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Purpose: To explore the relationship between sarcopenia-related indices, cognitive impairment and cerebral white matter 
hyperintensities.
Patients and methods: Ninety-five hospitalized older adults aged 60 years and older were used in this study. Three sarcopenia- 
related indicators were measured: hand grip strength (Measured with a spring-type dynamometer), gait speed (6m step speed method), 
and appendicular skeletal muscle mass (ASM, bioelectrical impedance). Sarcopenia was defined according to the Asian Working 
Group for Sarcopenia (AWGS) criteria. Cognitive function was assessed using Montreal Cognitive Assessment (MoCA). Cerebral 
white matter hyperintensity was assessed using 3.0T superconducting magnetic resonance imaging.
Results: In both men and women, these three indices of sarcopenia were significantly and negatively correlated with WMH grades, 
except for appendicular skeletal muscle mass and WMH grades in women. Scores on the MoCA scale were significantly positive 
correlated with grip strength, and ASM, both in men and women. After adjusting for confounders and WMHs, regression analyses 
showed an increased incidence of cognitive impairment in patients with sarcopenia relative to those without sarcopenia.
Conclusion: Lower sarcopenia-related indices were significantly associated with cognitive impairment. WMHs may be one of the 
factors linking sarcopenia and cognitive function.
Keywords: hand grip strength, gait speed, muscle mass, cognition, white matter hyperintensity

Introduction
Cognitive function in elderly people is highly related to Skeletal Muscle Health.1 Several recent studies have reported 
a correlation between either gait speed or handgrip strength and cognitive function.2–4 In 2013, Verghese et al proposed 
a new syndrome the “motoric-cognitive risk” (MCR) syndrome, which is a pre-dementia syndrome characterized by 
cognitive impairment and slow gait.5

The European Working Group on Sarcopenia (EWGSOP) first published a consensus on sarcopenia in 2010, defining 
sarcopenia as an age-related syndrome of decreased muscle mass, decreased muscle strength, and/or decreased somatic 
function.6 The Asian Working Group on Sarcopenia (AWGS) proposed in 2014, recommended the application of 
a bioelectrical impedance analyzer (BIA) to measure skeletal muscle content (ASM) in the extremities,7 and in 2019 
the concept of possible sarcopenia, which is slower gait speed and lower grip strength.8

It has been shown that decreased gait speed and handgrip strength are associated with cerebral white matter 
hyperintensities (WMHs).9,10 A close association between cerebral WMHs and cognitive impairment has been reported 
in studies that also include meta-analyses.11–13 The above results suggest that sarcopenia may be mediated through 
WMHs leading to cognitive impairment. However, there are some studies that did not find a significant association 
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between sarcopenia and cognitive impairment.14–17 In addition, few studies have assessed the potential mechanisms 
between sarcopenia and cognitive impairment.

Methods
Study Subjects
Inpatients attending the Department of Neurology at the Second People’s Hospital of Hefei, Anhui Medical University 
from June 2021 to October 2022 were recruited for the study. Inclusion criteria: (1) age between 60 and 85 years; (2) high 
signal in the white matter of the brain as indicated by cranial MRI; (3) ability to write and speak normally and to 
complete questionnaires; (4) freedom of movement and ability to complete gait and grip strength; (5) informed and 
agreed to participate in this study. Exclusion criteria: (1) Comorbid wasting disease, severe organ insufficiency, or 
symptomatic cardiovascular events, such as malignancy, gastrointestinal disease, coronary artery disease, etc; (2) Cannot 
perform grip strength, gait speed tests, or body composition measurements; (3) Recent history of surgery, trauma; (4) 
Inability to communicate and complete the scale properly for various reasons. The final sample available for analysis 
consisted of 95 participants (48 males and 47 females), excluding 32 subjects. 1 was unable to perform grip strength 
testing due to upper extremity disability; 4 were unable to measure gait speed and body composition due to intolerance of 
physical activity; 18 participants refused to participate in body composition or physical activity assessments for personal 
reasons; and 7 others were missing some covariates data. The participants were fully informed about the nature of the 
study and signed an informed consent form. This study was approved by the clinical trial ethics committee of the Second 
People’s Hospital of Hefei and conducted in accordance with the principles of the Declaration of Helsinki.

