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Profile of non-invasive physical health
indicators associated with cognitive
performance in Chinese older adults: evidence
from the China Health and Retirement
Longitudinal Study
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Abstract

Background Existing studies have indicated the potential role of non-invasive physical health indicators as an
early detector of mild cognitive impairment (MCI) in older adults. However, evidence is lacking in determining
the appropriate physical health indicators for early screening of cognitive decline in each domain. Therefore, the
current study aimed to establish a comprehensive physical health indicators profile in association with cognitive
performance.

Methods The present study utilized a three-year longitudinal cohort design, with data from the China Health and
Retirement Longitudinal Study (CHARLS). 4,869 participants aged 60-97 years from CHARLS wave 2015 and 2018
who were cognitively and physically healthy were included in analysis. Physical functions (BMI, grip strength, blood
pressure, balance tests, course walking time, repeated chair stands, and pulmonary function) were objectively
measured by physical tasks. Cognitive performance domains (general cognition, episodic memory, executive
function, verbal fluency, orientation, and language-and-praxis) were measured through standardised interviews and
cognitive tasks. Multiple linear regression models were conducted to explore the association between physical health
indicators and cognitive performance. Subgroup analysis was conducted to identify sex-specific factors.

Results Pulmonary function was identified as associated with all domains of cognitive performance in older adults
(B ranged between 0.05 and 0.08). Right grip strength was also identified as an important factor associated with all
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females.

cognitive domains except general cognition (3 ranged between 0.04 and 0.12). Subgroup analysis revealed that the
association between physical health indicators and cognitive performance is more pronounced in males than in

Conclusions A profile of non-invasive physical health indicators associated with cognitive performance was
established, which warrants future incorporation of non-invasive physical health indicators in early risk screening
systems for MCl, enabling timely intervention and prevention in older adults. Future studies can delve deeper into the
mechanisms underlying this full-dimensional relationship between physical and cognitive domains.

Keywords Mild cognitive impairment, Screening, Cognition, Memory

Background

Population aging has become a pressing global issue in
recent decades [1, 2], elevating the population risk of
aging-related health concerns. Mild cognitive impair-
ment is particularly burdensome among the older adult
population [3], with prevalence rising with age and risk
factors varying across different demographics such as
age and sex [4]. In China, where population aging is a
fundamental national concern [5], the reported inci-
dence of mild cognitive impairment is 15.4% [6], which
severely impacts quality of life and social function of the
older adult population [7]. The high prevalence of mild
cognitive impairment highlights the importance of early
screening and identification of at-risk individuals to
enable timely intervention and prevention.

Current risk assessment of mild cognitive impairment
predominantly relies on cognitive assessment and neuro-
imaging [8, 9], which are constrained by the high training
requirements, resource demands and under-supported
measurement consistency [10]. Moreover, these assess-
ments often require a certain level of literacy, as the
instructions can be hard to follow for individuals with-
out adequate education background, while the education
level of older people in developing countries including
China is relatively low [11]. Therefore, there is a pressing
need for more affordable, accessible, and efficient early
screening methods for mild cognitive impairment.

Non-invasive physical health indicators have emerged
as potential screening factors, which can be measured
through routine physical examinations. Cross-sectional
studies have demonstrated significant associations
between cognitive performance and a set of non-invasive
physical health indicators, including grip strength, blood
pressure, balance, course walking time, and repeated
chair stands [12-16]. Moreover, preliminary longitu-
dinal evidence has indicated that early and middle-age
physical health indicators are longitudinally associated
with poorer cognitive performance and a higher risk of
dementia at an older age. For example, higher body mass
index (BMI) was associated with worse verbal fluency
and episodic memory, while poor pulmonary function
was associated with worse memory, visuospatial abil-
ity, processing speed, and verbal fluency [17, 18]. These

physical indicators could serve as viable options for early
screening of mild cognitive impairment in older adults.

