Journal of Alzheimer’s Disease Reports 8 (2024) 1329-1338 1329
DOI 10.3233/ADR-240064
10S Press

Research Report

Cognitive Reserve Relationship with

Physical Performance in Dementia-Free
Older Adults: The MIND-China Study

Qiwei Dong?, Yuanjing Li™¢, Yiming Song?, Yu Zhang®, Xiaodong Han%*, Yifei Ren?,

Jiafeng Wang?, Xiaojuan Han*%* and Yifeng Du®%*

aDepartment of Neurology, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan,
Shandong, China

bDepartment of Neurobiology, Care Sciences and Society, Aging Research Center and Center for Alzheimer
Research, Karolinska Institute-Stockholm University, Stockholm, Sweden

¢The Swedish School of Sport and Health Science, GIH, Stockholm, Sweden

dDepartment of Neurology, Shandong Provincial Hospital, Shandong University, Jinan, Shandong, China
®Department of Neurological Special Function Examination, Shandong Provincial Third Hospital, Jinan,
Shandong, China

Received 7 April 2024
Accepted 15 July 2024
Published 1 October 2024

Abstract.

Background: Cognitive reserve (CR) may be beneficial to the physical function of the elderly.

Objective: We aimed to examine the association of CR proxies and composite CR capacity with physical function in older
adults while considering age and sex.

Methods: This population-based cross-sectional study included 4,714 participants living in rural China (age > 60 years)
who were dementia-free. Structural equation modeling was used to generate a composite CR score by integrating early-life
education, midlife occupational complexity, and late-life mental activity and social support. The Short Physical Performance
Battery (SPPB) measured physical function. Data were analyzed using linear regression models.

Results: Greater educational attainment and mental activity were associated with higher composite SPPB scores and those
of its three subtests (p <0.05). Skilled occupations were associated with higher SPPB, chair stand, and walking speed scores,
while greater social support was associated with higher scores for SPPB and chair stand (p <0.05). Each 1-point increase in
composite CR score (range: —0.77 to 1.03) was linearly associated with a multivariable-adjusted (3-coefficient of 0.74 (95%
confidence interval (CI): 0.58-0.89) for total SPPB score, 0.16 (0.10-0.22) for balance test, 0.40 (0.32-0.48) for chair stand,
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and 0.17 (0.12-0.23) for walking speed. The association between higher composite CR and total SPPB scores was more
prominent in those > 75 years than those aged 60-74 years (p <0.01). There was no statistical interaction of composite CR

score and sex in physical function.

Conclusions: High CR is associated with better physical function, especially among older adults (>75 years).

Keywords: Alzheimer’s disease, cognitive reserve, physical fitness, population-based study

INTRODUCTION

In aging populations, a decline in physical func-
tion occurs, manifesting as slow gait speed, poor
endurance, and muscle weakness that can amplify
the risk for adverse clinical outcomes such as falls,
fractures, institutionalization, and mortality.1 The
Short Physical Performance Battery (SPPB), which
is easily applied, has been recommended as a func-
tional test to assess balance, strength, and gait.> A
population-based cohort study has suggested that
lower SPPB scores are associated with higher mor-
tality and an increased risk of frailty and disability in
older adults.” Identifying modifiable factors related
to physical function in older adults is of great impor-
tance.

Cognitive reserve (CR) capacity refers to the adapt-
ability of cognitive processes that helps to explain
differential susceptibility of cognitive function to
physiological or pathological brain aging.? Several
intellectually stimulating factors, such as education,
occupational complexity, and rich social networks,
have been considered proxies of CR capacity.*>
Given that high CR capacity is associated with bet-
ter late-life cognitive function® and that cognitive
and physical dysfunction are closely related,” it is
plausible to expect that lifelong CR may help pre-
serve physical function into late life. However, few
population-based studies have explored the influence
of the accumulation of CR throughout life on physical
function in later life. Both CR proxies and physical
function are strongly related to age and sex. The effect
of CR indicators such as education on the conversion
from mild cognitive impairment to normal cognition
is mainly seen in those younger than 90 years old;
additionally, the associations of CR with physical
and cognitive activity reserve are more pronounced in
females than males.8~ 19 Because of this, it is worth-
while to explore whether the relationship between
composite CR capacity and physical function may
vary with age and sex.