Measurement of Sarcopenia-Related Indices
Based on the diagnostic criteria of the Asian Working Group on Sarcopenia (AWGS), low muscle mass and low muscle 
strength, and/or poor physical performance are defined as sarcopenia.8

Appendicular Skeletal Muscle Mass (ASM)
Muscle mass was measured using bioelectrical impedance analysis (BIA) (Inbody 120, Korea). ASM is calculated as 
“skeletal muscle mass of the extremities/height squared”. Low muscle mass was defined as appendicular skeletal muscle 
mass (ASM) less than 7.0 kg/m2 and 5.7 kg/m2 in men and women, respectively.8

Physical Performance
Gait speed is the simplest, quickest and safest method of assessing physical performance. Participants were asked to walk 
6 m at normal speed from a moving starting point and the time taken was recorded and the average time of the two trials 
was analyzed as the result. Low step speed is defined as <1.0 m/s.8

Muscle Strength
Muscle strength was assessed by measuring hand grip strength using a spring-type dynamometer (EH101; Camry, 
Zhongshan, China). Participants were asked to maximize isometric contraction force twice with their dominant hand and 
analyzed using the maximum readings. Low muscle strength was defined as grip strength <28 kg and <18 kg for men and 
women, respectively.8

Magnetic Resonance Imaging and Assessment of White Matter Hyperintensities
Fazekas visual grade scale18 was used to grade white matter hyperintensities. The cranial scans were performed using 
a 1.5T superconducting magnetic resonance imaging (MRI) machine (Siemens Avanto, Germany) with axial FLAIR (TE: 
110 ms, TR: 9000 ms, flip angle (FA): 90, reversal time: 2400 ms, FOV: 14×23 cm, slice thickness: 5 mm), axial T2WI 
(TE: 85 ms, TR: 5000 ms, FA: 90 FOV: 14×23 cm, slice thickness: 5 mm), and coronal T2WI (TE: 85 ms, TR: 3500 ms, 
FA: 150, FOV: 20×20 cm, SL: 3 mm). All WMH data were collected under the supervision of certified neuroradiologists 
and in a manner that was blind to demographic, sarcopenic, and cognitive data. The Fazekas scoring system scores 
periventricular WMH (PVH) and deep subcortical WMH (DSH) bilaterally. For PVH: 0=no WMH; 1=capsule or pencil 
shaped around the lateral ventricle; 2=smooth halo at the lateral ventricle margin; 3=irregular high density extending into 
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the deep white matter. For DSH: 0=no WMH; 1=dotted WMH lesions deep in the subcortex; 2=beginning confluence of 
WMH lesions; 3=large confluent areas. The PVH and DSH scores were summed to obtain the Fazekas score, ranging 
from 0 to 6. Fazekas were graded according to their scores: Level 0 (0 points); Level 1 (1 to 2 points); Level 2 (3 to 4 
points); and Level 3 (5 to 6 points).

Assessment of Cognitive Function
Participants’ cognitive function was measured by an experienced neurologist using Montreal Cognitive Assessment 
(MoCA), which has high sensitivity and specificity characteristics in detecting mild cognitive impairment (MCI) and 
Alzheimer’s disease (AD).19 MOCA covers a wide range of cognitive domains, including attention and concentration, 
executive function, memory, language, visuospatial structure skills, abstract thinking, computation, and orienting 
power.19 Criteria for the presence of cognitive impairment: the illiterate group≤13 points, the elementary school 
group≤19 points, and the middle school and higher group≤24 points.20

Evaluation of Risk Factors
Patients’ cases were reviewed and information on age, gender, education, smoking and alcohol consumption, past 
medical history, medication history, and body mass index (BMI) was collected. Fasting venous blood was collected 
from patients in the morning to measure total cholesterol, triglyceride, High-density lipoprotein cholesterol (HDL), and 
fasting glucose. Height, weight, heart rate, and blood pressure measurements were performed by a trained nurse. Blood 
pressure and heart rate were measured after the participants had rested for at least 15 minutes in a seated position.

