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Purpose: Sarcopenia and physical activity are significant factors influencing cognitive function. However, few studies have examined
their underlying mechanisms between the three conditions. The aim of the study is to examine the mediating role of physical activity in
the relationship between sarcopenia and cognitive function in elderly nursing home residents.

Materials and Methods: A total of 420 older adults aged 60 years and above in nursing homes participated in this study. Sarcopenia
was defined following the Asian Sarcopenia Working Group (AWGS) 2019 criteria. Cognitive function was assessed by the Mini-
Mental State Examination (MMSE). Multiple linear regression analysis was employed to explore the relationships between sarcopenia,
cognitive function and physical activity. Mediation analyses were performed to examine whether physical activity moderates the
relationship between sarcopenia and cognitive function, with the use of PROCESS macro version 4.0.

Results: A total of 386 older adults were included in the analysis (mean age 80.30 years), 175 (45.3%) were assessed as cognitive
impairment, and sarcopenia was more common in those with cognitive impairment (p < 0.01). The linear regression analysis indicated
that there were significant associations between sarcopenia and physical activity (f = —0.285, p = 0.012), physical activity and
cognitive function (8 = 0.218, p < 0.001), and sarcopenia and cognitive function ( = —0.245, p = 0.021). Mediating effects of physical
activity on the association between sarcopenia and cognitive function were observed in participants, with 20.2% of partial mediating
effect.

Conclusion: The results of the study suggest physical activity may partially buffer the adverse effects of sarcopenia on cognitive
impairment among the older adults in nursing homes. Accordingly, engagement in physical activity can help to preserve cognitive
function among those with sarcopenia.
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Introduction

The elderly population is growing steadily around the world, including in China.' The extension of average life
expectancy and the advancement of the birth cohort have led to changes in the internal structure of the elderly population.
After 2030, there will be a rapid increase in the proportion of elderly individuals over the age of 80 in China.> With
changes in family models, the traditional family care model has become increasingly challenging to fulfill new functions.
Moreover, older adults with lower self-care abilities are more likely to opt for nursing homes that can provide
professional care due to poorer health and increased life expectancy.” Nursing homes in China play a crucial role in
providing care for the older adults.

As a consequence of the rise in numbers of older adults, age-related diseases or syndromes are expected to affect
more older adults. Cognitive impairment is characterized by a decline in cognition involving one or more cognitive
domains, such as attention, memory, reasoning, executive ability, directivity and language.* Cognitive impairment affects
quality of life and health,> increases the risk of progression to dementia, and creates burdens on families,” which is one
of the most important risk factor of the need for long-term care and institutionalization of older adults.®
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Sarcopenia is an age-related muscle disease characterized by general and progressive loss of skeletal muscle mass and
declined muscle function.” Accumulating evidence reported that sarcopenia and its defining components, mainly low
muscle strength and low physical performance, are associated with worse performance in global cognitive function, and

1 recall and executive function.'? In addition,

various aspects of cognition, including language, memory,'® directivity,
several studies have confirmed that older adults with impaired cognition are at higher risk of developing sarcopenia.®’

In view of considerable health consequences of sarcopenia and cognitive impairment and associations between the two
variables, researchers have been working to seek factors that may help prevent sarcopenia and cognitive decline during the aging.
Whilst cognitive impairment and dementia are prevalent among the older adults, no curative treatments or approved drugs by the
US Food and Drug Administration for these conditions are available.'>'* There is also no definitive medication for sarcopenia.’
Therefore, researchers are interested in identifying modifiable factors that may protect older population from cognitive decline and
sarcopenia. Such modifiable variables could serve as a basis for developing interventions. As a simple and safe behavior modality,
physical activity, moderate-to-vigorous physical activity in particular, has been found to be beneficial for cognitive function in
older adults as well as for delaying development and slow down the rate of sarcopenia.’'*'® Robust findings on exercise and brain
health also suggest that a muscle-brain endocrine loop exists, which at least in part may be mediated by myokine signaling.'®'”
Myokines are cytokines produced and released by skeletal muscle, an endocrine organ.'® It has been found that physical activity
and exercise can facilitate an increase in the circulating levels of myokines in the bloodstream, which have beneficial effects on the
brain, such as cognition, memory, and learning and mood.'®'® However, in addition to reduced myokine production due to muscle
mass damage and muscle weakness, older adults with sarcopenia tend to have lower muscle strength and poorer physical
performance, which may negatively affect their motor function and the production of myokines, and subsequently have an impact
on cognition.

