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Abstract

Background The positive correlation between physical activity and cognitive function has been increasingly
documented, while the underlying mechanisms remain unclear.

Methods This study aimed to investigate the association among physical activity (PA), functional fitness, and
cognitive function in community-dwelling older adults, and to examine whether functional fitness mediates this
association. This study utilized a cross-sectional design, encompassing 224 participants aged 65 or above, with 41.07%
male and 58.93% female. The data were collected in 2023 using the Mini-Mental State Examination, Physical Activity
Scale for the Elderly, and Senior Fitness Test. Pearson correlation analysis was conducted to assess associations among
the variables, and mediation analysis was performed using the PROCESS macro for SPSS.

Results The results indicated that PA had a moderate positive correlation with cognitive function (r=0.437, p<0.01)
and with most functional fitness domains. In addition, significant positive correlations were found among most
functional fitness domains and cognitive function. The association between PA and cognitive function was partially
mediated by cardiorespiratory endurance (Effect=0.0519, 95% Cl=[0.0205, 0.0889]).

Conclusion This study demonstrated a positive correlation between PA and cognitive function in older adults,

with cardiorespiratory endurance mediating this association. Our study provides valuable preliminary evidence that
cardiorespiratory endurance exerts a mediating role between PA and cognitive function. Future longitudinal research
is warranted to elucidate the causal relationship and underlying mechanisms between PA and cognitive function.
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Introduction

Cognitive impairment refers to the impairment of one
or more cognitive functions, such as memory, language,
and visuospatial ability [1], and it has become one of
the most common geriatric symptoms [2]. As the global
population ages, the susceptibility to age-related cogni-
tive impairment increases. The prevalence of cognitive
impairment worldwide ranges from 5.1 to 41%, with
a median of 19% [3], whereas the prevalence in China
exceeds the global average was 22.24% [4]. This pres-
ents significant challenges for the economic system,
healthcare providers, and the families of patients [5, 6].
Therefore, examining the influencing factors of cognitive
function and elucidating their mechanisms to provide
scientific insights for preventing cognitive impairment is
a public priority.

The Lancet has updated the key modifiable factors that
could potentially prevent or delay up to 40% of dementia
cases, with lack of PA listed as one of the vital factors [7].
PA refers to any bodily movement that results in energy
expenditure caused by skeletal muscle contraction [8].
Currently, the positive association between PA and cog-
nitive function has been increasingly documented [9—
11]. In addition, studies have reported that PA benefits
cognitive function across various populations, including
older adults with normal cognition [9], mild cognitive
impairment [10], and dementia [11]. The potential mech-
anisms by which PA enhances cognitive function are pri-
marily centered on neuroplasticity. During PA, skeletal
muscle contractions release myokines (e.g., cathepsin
B), which cross the blood-brain barrier to stimulate hip-
pocampal neurogenesis [12, 13]. Aerobic exercise ele-
vates the synthesis of brain-derived neurotrophic factor
(BDNF), thereby enhancing synaptic plasticity [14, 15].
Additionally, aerobic exercise improves cardiorespiratory
endurance, which, in turn, enhances cerebral blood flow,
strengthens functional connectivity across brain regions,
and stimulates axonal growth in prefrontal networks
[16—19]. From the perspective of mediation effects, cur-
rent literature primarily focuses on pathways such as
reducing depressive symptoms [20, 21], improving effi-
cient sleep [22, 23], and enhancing social contacts [24].
Overall, research on the mediating mechanisms between
PA and cognitive function is relatively scarce and pre-
dominantly centered on psychological variables.

The available evidence also supports the point that
functional fitness was positively associated with cogni-
tive function [25-28]. Functional fitness is defined as the
physiological capacity to carry out daily activities safely
and independently, encompassing muscular strength,
flexibility, cardiorespiratory endurance, and agility [29].
Functional fitness is essential for maintaining indepen-
dence and quality of life in older adults [30]. Existing lit-
erature has reported that PA is positively associated with
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upper body strength [25, 26, 28], lower body strength [25,
26, 28], upper body flexibility [25, 26, 28], lower body
flexibility [25-27] flexibility, cardiorespiratory endur-
ance [25-27], and dynamic balance [25-27]. Research
on the association between functional fitness and cogni-
tive function is also attracting growing interest. Yang et
al., for example, conducted a cross-sectional study that
reported that the tests of 30-second chair stand, chair
sit-and-reach, 30-second arm curl, and 2-minute step
were positively correlated with cognitive function, while
the 8-foot up-and-go test was negatively correlated [31].
Another study involving 107 older adults indicated a pos-
itive correlation between grip strength, cardiorespiratory
endurance, and cognitive function, a negative correlation
with the five-repetition sit-to-stand test, and no signifi-
cant associations with the timed up-and-go test, the sit-
and-reach test, or the one-leg balance test with eyes open
[32].

