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Editorial on the Research Topic 


(Osteo)sarcopenia & sarcopenic obesity, volume II


Sarcopenia is characterized by the presence of low muscle mass, loss of muscle strength and compromised function and is recognized today as a characteristic of progressing age as well as an accompanying characteristic of many disease states (1–3). Sarcopenia is recognized today as a major determinant of poor health related to various comorbidities and its relationship with mortality is actively investigated (4–6). Our Research Topic aimed to identify various comorbidities related to sarcopenia and to identify the effect of exercise on sarcopenia. Sarcopenia may accompany obesity in the concept of sarcopenic obesity, a state characterized by many comorbidities and compromised quality of life (7, 8). Liu et al. investigated the role of obesity in sarcopenia and the optimal body composition to prevent against sarcopenia and obesity. They found a positive relationship between skeletal muscle mass and absolute fat mass but negative association with appendicular fat mass. Obesity was found to be a risk factor for sarcopenia.

Sarcopenia may accompany osteoporosis, may lead to falls and this combination may increase mortality (9, 10). In a study performed in China involving 9,006 individuals with a follow-up of over 7 years it was shown that sarcopenia is accompanied by an increased mortality risk Xiong et al. In particular, the odds ratio of sarcopenia for 7-year mortality was 1.41, whereas for severe sarcopenia the odds ratio was even greater. The study underlined the significant association of sarcopenia with mortality and stressed that low-hand grip and usual walking speed are significant indicators of mortality risk at least within the Chinese population. In a study performed in Italy Maccarone et al. investigated the prevalence of sarcopenia in a cohort of elderly patients, aged over 65, who were cared for in a rehabilitation center and had musculoskeletal complains. They found a high percentage of patients with overt sarcopenia and approximately 10% with severe sarcopenia. Patients with severe sarcopenia had lower body mass index (BMI) and in the assessment of nutritional status they rated low. Liu et al. examined the effect of sarcopenia, osteoporosis and osteosarcopenia on spine fractures in American adults with prediabetes by using data from the NHANES study 2009 to 2018. People with prediabetes were more likely to develop sarcopenia than normal glucose tolerance subjects, while there was no significant increase of osteoporosis in prediabetes. Skeletal muscle mass was independently associated with osteoporosis in prediabetes adults. Sarcopenia and osteoporosis were positively associated with spine fracture in prediabetes.

In a study performed in West China, Xiang et al. explored the prevalence of sarcopenia, its association with osteoporosis and its effect on survival in patients on hemodialysis. In a group of 209 adult patients undergoing hemodialysis sarcopenia was diagnosed in 37.3%. Age, female sex, diabetes, serum magnesium and BMI were found to be independently associated with sarcopenia. The prevalence of osteosarcopenia was 22.3% and it was independently associated with all-cause mortality. They found that patients undergoing hemodialysis had a high incidence of sarcopenia and osteosarcopenia, the latter having a powerful association with mortality. Gong et al. investigated the relationship between lean body mass and cognitive function in old adults. They used data from the National Health and Nutrition Examination Survey (NHANES) 2011-2014. Their findings showed an association between predicted lean body mass and cognitive dysfunction in information processing speed.

Liu et al. investigated the relationship between COVID-19 and sarcopenia in a bidirectional Mendelian randomization analysis. Evidence suggested that COVID-19 patients were prone to skeletal muscle loss while sarcopenia may be associated with susceptibility, hospitalization, and severity of COVID-19. Using genetic data, the study explored the causal relationship between COVID-19 and sarcopenia related traits, but the results indicated that there was no such causal relationship. In an effort to identify the relationship between non-alcoholic fatty liver disease and sarcopenia Xu et al aimed to identify co-expressed genes in non-alcoholic fatty liver disease and sarcopenia. They conducted a complete transcription pattern mapping to identify core genes underlying biological mechanisms which regulate aging in non-alcoholic liver disease and sarcopenia patients.