Thus, we hypothesized that physical activity levels mediate the relationship between sarcopenia and cognitive impairment.
A mediation analysis was performed among elderly people to examine whether sarcopenia influences cognitive function through
the indirect effect of the mediating variable of physical activity. Elucidation of the relationship between these three variables may
facilitate the widespread adoption of physical activity- related interventions in older adults with sarcopenia.

Materials and Methods

Participants

During June to November 2021, we invited the older adults living in nursing homes in Changsha city, Hunan province, China, to
participate in this study. The inclusion criteria for participants were residents who had been in a nursing facility for 1 month and
more, and age >60 years. The following were the exclusion criteria: (1) unable to communicate with the study staff; (2) inability to
perform the handgrip strength test; (3) had a severe hearing impairment or blindness; (4) had a known diagnosis of dementia.
According to the principle that the sample size should be 5 to 10 times the number of independent variables, the estimated sample
size was 75 to 150. Considering a 20% of invalid questionnaires and measurements, we increased the sample size to 180. The
study was conducted in accordance with the Declaration of Helsinki and had been approved by the Research Ethics Committee of
Central South University (E2021132). All participants also signed written informed consent after they were provided with
a detailed explanation of the study protocol.

Sarcopenia Screening

Sarcopenia was defined following the Asian Sarcopenia Working Group (AWGS) 2019 criteria, ie participants with low
skeletal muscle mass and low muscle strength or low physical performance were considered to have sarcopenia.’ Skeletal
muscle mass was measured with a multifrequency Bioelectrical Impedance Analysis (BIA) (Inbody S10, South Korea),
expressed as Skeletal Muscle mass Index (SMI). SMI was calculated by dividing Appendicular Skeletal Muscle mass
(ASM) by the square of height (in meter). SMI <7.0 kg/m2 for males and <5.7kg/m2 for females indicated low muscle
mass. Handgrip strength (HGS) was measured with a digital hand dynamometer (Xiangshan, Guangdong, China) to
evaluate muscle strength. Participants were instructed to squeeze the dynamometer 2 times with their dominant hand with
30-second pauses in seated position, and the higher value was recorded.'® HGS <28kg in males and <18kg in females
were considered to have low muscle strength. Usual gait speed (GS) was the most frequently used test of physical
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performance.’ Participants were asked to walk 10-m straight course at their usual pace, permitting the use of a walking
aid if necessary. Researchers recorded middle 6-m uniform pass time. The gait speed is equal to 6 m divided by the
recorded time. Low physical performance was defined as usual gait speed <lm/s.

Assessment of Cognitive Function

Cognitive function was assessed by the Mini-Mental State Examination (MMSE) in the study, which was validated for
Chinese older adults.”* MMSE is a 30-item test covering five dimensions of orientation, memory, calculation, recall and
language and is widely used to screen cognitive function in the older adults. Scores of MMSE range from 0 to 30, and
cognitive impairment was defined as a score of <17 for illiterate participants, <20 for participants who had undergone
education for 1 to 6 years, and <24 for participants who had undergone education for more than 7 years. The Chinese
version of the MMSE is highly sensitive and specific in the detection of dementia in the Chinese population.*!

Assessment of Physical Activity

Physical activity levels were assessed by the Chinese Version of the Physical Activity Scale for the Elderly (PASE). The PASE
is a valid and applicable scale that is often used in practice. The scale evaluates the physical activities of the elderly within the
previous one week and covers the physical components of leisure, household, and occupational activities. It consists of 10
categories and 26 specific questions. PASE scores are calculated by multiplying activity weights and activity frequency, and
the total PASE score is the sum of the scores for each activity.*> Qiu J et al verified the validity and reliability of the Chinese
version of PASE in Chinese older adults, and its reliability and validity were 0.505 and 0.897, respectively, indicating that the
scale can effectively and objectively measure the physical activity level of Chinese older adults.*®

Covariates

A face-to-face, one-on-one personal interview was performed to collect general information of the participants regarding age,
gender, education level, smoking status, alcohol consumption, and disease-related information. The education of participants
was classified into three levels: illiteracy and primary school, junior high school, and senior high school and above.
Participants were divided into three groups based on whether or not they smoked: non-smokers, quitters, and current smokers.

Current smokers were defined as smoking at least one cigarette per day for at least the past 6 months, and quitters
were defined as having quitting smoking for more than the 6 months prior to the survey.** Drinking status was classified
as above, ie, never, quitters, and current drinkers.