To summarize, regular participation in PA effectively
improves cognitive function, while functional fitness
can be enhanced through PA [33], and functional fitness
is positively correlated with cognitive function [32, 33].
Notably, the model proposed by Blair, Cheng, and Holder
[34] indicates that PA may indirectly improve health out-
comes by enhancing functional fitness. Thus, it is reason-
able to hypothesize that functional fitness could mediate
the enhancement of PA on cognitive function. Currently,
only two studies have examined whether functional fit-
ness mediates the association between PA and subjective
well-being [35] or life satisfaction [36], with one study
confirming the mediating role [35] and another refut-
ing it [36]. However, no study has investigated whether
functional fitness mediates the association between PA
and cognitive function. Addressing this knowledge gap is
essential, as the findings could provide initial evidence on
whether certain functional fitness indicators mediate this
association, which further clarifies how PA benefits cog-
nitive health. In addition, the findings could support the
role of enhanced functional fitness in improving cogni-
tion, and offer a scientific basis for developing more tar-
geted intervention strategies.

Therefore, we conducted a cross-sectional study to
examine the correlation between PA, cognitive func-
tion, and functional fitness among older adults, as well
as investigate their mediating mechanisms. This study
aimed to answer two primary questions: [1] Is there a
positive correlation between PA, cognitive function,
and functional fitness among community-dwelling older
adults in China? We proposed Hypothesis 1: PA is posi-
tively correlated with cognitive function and functional
fitness [2]. Do certain functional fitness domains mediate
the association between PA and cognitive function? We
proposed Hypothesis 2: the association between PA and
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cognitive function can be mediated through certain func-
tional fitness domains.

Methods

Participants

This cross-sectional study, conducted from July to Octo-
ber 2023, recruited 224 community-dwelling older adults
(aged 65-90 years) from Kunshan City, China. Conve-
nience sampling was used to recruit eligible older adults
from seven Senior Day Care and Activity Center (Day
Care Center) and nearby communities in the High-Tech
Zone and Development Zone of Kunshan City, China.
The recruitment plans included posting posters, distrib-
uting brochures, holding presentations in the Day Care
Center, and disseminating project information in com-
munity senior WeChat groups. Inclusion criteria: (1)
Participants were aged 65 years older or above; (2) liv-
ing within a reasonable commute to the Day Care Cen-
ter in Kunshan City; (3) basically able to take care of
themselves; (4) voluntarily signed informed consent.
Exclusion criteria: (1) individuals who have no history of
substance abuse; (2) individuals with impaired hearing or
vision that hinders them from answering the question-
naires; (3) unable to care for themselves. Data collection
was conducted by a multidisciplinary team: neurologists
collected data on cognitive function, sports researchers
(with a master’s degree in sports science) gathered data
on PA, and certified fitness trainers performed functional
fitness assessments. This study complies with the ethical
requirements of the latest version of the Declaration of
Helsinki.

Measures

Cognitive function

The Mini-Mental State Examination (MMSE), is a classic
cognitive function assessment tool. The Chinese version
of the MMSE for Alzheimer’s disease patients, patients
with depression, or the general population has good
validity and reliability [38, 39]. The MMSE measured the
cognitive level of older adults in terms of (1) temporal
and spatial orientation: 10 points; (2) immediate mem-
ory: 3 points; (3) recall: 3 points; (4) attention: 5 points;
and (5) language: 9 points. The MMSE score ranged from
0~ 30 points, with a higher score indicating better cog-
nition. Global cognitive function was measured by using
a modified Chinese version of the MMSE, score range
(0-30) [40]. Most items were translated literally from
the original version without modification, while some
items were adapted to meet the Chinese cultural context
according to pilot survey interviews [41].

Physical activity
Physical Activity Scale for the Elderly (PASE) is an eas-
ily administered and scored instrument that measures
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the level of PA in individuals aged 65 years and older.
The instrument comprises self-reported leisure activi-
ties, household tasks, and paid or volunteer work over
one week and may be administered by telephone, mail,
or in-person [42]. For leisure activities, participants indi-
cated their frequency of engagement using responses
such as “never; “rarely, “sometimes,” or “often” The aver-
age daily time spent on each activity was recorded. For
family activities and paid or volunteer work, participants
provided “yes” or “no” responses, along with details on
hours worked and types of tasks performed [42]. The
PASE scoring algorithm was derived from PA measured
by movement counts from an electronic PA monitor,
activity diaries, and self-assessed activity levels in a gen-
eral population of noninstitutionalized older adults. The
validity and reliability of the Chinese version of the PASE
have been well-established [43].

Functional fitness

Senior Fitness Test (SFT) was designed specifically for
use in clinical or field (nonlaboratory) settings and, par-
ticularly, to be capable of providing continuous-scale
measurements across the wide range of ability levels
typically found in the community-residing older adult
population [29]. The SFT’s measurement indicators and
methods include lower body strength (30-s chair stand),
upper body strength (arm curl), cardiorespiratory endur-
ance (6-min walk or 2-min step test), lower body flex-
ibility (chair sit-and-reach), upper body flexibility (back
scratch), agility/ balance (8-ft up-and-go).