Nevertheless, several obstacles remain for leverag-
ing non-invasive physical health indicators as factors
for early screening of mild cognitive impairment. Firstly,
current investigations into the associations between
non-invasive physical health indicators and mild cogni-
tive impairment are limited to establishing isolated asso-
ciations between specific non-invasive physical health
indicators and cognitive domains. For example, the asso-
ciation between poor pulmonary function and worse
episodic memory [17, 19], as well as between greater
grip strength and better episodic memory [20]. However,
there is a lack of a comprehensive investigation to iden-
tify whether non-invasive physical health indicators are
prospectively associated with the decline across the spec-
trum of cognitive abilities. Another issue is that primary
indicators of people’s physical health are integral and
might interact with each other [21, 22]. This inter-cor-
relation raises the possibility of overestimating the effect
of a single physical health indicator on cognitive per-
formance if the influence of other physical indicators is
ignored. Moreover, it remains unexplored whether there
exists a key factor that has full-dimensional association
with cognitive performance which could facilitate more
efficient screening. Considering the quality of evidence,
despite the acknowledged advantage of longitudinal over
cross-sectional data in facilitating causal inference [23],
there still lacks longitudinal studies to investigate the
temporal relationship between most physical health indi-
cators and cognitive performance, such that the physical
health indicators should be measured before the cogni-
tive performance to reduce the risk of reverse causality
for a potential causal relationship to be established. This
lack of longitudinal evidence also restrained the use of
physical health indicators as early screening factors for
mild cognitive impairment. Addressing these gaps is cru-
cial for establishing robust early screening methods for
mild cognitive impairment based on non-invasive physi-
cal health indicators.

To address the obstacles, the present study aimed to
establish a comprehensive profile of non-invasive physi-
cal health indicators in association with the subsequent
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spectrum of cognitive performance in Chinese older
adults through a longitudinal design. We also explored
whether physical health indicators have age- and sex-
specific associations with cognitive performance. This
approach seeks to provide a foundation for future early
detection of cognitive deterioration based on non-inva-
sive physical health indicators in older adults.

Methods

Study design and population

The sample was drawn from the China Health and
Retirement Longitudinal Study (CHARLS) [24], which
is an ongoing national representative longitudinal study
of over 17,000 middle-aged and older adults (aged 45-97
years) from 450 resident communities and villages across
28 provinces in China. The baseline survey was carried
out between June 2011 and March 2012, followed by 4
waves in 2013, 2015, 2018 and 2020, with information
collected using face-to-face computer-assisted personal
interviews.

Participants who were over 60 years old who partici-
pated in physical health measurements without physi-
cal disabilities, brain damage, cognitive retardation, or
memory-related disease (such as dementia, brain atro-
phy, and Parkinson’s disease) entered in 2015 and 2018
were included in this study. We utilized data on physical
health indicators collected in 2015, and data on cognitive
performance collected in 2015 and 2018. Demographic
characteristics including age (years), sex (male/female),
and education (illiterate/primary school/middle school
and above) were self-reported in 2018. Participants with-
out complete data on demographic information were
removed.

A total of 4,869 participants met the requirements for
inclusion and exclusion criteria, making them eligible for
the primary analyses (ages ranging from 60 to 97 years).
Supplementary Figure S1 shows the process of partici-
pant inclusion. The institutional review board at Peking
University granted the CHARLS ethical approval. Writ-
ten informed consent was given by each participant who
agreed to take part in the study. The study adhered to the
guidelines of Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE).

Measurement of cognitive performance

Cognitive performance was measured by CHARLS wave
4 (year 2018) standardized cognitive tests and inter-
view questions. Six domains of cognitive performance
were captured, including general cognition, episodic
memory, executive function, verbal fluency, orientation,
and language-and-praxis. Episodic memory, executive
function, and orientation were also measured at wave 3
(year 2015). More information regarding the selection
and measurements of cognitive domains in the CHARLS
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dataset can be found in the study based on the Health
and Retirement Study [25]. Please refer to Table S1 in
the Supplementary material for detailed instructions and
items utilized for each cognitive function measurement.

General cognition was measured by items drawn from
the Telephone Interview for Cognitive Status [26] and the
Community Screening Instrument for Dementia [27]. A
total of eight items were included in the measurement,
each item was scored as one if successfully complet-
ing the instructions or answering the questions. A total
score was calculated by combining the eight items, with a
range of 0—8 points. Higher scores indicate better general
cognition.