The current population-based study was designed
to examine the association of individual CR proxies
and composite CR capacity with physical perfor-

mance among community-residing older adults, and
whether they are influenced by age or sex. We hypoth-
esized that higher levels of CR proxies and composite
CR capacity would be associated with preserved
physical function and that such associations might
vary by age and sex.

METHODS
Study design and participants

This population-based cross-sectional study used
data from multimodal interventions to identify fac-
tors that delay dementia and disability in rural China
(MIND-China),!! an ongoing project in the World-
Wide FINGERS Network.!? In brief, from March
to September 2018, a total of 5,765 participants
aged 60 years or older living in the 52 villages of
Yanlou Town (western Shandong, China) undertook
multidisciplinary assessments. Of these, 1,051 per-
sons were excluded because of prevalent dementia
(n=307), severe mental diseases (n =49), or missing
information on CR proxies (n=494) and SPPB tests
(n=201), leaving a total of 4,714 participants in the
current analysis (Fig. 1).

Data collection and assessment

From March to September 2018, trained medical
staff collected data through face-to-face interviews,
clinical examinations, neuropsychological testing,
and laboratory tests in collaboration with labo-
ratory technicians at the local town hospital, as
reported previously.'> Sociodemographic, clinical,
and neuropsychological data were collected using
a structured questionnaire. We collected data on
sociodemographic characteristics (e.g., age and sex),
lifestyle factors (e.g., smoking, alcohol drinking,
and body mass index), and health conditions (e.g.,
hypertension, diabetes mellitus, hyperlipidemia, and
cardiovascular disorders).

The Ethics Committee at Shandong Provin-
cial Hospital affiliated with Shandong Univer-
sity approved the MIND-China protocol. Written
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Baseline assessments of MIND-China (March-
September 2018), ag e> 60 years: n = 5,765

: 1,051 were excluded due to: :
| m Dementia, n =307 :
) m Severe mental disease,n=49 |
I'm Missing CR data, n = 494 :
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Ll Missing SPPB data, n =201

Analytical sample: dementia-free participants

with complete data, n = 4,714

Fig. 1. Flowchart of study participants. MIND-China, Multimodal
Interventions to delay dementia and disability in Rural China; CR,
cognitive reserve; SPPB, Short Physical Performance Battery.

informed consent was obtained from all par-
ticipants. MIND-China was registered in the
Chinese Clinical Trial Registry (registration no.:
ChiCTR1800017758).

Assessment of CR proxies

Education was measured as the maximum years
of formal schooling!* categorized into no formal
schooling, primary school (1-5 years), and middle
school or above (>6 years). Occupational complex-
ity was determined by asking participants about the
type of their longest-held occupation, which was then
defined as either skilled or unskilled.

Late-life mental activity was assessed by ask-
ing participants whether they engaged in the nine
activities, including playing mahjong, playing cards,
playing chess, listening to operas, watching TV, read-
ing newspapers, playing tai chi, bird walking, and
joining religious gatherings. Of these, walking birds
and practicing tai chi were excluded from analysis
due to their rarity. Finally, the variable of mental
activity was dichotomized into high (those partici-
pated in any of the seven activities > 1 day/week) or
low (those < 1 day/week) according to the frequency
of activities.!! Late-life social support was assessed
using the Social Support Rating Scale (SSRS)"
which has been validated in the Chinese population. !¢
The total SSRS score ranged from 12 to 60, with a
higher score indicating more social support. Social
support was dichotomized into low and high accord-
ing to the mean SSRS score (47.17).