Statistical analysis

Statistical analysis was conducted using SPSS 25.0.
Descriptive statistics were performed on variables such as
age, gender, and education. Continuous data conforming
to a normal distribution were expressed as (mean + stan-
dard deviation), and categorical data were described
using frequencies or percentages. Pearson correlation
analysis was used to examine the associations among
variables like PA, functional fitness, and cognitive func-
tion. Pearson correlation coefficients were interpreted
as follows: small (r=0.10-0.29), medium (r=0.30-0.49),
and large (r>0.50) based on Cohen’s guidelines [44].
These cutoffs are widely accepted benchmarks for inter-
preting effect sizes in correlational analyses.

PROCESS (version 3.5) was employed with Model 4
to test simple mediation effects, assessing the pathways
between PA, functional fitness, and cognitive function,
with Bootstrap sampling set to 5000 [45]. This method
provides comprehensive estimates of both the direct and
indirect effects. Bootstrapping with 5,000 samples was
employed to estimate the confidence interval of the indi-
rect effects, a robust method for testing indirect effects in
mediation models [45]. In our analysis, the independent
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Table 1 Demographic characteristics of the participants
[(mean +sd), N (%)]

Variables Total(n=224)
Age (years) 73.75+5.57
Education level

llliterate 35(15.63%)
Primary school 77(34.40%)
Middle school 62(27.70%)
High school 44(19.60%)
College 6(2.20%)
Height (cm) 161.31+8.20
Weight (kg) 62.39+9.55
BM I(kg/m?) 23.85+263
PA (score) 113.83+42.73
Cognitive function (score) 24514372
Upper body strength (n) 16.56+2.70
Lower body strength (n) 15.62+2.70
Upper body flexibility (inch) -2.38+4.79
Lower body flexibility (inch) 042+4.50
Cardiorespiratory fitness (n) 83.16+14.50
Agility/dynamic balance (s) 5.93+0.80

Abbreviations: sd=standard deviation

variable was PA, functional fitness served as the media-
tor, and cognitive function was the dependent variable,
all treated as continuous variables. In this study, age,
gender, and education level were included as covariates
to control for potential confounding effects. The p< 0.05
was considered significant.

Results

Demographic characteristics of participants

As shown in Table 1, this study included 224 partici-
pants, with 132 females and 92 males. The average age of
participants was 73.75+5.57. The distribution of partic-
ipants’ educational levels is 35 illiterate (15.63%), 77 pri-
mary school (34.40%), 62 middle school (27.70%), 44 high
school (19.60%), and 6 college (2.20%). The average cog-
nitive function score was 24.51 +3.72, and the average PA
score was 113.83 +42.73. For functional fitness, the aver-
age values of upper body strength were was 16.56 +2.70,
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lower body strength was 15.62 +2.70, upper body flexibil-
ity was —2.38 £4.79, lower body flexibility was 0.42 +4.50,
cardiorespiratory endurance was 83.16 + 14.50 and agility
was 5.93+0.80.

Correlations coefficient between PA, functional fitness, and
cognitive function

Table 2 illustrates a significantly positive correlation
between PA and cognitive function, with a correlation
coefficient of r=0.437 (p<0.01). PA was also significantly
positively correlated with upper body strength (r=0.309,
p<0.01), lower body strength (r=0.390,p<0.01), upper
body flexibility (r=0.132,p<0.05) and cardiorespiratory
endurance (r=0.395,p<0.01), but not with lower body
flexibility (r=0.127, p>0.05); and PA was significantly
negatively correlated with agility (r = -0.283, p<0.01).
In addition, upper body strength (r=0.494 (p<0.01)),
lower body strength (r=0.520, p<0.01), lower body flex-
ibility (r=0.168 (p<0.05)), cardiorespiratory endurance
(r=0.537, p<0.01) was positively correlated with cogni-
tive function, while upper body flexibility was not. Agil-
ity, however, was negatively correlated with cognitive
function (r=-0.319, p> 0.05). The above findings con-
firmed hypothesis 2.

The mediating effect of functional fitness on the associ-
ation between PA and cognitive function was tested using
model 4 of the PROCESS plugin in SPSS software. As
shown in Fig. 1; Table 3, the direct effect (Effect=0.0109,
95% CI [0.0037, 0.0182]) and total effect (Effect=0.1041,
95% CI [0.0557, 0.1559]) of PA on cognitive function
were significant. In addition, the indirect effect of the
pathway PA — cardiorespiratory endurance — cognitive
function was 0.0519(95% CI=[0.0205, 0.0889], accounting
for 49.86% of the total effect, which supports Hypothesis
2. This indicates that cardiorespiratory endurance medi-
ates the association between PA and cognitive function.