Current drinkers were defined as drinking regularly and lasted at least 6 months, and quitters were defined as drinking regularly
in the past and not drinking with the previous year.* Also, the following three common chronic diseases were also evaluated:
hypertension, diabetes, and coronary heart disease. Participants were considered as having chronic illness if they self-reported
having been told by a physician that they have above conditions. Weight (kg) was measured with a standard electronic scale and
height (m) with an infrared height meter, and the values were accurate to 0.1cm and 0.1kg. Body mass index (BMI) is the ratio of
weight to height squared. Nutrition status was assessed by the Mini Nutritional Assessment Short-Form (MNA-SF). The MNA-
SF is a validated nutritional assessment tool designed for the elderly. It consists of six questions related to weight loss, food intake,
mobility, psychological stress or acute diseases, and body mass index (BMI) or calf circumference.?® The total score of the MNA-
SF is 14 points, with >12 points being nourished, 8—11 points being at risk of malnutrition, and <7 being malnourished.

Statistical Analyses

All statistical analyses were done by using IBM SPSS version 25.0 (IBM SPSS Inc, Chicago, IL), and p<0.05 was
considered statistically significant. Continuous variable data with a normal distribution were expressed as mean +
standard deviation, whereas data with a non-normal distribution were expressed by median and quartile. Categorical
variable data were represented by frequency and percentage. Differences in variables were compared between partici-
pants with and without cognitive impairment using independent f-test, chi-square test and Mann—Whitney U-test.
Multiple linear regression analysis was conducted to investigate the relationships between sarcopenia, cognitive function
and physical activity.
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Mediation analyses were performed to examine whether physical activity (mediator) moderates the relationship
between sarcopenia (independent variable) and cognitive function (dependent variable), with the use of Hayes’
PROCESS macro version 4.0 for SPSS. PROCESS is a statistical tool for path analysis-based mediation, moderation,
and conditional indirect effect analyses.?® Statistical mediation analysis was conducted using nonparametric bootstrap-
ping with 5000 replications to calculate bias-corrected bootstrapped 95% confidence intervals (CIs). An indirect effect
was considered significant if the 95% CI excluded zero.

Results

Characteristics of Participants

Of 420 older adults originally enrolled in the study, 34 were excluded due to incomplete questionnaire and anthropometric data.
Ultimately, 386 were included in the current analysis. The mean age of participants was 80.3 £ 9.18 years and 219 (56.7%) were
female. Table 1 shows the characteristics of participants according to cognitive status. Of all the participants, 175 (45.3%) were

Table |1 Characteristics of Participants According to Cognitive Impairment

Variables All (n=386) With Cognitive Without Cognitive tIx*IZ P
Impairment (n=175) | Impairment (n=211)

Age (year) 80.30+9.18 81.631£9.34 79.20+8.92 —2613 0.009

Female, n (%) 219 (56.7) 99 (45.2) 120 (54.8) 0.004 0.953

Education levels, n (%) 14.864 0.001

llliteracy and primary school 183 (47.4) 89 (50.8) 94 (44.5)

Junior high school 8l (21.0) 47 (26.8) 34 (le.l)

Senior high school and above 122 (31.6) 39 (22.3) 83 (39.3)

Smoking, n (%) 3.633 0.163

Non-smokers 303 (78.5) 138 (78.8) 165 (78.2)

Quitters 27 (7.0) 8 (4.6) 19 (9.0)

Current smokers 56 (14.5) 29 (16.6) 27 (12.8)

Drinking, n (%) 4611 0.100

Never 334 (86.5) 158 (90.3) 176 (83.4)

Quitters 35 (9.1) 10 (5.7) 25 (11.8)

Current drinkers 17 (4.4) 7 (4.0) 10 (4.7)

Hypertension, n (%) 207 (53.6) 81 (39.1) 126 (60.9) 6.938 0.008

Diabetes mellitus, n (%) 49 (12.7) 19 (38.8) 30 (61.2) 0.975 0.323

Coronary heart disease, n (%) 94 (24.4) 37 (39.4) 57 (60.6) 1.790 0.181

BMI, (mean +SD) 23.57+3.16 23.29+3.31 23.80+3.01 1.584 0.114

Physical activity, P50 (P25, P75) 25.71 (10.68,59.71) 18.43 (8.57,51.43) 34.71 (17.57,67.57) —4.532 <0.001

Risk of malnutrition and malnutrition, n (%) 127 (32.9) 65 (51.2) 62 (48.8) 2.609 0.106

