
explained variable with self-rated memory and serial7s results, the
conclusion remains valid, while the PSM estimation results further
reinforced the reliability of this perspective. Heterogeneity analysis
shows that this conclusion is applicable to middle-aged and older
adult populations, indicating that policies encouraging physical
activity among the older adult can comprehensively improve their
cognitive function, thereby enhancing the practical significance of this
study. Finally, we attempt to explain the mechanism behind this
conclusion, with regression results showing that physical activity
significantly reduces the hypertension risk in middle-aged and older
adult individuals, thereby improving their cognitive function.

4.1 The effects of different intensities of
physical activity on cognitive function

Table 6 displays the regression results of different levels of physical
activity intensity on residents’ cognitive function. This paper categorizes
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TABLE 5 Mechanism analysis.

‘ Hypertension

PA —0.025*
(0.014)
age 0.009%**
(0.001)
gender —0.003
(0.013)
health —0.081%#%*
(0.005)
marriage —0.001
(0.012)
education —0.001
(0.011)
rural —0.048%#%*
(0.010)
smoking —-0.019
(0.011)
drinking 0.026%**
(0.008)
hchild —0.005
(0.004)
coreside —0.002
(0.007)
_cons 0.114*
(0.058)
N 27,529
R? 0.091
adj. R? 0.089
province YES
year YES

residents’ physical activity intensity into three levels based on CHARLS
responses: Low, Moderate, and High. Low-intensity physical activities
(LPA) represents mild activities such as walking for leisure. Moderate-
intensity physical activities (MPA) represents activities that make people
breathe faster than usual (carrying light stuff, bicycling at a normal
speed, Tai-Chi, and speed walking, etc.). Vigorous-intensity physical
activities (VPA) represents activities that cause shortness of breath
(carrying heavy stuff, digging, bicycling at a fast speed, etc.)

The regression results show that moderate and low-intensity
physical activity significantly improve residents’ cognitive function,
while high-intensity physical activity significantly reduces residents’
cognitive function at the 5% level. This empirical finding can
be interpreted as “too much of a good thing”” Existing literature indicates
that occupational athletes have weaker cognitive abilities in their later
years compared to other age groups (39). Vigorous exercise acutely
elevates reactive oxygen species (ROS) production beyond antioxidant
defenses. Lu et al. found that high-intensity cycling increased plasma
8-OHdG (a DNA oxidative damage marker) by 37%, which correlated
with reduced hippocampal functional connectivity (40).
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For residents, high-intensity physical activity may harm brain
health (41), ultimately resulting in a reduction in residents’ cognitive
function. Therefore, it is evident that moderate physical activity is
beneficial for middle-aged and older adult populations, while high-
intensity physical activity may not be worth the cost. Consequently, it
is advisable to provide more recreational and leisure-oriented low to
moderate-intensity exercise facilities for this group.

4.2 The effects of physical activity on
different types of cognitive functions

Table 7 shows the effects of physical activity on cognitive function
types. Column (1) lists the effects of physical activity on residents’
immediate memory ability, while Column (2) shows the effects on
residents’ delayed memory ability. Empirical results indicate that PA
significantly improves residents’ cognitive function at the 1% level for
all types of cognitive functions. This finding further reinforces the basic
conclusion of this paper. An interesting discovery is that the number of
children may reduce older adult people’s memory function. This might
reflect the dependency pathway of the middle-aged and older adult on
their childrens care: older adult people may rely on their children’s
reminders for memory. When older adult people get used to this
memory assistance, their own functions may deteriorate. Consequently,
this paper provides new empirical evidence for the argument in previous
studies that informal care may affect the health of the older adult.

4.3 The effects of physical activity on
cognitive function in older adults

In today’s increasingly aging society, directly identifying the effects
of physical activity on cognitive function in the older adult has strong
practical significance. Table 8 regression results show that participation
in physical activity can effectively improve cognitive function in the
older adult. To ensure the reliability of the empirical results and avoid
ambiguity due to the definition of the older adult population, Column
(1) is a regression for individuals aged 60 and above, while Column (2)
is a regression for individuals aged 65 and above. Currently, LTC policies
worldwide face issues of fiscal and caregiver shortages (42). Improving
the health of the older adult can delay their institutionalization, reduce
long-term care needs, and improve their health conditions, thereby
alleviating government fiscal pressure and promoting the optimization
of LTC resource allocation (43). Therefore, advocating for moderate
physical activity participation among the older adult can effectively
promote healthy aging, particularly enhancing their self-care abilities.
The improvement in the older adult’s self-care abilities can alleviate
family caregiving burdens and social care burdens, thus better
addressing aging issues (44). The empirical results in Table 7 largely
align with the benchmark regression, also indicating the robustness of
the basic conclusions presented in this paper.

5 Limitation

However, there are several limitations that must be acknowledged.
First, the presence of unknown confounding factors could have
influenced the results, despite the statistical adjustments made in the
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TABLE 6 Different intensities of physical activity.