Table 2 Correlation coefficient between PA, functional fitness, and cognitive function

Variables 1PA 2 Cognitive 3 Upper 4 Lower 5 Upper body 6 Lowerbody 7 Cardiore- 8 Agility
function body body flexibility flexibility spiratory
strength strength endurance
1 1
2 0437" 1
3 0.309" 0494" 1
4 0.390" 0.520" 0.702" 1
5 0.132" 0.130 0134 0.163" 1
6 0.127 0.168" 0.029 0.188" 0.294" 1
7 0.395" 0.537" 0447" 04317 0.122 0133 1
8 -0.283" -0319" -0.300™ -0.352" -0.204" -0.003 04617 1

Note: **p <0.01, **p <0.05
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Fig. 1 Model diagram of mediating effect. Note: * p <0.05, ** p <0.01, *** p <0.001; the values are reported as standardized coefficient

Table 3 Decomposition of total effect, direct effect, and mediating effect of functional fitness on cognitive function due to PA

Effect Type Mediation Pathway Effect SE 95%ClI Effect Proportion
LLCI uLci
Direct Effect 0.0109° 0.0039 0.0037 0.0182
Indirect Effect Upper body strength 0.0146° 0.0101 -0.0013 0.0370 14.02%
Lower body strength 0.0182° 0.0129 -0.0038 0.0464 17.48%
Upper body flexibility 0.0021° 0.0055 -0.0092 0.0137 2.02%
Lower body flexibility 0.0087° 0.0076 -0.0024 0.0271 8.36%
Cardiorespiratory endurance 0.0519° 0.0176 0.0205 0.0889 49.86%
Agility 0.0085° 0.0086 -0.0087 0.0262 8.17%
Total Effect 0.1041° 0.0254 0.0557 0.1559

Abbreviations: LLCI=low limit for confidence interval; ULCI=upper limit for confidence interval; Standard Error=SE; CI=95% confidence intervals;  Standardized

effect; ® effect

Discussion

To our knowledge, this is the first study to examine
whether certain functional fitness domains could medi-
ate the association between PA and cognitive function
in older adults. The results demonstrated that PA has a
positive link with both cognitive function and most func-
tional fitness domains, and significant positive correla-
tions were also identified between cognitive function and
most functional fitness domains. Importantly, cardiore-
spiratory endurance was found to mediate the associa-
tion between PA and cognitive function.

This study confirmed Hypothesis 1: PA is positively
correlated with cognitive function among community-
dwelling older adults. Consistent with our findings, a
cross-sectional study investigating 715 Chinese older
adults found a positive correlation between total PA,
household PA, and cognitive function [46]. Another
study reviewed 23 studies and found that moderate to
vigorous PA was favorably associated with cognitive
function in older adults [47]. The neural and physiologi-
cal mechanisms through which PA improves cognitive
function primarily include the following aspects: altera-
tions in the structure and functional dynamics of the
central nervous system; enhanced cerebral blood flow;

and regulation of neurotransmitter release [48, 49]. For
instance, aerobic exercise can improve cognitive function
through various mechanisms, including cardiovascular
fitness [50], boosting cerebral blood flow, increasing oxy-
gen and glucose supply to brain tissue, improving neu-
rotransmitter availability [51], as well as stimulating the
synthesis of neurotrophic factors [52]. Moreover, some
studies interpret the cognitive benefits of PA through the
selective improvement hypothesis [53], the cardiorespi-
ratory endurance hypothesis [54], and mediation effects
like reducing depressive symptoms [20] and improving
sleep quality [22].

In addition, this study utilized the SFT to compre-
hensively evaluate the functional fitness of older adults,
which verified Hypothesis 1: PA is positively correlated
with functional fitness among older adults. The results
demonstrated a positive correlation between PA and
upper and lower body strength, upper body flexibility,
and cardiorespiratory endurance, as well as a negative
correlation with agility, consistent with previous studies
[31]. Aerobic exercise is the most common form of PA
among community-dwelling older adults, contributing
significantly to cardiovascular fitness by improving oxy-
gen uptake efficiency, increasing maximal oxygen uptake,
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and promoting cardiovascular and pulmonary adapta-
tions [55-57]. In addition, some older adults engage
in strength and resistance training, which can enhance
neuromuscular efficiency [58], muscle hypertrophy [59],
and increased muscle fiber recruitment [60] significantly
benefiting muscle strength. In addition, flexibility exer-
cises, widely accessible in Chinese community settings,
improved joint range of motion and tendon flexibility,
reducing connective tissue stiffness and enhancing over-
all flexibility. Notably, most fitness equipment is designed
for upper body flexibility, while facilities targeting lower
body flexibility exercises are lacking. This may explain
why no significant correlation between PA and lower
limb flexibility was observed in this study.