Rosas-Carrasco et al. developed and validated a short new scale for the screening of sarcopenia, which they named Sarcopenia Geriatric Scale (SARCO-GS). The short scale was developed to be affordable, easy and accessible at all types of clinical settings and was found to be sensitive and to adequately predict functional dependence. The scale includes 7 items, five subjective questions and two measurements of strength and muscle mass. After validation, the scale, which was developed in Mexico, was adapted to English. Khalafi et al. performed a systematic review and meta-analysis of the effect of exercise training on body composition outcomes in postmenopausal women. They searched the main databases of medical literature, PubMed, Web of Science, CINAHL and Medline for randomized controlled trials on the effect of exercise training in postmenopausal women. The results showed that exercise training increased muscle mass and volume, muscle fat free mass and body and visceral fat and waist circumference. The results of the meta-analysis indicated that exercise training may improve body composition in postmenopausal women and that the combination of aerobic and resistance training may be an effective strategy for the improvement of body composition in the postmenopausal period.

Within our Research Topic we investigated further the relationship of sarcopenia with obesity, osteoporosis and spinal fractures and confirmed the positive relationship between sarcopenia, obesity, osteoporosis and spinal fractures. The relationship of sarcopenia with cognitive dysfunction was investigated and a positive correlation between sarcopenia and cognitive dysfunction was observed. A short new scale which aimed to be accessible at all clinical settings was developed for the screening of sarcopenia. The findings from the manuscripts included in the Research Topic underline the importance of various comorbidities associated with sarcopenia and the importance of exercise in its management. We feel the need to extend our gratitude to all the participants and contributors to the research projects and the papers included in this Research Topic and we are hopeful that the information presented will aid to the advancement of clinical practice and inspire further innovations in the future.
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Background

Elderly people with low lean and high fat mass, are diagnosed with sarcopenic obesity (SO), and often have poor clinical outcomes. This study aimed to explore the relationship between obesity and sarcopenia, and the optimal proportion of fat and muscle for old individuals.



Methods

Participants aged 60 years or above were instructed to perform bioelectrical impedance analysis to obtain the muscle and fat indicators, and handgrip strength was also performed. Sarcopenia was diagnosed according to predicted appendicular skeletal muscle mass and function. Body mass index (BMI) and body fat percentage (BF%) were used to define obesity. The association of muscle and fat indicators were analyzed by Pearson’s correlation coefficient. Pearson Chi-Square test was utilized to estimate odds ratios (OR) and 95% confidence intervals (CI) on the risk of sarcopenia according to obesity status.



Results

1637 old subjects (74.8 ± 7.8 years) participated in this study. Not only fat mass, but also muscle indicators were positively correlated to BMI and body weight (p < 0.05). Absolute muscle and fat mass in different positions had positive associations (p < 0.05). Muscle mass and strength were negatively related to appendicular fat mass percentage (p < 0.05). When defined by BMI (OR = 0.69, 95% CI [0.56, 0.86]; p = 0.001), obesity was a protective factor for sarcopenia, whilst it was a risk factor when using BF% (OR = 1.38, 95% CI [1.13, 1.69]; p = 0.002) as the definition. The risk of sarcopenia reduced with the increase of BMI in both genders. It was increased with raised BF% in males but displayed a U-shaped curve for females. BF% 26.0–34.6% in old females and lower than 23.9% in old males are recommended for sarcopenia and obesity prevention.



Conclusion

Skeletal muscle mass had strong positive relationship with absolute fat mass but negative associations with the percentage of appendicular fat mass. Obesity was a risk factor of sarcopenia when defined by BF% instead of BMI. The management of BF% can accurately help elderly people prevent against both sarcopenia and obesity.