Previous literature has indicated that early-life edu-
cation, midlife occupational complexity, and late-life
mental activity and social support can be considered
CR proxies that can be incorporated into a struc-
tural equation model to generate composite CR.!”
In the present study, all the four CR proxies were
treated as categorical variables in a structural equa-
tion model and full information maximum likelihood
estimation was used to generate a best-fit model.
Multiple indices were used to evaluate model fit: chi-
square (x2) goodness of fit, the comparative fit index
(>0.95), the Tucker-Lewis Index > 0.95, and the root-
mean-squared error of approximation <0.06.'8 We
assessed the associations between CR proxies and the
underlying latent variable as the composite CR score.
The model demonstrated a robust fit: x> goodness
of fit=1.955, root-mean-squared error of approx-
imation=0.014, comparative fit index=0.999, and
Tucker-Lewis index =0.994. The correlation coeffi-
cients of 0.86 for education, 0.41 for occupational
complexity, and 0.19 for mental activity and social
support indicated their respective weights to the
composite CR score. el, €2, €3, and e4 were the
residual variances of the measured variables (Fig. 2).
Finally, we summed the products of the four prox-
ies and their respective weights to calculate the
composite CR scores as continues variables and
generated categorical variables using tertiles (ref-
erence: lowest tertile). The composite CR value of
each participant was unique, ranging from —0.77 to
1.03 (mean value =0.00, standard deviation =0.54).
Higher scores indicated greater CR capacity.

Assessment of physical function

We used the SPPB test to measure physical func-
tion, which consisted of three subtests: a standing
balance test, sitting-to-standing five times (chair
stand), and a 4 m walking test.!9 The scores of each
subtest ranged from 0 to 4 and were summed to pro-
vide a total SPPB score (range: 0—12), with a higher
score indicating better physical performance.

Assessment of vascular risk factors and
multimorbidity

Body mass index was calculated as weight (kg)
divided by height squared (m?). We categorized
smoking and alcohol drinking as either ever or
never. A total of 23 chronic health conditions were
defined based on clinical examination, instrumental
examination (e.g., electrocardiogram and abdomi-
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Fig. 2. Standardized estimates from the structural equation model with 4 observable cognitive reserve factors of a latent reserve construct. The
values indicate the loadings of the 4 factors to cognitive reserve. el, €2, €3, and e4 are the residual variances of the measured indicator variables.
Structural equation modeling fit statistics: 2 goodness of fit=1.955, root-mean-squared error of approximation=0.014, comparative fit

index =0.999, Tucker-Lewis index =0.994.

nal ultrasound), self-reported health history, use of
medications, and laboratory tests. Consistent with
previous studies,?%2! dichotomous ratings (presence
or absence) of hypertension, diabetes, hyperlipi-
demia, ischemic heart disease, atrial fibrillation,
stroke, epilepsy, asthma, chronic kidney, thyroid dis-
ease, peptic ulcer, degenerative disc disease, gall
bladder disease (cholecystitis and cholelithiasis),
chronic obstructive pulmonary disease, Parkinson’s
disease, heart failure, cancer, arthritis, tuberculosis,
hepatitis, cataract, glaucoma, and lower extremity
varicose veins were used to determine multimorbid-
ity. Multimorbidity was defined as the concurrent
presence of two or more of the 23 chronic health
conditions in the same individual.?!

Statistical analysis

Study participant characteristics were compared
across CR levels using one-way analysis of variance
and Bartlett’s test for continuous variables and Chi-
square tests for categorical variables. We employed
a general linear model to examine the associations
between early-life education, midlife occupational
complexity, late-life social support and mental activ-
ity, and composite CR capacity (composite CR score
and categorical CR levels) with physical function
(total SPPB, balance test, chair stand, and walking
speed test score). We investigated the interactions
of composite CR score with age (60-74 versus > 75
years) and sex on physical function. Stratified anal-
yses were performed when statistically significant
interactions were detected (p<0.01). We did not
examine the interactions between the four individual

CR proxies with age or sex on physical function, tak-
ing into account the risk of multiple comparison. The
main results from two models were reported: Model
1 was adjusted for age (years) and sex, while Model
2 was additionally adjusted for body mass index,
smoking ever, ever drinking alcohol, and multimor-
bidity, which were reported to be directly associated
with physical performance.?>~~2* Stata Statistical
Software: Release 16.0 (Stata Corp LLC., College
Station, TX, USA) was used for all data analyses.