The most suggestive finding is cardiorespiratory endur-
ance plays a significant mediating role between PA and
cognitive function, which confirms Hypothesis 2. This
study indicated that cardiorespiratory endurance is one
of the most widely studied fitness factors in older adults
with impaired cognitive ability and is also a key predic-
tor of cognitive decline [61]. Previous studies have shown
a positive correlation between cardiorespiratory endur-
ance and cognitive function [62, 63]. Additionally, Sam-
paio et al. [30], conducting a cross-sectional study with
102 older adults, found that cardiorespiratory endur-
ance is the fitness component most closely related to
cognitive function. Previous research has shown that
higher cardiorespiratory endurance is often associated
with cerebrovascular health [64], oxygenation levels in
the prefrontal cortex [65], functional connectivity of the
default mode network [66], neurovascular plasticity, neu-
rogenesis, and the upregulation of neurotrophic factors,
mechanisms that contribute to improved cognitive health
[67, 68]. For instance, Dupuy et al. [65] utilized near-
infrared spectroscopy to measure prefrontal oxygenation
and found that individuals with higher cardiorespiratory
endurance levels can increase prefrontal oxygenation
when performing complex tasks, thereby enhancing cog-
nitive performance. In addition, the cardiorespiratory
endurance hypothesis strongly supports our view, posit-
ing that cardiorespiratory endurance serves as a physi-
ological mediator that explains the mechanisms by which
PA provides various mental health benefits [54].

This study offers valuable insights through its rigor-
ous methodology. The SFT, an internationally recognized
assessment tool specifically designed for older adults
assessment tool specifically designed for older adults,
was employed to evaluate their functional fitness. This
approach facilitated a comprehensive analysis of potential
functional fitness indicators that could mediate the asso-
ciation between PA and cognitive function. Addition-
ally, all data were collected during one-on-one sessions
conducted by professionally qualified personnel, which
greatly ensured the accuracy of the data. Nonetheless,
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this study still has three limitations. First, this study is a
cross-sectional design, which has certain limitations in
exploring causal association. Future longitudinal stud-
ies are planned to further explore the related factors and
specific pathways of cognitive impairment. Secondly,
the participants of this study were only elderly residents
from urban communities in Kunshan, a developed city in
China. This may limit the generalizability of the findings.
Future studies are needed in varied regions to more accu-
rately identify these mediating pathways and enhance
the findings’ generalizability. It is also recommended that
different countries conduct relevant studies to provide
cross-cultural empirical evidence. Lastly, although the
data collectors in this study were professionally trained
researchers, the data for PA were self-reported by the
subjects, which may lead to some bias in results. In future
studies, it is recommended to employ objective measure-
ment methods for PA data collection, such as using the
ActiGraph GT3X +accelerometers.

Conclusions

This study investigated the association between PA,
functional fitness, and cognitive function, and verified
whether functional fitness mediates this association. The
study demonstrated that PA is positively correlated with
most functional fitness domains and cognitive function.
In addition, cognitive function was significantly posi-
tively correlated with most functional fitness domains.
As for functional fitness indicators, only cardiorespira-
tory endurance was found to mediate the association
between PA and cognitive function. This study provides
initial evidence that cardiorespiratory endurance could
play a mediating role in the association between PA and
cognitive function. More longitudinal studies should be
conducted to investigate the causal relationship between
PA and cognitive function and the associated pathways.

Abbreviations

PA Physical activity

MMSEMini Mental State Examination

PASE Physical Activity Scale for the Elderly
SFT Senior Fitness Test

BDNF Brain-derived neurotrophic factor

Acknowledgements

Heartfelt gratitude to the Day Care Centers in Kunshan City's High-tech Zone
and Economic Development Zone, where the staff offered support during
participant recruitment and experimental data collection.

Author contributions

QY, VS and JC were responsible for designing the study. QY obtained the data.
QY and CY performed data analysis; QY wrote the manuscript. QY, CY and YQ
performed data visualization. JC, VS, XF, XS and JT completed review & editing;
and VS and JC held primary responsibility for the final content. All authors
have read and approved the published version of the manuscript.

Funding
This research received no external funding.



Yi et al. BMC Public Health (2025) 25:1081

Data availability
Some or all the data and models that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study approved by University Malaya Research Ethics Committee granted
ethical approval for this study (UM.TNC2/UMREC_2507). All participants signed
an informed consent prior to data collection.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 24 November 2024 / Accepted: 13 March 2025
Published online: 21 March 2025

References

1. Montine TJ, Bukhari SA, White LR. Cognitive impairment in older adults and
therapeutic strategies. Pharmacol Rev. 2021;73(1):152-62.

2. Mehta KM, Yaffe K, Covinsky KE. Cognitive impairment, depressive symptoms,
and functional decline in older people. J Am Geriatr Soc. 2002;50(6):1045-50.