Keywords: muscle, fat, sarcopenic obesity, aging, body mass index, body fat percentage





1 Introduction

The aging population has been an important challenge in public health and is posing a huge socioeconomic burden (1). A recent cohort study indicated that increased body mass index (BMI) was associated with lower all-cause and non-cardiovascular disease mortality in Chinese old people (2). This observation supports the “obesity paradox” again. However, gaining BMI can also have undesirable metabolic risks including excess adiposity accumulation, which leads to cardiovascular diseases and diabetes mellitus (3). Body composition analyses have also reported that excess body fat increases all-cause and disease-cause mortality, and people with low lean mass have been found to have higher death rates (4, 5). Therefore, the management of an optimal body composition for old people is important. It is well known that BMI only considers body mass rather than body composition, which may not be appropriate for old individuals (2), and understanding the optimal body composition to balance fat and lean mass is warranted (6).

Four main phenotypes have been classified with body adiposity and muscle mass composition, which are sarcopenia, obesity, sarcopenic obesity, and healthy status (7). Sarcopenia is an age-related muscle disorder, and is associated with increased risk of fall, fracture, and mortality (8, 9). The Asian Working Group for Sarcopenia (AWGS) 2019 consensus recommends using lower muscle mass with poorer grip strength or physical performance to define sarcopenia (10). On the other hand, the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) revised consensus identifies sarcopenia in older adults with low grip strength and muscle mass, and those with a combination of poor physical performance are considered to have severe sarcopenia (11). It is known that lower BMI is commonly found in people with sarcopenia (12). Similar to BMI, body fat mass indicators including body fat percentage (BF%), are also used to diagnose obesity and estimate the risks of obesity-related diseases in older people (13, 14). Old individuals with both low muscle mass and high adiposity are sarcopenic obese (SO) which fail to benefit from the “obesity paradox” due to their higher risk of all-cause mortality (15). There has been evidence from pre-clinical studies indicating that adipose tissue damages muscle homeostasis, resulting in muscle atrophy and regeneration capacity reduction (16, 17). This finding was regarded as the pathogenic mechanism of sarcopenic obesity (17). Since sarcopenia, obesity, and sarcopenic obesity all lead to various adverse clinical outcomes of old people, it is necessary to establish the proper body indicator cut-offs for reference to decrease relevant risks. This cross-sectional study aims to explore i) the relationship between fat and muscle indicators in Asian elderly people, ii) the role of obesity in sarcopenia and muscle maintenance based on BMI- and BF%-defined obesity, and iii) the optimal BMI and BF% to prevent against both sarcopenia and obesity in old individuals.



2 Materials and methods


2.1 Study population

Elderly people were screened from the community or outpatient clinics at Prince of Wales Hospital in Hong Kong from 2019 to 2021. The inclusion criteria were 1) aged 60 years old or above, and 2) Chinese ethnicity. The exclusion criteria were: 1) severe foot deformity which is unable to acquire the BIA data, and 2) unable to communicate and understand the test instructions, e.g., severe dementia. This study was approved by The Joint Chinese University of Hong Kong – New Territories East Cluster Clinical Research Ethics Committee (Ref. CREC 2018.602).



2.2 Assessment of muscle and fat

All participants height were measured by an ultrasonic sensor (Clifford H.K. Co., Hong Kong). The whole-body skeletal muscle mass (SMM), body fat mass (BFM), arms fat mass (AFM), legs fat mass (LFM), and trunk fat mass (TFM), arms fat-free mass (AFFM), legs fat-free mass (LFFM), as well as waist-hip ratio (WHR) were assessed and directly obtained from the bioelectrical impedance analysis (BIA) system (InBody 120, Seoul, Korea). The tests were performed according to the manual instructions. In brief, subjects stood on the BIA device platform barefoot, and held the electrodes until the measurement was completed. Other body composition values were calculated as follows: fat mass index (FMI) = BFM/height2, skeletal muscle mass index (SMI) = SMM/height2, BF% = BFM/body weight, leg fat mass percentage (LFM%) = LFM/leg mass, arms fat mass percentage (AFM%) = AFM/arm mass, trunk fat mass percentage (TFM%) = TFM/trunk mass, leg fat-free mass percentage (LFFM%) = LFFM/leg mass, arm fat-free mass percentage (AFFM%) = AFFM/arm mass. We previously found that the value of muscle mass index detected by BIA (InBody 120) was 2.89 ± 0.38 kg/m2 higher than measured by dual-energy X-ray absorptiometry (DXA) (Horizon, Hologic, Marlborough, MA, USA), which was considered the gold standard (18). Therefore, we recruited another 48 volunteers and utilized our previous method to establish a model to predict the DXA-measured appendicular skeletal muscle mass index (ASMI) based on BIA-measured SMI and demographic information via test- (n=32) and validation (n=16) groups (18). Multiple regression and Bland–Altman analyses were performed. SMI, age, sex, and anthropometric parameters including height, weight, and BMI were involved as potential contributions to establish the best model (18). The final prediction model is: ASMI (DXA) = 0.378 + 0.662 * (BIA SMI) – 0.003 * (Age) – 0.032 * (BMI); R2 = 0.862. The mean difference between predicted and actual value was 0.04 ± 0.25 kg/m2 in the validation group. Handgrip strength (HGS) was measured by the dynamometer (5030JI, JAMAR, Bolingbrook, IL, USA). Participants seated with 90° elbow flexion and executed the test 3 trials per hand. The maximal reading was recorded (10).