Statistical Analysis
The questionnaire data were entered and analyzed using Epidata 3.1 and SPSS 23.0, respectively. Continuous variables 
obeying normal distribution were described using mean ± standard deviation (x±s), and comparisons between groups 
were made by t-test or analysis of variance. Categorical variables were expressed as frequency (percentage) [n(%)], and 
dichotomous and unordered multi-categorical variables were compared between groups using the x2 test. Ordinal logistic 
regression was used to analyze the effect of different sarcopenia-related indices on cerebral white matter high signal. 
Binary logistic regression was used to analyze the effect of different sarcopenia-related indices and cerebral white matter 
hyperintensities on cognitive impairment. The test level was 0.05, and p<0.05 was considered a statistically significant 
difference.

Results
Participant Characteristics
Among the 95 participants (48 males and 47 females) who were available for analysis, 27 (28.4%) had cognitive 
impairment, of which 27.1% were males and 29.8% were females. The clinical characteristics of the study population by 
presence or absence of cognitive impairment are shown in Table 1. We found that members with cognitive impairment 
tended to be older, female, lighter in weight, and had a lower BMI (P<0.05, Table 1). In both men and women, 
sarcopenia-related indices, grip strength, gait speed, and ASM were significantly associated with cognitive impairment.

Sarcopenic Indices and White Matter Hyperintensities
Figure 1 shows the grip strength, gait speed and appendicular skeletal muscle mass divided into 3 levels. In both men and 
women, these three indices of sarcopenia were significantly and negatively correlated with WMH grades, except for 
appendicular skeletal muscle mass and WMH grades in women. However, sarcopenia-related indices were not linearly 
related to WMH grades, especially gait speed in men and grip strength in women.

Odds ratios of sarcopenia-related indices for the presence of WMHs are shown in Table 2. Even after adjustment for 
possible confounders, the three sarcopenia-related indices were significantly associated with WMHs in women, whereas 
grip strength and ASM were significantly associated with WMHs in men.
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Sarcopenic Indices and Cognitive Impairment
Scores on the MoCA scale were significantly positive correlated with grip strength (men: r=0.543, P<0.001; women: 
r=0.332, p=0.023), gait speed (men: r=0.537, P<0.001; women: r=0.399, p=0.005), and ASM (men: r=0.524, P=P<0.001; 
women: r=0.418, p=0.003), both in men and women (Figure 2).

In a logistic regression model, after adjusting for age, body mass index, systolic blood pressure, heart rate, 
triglyceride levels, HDL cholesterol levels, blood glucose levels, antihypertensive medications, and physical activity, 
we found that the risk of cognitive impairment decreased with increasing grip strength in the men’s population (OR=0.74, 
P=0.020), and the prevalence of cognitive impairment decreased with increasing ASM metrics in the men’s population 
(OR=0.07, P=0.025) (Table 3). Among women, there was no such association.

Presence of Sarcopenia and Cognitive Impairment
Odds ratios with and without sarcopenia and cognitive impairment are shown in Table 4. After adjusting for confounders, 
regression analysis revealed an increased prevalence of cognitive impairment in patients with sarcopenia relative to those 
without sarcopenia (OR=31.59, 95% CI=5.87–170.11, P<0.001). The same results remained after adding the variable 
adjusting for brain WMHs grading to the regression model.

Discussion
Our study showed that sarcopenia was significantly associated with brain WMHs and cognitive test scores. Among the 
sarcopenia-related indices, grip strength, gait speed and ASM were also associated with cognitive function in older 
adults. These findings suggest that sarcopenia, one of the five major aging syndromes, plays a crucial role in cognitive 
impairment in the elderly hospitalized population.