3. Ricardo P, Ruano L, Carvalho P, Barros O. Global cognitive impairment
prevalence and incidence in community dwelling older adults—a systematic
review. Geriatrics. 2020;5(4):84.

4. QinF, Luo M, Xiong Y, Zhang N, Dai Y, Kuang W, et al. Prevalence and associ-
ated factors of cognitive impairment among the elderly population: a nation-
wide cross-sectional study in China. Front Public Health. 2022;10:1032666.

5. Feigin VL, Nichols E, Alam T, Bannick MS, Beghi E, Blake N, et al. Global,
regional, and National burden of neurological disorders, 1990-2016: a sys-
tematic analysis for the global burden of disease study 2016. Lancet Neurol.
2019;18(5):459-80.

6. JiaJ,WeiC, ChenS, LiF,Tang Y, Qin W, et al. The cost of Alzheimer’s disease
in China and re-estimation of costs worldwide. Alzheimer’s Dement.
2018;14(4):483-91.

7. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al.
Dementia prevention, intervention, and care: 2020 report of the Lancet com-
mission. Lancet. 2020;396(10248):413-46.

8. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public
Health Rep. 1985;100(2):126.

9. Gerten S, Engeroff T, Fleckenstein J, Fzéki E, Matura S, Pilatus U, et al. Deduc-
ing the impact of physical activity, sedentary behavior, and physical perfor-
mance on cognitive function in healthy older adults. Front Aging Neurosci.
2022;13:777490.

10.  Vancampfort D, Lara E, Stubbs B, Swinnen N, Probst M, Koyanagi A. Physical
activity correlates in people with mild cognitive impairment: findings from
six low-and middle-income countries. Public Health. 2018;156:15-25.

11. Sanders L, Hortobagyi T, Karssemeijer E, Van der Zee E, Scherder E, Van
Heuvelen M. Effects of low-and high-intensity physical exercise on physical
and cognitive function in older persons with dementia: a randomized con-
trolled trial. Alzheimers Res Ther. 2020;12:1-15.

12. Moon HY, Becke A, Berron D, Becker B, Sah N, Benoni G, et al. Running-
induced systemic cathepsin B secretion is associated with memory function.
Cell Metabol. 2016;24(2):332-40.

13. Gokge E, GUn N. The relationship between exercise, cathepsin B, and cogni-
tive functions: systematic review. Percept Mot Skills. 2023;130(4):1366-85.

14. Vaynman S, Gomez-Pinilla F. Revenge of the sit: how lifestyle impacts neuro-
nal and cognitive health through molecular systems that interface energy
metabolism with neuronal plasticity. ] Neurosci Res. 2006;84(4):699-715.

15. Cotman CW, Berchtold NC. Exercise: a behavioral intervention to enhance
brain health and plasticity. Trends Neurosci. 2002;25(6):295-301.

16.  Mattson MP. Energy intake and exercise as determinants of brain health and
vulnerability to injury and disease. Cell Metabol. 2012;16(6):706-22.

17. Ide K, Secher NH. Cerebral blood flow and metabolism during exercise. Prog
Neurobiol. 2000,61(4):397-414.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

8.

Page 7 of 8

Hornig B, Maier V, Drexler H. Physical training improves endothelial function
in patients with chronic heart failure. Circulation. 1996;93(2):210-4.

Voss MW, Heo S, Prakash RS, Erickson KI, Alves H, Chaddock L, et al. The
influence of aerobic fitness on cerebral white matter integrity and cognitive
function in older adults: results of a one-year exercise intervention. Hum
Brain Mapp. 2013;34(11):2972-85.

Vance DE, Marson DC, Triebel KL, Ball KK, Wadley VG, Cody SL. Physical activity
and cognitive function in older adults: the mediating effect of depressive
symptoms. J Neurosci Nurs. 2016;48(4):E2-12.

Zhang H, Zhang Y, Sheng S, Xing Y, Mou Z, Zhang Y et al. Relationship
between physical exercise and cognitive impairment among older adults
with type 2 diabetes: chain mediating roles of sleep quality and depression.
Psychol Res Behav Manage. 2023:817-28.

Wilckens KA, Erickson KI, Wheeler ME. Physical activity and cognition: a medi-
ating role of efficient sleep. Behav Sleep Med. 2018;16(6):569-86.

Li L, Yu Q, Zhao W, Herold F, Cheval B, Kong Z. Physical activity and inhibitory
control: the mediating role of sleep quality and sleep efficiency. Brain Sci 11.
2021.

Cohn-Schwartz E, Khalaila R, editors. Accelerometer-assessed physical activity
and cognitive performance among European adults aged 50+: the mediat-
ing effects of social contacts and depressive symptoms. Healthcare; 2022.
Duncan MJ, Minatto G, Wright SL. Dose-response between pedometer
assessed physical activity, functional fitness, and fatness in healthy adults
aged 50-80 years. Am J Hum Biology. 2016;28(6):890-4.