2.3 Diagnosis of sarcopenia and obesity

Cut-off points according to the AWGS 2019 were used. Participants with both low muscle mass and strength was defined as sarcopenia. Male with ASMI (predicted) < 7.0 kg/m2, and HGS < 28 kg, and female with ASMI (predicted) < 5.4 kg/m2, and HGS < 18 kg were sarcopenic. Two criteria were used to diagnose obesity according to the previous studies of SO (19). The BMI ≥ 25 kg/m2 was used to define obesity as recommended by WHO for East Asians (20); and BF% > 27% in male and 35% in female, which was used in previous SO studies for classification of obesity, and was close to the 60th percentile of BF% in our cohort (21–23).



2.4 Statistical analyses

Continuous variables were presented as mean ± standard error (SD), and categorical variables were expressed as number and percentage. Pearson’s correlation coefficient was used to test the correlations between variables, including age, height, weight, muscle- and fat-related indicators. One-way ANOVA with post-hoc analysis by Bonferroni test was used to analyze the differences of body parameters between normal, only sarcopenic, only obese, and sarcopenic obese groups. The Pearson Chi-square test was performed to detect the role of obesity in sarcopenia via odds ratios (OR), as well as the proper values of BMI and BF% to prevent sarcopenia according to the fifth distributions of BMI and BF%. The age-related descent rate of muscle mass and strength in people with or without obesity, as well as the ASMI prediction model were estimated by using regression coefficient (β) from linear regression analysis. Python 3.10.1 and R 4.0.2 were utilized for the analyses. p ≤ 0.05 was regarded as statistical significance in differences.




3 Results


3.1 The associations of fat and muscle indicators

1637 old subjects (age: 74.8 ± 7.8, range: 60–98 years; 83.6% female) were included without missing data (
Table 1
). After analyzing data from the whole cohort (both genders), the Pearson’s correlations (
Figure 1A
) showed that age (≥ 60 years) was not related to BMI, WHR, and fat mass in different body positions (p > 0.05). Higher fat mass percentage in the whole and partial body, fat mass index, and lower weight, height, fat-free mass (FFM) in partial body, percentage of FFM, SMM, SMI, ASMI, and handgrip strength were related to increased age (p < 0.05). The percentage of fat mass in arms and legs were inversely correlated with SMM, SMI, and ASMI (p < 0.05). TFM% was positively related to SMI (p < 0.001), but not ASMI (p > 0.05). Higher TFM% was associated with reduced SMM and HGS (p < 0.05). BF% was weakly and negatively related to SMM and ASMI, but positively related to SMI (p < 0.05). Body weight, BMI, absolute fat mass, and WHR had similar trends to be positively associated with almost all muscle and fat parameters instead of fat-free mass percentage (p < 0.05). ASMI and HGS were both negatively related to the percentage of fat mass in limbs (p < 0.05). The correlation of muscle and fat indicators in females and males was shown 
Supplementary Figure 1
. In males, SMI and WHR reduced with advanced age, which were not significant in females. SMM in both genders was negatively related to percentage of appendicular fat mass (p < 0.05), but positively associated with BF% in females. The inverse association between TFM% and HGS was only found in males rather than females. ASMI was inversely related to AFM% but not LFM% in both genders. In females, SMI increased with higher LFM%, and HGS increased with higher WHR, which were not found in males.