Grip strength, (mean *SD) 14.37+7.44 11.87+6.44 16.44+7.60 6.294 <0.001

Gait speed, (mean +SD) 0.6410.32 0.56+0.33 0.71£0.31 4.628 <0.001

SMI, (mean %SD) 6.21+1.06 6.61%1.13 6.37+0.98 3.391 0.001

Sarcopenia, n (%) 192 (49.7) 105 (54.7) 87 (45.3) 13.478 <0.001

Abbreviations: BMI, body weight index; SD, standard deviation; SMI, skeletal muscle mass index.
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assessed as cognitively impaired based on the MMSE scores. Individuals with cognitive impairment were older and less educated
(p < 0.05), but the differences in gender were not significant (p = 0.953). The differences in smoking and alcohol consumption
between the two groups were not significant (p > 0.05). As for the chronic diseases, differences in the frequency of cognitive
impairment were significant for whether participants had hypertension (p = 0.008) but not for the presence of diabetes mellitus
(p=0.323) and coronary heart disease (p =0.181). Participants with cognitive impairment had lower levels of physical activity in
comparison to those without cognitive impairment (p < 0.001), but there was no difference in the frequency of malnutrition or
risk of malnutrition (p = 0.106).

The prevalence of sarcopenia was 49.7% in the present study, and higher in the participants with cognitive
impairment (p < 0.001). Participants with cognitive impairment had lower grip strength, SMI and gait speed (p < 0.05).

Associations Between Sarcopenia, Physical Activity, and Cognitive Function
Table 2 represents the results of linear regression analysis in the mediation model adjusted for age, gender, educational
levels, smoking, alcohol consumption, hypertension, diabetes mellitus, coronary heart disease, BMI, and nutritional
status. The results suggested that there were significant associations between sarcopenia and physical activity (B =
—0.285, p = 0.012), physical activity and cognitive function (§ = 0.218, p < 0.001), and sarcopenia and cognitive function
(B =—0.245, p = 0.021). Figure 1 shows the mediation model.

As shown in Table 3, the bootstrap 95% CI of direct effect (—3.185, —0.258) and indirect effect (—0.831, —0.100)
exclude zero, which suggested a partial mediating effect of physical activity. The percentage of the total effect mediated
by physical activity was 20.2%.

Discussion

The results of the study demonstrated that sarcopenia may negatively influence the cognitive function among the older
adults in nursing home, but this adverse association could be counteracted if there is more physical activity. Therefore,
physical activity may positively influence the detrimental effect of sarcopenia for cognitive function. Older adults with
sarcopenia who are more physically active are less likely to develop cognitive impairment, because the association
between sarcopenia and cognitive impairment was mediated for physical activity.

Cognitive impairment seriously affects the daily activities and quality of life of the older adults, leading to an increase
in their care needs, which is also one of the major contributing factors for the older adults to live in nursing homes.® In
this study, the prevalence of cognitive impairment was 45.3%, indicating that approximately half of nursing home
residents have cognitive impairment of varying degrees. The prevalence of cognitive impairment and dementia among
older adults in nursing homes varied widely in previous studies, ranging from 4% to 87.4%.%"** A meta-analysis of 53
observational studies reported that the overall prevalence of cognitive impairment among elderly people in nursing
homes was 21.2%,?? higher than 12.2% in the community populations.*® There are several reasons for this discrepancy.
Cognitive impairment is one of the most common reasons for admission to nursing homes, which will result in a higher

rate of cognitive impairment in nursing home residents than community-dwelling populations. In addition, older adults in

Table 2 Multiple Linear Regression Analysis in Mediation Model

Dependent Independent Standard SE t P R?

Variables Variables Coefficient

MMSE scores Sarcopenia —0.308 0.757 —2.849 0.005 0.248
PASE scores Sarcopenia —0.285 4.245 —2.526 0.012 0.178
MMSE scores Sarcopenia —0.245 0.744 -2.312 0.021 0.288

PASE scores 0.218 0.009 4514 <0.001
Abbreviations: MMSE, Mini-Mental State Examination; PASE, Physical Activity Scale for the Elderly.
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Figure | Mediation model of MMSE score (cognitive status). *p<0.05; **p<0.005.

nursing homes are known to have worse overall health, with many physical and psychiatric disorders that contribute to
cognitive decline, such as diabetes,*' chronic pain,*® and depression.*

Sarcopenia has been found to be associated with poorer cognitive performance in both cross-sectional and longitudinal
studies.**~** Moreover, sarcopenia is prevalent in individuals with cognitive impairment or dementia.>>-*® The present study also
discovered similar results, with sarcopenia negatively associated with cognitive function as assessed by the MMSE, and more than
half of the participants with cognitive impairment (60%) were considered to have sarcopenia. The results suggest that the
concomitant presence of sarcopenia and cognitive impairment is common among elderly people in nursing facilities. Thus,
appropriate interventions for these two common geriatric syndromes are needed.