RESULTS

Characteristics of study participants

The mean age of the 4,714 participants was
70.22 (standard deviation = 5.33) years; 56.30% were
female, and 37.37% had no formal schooling. Com-
pared with participants with low CR, those with ahigh
CR capacity were younger, more likely to be male and
educated, more likely to smoke, drink alcohol, engage
in complicated work and mental activities, and had
a higher SSRS score and a higher body mass index
(»<0.05) (Table 1). The prevalence of multimorbid-
ity did not differ significantly between the different
levels of CR capacity (p > 0.05).

Associations of CR with physical function

Among the four CR proxies, education and mental
activity exhibited significant correlations with higher
physical function in terms of total SPPB, balance test,
chair stand, and walking speed test scores. Addition-
ally, having a skilled occupation (versus un-skilled)
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Table 1
Characteristics of study participants in the total sample and by levels of cognitive reserve
Characteristics Total sample, Levels of cognitive reserve, tertiles P
n=4,714 Lower, Medium, Upper,
n=1,673 n=1,815 n=1.226

Age (y), mean (SD) 70.22 (5.33) 70.55 (6.00) 70.40 (4.63) 69.48 (5.26) <0.001
Female, n (%) 2,654 (56.30) 1,486 (88.82) 962 (53.00) 206 (16.80) <0.001
Ever smoking, n (%)* 1,752 (37.17) 188 (11.24) 716 (39.45) 848 (69.17) <0.001
Ever alcohol drinking, n (%)* 1,898 (40.26) 253 (15.12) 761 (41.93) 884 (72.10) <0.001
BMI, Mean (SD)? 24.93 (3.74) 25.14 (3.83) 24.77 (3.74) 24.89 (3.62) 0.014
Multimorbidity, (%)* 2,753 (58.40) 991 (59.23) 1,068 (58.84) 694 (56.61) 0.251
Education, n (%)

Illiterate 1,763 (37.40) 1,673 (100.00) 90 (4.96) 0 (0.00) <0.001

Primary school 2,061 (43.72) 0 (0.00) 1,725 (95.04) 336 (27.41) <0.001

Middle school and above 890 (18.88) 0 (0.00) 0 (0.00) 890 (72.59) <0.001
Occupational complexity, n (%)

Un-Skilled 3,872 (82.14) 1,669 (99.76) 1,716 (94.55) 487 (39.72) <0.001

Skilled 842 (17.86) 4(0.24) 99 (5.45) 739 (60.28) <0.001
Mental activity, n (%)

Low 427 (9.06) 253 (15.12) 140 (7.71) 34 (2.77) <0.001

High 4,287 (90.94) 1,420 (84.88) 1,675 (92.29) 1,192 (97.23) <0.001
Social support, mean (SD)

Low 1,951 (41.39) 759 (45.37) 787 (43.36) 405 (33.03) <0.001

High 2,763 (58.61) 914 (54.63) 1,028 (56.64) 821 (66.97) <0.001
SPPB summary score, mean (SD) 9.51 (2.63) 8.92 (2.72) 9.50 (2.63) 10.35 (2.26) <0.001
SPPB balance score, mean (SD) 3.46 (1.01) 3.28 (1.10) 3.49 (1.01) 3.66 (0.84) <0.001
SPPB chair stand score, mean (SD) 2.64 (1.33) 2.36 (1.34) 2.61 (1.33) 3.05(1.19) <0.001
SPPB walking speed score, mean (SD) 3.42 (0.88) 3.28 (0.92) 3.40 (0.88) 3.64 (0.76) 0.001