Episodic memory was measured by three components
including Word Recall (WR), Delayed Recall (DR), and
Wordlist Recognition (WRE) from the Wordlist memory
(WLM) tests paradigm [28, 29]. The participants were
first shown a list of 10 words by the interviewer. Then
participants were asked to recall the words they saw right
after the interviewer finishing the list (WR). The partici-
pants were introduced to the same word list in different
orders three times and were asked to recall the list three
times. The score of WR was calculated as the mean num-
ber of correctly recalled words, ranged between 0 and
10. After the WR test, participants continued to partici-
pate in three measurement scales, followed by a question
requesting them to recall the words in the earlier word
list again (DR). The score of DR was measured as the
number of correctly recalled words, ranged between 0
and 10. Then the participants continued to participate in
a set of Number Series task, after which the participants
were presented with 20 word-cards. The participants
were asked whether they have seen the words before
(WRE). The score of WRE was measured as the number
of correctly recognised words, ranged between 0 and 10.
The total score was calculated through adding the scores
of each component, with a range of 0-30 points. Higher
scores indicate better episodic memory.

Executive function was measured by the Number
Series tasks adapted from a patterning assessment para-
digm, in which participants were shown as series of num-
bers [30]. Each series of numbers contained a blank part.
The participants were asked to identify the patterns of
the numbers and fill in the blank. A total of 15 number
series were presented. Success in each task was scored as
one. The total score ranged between 0 and 15 points, with
higher scores indicating better executive function.

Verbal fluency was evaluated by the Retrieval Fluency
task, in which the participants were asked to recall as
many animal names as they could in 60 s [31, 32]. The
score was measured as the number of unique animal
names recalled, with higher scores indicating better ver-
bal fluency.
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Orientation was measured by items from the Mini
Mental State Exam (MMSE) [33]. A total of 10 items ask-
ing participants about basic information of the current
time and situation were utilized. Correct answer to each
item was scored as one. The Total score ranged between
0 and 10 points, with higher scores indicating better
orientation.

Language-and-praxis was also evaluated by items
from MMSE [33]. A total of seven items were utilized.
The first two items required participants to view a pic-
ture and name its contents. Each correct answer was
scored as one. The third item involved asking the par-
ticipants to repeat a short phrase from the interviewer.
Successful completion was scored as one. The items 4—7
asked the participants to follow a total of seven instruc-
tions. Completion of each instruction was scored as one,
forming a score of 0-7. The total scores ranged between
0 and 9 points, with higher scores indicating better
language-and-praxis.

Measurement of non-invasive physical health indicators
Physical health indicators were measured by the
CHARLS wave 3 (year 2015) physical function question-
naire. Seven types of non-invasive physical health indica-
tors were captured, including BMI, grip strength, blood
pressure, balance tests, course walking time, repeated
chair stands, and pulmonary function. More information
regarding the measurements of physical health indicators
can be found in the CHARLS data profile [24].

BMI was calculated using weight in kilograms divided
by standing height in meters squared. Higher score indi-
cates higher BMIL.

Grip strength was separately measured from right
and left hands by a dynamometer. Participants were
instructed to stand and hold the dynamometer at a right
angle and squeeze the handle for a few seconds. Higher
score indicates stronger grip strength.

Blood pressure was evaluated by systolic pressure, dia-
stolic pressure, and pulse using Omron HEM-7200 Mon-
itor. Higher score indicates higher blood pressure.

Balance tests were conducted by the full tandem stand-
ing position test, in which, participants were instructed
to stand with the heel of one foot in front of and touching
the toes of the other foot for about either 30-60 s. Par-
ticipants could use their arms, bend their knees, or move
their body to maintain balance. Whether the participants
could successfully complete the position were recorded.

Course walking time was assessed by having partici-
pants walking along a 2.5 m course comfortably for two
times. The interviewers recorded the time taken (sec-
onds) for completing the course.

Repeated chair stands were commonly used to measure
the lower limb strength. Participants were required to
stand up straight and then sit down again at the fastest
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pace five times while keeping their arms folded across
their chest. The interviewers recorded the time taken
(seconds) for completing the movements. Faster com-
pletion time was used as indicator of better lower limb
strength.