Insufficient physical activity is known to be an important risk factor for sarcopenia,’’ however, few studies have considered
the influence of sarcopenia on physical activity among older adults. The study found that sarcopenia was negatively associated
with physical activity levels, suggesting older adults with sarcopenia engaged in less physical activity. The finding is consistent
with a previous study in which Mijnarends et al observed during a five-year follow-up that older adults with sarcopenia tended to
engage significantly less in physical activity.*® This is not surprising, as older adults with sarcopenia tend to have significantly
reduced muscle strength and muscle mass, which diminishes their physical function and may affect their ability to perform
physical activities. A population-based longitudinal study found a linear positive correlation between handgrip strength and
physical activity levels in older adults, and those with improved handgrip strength were more likely to increase their time spent in

physical activity.*® In addition, several studies reported that older adults with sarcopenia experienced more falls,***!

which may
also be preventing them from being physically active.

The present study investigated the role of physical activity between sarcopenia and cognitive function. A significant
mediating effect of physical activity on the correlation between sarcopenia and cognitive impairment was observed. The
results suggested that physical activity may buffer the adverse effects of sarcopenia on cognitive function. Multiple
studies have shown that physical activity and exercise serve to positively influence cognitive function throughout the
lifespan, and that great physical activity is associated with a reduced likelihood of cognitive decline and dementia.'**'* It
has been reported that physical exercise increases the volume and intensifies the prefrontal cortex function, hippocampus,
which are neuronal regions related to cognition and memory.** The presence of the muscle-brain endocrine ring may also
support the finding. Myokines secreted by skeletal muscle play a crucial role in regulating brain functions such as mood,

learning, motor activity, and also provide protection against neuronal damage.'®'® Research has demonstrated that

Table 3 Mediation Models: Total, Direct and Indirect Effects

Coefficient Boot SE 95% CI Relative
Proportion
Boot LLCI Boot ULCI
Total effects -2.157 0.757 —3.645 —0.668
Direct effects -1.722 0.744 -3.185 -0.258 79.8%
Indirect effects -0.435 0.184 -0.831 -0.100 20.2%

Notes: Adjusted for age, gender, BMI, educational levels, smoking, alcohol consumption, hypertension, diabetes mellitus,
coronary heart disease, BMI and nutrition status.
Abbreviations: Boost SE, bootstrap standard error, Boot Cl, bootstrap confidence interval.
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physical activity stimulates the secretion and release of myokines, which in turn enhances and sustains brain functions,
including cognition.'®!” However, due to the loss of muscle mass and muscle weakness, individuals with sarcopenia
experience a decrease in myokines, as well as less physical activity. These links between sarcopenia, physical activity and
cognitive function may provide evidence for this mediating pathway.

The mediating effect of physical activity accounts for 20.2% of the total effect, indicating the partial mediating effect
of physical activity in the relationship between sarcopenia and cognitive function. Partial mediation may imply that it is
not the only relationship path. Other mediating variables are worth exploring in the future. It has been found that
nutritional status also has a significant mediating effect on the relationship between sarcopenia and cognitive function.*?
In addition to physical activity and nutritional status, other mediating variables, such as emotion and sleep quality, may
also exist in the influence path of sarcopenia on cognitive function, which requires further research.

There were certain limitations in the study. First, this was a cross-sectional observational study, so we could not
clearly elucidate a causal relationship between sarcopenia and cognitive function in older adults. Future longitudinal
studies are warranted to provide more stronger evidence of causality. Second, the study only included the older adults in
nursing homes and the sample size was relatively small, so the results should be interpreted with caution. Additional
researches in other populations with larger sample size are needed to validate our findings. Third, cognitive function is
a broad term encompasses various aspects of how individuals acquire and process information. Physical activity may be
associated with various cognitive domains in different manners. This current study only explored the relationships
between sarcopenia, physical activity and global cognition as assessed by the MMSE and did not analyze the relationship
with specific cognitive domains, such as memory and executive function.

Conclusion

In summary, the study found that sarcopenia was associated with cognitive impairment among the older adults in nursing homes,
and the relationship was partially mediated by physical activity levels. Accordingly, engagement in physical activity can help to
preserve cognitive function among those with sarcopenia. These findings may identify underlying the relationships between
sarcopenia and cognitive function, as well as provide an opportunity for early detection and intervention of cognitive decline
among the older adults.
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