Data were n (%), unless otherwise specified. SD, standard deviation; BMI, body mass index; SPPB, Short Physical Performance Battery.
4Number of participants with missing values was 11 for alcohol drinking, 1 for smoking, 27 for BMI, and 57 for multimorbidity. In subsequent
analyses, the missing values were replaced with a dummy variable.

was significantly correlated with higher total SPPB,
chair stand, and walking speed test scores, but not
with balance test scores. Higher social support was
associated with higher total SPPB and chair stand
scores, but not with balance test or walking speed
test scores. These associations remained significant
after further adjusting for body mass index, smok-
ing, alcohol drinking, and multimorbidity (p <0.05,
Table 2). A greater composite CR score was corre-
lated with higher total SPPB, balance test, chair stand
test, and walking speed test scores, even when con-
trolling for vascular risk factors and multimorbidity
(Table 2). Compared with low CR, medium and high
CR were both significantly linearly associated with
higher total SPPB, balance, chair stand, and walking
speed test scores (Table 2).

Effects of interaction of CR with age and sex on
physical function

There were significant interactions between com-
posite CR score and age in terms of the total SPPB,
balance, and walking speed test scores (p <0.01), but
not on the chair stand score. Stratifying analysis by
age groups suggested that the multivariable-adjusted

[B-coefficients of total SPPB score that were associ-
ated with greater composite CR score were 0.68 (95%
CI: 0.51-0.84) in participants aged 60-74 years and
1.26 (95% CI: 0.86-1.67) in those >75 (Fig. 3a).
A higher balance test score was associated with a
greater composite CR score, with B-coefficients of
0.14 (95% CI: 0.08-0.20) for those aged between
60-74 years and 0.32 (95% CI: 0.15-0.49) for those
aged > 75 (Fig. 3b). Similarly, a higher walking test
score was linked with a greater composite CR score,
with B-coefficients of 0.16 (95% CI: 0.10-0.21) for
individuals between 60—74 years old and 0.35 (95%
CI: 0.21-0.49) for those aged > 75 (Fig. 3c). There
was no statistical interaction of composite CR score
with sex on the total SPPB, balance test, chair stand,
or walking speed test scores (p >0.05).

DISCUSSION

In this large-scale population-based cross-
sectional study, we examined the association
between CR capacity and physical function among
older adults in China as well as the moderating
role of age and sex on these relationships. This
study highlighted the potential association of greater



Table 2
Associations of cognitive reserve with physical function (n=4,714)

Cognitive reserve proxies No. B-coefficient (95% confidence interval)
SPPB summary score SPPB balance score SPPB chair stand score SPPB walking speed score
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Education

Illiterate 1,763 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)

Primary school 2,061 0.34(0.17,0.51)* 0.37 (0.20,0.54) 0.12 (0.05,0.19) 0.13 (0.06,0.19)* 0.16 (0.07,0.25)* 0.18 (0.09,0.26)" 0.06 (0.00,0.12)* 0.07 (0.01,0.13)*

Middle school or above 890 0.72 (0.48, 0.96)* 0.78 (0.55,1.02)* 0.16 (0.07,0.26) 0.18 (0.09,0.27)* 0.39 (0.27,0.52)* 0.42 (0.30,0.54)* 0.16 (0.08,0.24)* 0.18 (0.10,0.26)*
Occupational complexity

Un-skilled 3,872 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)

Skilled 842 0.39 (0.18, 0.59)* 0.41 (0.21,0.61)* 0.03 (-0.05,0.11) 0.03 (-0.05,0.11) 0.23 (0.12,0.33)* 0.24 (0.14,0.34)* 0.13 (0.06,0.20)* 0.14 (0.07,0.21)*
Mental activity