Pulmonary function was measured by the time taken
for participants to expel air from their lungs, which
reflects pulmonary ventilation function. Participants
were required to stand up, take a deep breath, then blow
into the mouthpiece. The interviewers recorded the read-
ing by peak flow meter. Higher scores indicate better pul-
monary function.

Please refer to Table S1 in the Supplementary material
for more information about the physical health indica-
tors’ measurements.

Statistical analysis

Data were analysed in May 2024. To address missing data,
multiple imputation through the predictive mean match-
ing method was employed using the “mice” package in R
4.3.3 [34]. We used the independent t-test for continuous
variables and chi-squared test for categorical variables to
investigate cross-sex differences in non-invasive physi-
cal health indicators, cognitive performance, and demo-
graphic variables. Multiple linear regression models were
applied to determine the associations between physical
health indicators and cognitive performance (general
cognition, episodic memory, executive function, verbal
fluency, orientation, and language-and-praxis), adjusting
for age, sex, and education. Sensitivity analysis regard-
ing grip strengths was conducted to compare between
the association of grip strengths in right-hand-dominant
and left-hand-dominant participants with cognitive per-
formance. Sensitivity analysis was further conducted to
explore the associations of physical health indicators with
episodic memory, executive functioning, and orientation
accounting for baseline scores of these three cognitive
functions through generalised estimating equation (GEE)
models. Outcomes in 2018 were re-calculated using the
same items available in 2015 to ensure meaningful com-
parisons. Subgroup analyses were conducted to evalu-
ate the differences of the associations identified above
between sexes. All cognitive performance outcomes and
physical health indicators were standardised for multiple
linear regression and GEE models to ensure comparabil-
ity. The false discovery rate (FDR) correction was applied
to address the potential risk of false positives generated
from multiple comparisons [35].

Results

Descriptive results

A total of 4,869 individuals were involved in the analy-
sis, including 2,481 (50.96%) females and 2,388 (49.04%)
males. The characteristics of the eligible participants
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are presented in Table 1. The average age of participants
in 2018 was 67.26 (SD=6.20) years. The mean age of
females and males was 67.03 (SD=6.17) years and 67.51
(SD=6.22) years, respectively. 55.3% of the participants
were illiterate or had only elementary school education or
lower (n=4,639). Males were more likely to report receiv-
ing higher education compared to females (p<0.001).
More males (10.2%; n=244) completed university-level
education compared to females (3.7%; n=92).

For physical health indicators, the scores of BMI
(p<0.001), pulse (p<0.001), course walking time
(p=0.017), and repeated chair stands (p<0.001) of
females were significantly higher than males, while
males had significantly higher scores of right grip
strength (p<0.001), left grip strength (p<0.001), systolic
(p<0.001), diastolic (p<0.001), full tandem (p<0.001),
and pulmonary function (p <0.001) than females. Regard-
ing cognitive performance, males performed better than
females in all cognitive domains (p <0.001).
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Association between non-invasive physical health
indicators and cognitive performance
The association of non-invasive physical health indicators
with cognitive performance after controlling for explana-
tory and confounding variables are presented in Table 2.
The results indicated that pulmonary function was sig-
nificantly associated with all domains of cognitive perfor-
mance, including general cognition (f=0.08, p<0.001),
episodic memory (=0.05, p<0.001), executive function
(p=0.06, p<0.001), verbal fluency (f=0.07, p<0.001),
orientation (=0.04, p=0.001), and language-and-praxis
(p=0.08, p=0.001). Right grip strength was also identi-
fied as an important factor which was significantly associ-
ated with most domains of cognitive functions, including
episodic memory (=0.04, p=0.042), executive function
(p=0.06, p=0.004), verbal fluency (f=0.12, p<0.001),
orientation ($=0.07, p=0.009), and language-and-praxis
(p=0.07, p=0.037).