Table 1 Clinical Characteristics of Men and Women Study Participants by Presence or Absence of Cognitive Impairment

Characteristic Men Women

Normal 
(n=35)

Cognitive Impairment 
(n=13)

P Normal 
(n=33)

Cognitive Impairment 
(n=14)

P

Age, years 70.0±6.8 72.0±6.0 0.377 66.9±6.3 76.7±6.3 0.000
Body height, cm 166.0±7.2 163.6±6.9 0.310 155.8±6.1 154.9±4.7 0.643

Body weight, kg 69.0±9.1 57.2±11.4 0.001 60.0±9.9 53.0±6.2 0.018

BMI, kg/m2 25.0±2.6 21.6±3.5 0.001 24.3±3.1 22.0±1.7 0.002
SBP, mmHg 136.1±21.6 129.4±14.5 0.303 134.3±16.4 143.3±16.6 0.092

DBP, mmHg 80.4±13.4 78.6±7.5 0.648 78.6±9.0 78.4±9.5 0.932

Heart rate, beats/min 78.1±13.1 82.7±10.9 0.261 78.3 ±11.2 84.7±8.9 0.064
Triglyceride, mmol/L 1.4±1.1 1.0±0.4 0.177 1.4±0.5 1.3±0.5 0.678

Total cholesterol, mmol/L 4.3±1.0 4.1±1.1 0.665 4.5±1.3 4.9±1.2 0.399

HDL cholesterol, mmol/L 1.2±0.3 1.2±0.2 0.714 1.3±0.3 1.5±0.4 0.186
Fasting glucose, mmol/L 5.4±1.3 5.0±0.6 0.198 5.2±1.0 5.5±1.4 0.456

Antihypertensive drugs, n (%) 22 (63) 5 (38) 0.130 20 (61) 11 (79) 0.394

Antidyslipidemia drugs, n (%) 4 (11) 3 (23) 0.578 6 (18) 1 (7) 0.600
Antidiabetic drugs, n (%) 2 (6) 1 (8) 1.000 0 (0) 1 (7) 0.298

Long-term history of smoking 10 (29) 4 (31) 1.000 0 (0) 0 (0) –

Long-term history of alcohol 
consumption

10 (29) 4 (31) 1.000 0 (0) 1 (7) 0.298

Physical activity 22 (63) 7 (54) 0.571 20 (61) 5 (36) 0.118

Grip strength, kg 37.0±7.4 26.0±6.7 0.000 24.0±5.1 18.1±3.2 0.000
Gait speed, m/s 1.3±0.4 0.9±0.3 0.002 1.1±0.2 0.8±0.3 0.001

ASM 7.5±0.7 6.3±0.9 0.000 6.2±0.6 5.4±0.5 0.000

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDA, High-density lipoprotein; ASM, Appendicular skeletal muscle mass.
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Several cross-sectional and longitudinal studies have explored the association between sarcopenia and cognitive 
impairment, with results that are not entirely uniform. Peng et al included 15 cross-sectional studies in a meta-analysis 
that included 10,410 older adults from diverse settings including community, hospital, and clinic settings in Asia, Europe, 
and the Americas, and the adjusted dominance ratio showed that patients with sarcopenia were 2.25 times more likely to 
have mild cognitive impairment than those without sarcopenia (95% CI: 1.70–2.97).21 Jin et al did not find a significant 
association or linear trend between handgrip strength and total MMSE scores in a large cross-sectional study, after 
adjusting for possible confounders, in either men or women.15 Again, the relationship between sarcopenia and cognitive 

Figure 1 White matter hyperintensity and sarcopenic indices. The numbers in the columns indicate the number of subjects. Values are mean ± SEM. (A) The relationship between 
grip strength and WMHs in men. (B) The relationship between gait speed and WMHs in men. (C) The relationship between ASM and WMHs in men. (D) The relationship between 
grip strength and WMHs in women. (E) The relationship between gait speed and WMHs in women. (F) The relationship between ASM and WMHs in women.