Table 1 | 
The prevalence, muscle and fat indicators in older people with normal status, sarcopenia, obesity, and SO.







Figure 1 | 
The correlation between muscle and fat indicators and the differences between normal, sarcopenic, obese, and sarcopenic obese groups. In (A), the dark blue showed the strong positive correlation (correlation coefficient = 1), while the dark red showed the strong negative correlation (correlation coefficient = –1). Black cross was shown if there was no statistical significance (P > 0.05). The correlation coefficient was displayed in the lower half of the square. Female=0, male=1 for gender. (B, C) showed the differences of SMM and BFM in four groups according to BMI- and BF%-defined obesity. The post-hoc results were shown as a, b, c, d on the bars with same color; the results in groups with inconsistent letters were significantly different (P < 0.05). AFM%, arm fat mass percentage; LFM%, leg fat mass percentage; BF%, body fat percentage; TFM%, trunk fat mass percentage; BMI, body fat index; WHR, waist to hip ratio; LFM, leg fat mass; FMI, fat mass index; AFM, arm fat mass; BFM, body fat mass; TFM, trunk fat mass; AFFM%, arm fat-free mass percentage; LFFM%, leg fat-free mass percentage; SMI, skeletal muscle mass index; ASMI, appendicular skeletal muscle mass index; SMM, skeletal muscle mass; AFFM, arm fat-free mass; HGS, handgrip strength; LFFM, leg fat-free mass; N, normal group; S, only sarcopenic group; O, only obese group; SO, sarcopenic obese group.





3.2 The characteristics of sarcopenia, obesity, and sarcopenic obesity in Asian old people

Subjects were divided into four groups based on sarcopenia and two obesity definitions (
Table 1
). More SO patients were detected when obesity was defined by BF% (25% in male, 17.3% in female, and 18.6% in total). If BMI ≥ 25 kg/m2 was used to define obesity, the prevalence of SO was 14.2% in male, 11.8% in female, and 12.2% in total. Fat mass percentage in the trunk was similar between individuals with sarcopenia and non-sarcopenia when compared within the people with or without obesity, respectively (p > 0.05), except for males defined with obesity by BMI. WHR was similar or higher in the healthy group compared to only sarcopenic group, as well as in only obese group compared to sarcopenic obesity group. Appendicular fat mass was comparable or lower in sarcopenic groups with matched obesity status, but significantly higher when demonstrated by percentage. The highest percentage of arm and leg fat mass was found in SO (p < 0.05). Although BFM was similar between obese status-matched sarcopenic and non-sarcopenic groups, lower SMM was shown in the former groups (
Figures 1B, C
). With similar ASMI, BMI-defined SO had remarkedly higher BF% and lower HGS than the normal group (p < 0.05). There were no significant differences of ASMI and HGS between the two sarcopenic groups when obesity was defined by BF% (p > 0.05).



3.3 The role of obesity in sarcopenia and muscle maintenance

The ORs with 95% confidence interval (CI) showed the risk of sarcopenia in elderlies with obesity (
Table 2
). BMI- and BF% defined obesity had opposite roles in sarcopenia. When the population without obesity was regarded as the reference group (OR = 1.00), obesity defined by BMI was a protective factor of sarcopenia in both male and female (ORs < 1.00, p < 0.05), while BF%-defined obesity was a risk factor (ORs > 1.00, p < 0.05). We also estimated the annual rate of muscle mass and strength decline based on obesity status in the elderly females (
Figures 2A–D
) and males (
Figures 3A–D
). For females, individuals with obesity had a steeper slope of ASMI (β: -0.017 vs. -0.006) and HGS (β: -0.238 vs. -0.206) decline when defined by BMI. Similar trends were also found in BF%-defined females with obesity, with the regression coefficient (β: -0.013 vs. -0.004) in ASMI, and in HGS (β: -0.253 vs. -0.189). Faster decline of ASMI in BMI-defined male with obesity was identified (β: -0.041 vs. -0.037). Other indicators in male without obesity declined more than male with obesity. 
Supplementary Table 1
 showed the corresponding regression equations.