Other physical health indicators were also identified as
significantly associated with specific domains of cognitive
performance. BMI was positively associated with general

Table 1 Descriptive statistics for eligible participants

Characteristics * Overall Female Male Between-sex difference
(n=4869) (n=2481) (n=2388) (p-value)

Demographics
Age 67.26 (6.20) 67.03 (6.17) 67.51(6.22) 0.007
Education <0.001

lliterate 1518 (31.2%) 1185 (47.8%) 333 (13.9%)

Elementary school or lower 3221 (47.9%) 1000 (40.4%) 1331 (55.7%)

Middle school 684 (14.0%) 204 (8.2%) 480 (20.1%)

Academic or vocational high school 275 (5.6%) 78 (3.1%) 196 (8.1%)

Associate degree or higher 61 (1.3%) 13 (0.5%) 48 (2.1%)
Non-invasive physical health indicators
BMI (kg/m2) 23.10 (4.09) 23.94 (4.34) 2292 (3.75) <0.001
Right grip strength (kg) 27.37 (9.62) 21.63 (6.85) 33.35(8.37) <0.001
Left grip strength (kg) 26.06 (9.78) 2049 (6.49) 31.84 (9.26) <0.001
Systolic BP (mmHg) 131.17 (20.22) 131.48 (20.61) 130.84 (19.80) 0.268
Diastolic BP (mmHg) 7443 (11.13) 73.79(11.02) 75.10(11.21) <0.001
Pulse (P) 73.52(10.77) 7431 (10.18) 72.69 (11.30) <0.001
Full tandem <0.001

Yes 3851 (79.1%) 1788 (72.1%) 2063 (86.4%)

No 1018 (20.9%) 693(27.9%) 325 (13.6%)
Course walking time (Sec) 3.51 (6.45) 3.72 (6.78) 3.28 (6.08) 0.017
Repeated chair stands time (Sec) 9.70 (3.76) 10.19 (4.05) 9.20 (3.38) <0.001
Pulmonary function (L/min) 269.86 (111.55) 225.86 (80.63) 315.59 (120.49) <0.001
Cognitive performance®
General cognition (range 0-8) 5.73(152) 5.58 (1.64) 5.89 (1.36) <0.001
Episodic memory (range 0-30) 15.00 (5.56) 14.09 (5.63) 15.94 (5.32) <0.001
Executive function (range 0-15) 2.99 (2.56) 237 (2.54) 3.63(243) <0.001
Verbal fluency (range O-unlimited) 11.28 (4.84) 1063 (4.72) 12.03 (4.92) <0.001
Orientation (range 0-10) 8.19 (2.03) 7.64(2.31) 8.76 (1.46) <0.001
Language-and-praxis (range 0-9) 6.44 (2.05) 6.13(2.29) 6.86 (1.72) <0.001