Low 427 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)

High 4,287 0.47 (0.22,0.72)* 0.52 (0.27,0.76)* 0.17 (0.07,0.27)f 0.18 (0.08,0.28)" 0.18 (0.05,0.31)! 0.20 (0.07,0.33)" 0.13 (0.04,0.21)1 0.14 (0.06,0.22)f
Social support, mean (SD)

Low 1,951 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)

High 2,763 0.30 (0.15, 0.45)* 0.29 (0.14,0.43)* 0.04 (-0.02,0.10) 0.04 (-0.02,0.10) 0.22 (0.14,0.29) 0.21 (0.13,0.28)* 0.04 (-0.01,0.09) 0.04 (-0.01,0.09)
Composite CR score 0.69 (0.54, 0.85)* 0.74 (0.58,0.89) 0.15 (0.09,0.21) 0.16 (0.10,0.22)* 0.38 (0.30,0.46)* 0.40 (0.32,0.48)* 0.16 (0.11,0.21)* 0.17 (0.12,0.23)*
CR levels, tertiles

Lower 1,674 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference) 0 (reference)

Medium 1,815 0.38 (0.21,0.56)" 0.40 (0.23,0.58)" 0.14 (0.07,0.21)F 0.14 (0.07,0.21)f 0.17 (0.08,0.26)" 0.19 (0.10,0.27)f 0.07 (0.01,0.13)* 0.08 (0.02,0.14)

Upper 1,226 0.93 (0.70,1.15)* 0.98 (0.77,1.20)* 0.20 (0.11,0.29)* 0.21 (0.13,0.30)* 0.50 (0.39,0.61)* 0.53 (0.41,0.64)* 0.23 (0.15,0.30)* 0.24 (0.17,0.32)*

p-for-trend 4,714 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

SPPB, Short Physical Performance Battery; SD, standard deviation; CR, cognitive reserve. *p <0.05, Tp <0.01, Ip <0.001; Model 1 was adjusted for age, and sex; Model 2 was additionally adjusted
for body mass index, smoking, alcohol drinking, and multimorbidity.
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Fig. 3. Associations between composite CR score and SPPB test scores by different age groups. The graphs illustrate the interaction between
composite CR score and age on SPPB test performance. The x-axis represents composite CR score, and the y-axis indicates the SPPB
summary score (a), SPPB balance score (b), and SPPB walking speed score (c).

lifelong CR capacity with better late-life physical
function; this association was stronger in older
adults aged 75-84 years than in those aged 60-74.
Additionally, individual CR proxies (education,
occupational complexity, mental activities, and
social support) were associated with better physical
function.

Identifying modifiable factors associated with poor
physical function is crucial to the health of the
older population. A population-based study of older
adults in Shanghai found that higher education was
associated with greater SPPB scores.?d In addition,
educational attainment is related to better walking
speed, greater grip strength, and lower extremity
function over time.’®?” Our results complement
these previous studies by showing that education lev-
els of middle school and above was significantly
associated with higher total SPPB, balance, chair
stand, and walking speed test scores, even in a popu-
lation with relatively limited education. Our findings
were also consistent with several community-based
cohort studies showing that social relationships and
lifetime occupation were both significantly associ-
ated with physical performance.?®2° In our study,
mental activity was significantly correlated with
physical function. However, the Chinese Longitu-
dinal Healthy Longevity Survey (CLHLS) did not
find a significant association between mental activity
and physical performance.>® There may be several
reasons for the different findings across studies. We
included people aged 60 years and older in this study,
while the CLHLS study only included people aged 65
years and above. In addition, the CLHLS study evalu-
ated physical performance by assessing the Activities
of Daily Living and the strength of the upper and

lower limbs and waist, but not balance ability or walk-
ing speed, which may have partly contributed to the
different results.