Table 2 Multifactorial Analysis of Various Indicators of Sarcopenia and White Matter Hyperintensities

Parameters for Sarcopenia Men Women

OR 95% CI P OR 95% CI P

Grip strength Model I 0.805 (0.725,0.894) <0.001 0.708 (0.593,0.844) <0.001

Model II 0.787 (0.681,0.908) 0.001 0.736 (0.579,0.937) 0.013

Gait speed Model I 0.042 (0.007,0.267) 0.001 0.005 (0.0003,0.075) <0.001
Model II 0.161 (0.009,3.068) 0.225 0.005 (0.0001,0.224) 0.006

ASM Model I 0.185 (0.077,0.442) <0.001 0.028 (0.004,0.178) <0.001

Model II 0.187 (0.057,0.614) 0.006 0.007 (0.0002,0.206) 0.004

Notes: Model I: no adjustment. Model II: adjusted for age, body mass index, systolic blood pressure, heart rate, triglyceride levels, HDL 
cholesterol levels, blood glucose levels, anti-hypertensive medications, and physical activity.
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impairment has been inconsistently concluded in several longitudinal studies. A longitudinal study from Baltimore 
Longitudinal Study of Aging (BLSA) reported a 19% increased risk of MCI/AD for every 0.05m/s slower walking speed 
at low activity fragmentation (HR, 1.19[95% CI, 1.07–1.32]), while walking speed was not associated with MCI/AD risk 
at high activity fragmentation (HR, 1.01[95% CI, 0.93–1.10]).14 Results from a prospective cohort of Italian community 
residents over 65 years of age did not find a significant association between low grip strength at baseline and cognitive 
impairment as assessed by MMSE.22 A longitudinal cohort study with an average follow-up time of 5.6 years showed 

Figure 2 Scatter plots show the relationship between the Montreal Cognitive Assessment (MoCA) scores and handgrip strength, gait speed, and ASM in men and women. 
(A) The relationship between grip strength and MoCA score in men. (B) The relationship between gait speed and MoCA score in men. (C) The relationship between ASM 
and MoCA score in men. (D) The relationship between grip strength and MoCA score in women. (E) The relationship between gait speed and MoCA score in women. (F) 
The relationship between ASM and MoCA score in women.

Table 3 Multifactorial Analysis of Various Indicators of Sarcopenia and Cognitive Impairment

Parameters for 
Sarcopenia

Men Women

OR 95% CI P OR 95% CI P

Grip strength 0.74 (0.57,0.95) 0.020 0.99 (0.67,1.47) 0.973
Gait speed 0.05 (0.001,2.59) 0.135 0.91 (0.01,115.51) 0.905

ASM 0.07 (0.01,0.71) 0.025 0.05 (0.00,8.02) 0.249

Notes: Models adjusted for age, body mass index, systolic blood pressure, heart rate, triglyceride levels, HDL cholesterol 
levels, blood sugar levels, antihypertensive medications, and physical activity.

Table 4 Analysis of the Effect of Sarcopenia on Cognitive Impairment

OR 95% CI P

Presence or absence of sarcopenia Model I 31.59 (5.87,170.11) <0.001
Model II 17.02 (2.52,115.07) 0.004

Notes: Model I: adjusted only for age, body mass index, systolic blood pressure, heart rate, triglyceride 
levels, HDL cholesterol levels, blood glucose levels, antihypertensive medications, and physical activity. Model 
II: adjusted brain white matter hyperintensities grading on the basis of model II.
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that adults with more severe baseline sarcopenia had an increased risk of developing Alzheimer’s disease, mild cognitive 
impairment, and a faster rate of cognitive decline.23 Salinas-Rodríguez et al conducted a cohort study showing that 
immediate verbal recall in cognitive function in patients with sarcopenia (P<0.01), delayed verbal recall (P=0.03), 
forward number breadth (P=0.05), and semantic word fluency (P<0.01) were lower than those without sarcopenia.24 The 
reasons for these differences may be as follows: (1) There are some differences in the diagnostic boundaries of 
sarcopenia by different consensus; (2) The instruments used to measure sarcopenia and the scales used to assess 
cognitive impairment are different; (3) Study population differences; (4) For longitudinal studies, the interval of follow- 
up time is different.