Note * Mean and (SD) were reported for continuous variables, count and (percentage) were reported for categorical variables. t Measurement score ranges were
reported for each cognitive measurement. BMI=Body mass index; BP =Blood pressure
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Table 2 Multiple linear regression models of non-invasive physical health indicators predicting cognitive performance
Cognitive performance Physical health indicators B SE t-value p-value R?
General Cognition BMI 0.04 0.02 248 0.020* 0.083
Right grip strength 0.03 0.02 1.09 0.274
Left grip strength 0.03 0.02 1.06 0.465
Systolic BP 0.05 0.02 235 0.057
Diastolic BP -002° 0.02 -0.89 0.651
Pulse -0.03° 0.02 -1.91 0.124
Full tandem -0.03° 0.02 -2.10 0.072
Course walking time 0.01 0.01 045 0.931
Repeated chair stands time 0.00 0.02 0.14 0.886
Pulmonary function 0.08 0.02 4.51 <0.007%**
Episodic Memory BMI 0.03 0.01 2.62 0.018* 0.302
Right grip strength 0.04 0.02 211 0.042*
Left grip strength 0.04 0.02 1.86 0.378
Systolic BP -0.00° 0.02 -0.27 0.790
Diastolic BP -0.01° 0.02 -0.78 0.651
Pulse -0.00° 0.01 -0.39 0.697
Full tandem 0.03 0.01 2.64 0.025%
Course walking time -0.00° 0.01 -0.08 0.934
Repeated chair stands time -0.04° 0.01 -349 0.003**
Pulmonary function 0.05 0.01 333 0.0071**
Executive Function BMI 0.05 0.01 346 0.002** 0.305
Right grip strength 0.06 0.02 324 0.004**
Left grip strength 0.03 0.02 1.02 0.465
Systolic BP -0.05° 0.02 -3.20 0.003**
Diastolic BP 0.02 0.02 1.56 0.651
Pulse -0.01° 0.01 -1.87 0.124
Full tandem 0.02 0.01 2.80 0.025
Course walking time -0.01 0.01 045 0.931
Repeated chair stands time -0.04° 0.01 -2.92 0.002**
Pulmonary function 0.05 0.01 3.80 <0.007%**
Verbal Fluency BMI 0.02 0.01 1.62 0.126 0.154
Right grip strength 0.12 0.03 4.51 <0.007***
Left grip strength -0.03° 0.02 -1.32 0.465
Systolic BP -0.04° 0.02 -1.90 0117
Diastolic BP -0.01° 0.02 -043 0.695
Pulse -0.03° 0.01 -2.22 0.124
Full tandem 0.02 0.01 1.63 0.157
Course walking time -0.00° 0.01 -0.28 0.931
Repeated chair stands time -0.05* 0.02 -3.10 0.004**
Pulmonary function 0.07 0.02 4.26 <0.007***
Orientation BMI 0.06 0.02 378 0.001** 0210
Right grip strength 0.07 0.02 2.85 0.009%**
Left grip strength 0.01 0.02 0.63 0.587
Systolic BP -0.02° 0.02 -0.86 0.391
Diastolic BP -0.02° 0.02 -1.02 0.651
Pulse 0.01 0.02 0.62 0.645
Full tandem 0.02 0.02 1.39 0.185
Course walking time -0.01° 0.01 -0.96 0.931
Repeated chair stands time -0.03° 0.02 -1.72 0.130
Pulmonary function 0.04 0.02 1.99 0.048*
Language & Praxis BMI 0.02 0.02 1.10 0.272 0.135
Right grip strength 0.07 0.03 212 0.037%
Left grip strength 0.01 0.03 037 0.715
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Table 2 (continued)

Cognitive performance Physical health indicators B SE t-value p-value
Systolic -0.02° 0.03 -0.49 0.754
Diastolic 0.01 0.03 0.39 0.695
Pulse -0.03° 0.02 -146 0.220
Full tandem 0.03 0.02 1.34 0.185
Course walking time 0.03 0.03 1.02 0.931
Repeated chair stands time -0.02° 0.02 -0.74 0.551
Pulmonary function 0.08 0.02 331 0.001**

Note False discovery rate correction was applied: * p <0.05; ** p<0.01; *** p<0.001; ® Lower scores indicate better cognitive performance; BMI=Body mass index;

BP=Blood pressure

cognition ( =0.04, p=0.020), episodic memory (f=0.03,
p=0.018), executive function (p=0.05, p=0.002), and
orientation (f=0.06, p=0.001). Longer time required for
repeated chair stands was found to be associated with
worse episodic memory (B = -0.04, p=0.003), executive
function (B = -0.04, p=0.004), and verbal fluency (p =
-0.05, p=0.004). For blood pressure, higher systolic pres-
sure was associated with poorer executive function (p =
-0.05, p=0.008). For balance tests, success in full tandem
was associated with better executive function (f=0.02,
p=0.025). There was no significant association identified
between cognitive performance and course walking time,
pulse, diastolic pressure, or left grip strength.

Sensitivity analysis

As shown in Supplementary Table S2, the results for epi-
sodic memory, executive functioning, and orientation
remained consistent in GEE models. Full-dimensional
associations of pulmonary function with cognitive per-
formance were still supported (p range between 0.03
and 0.06, p <0.005). Significant associations of right grip
strength with all three domains of cognitive performance
were also supported (B range between 0.05 and 0.06,
p<0.008). As shown in Supplementary Table S4, sig-
nificant association of right grip strength with cognitive
performance only existed in right-hand-dominant par-
ticipants (B ranged between 0.04 and 0.14, p <0.05), while
hand grip strengths of both hands were not significantly
associated with cognitive performance in left-hand-dom-
inant participants.