Table 2 | 
The risk of sarcopenia according to the status of obesity.







Figure 2 | 
Linear regression model to show the annual rate of ASMI and HGS decline in females with (blue) or without (red) obesity. (A, B) showed the changes of ASMI and HGS according to age in females with or without obesity when obesity defined by BMI ≥ 25 kg/m2. (C, D) showed the changes of the above variables when obesity defined by body fat percentage > 35% in female. All p-value of regression models is ≤ 0.05. F, female; O, obese; NO, non-obese; BMI, body mass index; BF%, body fat percentage; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength.







Figure 3 | 
Linear regression model to show the annual rate of ASMI and HGS decline in males with (blue) or without (red) obesity. (A, B) showed the changes of ASMI and HGS according to age in males with or without obesity when obesity defined by BMI ≥ 25 kg/m2. (C, D) showed the changes of the above variables when obesity defined by body fat percentage > 27% in male. All p-value of regression models is < 0.05. M, male; O, obese; NO, non-obese; BMI, body mass index; BF%, body fat percentage; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength.





3.4 Optimal BMI and BF% in the elderly to decrease risk of sarcopenia

To specify the optimal BMI and BF% that should be maintained in elderlies to prevent sarcopenia, the recommended classification of BMI (<18.5, 18.5–22.9, 23–24.9, 25–29.9, ≥30) (20), as well as the fifth distributions of BF% (<19.1, 19.1–23.8, 23.9–27.4, 27.5–31.5, >31.5 in males, <26.0, 26.0–30.9, 31.0–34.6, 34.7–38.2, >38.2 in females) were used to calculate the ORs of sarcopenic prevalence according to the intervals of BMI and BF% (
Supplementary Table 2
). BMI 18.5–22.9, and the lowest BF% (<19.1) were chosen as reference groups. With the increase of BMI, a trend of reduced risks of sarcopenia were found in both male and female (
Figure 4A
). The significant effect of sarcopenia prevention was found in BMI 25–29.5 group in male (p = 0.02), and BMI ≥ 30 in female (p = 0.001). BMI <18.5 increased the risk of sarcopenia in female (p = 0.05). BF% and the risk of sarcopenia displayed a U-shaped curve in female, but the OR was lineally raised in male over 23.8% (
Figure 4B
). The significant protective effects were found in BF% 26.0–30.9% and 31.0–34.6% groups compared to the lowest BF% group in female (p < 0.05). Nevertheless, the risk of sarcopenia was comparable in the first four BF% groups, but significantly higher in the fifth group with BF% > 31.5 (p < 0.01) in male. To minimize the risk of sarcopenia, females should keep their BMI over 18.5 kg/m2, as well as BF% between 26.0% and 34.6%. In males, higher BMI and BF% less than 23.9% were recommended.





Figure 4 | 
The risk of sarcopenia in males and females with different BMI and BF%. (A) showed that BMI was classified into 5 intervals based on the recommendation from WHO, the normal BMI (18.5–22.9) was regarded the reference group with OR=1.00. Blue points as OR values and blue shade as 95% CI represented male, and red represented female. (B) showed that BF% was classified into 5 intervals by quintile, the group with the lowest value of BF% was reference group. The specific interval of male (blue) was shown on the upper horizontal axis and female (red) on the lower horizontal axis.