Gouveia ER, Maia JA, Beunen GP, Blimkie CJ, Fena EM, Freitas DL. Functional
fitness and physical activity of Portuguese community-residing older adults. J
Aging Phys Act. 2013;21(1):1-19.

Ofei-Dodoo S, Rogers NL, Morgan AL, Amini SB, Takeshima N, Rogers ME. The
impact of an active lifestyle on the functional fitness level of older women. J
Appl Gerontol. 2018;37(6):687-705.

Milanovi¢ Z, Panteli¢ S, Trajkovi¢ N, Spori$ G, Kosti¢ R, James N. Age-related
decrease in physical activity and functional fitness among elderly men and
women. Clin Interv Aging. 2013,8:549-56.

Rikli RE, Jones CJ. Development and validation of a functional fitness test for
community-residing older adults. J Aging Phys Act. 1999;7(2):129-61.
Sampaio A, Marques-Aleixo |, Seabra A, Mota J, Marques E, Carvalho J.
Physical fitness in institutionalized older adults with dementia: association
with cognition, functional capacity and quality of life. Aging Clin Exp Res.
2020;32:2329-38.

Yang M, Guo 'Y, Gong J, Deng M, Yang N, Yan Y. Relationships between
functional fitness and cognitive impairment in Chinese community-dwelling
older adults: a cross-sectional study. BMJ Open. 2019;8(5):e020695.

Zhao X, Huang H, Du C. Association of physical fitness with cognitive func-
tion in the community-dwelling older adults. BMC Geriatr. 2022;22(1):868.
Yang M, Guo Y, Gong J, Deng M, Yang N, Yan Y. Relationships between
functional fitness and cognitive impairment in Chinese community-dwelling
older adults: a cross-sectional study. BMJ Open. 2018;8(5):e020695.

Blair SN, Cheng Y, Holder JS. Is physical activity or physical fitness

more important in defining health benefits? Med Sci Sports Exerc.
2001,33(6):5379-99.

Wang H, Liu Y, Pei Z, Liang J, Ding X. The influence of Tai Chi exercise on the
subjective well-being in the aged: the mediating role of physical fitness and
cognitive function. BMC Geriatr. 2023;23(1):636.

Syue S-H, Yang H-F, Wang C-W, Hung S-Y, Lee P-H, Fan S-Y. The associa-

tions between physical activity, functional fitness, and life satisfaction
among community-dwelling older adults. Int J Environ Res Public Health.
2022;19(13):8043.

Petersen RC, Lopez O, Armstrong MJ, Getchius TS, Ganguli M, Gloss D, et al.
Practice guideline update summary: mild cognitive impairment: report of the
guideline development, dissemination, and implementation subcommittee
of the American academy of neurology. Neurology. 2017,90(3):126.

Chan RC, Hoosain R, Lee TM. Reliability and validity of the Cantonese version
of the test of everyday attention among normal Hong Kong Chinese: a
preliminary report. Clin Rehabil. 2002;16(8):900-9.

Lok N, Bademli K, Selcuk-Tosun A. The effect of reminiscence therapy on
cognitive functions, depression, and quality of life in alzheimer patients:
randomized controlled trial. Int J Geriatr Psychiatry. 2019;34(1):47-53.
Folstein MF, Folstein SE, McHugh PR. Mini-mental State: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
1975;12(3):189-98.

Yi Z,Vaupel JW. Functional capacity and self-evaluation of health and life of
oldest old in China. J Soc Issues. 2002;58(4):733-48.



Yi et al. BMC Public Health

42.

43
44,
45,

46.

47.

48.

49.

50.

52.

53.
54.
55.
56.

57.

(2025) 25:1081

Washburn RA, Smith KW, Jette AM, Janney CA. The physical activity scale

for the elderly (PASE): development and evaluation. J Clin Epidemiol.
1993;46(2):153-62.

Vaughan K, Miller WC. Validity and reliability of the Chinese translation of the

physical activity scale for the elderly (PASE). Disabil Rehabil. 2013;35(3):191-7.

Cohen J. Statistical power analysis for the behavioral sciences. routledge;
2013.

Hayes AF. Introduction to mediation, moderation, and conditional process
analysis: A regression-based approach. Guilford; 2017.

HuJ, ChenY, LiN, Wang Y, ZhaY, Zhou J. Association of physical activity with
cognitive function among older adults in rural Sichuan, China. J Aging Phys
Act. 2022,31(3):482-8.

Oliveira JJd, Ribeiro AGSY, de Oliveira Silva JA, Barbosa CGR, Silva AdSe, Dos
Santos GM, et al. Association between physical activity measured by accel-
erometry and cognitive function in older adults: a systematic review. Aging
Ment Health. 2023;27(11):2089-101.

Gligoroska JP, Manchevska S. The effect of physical activity on cognition—
physiological mechanisms. Materia socio-medica. 2012,24(3):198.