Subgroup analysis

As presented in Supplementary Table S3, subgroup
analysis by sex demonstrated that non-invasive physical
health indicators are primarily more important factors
associated with cognitive performance for males com-
pared to females. In females, apart from pulmonary func-
tion and right grip strength, lower pulse was significantly
associated with better verbal fluency, and higher BMI
was significantly associated with better executive func-
tion ($=0.05, SE=0.02, p=0.001). Language-and-praxis
was not significantly associated with any physical health

indicators in females. In male participants, all domains of
cognitive performance were significantly associated with
physical health indicators.

Discussion

The present study established a comprehensive profile
of non-invasive physical health indicators in association
with subsequent cognitive performance in older Chinese
adults through a longitudinal design. The results indi-
cated varying associations of different physical health
indicators with the spectrum of cognitive performance.
Pulmonary function was identified as having consistent
associations with all domains of the cognitive perfor-
mance. Right grip strength also emerged as having con-
sistent associations with most cognitive domains, except
general cognition. Moreover, the associations between
physical health indicators and cognitive performance
were influenced by sex. Notably, the associations of phys-
ical health indicators with cognitive performance were
more pronounced in males than in females.

Among various non-invasive physical health indica-
tors, pulmonary function demonstrated itself as the
most important factor associated with subsequent cog-
nitive performance, as lower pulmonary function was
significantly associated with poorer outcomes across all
cognitive domains in our study. This finding aligns with
previous studies identifying a significant association of
poorer pulmonary function with higher risks of mild
cognitive impairment and dementia in middle-aged and
older adults [36, 37]. Our study further substantiated the
full-dimensional association between pulmonary func-
tion and cognitive performance taking into account other
physical health indicators. Therefore, pulmonary func-
tion might be treated as a potential full-dimensional risk
factor for early screening of mild cognitive impairment in
older adults.

One possible explanation for the association between
pulmonary function and cognitive performance is
interplay of the endocrine, autonomic, and motor con-
trol systems, which may be collectively associated with
both respiration and cognitive functions [38]. Another
explanation involves lifestyle factors such as excessive
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smoking and reduced physical activity, both linked to
poor pulmonary function and cognitive performance. For
instance, evidence from British civil servants indicated
that smoking, a known risk factor for poor lung function,
was associated with cognitive decline in old age [39],
while evidence from a 44-year longitudinal study found
that physical activity was associated with a lower risk
of dementia [40]. Therefore, there are intricate associa-
tions between pulmonary function and cognitive perfor-
mance in older adults, which emphasizes the significance
of employing a comprehensive strategy for promoting
health and preventing diseases.

Apart from pulmonary function, our study suggested
that right grip strength might be an indicator for cog-
nitive impairment in the domain of episodic memory,
executive function, verbal fluency, orientation, and lan-
guage-and-praxis. This finding aligns with previous stud-
ies linking grip strength to brain structure and function
[41] and showing that grip strength training can lead to
changes in brain activation patterns [42]. It is possible
that grip strength reflects the functioning of neural path-
ways involved in various cognitive performance. One
explanation for the association between grip strength
and cognitive performance concerns its role as a marker
of muscle mass and physical activity, both of which have
been shown to be protective against cognitive decline
[43]. Another explanation is that the mechanisms link-
ing grip strength and cognitive performance may both
rely on the cortical hemodynamic pathways, such as
oxyhemoglobin and deoxyhemoglobin [44]. Although
an overlap of brain regions between muscle strength and
cognitive performance can be speculated from the previ-
ous studies [45, 46], direct imaging evidence is lacking.
Future research could use an intuitive research design
to further investigate these potential explanations. One
interesting finding concerning grip strength is that the
left grip strength is not significantly associated with any
cognitive performance. Our results from sensitivity anal-
ysis further indicated significant association between
grip strength and cognitive performance only existed in
right-hand-dominant participants. The results should be
interpreted with caution as only 336 participants were
left-handed, which reduced the statistical power to detect
significant effects. Nevertheless, the effect sizes of grip
strengths from two hands in left-handed participants are
generally similar, while right-hand grip strength having
relatively greater associations with general cognition than
left-hand grip strength, potentially supporting the more
important role of right-hand grip strength in associa-
tion with cognitive functions regardless of handedness.
Alongside previous evidence suggesting cognitive bene-
fits of right-handedness [47], our results further indicated
stronger association between right-hand usage and cog-
nitive performance. Future studies with a more balanced

Page 8 of 11

sample are still required to further explore the interplay
between handedness and grip strength in relation to cog-
nitive functions.