Our study is similar to previous findings and further explores potential mechanisms underlying the link between 
sarcopenia and cognitive impairment. Previous studies have shown that decreases in gait speed and handgrip strength are 
correlated with WMHs.9,10 Our study explored the correlation of cerebral WMHs with other indicators of sarcopenia, 
such as muscle mass and hand grip strength, and cerebral WMHs have also been shown to be associated with cognitive 
impairment.11,12 Therefore, a series of causal relationships between sarcopenia, WMHs, and cognitive impairment 
remains to be negotiated.

Some relevant studies, including the mate analysis, have reported WMHs as a potential of risk factor for cognitive 
impairment.11–13 A study13 that included data from multiple cohorts showed that WMH was associated with cognitive 
decline and Alzheimer’s disease (AD) neuropathology in either mild cognitive impairment (MCI), AD, or cognitively 
normal (CN) participants. In CN participants, high WMH volume was associated with cognitive decline that occurred 
over a period of approximately 10 years. WMH is a much greater predictive factor of cognition than age in MCI/AD. 
This is in line with our hypothesis. In our study, we observed that sarcopenia-related indices were also associated with 
WMHs, although this association differed between men and women, at the same time as between sarcopenia-related 
indices. In men, grip strength, gait speed, and ASM were significantly correlated with WMHs, but the association 
between gait speed and WMHs disappeared after adjusting for confounders. And interestingly, the correlations between 
grip strength, gait speed and ASM with WMHs were consistently present in women, regardless of whether they were 
adjusted for confounders. This result suggests that there may be other, as yet unidentified, potential factors influencing 
the association of grip strength and ASM with cognition in men, as well as the association of three sarcopenia-related 
indicators with WMHs in women.

In the correlation analysis, MoCA scores were positively correlated with the three sarcopenia-related indicators. The 
presence or absence of sarcopenia was associated with cognitive impairment when analyzed regardless of gender, and the 
relationship persisted even after adjustment for WMHs. After adjusting for confounders, only grip strength and ASM 
were associated with cognitive impairment in the multifactorial analysis among men, and no correlation existed among 
women. The above results suggest that there may be some unknown confounding factors or pathologies that associate 
grip strength and ASM with cognitive function in women, which contribute to the differences between men and women. 
In a cross-sectional study of a large group of community residents in Korea, sarcopenia and slow gait speed were 
associated with cognitive impairment in men, while in women only slow gait speed was associated with cognitive 
impairment.25

Resistance exercise and nutritional supplements can significantly improve somatic function, muscle mass and 
strength.26,27 The combination of food and nutrients is ideal to counteract cognitive decline,28 and physical activity 
can prevent/slow the pathological processes associated with dementia.29 This evidence suggests that sarcopenia may be 
a useful target for interventions to prevent cognitive decline and that interventions for cognitive impairment should be 
combined with interventions for sarcopenia. When a patient shows signs of cognitive decline, family members or 
physicians should be alert to the possibility of cognitive dysfunction emerging.

Our study has the following strengths. The MoCA scale was used in our study to detect the presence of cognitive 
impairment, which is able to distinguish between different clinical dementia syndromes in the early stages of the disease 
with high sensitivity and specificity. In addition, we assessed a total of three indices related to sarcopenia and defined 
sarcopenia according to the latest guidelines.

There are several noteworthy limitations to our study. First, this was a cross-sectional study and therefore a causal 
relationship between sarcopenia and cognition could not be determined. In addition, since all participants were elderly 
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inpatients, selection bias due to survival cannot be excluded, so we may have overestimated the prevalence of sarcopenia, 
WMHs, or cognitive impairment. Finally, generalizability to other diverse backgrounds may be limited by the fact that all 
participants were from one city in China.

Conclusion
In summary, we explored the intricate relationship between sarcopenia and its associated indicators, WMHs, and 
cognitive impairment in hospitalized older adults, and found that grip strength, gait speed, and ASM were modestly 
but significantly related to WMHs and cognitive impairment. WMHs may be a possible factor in sarcopenia leading to 
cognitive impairment. Sarcopenia may be a helpful intervention target to prevent cognitive impairment. Future long-
itudinal studies may go a step further in determining the complex cause-and-effect relationship.
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