Serra MC, Dondero KR, Larkins D, Burns A, Addison O. Healthy lifestyle and
cognition: interaction between diet and physical activity. Curr Nutr Rep.
2020,9:64-74.

Chaudhary S, Kang MK, Sandhu JS. The effects of aerobic versus resistance
training on cardiovascular fitness in obese sedentary females. Asian J Sports
Med. 2010;1(4):177.

Ainslie PN, Cotter JD, George KP, Lucas S, Murrell C, Shave R, et al. Elevation in
cerebral blood flow velocity with aerobic fitness throughout healthy human
ageing. J Physiol. 2008;586(16):4005-10.

Ratey JJ, Loehr JE. The positive impact of physical activity on cognition dur-
ing adulthood: a review of underlying mechanisms. Evid Recommendations.
2011,

Kramer AF, Hahn 'S, Cohen NJ, Banich MT, McAuley E, Harrison CR, et al. Age-
ing, fitness and neurocognitive function. Nature. 1999;400(6743):418-9.
North TC, McCullagh P, Tran ZV. Effect of exercise on depression. Exerc Sport
Sci Rev. 1990;18(1):379-416.

Hellsten Y, Nyberg M. Cardiovascular adaptations to exercise training. Compr
Physiol. 2011;6(1):1-32.

Jones AM, Carter H. The effect of endurance training on parameters of aero-
bic fitness. Sports Med. 2000,29:373-86.

Colcombe SJ, Kramer AF, Erickson KI, Scalf P, McAuley E, Cohen NJ et al. Car-
diovascular fitness, cortical plasticity, and aging. Proceedings of the National
Academy of Sciences. 2004;101(9):3316-21.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 8 of 8

Cardoso EA, Neto FR, Martins WR, Bottaro M, Carregaro RL. Neuromuscular
efficiency of the knee joint muscles in the early-phase of strength training:
effects of antagonist’s muscles pre-activation. Motricidade. 2018;14(4):24-32.
Cunha PM, Nunes JP, Tomeleri CM, Nascimento MA, Schoenfeld BJ, Antunes
M, et al. Resistance training performed with single and multiple sets induces
similar improvements in muscular strength, muscle mass, muscle quality, and
IGF-1in older women: a randomized controlled trial. J Strength Conditioning
Res. 2020;34(4):1008-16.

Lopez P, Radaelli R, Taaffe DR, Newton RU, Galvao DA, Trajano GS, et al. Resis-
tance training load effects on muscle hypertrophy and strength gain: system-
atic review and network meta-analysis. Med Sci Sports Exerc. 2021;53(6):1206.
Jonasson LS, Nyberg L, Kramer AF, Lundquist A, Riklund K, Boraxbekk C-J.
Aerobic exercise intervention, cognitive performance, and brain structure:
results from the physical influences on brain in aging (PHIBRA) study. Front
Aging Neurosci. 2017;8:336.

Hyodo K, Dan |, Kyutoku Y, Suwabe K, Byun K, Ochi G, et al. The association
between aerobic fitness and cognitive function in older men mediated by
frontal lateralization. Neurolmage. 2016;125:291-300.

Freudenberger P, Petrovic K, Sen A, Toglhofer AM, Fixa A, Hofer E, et al. Fitness
and cognition in the elderly: the Austrian stroke prevention study. Neurology.
2016;86(5):418-24.

Davenport MH, Hogan DB, Eskes GA, Longman RS, Poulin MJ. Cerebrovascular
reserve: the link between fitness and cognitive function? Exerc Sport Sci Rev.
2012,40(3):153-8.

Dupuy O, Gauthier CJ, Fraser SA, Desjardins-Crépeau L, Desjardins M, Mekary
S, et al. Higher levels of cardiovascular fitness are associated with better
executive function and prefrontal oxygenation in younger and older women.
Front Hum Neurosci. 2015;9:66.

Voss MW, Weng TB, Burzynska AZ, Wong CN, Cooke GE, Clark R, et al. Fitness,
but not physical activity, is related to functional integrity of brain networks
associated with aging. Neurolmage. 2016;131:113-25.

Herting MM, Chu X. Exercise, cognition, and the adolescent brain. Birth
Defects Res. 2017;109(20):1672-9.

Wang R, Holsinger RD. Exercise-induced brain-derived neurotrophic factor
expression: therapeutic implications for Alzheimer's dementia. Ageing Res
Rev. 2018;48:109-21.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Physical activity and cognitive function among community-dwelling older adults: a mediating role of functional fitness
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants

	﻿Measures
	﻿Cognitive function
	﻿Physical activity
	﻿Functional fitness
	﻿Statistical analysis

	﻿Results
	﻿Demographic characteristics of participants
	﻿Correlations coefficient between PA, functional fitness, and cognitive function

	﻿Discussion
	﻿Conclusions
	﻿References