Another unexpected finding was the positive asso-
ciation between BMI and certain domains of cognitive
performance, which conflicts with previous evidence
suggesting BMI as a risk factor for mild cognitive impair-
ment [48]. This discrepancy might be attributed to
the inclusion of other physical health indicators in our
model. BMI has been shown to be negatively associated
with other physical health indicators, including pulmo-
nary function [49], which our results demonstrated to be
a consistent risk factor for all cognitive domains. There-
fore, the potential negative effects of BMI on cognitive
performance might be accounted for by pulmonary func-
tion in our models. Moreover, the positive associations of
BMI might be attributed to the sample of Chinese older
people. It has been shown that undernutrition is a more
prevalent issue in older Chinese people compared to
overnutrition, and higher BMI is associated with higher
socio-economic status [50], which is a protective fac-
tor for cognitive functions [51]. Therefore, the positive
associations between BMI and cognitive functions in our
results might be attributed to a higher socio-economic
status. Future studies might further explore the role of
BMI in cognitive performance controlling for other phys-
ical health indicators in sample from different regions.

Another interesting finding is that the associations
between physical health indicators and cognitive per-
formance are generally more pronounced in males com-
pared to females. One potential explanation for this
sex-related effect is that males have higher levels of tes-
tosterone, which is associated with greater muscle mass
and strength [52]. Testosterone may also have neuropro-
tective effects [53], which could contribute to the male-
specific relationship between strengths-related physical
health indicators and cognitive performance. Neverthe-
less, more studies are still needed to further investigate
the role of testosterone in the relationship between non-
invasive physical health indicators and cognitive
performance.

The results of our study should be interpreted cau-
tiously due to few limitations. One primary limitation is
the potential for selection bias. Participants with physical
disabilities, brain damage, mental retardation, or mem-
ory-related disease were excluded in this study, given that
the participants included in the study were healthier than
those excluded. This may have facilitated the character-
ization of the associations between non-invasive physical
health indicators and cognitive performance. Moreover,
the cognitive performance measurements utilized in
the CHARLS study were not capable of directly identify
mild cognitive impairment. Therefore, further investiga-
tions are still required to explore the potential predictive
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effects of non-invasive physical health indicators and
the risk of developing mild cognitive impairment. Sec-
ond, since China is a developing country, more than
50% of the CHARLS participants did not finish primary
school while more than 30% of them were illiterate in our
sample. The CHARLS participants were less educated,
which might have led to lower score on cognitive tests.
Therefore, the association between non-invasive physi-
cal health indicators on cognitive performance might be
underestimated as the variance of cognitive performance
in less educated participants might be too small for us to
detect the associations. Regarding the establishment of
causal relationship, the CHALRS dataset only enabled
consideration of outcome values at baseline for episodic
memory, executive function, and orientation. Moreover,
since our study focused on physical health indicators that
can be easily and objectively measured through routine
physical examinations, we did not account for certain
key factors, such as lifestyle behaviors, in our statistical
model. Therefore, future studies are still required to fur-
ther explore the longitudinal associations between physi-
cal health indicators and cognitive performance with
baseline outcome data and more comprehensive adjust-
ments to facilitate better causal inference. Future studies
should further explore the predictive effects of non-inva-
sive physical health indicators on cognitive performance
in a more well-educated sample.

Conclusions

In conclusion, non-invasive physical health indicators
are longitudinally associated with all domains of cogni-
tive performance in the older adult population, while
these associations vary between sexes. The significant
role of pulmonary function in relation to cognitive func-
tions was particularly highlighted. Our findings estab-
lished a profile of non-invasive physical health indicators
in association with a comprehensive range of subsequent
cognitive performance, facilitating timely and efficient
screening for mild cognitive impairment in older adults.
Future explorations involving non-invasive physical
health indicators in early risk screening systems for mild
cognitive impairment are warranted. Further research is
also needed to elucidate the mechanisms underlying the
comprehensive relationship between physical and cogni-
tive health.
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