()] (2) (3)
Cognition Cognition Cognition
LPA 0.416%%*
(0.055)
MPA 0.4227%%*
(0.038)
VPA —0.138%%*
(0.051)
age —0.1227%%% —0.119%%% —0.124%%%
(0.004) (0.004) (0.005)
gender 0.091 0.130 0.064
(0.096) (0.095) (0.096)
health 0.198%#%* 0.193 %% 0.228%*%*
(0.024) (0.024) (0.030)
marriage 0.441%%% 0.4277%%% 0.458 %%
(0.076) (0.078) (0.074)
education 1.231%%% 1.225%#%* 1.341%%*
(0.073) (0.073) (0.102)
rural —1.131%** —1.164%%* —1.171%%%
(0.078) (0.077) (0.078)
smoking —0.274%%* —0.273%%% —0.224%%%
(0.063) (0.063) (0.059)
drinking 0.104 0.092 0.053
(0.072) (0.073) (0.085)
hchild —0.066* —0.067* —0.089%*
(0.037) (0.037) (0.040)
coreside —0.022 —0.020 —0.081
(0.048) (0.048) (0.059)
_cons 13.264%%* 13.263%%* 13.665%%*
(0.262) (0.261) (0.343)
N 27,529 27,529 27,529
R? 0.215 0.216 0.198
adj. R? 0.214 0.215 0.198
province YES YES YES
year YES YES YES

observational study. Second, the self-reporting of physical activity
intensity per week and memory function introduces subjectivity,
which may lead to biased estimates. Third, the biennial CHARLS
assessments (2011-2018) may overlook critical short-term cognitive
transitions. Neuroplastic research suggests exercise-induced cognitive
changes typically develop over 4-8 months, whereas CHARLS
two-year intervals cannot capture. This temporal mismatch may
underestimate both the risks of abrupt activity changes and early
cognitive decline signals. Future studies could enhance temporal
resolution by integrating longitudinal surveys with monthly mobile
cognitive tests and wearable activity monitoring for high-
risk subgroups.
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TABLE 7 Different types of cognitive functions.

TABLE 8 Older adults.

10.3389/fpubh.2025.1562747

()] (2) ()] (2)
Imrecall Dlrecall Cognition Cognition
PA 0.290%* 0.327%%* PA 0.708%%% 0.684%%*
(0.046) (0.048) (0.106) (0.133)
age —0.048*** —0.072%%% age —0.105%#%* —0.134%%%
(0.002) (0.002) (0.007) (0.009)
gender 0.027 0.061 gender 0.142 0.194
(0.039) (0.063) (0.145) (0.147)
health 0.074%*%* 0.119%#* health 0.151%*% 0.159%%*
(0.011) (0.015) (0.038) (0.049)
marriage 0.234%%* 0.206%** marriage 0.480%** 0.410%3*
(0.043) (0.041) (0.086) (0.090)
education 0.570%** 0.664*** education 1.242%%% 1.258%#*
(0.036) (0.041) (0.100) (0.115)
rural —0.5227%*% —0.6227%%%* rural —1.320%%* —1.349%*%
(0.034) (0.049) (0.122) (0.150)
smoking —0.119%:* —0.156%#* smoking —0.202% —0.224%
(0.026) (0.044) (0.109) (0.110)
drinking 0.036 0.063 drinking 0.082 0.045
(0.036) (0.043) (0.107) (0.106)
hchild —0.039%% —0.026 hchild —0.075* —0.040
(0.017) (0.021) (0.040) (0.044)
coreside —0.018 —0.005 coreside 0.051 0.118
(0.021) (0.031) (0.052) (0.075)
_cons 5.937%%* 7.055%%% _cons 11.966%** 14.003***
(0.145) (0.162) (0.555) (0.752)
N 27,529 27,529 N 13,465 8,312
R 0.195 0.256 R 0.150 0.155
adj. R* 0.194 0.255 adj. R 0.147 0.151
province YES YES province YES YES
year YES YES year YES YES

6 Conclusion and implications

The present study provides robust evidence that physical
activity (PA) significantly enhances cognitive function among the
older adult population in China. This finding aligns with a growing
body of international research that underscores the positive impact
of PA on cognitive health in later life. For instance, Firth et al. (45)
demonstrated that regular aerobic exercise increases the size of the
hippocampus, a brain region critical for learning and memory,
thereby improving cognitive performance in older adults. Similarly,
a meta-analysis by Warsh et al. (46) concluded that exercise
interventions have a significant positive effect on cognitive function
in adults over 50 years of age. The results of our study suggest that
PA not only improves global cognitive function but also specifically
enhances executive functions and memory, which are particularly
vulnerable to age-related decline. This is consistent with the findings
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of Colcombe et al. (15), who reported that older adults who engaged
in regular physical activity showed significant improvements in
executive control processes. Moreover, the study by Bherer et al.
(47) highlighted that both aerobic and resistance training can lead
to cognitive benefits in older adults, further supporting the notion
that different types of PA can be effective in maintaining
cognitive health.

The implications of these findings are far-reaching. Given the
increasing burden of dementia and cognitive impairment on
healthcare systems and societies worldwide, promoting PA among the
older adult could be a cost-effective and accessible intervention to
mitigate these challenges. As highlighted by the World Health
Organization (48), regular physical activity is a key component of
healthy aging and can reduce the risk of chronic diseases, including
cognitive decline. Therefore, public health policies should prioritize
initiatives that encourage older adults to engage in regular PA, such as
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community-based exercise programs, accessible recreational facilities,
and educational campaigns about the benefits of PA for cognitive
health. Furthermore, the study’s findings emphasize the importance
of tailoring PA interventions to individual needs and preferences.
While moderate-intensity PA appears to be beneficial for most
individuals, the potential negative effects of high-intensity PA on
cognitive function suggest that a personalized approach is warranted.
This aligns with the recommendations of the American College of
Sports Medicine (49), which advocates for exercise prescriptions that
consider individual fitness levels, health status, and personal goals.

In conclusion, the study underscores the critical role of PA in
maintaining and enhancing cognitive function among the older adult.
By integrating PA into the daily lives of older adults, societies can
potentially reduce the incidence of cognitive impairment, delay the
onset of dementia, and improve the overall quality of life for this
demographic. Future research should continue to explore the optimal
types, intensities, and durations of PA for cognitive health, as well as
the mechanisms underlying these effects. Additionally, further
investigation into the role of social and environmental factors in
facilitating PA participation among the older adult is warranted to
inform the development of comprehensive and effective public
health strategies.
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