We found a close association between higher
CR capacity and preserved physical function. Sev-
eral mechanisms could potentially explain such an
association. Individuals with a high level of CR prox-
ies often possess a better socioeconomic status and
healthier lifestyles,>! both of which are closely asso-
ciated with improved physical function.’?> Second,
engaging in mental and social activities can enhance
neural networks and boost musculoskeletal functions;
these factors are essential for preserving functional
independence in late life.3> Additionally, body move-
ments accompanied by mental activities have the
potential to alleviate age-related oxidative damage
and chronic inflammation; these movements can pro-
mote anabolism, contributing to heightened muscle
protein synthesis and postponing disability.3* Par-
ticipating in mental activity can not only enhance
social participation but also reduce depression, exert-
ing a positive influence on physical function.33
A meta-analysis showed that CR had a protective
effect in a-synuclein disease characterized by motor
symptoms and cognitive impairment;3’-3® this find-
ing provides theoretical support for the influence of
CR capacity on both physical function and cognitive
health. Finally, we observed a significant associa-
tion with an increased coefficient between CR and
physical function even after adjusting for covariates
(Model 2). This finding highlights a robust correla-
tion between CR and physical function, reinforcing
our hypothesis.

A study conducted by the White House in the
United States found a correlation between unhealthy
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behaviors (current or recent smoking, non-moderate
alcohol drinking) and a decrease in walking speed,
with this association having a cumulative effect.?*
Additionally, a prospective study indicated that mul-
timorbidity significantly reduces patients’ cognitive
function, walking speed, and grip strength.”? Our
study further complements previous findings by
demonstrating a stronger correlation between com-
posite CR and SPPB scores after adjusting for
vascular risk factors and multimorbidity. However,
in our study, the proportions of smoking and alcohol
drinking were higher among individuals with high
CR. We speculate that this may be because in rural
areas, smoking and drinking are often associated with
more frequent social activities and higher socioeco-
nomic status; at the same time, smoking and drinking
are also often related to greater stress from engaging
in more complex occupations.

Age is a critical factor influencing both physi-
cal function and cognition.’® With aging, there is
a potential decline in muscle strength, balance, and
walking speed, which may be attributed to the grad-
ual decrease in muscle mass and function, reduction
in bone density, and degeneration of balance and the
nervous system.*>* A previous longitudinal study
conducted in the USA found an association between
high CR capacity and higher walking speed, with
age exerting a moderating role.>® Consistent with
the above findings, we also found that the associ-
ation between composite CR capacity and physical
function was stronger in people at advanced age com-
pared to those at younger age. This could be partly
explained by a few reasons. First, older individu-
als, compared with the younger counterparts in our
study, might exhibit a lower threshold in physical per-
formance. This observed disparity could potentially
magnify the statistical impact of CR capacity. Sec-
ondly, individuals aged 75 years or older, possessing
lower CR capacity and diminished physical perfor-
mance, were less inclined to survive. Because of this,
survival bias must be taken into account when inter-
preting the age disparity in the association between
CR and physical function.

The main strengths of our study include its large
sample of community-based rural-dwelling Chinese
older adults with relatively limited access to lifetime
CR proxies. In addition, physical function was objec-
tively measured using a standardized test with high
reliability. However, our study does have limitations.
Some CR proxies such as premorbid intelligence quo-
tient and nutrition intake were not available, which
might have led to an underestimation of the true asso-

ciation between CR capacity and physical function.
Because of the nature of cross-sectional design, any
of the observed associations between CR capacity
and physical function can also not be interpreted as
causal relationships. Future prospective cohort stud-
ies are imperative to establish the potential temporal
association between CR capacity and physical func-
tion.

In conclusion, this population-based study showed
that a high lifelong reserve CR capacity was asso-
ciated with better late-life physical performance
and that this association was more pronounced in
those > 75 years old. Further prospective cohort
studies are needed to comprehensively explore the
complex interplay between age, CR, and physical
function, which will facilitate the development of
interventions towards achieving longer and healthier
lives.
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