4 Discussion

Muscle and fat are two widely studied tissues that contribute to a significant portion of our bodies. Without a large change of body composition, the increase of BMI is usually accompanied with both fat and muscle mass in adults. For old people, a lower BMI has become a predictor of sarcopenia (12). Various biomarkers for sarcopenia identification may be derived from this characteristic, such as lower triglycerides in sarcopenic patients (24). However, the gain of weight or BMI for elderly people without monitoring body composition is inadvisable, since older people have less lipid turnover and higher risks of metabolic diseases (25). A weak but significantly positive correlation between BF% and age was found in the elderly. This finding was also applicable in people from middle to old age (26). Although patients with sarcopenia have similar or even lower levels of absolute fat mass compared to non-sarcopenic people, their relative fat mass increased especially in limbs. Appendicular fat mass percentage was inversely related to ASMI and HGS when analyzed the whole cohort. Therefore, the fat deposition in limbs can be a potential diagnostic indicator of sarcopenia. Central obesity was associated with the development of metabolic complications and adverse clinical outcomes (27). We found higher TFM% was related to lower HGS in males, but to higher ASMI and SMI in females. Although WHR in non-sarcopenic individuals was also similar or higher compared to the sarcopenic ones, higher WHR in females was positively related to muscle mass and strength indicators. Previous studies also showed that females with central obesity but not males had lower prevalence of sarcopenia (28). This finding indicated there were greater adverse effects of fat accumulation and central obesity on the muscle of males. In-vitro studies showed that the coculture of mature adipocytes and skeletal muscle progenitor cells led to a reduction of nuclei number in myosin heavy chain (MHC)-positive myotubes (29). Fat deposition in extremities may play a role of muscle loss and dysfunction in sarcopenic patients via paracrine of adipokines and cytokines. Circulation lipid metabolites may also play roles in aggravating muscle metabolism disorders, which mainly affects the energy metabolism and muscle function (30).

There is a well-known paradox that obesity is related to a lower risk of mortality (31). However, this finding depends on the definition of obesity by using BMI. When obesity was defined by BF%, obesity became related to higher death rate (14). Hence, the body composition may be the missing gap. According to the body composition, old individuals can be separated into sarcopenia, obesity, SO, and healthy status. Individuals with SO had lower muscle mass, strength, and higher adiposity, as well as higher all-cause mortality and worse surgical prognosis (17, 32). In our study, SO was more prevalent in males than females, and when obesity was defined by BF% than BMI. When defined by BMI, SO could be diagnosed dominantly by muscle function test since their muscle mass was large. Although with higher BMI and absolute muscle mass than sarcopenia alone, SO patients had lower muscle quality, high risk of physical disability, as well as more metabolic issues, which may induce poor clinical outcomes (33). If defined by BF%, ASMI became comparable between simple sarcopenic and SO patients due to the shrunken discrepancies of BMI among groups. AFM% and LFM% were significantly higher in SO and may be biomarkers of this disease. In most cases, SO patients had different demographic features when diagnosed by different obesity definitions. A recommendation of the standard diagnostic criteria of SO should be noted in the future according to the risk of adverse events and outcomes with different definitions.

When obesity was defined by BMI, we found that it was a protective factor of sarcopenia despite the various metabolic problems that can occur (34). On the contrary, pre-clinical studies reported that obesity impaired muscle glucose tolerance, imbalanced protein synthesis and degradation, and oxidative stress which ultimately led to muscle atrophy, especially in old animals (16, 17). This may be caused by the severe obesity and exorbitant BF% in diet-induced obese animal models (35). In our study, we observed that obesity defined by BF% was a risk factor of sarcopenia which was consistent with pre-clinical findings. The ratio of body fat was not only associated with metabolic syndromes and adverse events but also with sarcopenia (36, 37). BF% contains the information of lean mass, fat mass, sarcopenia, and obesity, which is better than BMI that only contains body mass for elderly people. Similar to previous findings, in the elderly female group with obesity, a faster decline of muscle mass and strength with aging was observed (38). Although they had larger muscle storage, the muscle regeneration may be impaired (17). Nevertheless, the muscle decline in males was not as sensitive to obesity as in females. To explore the casual relationship between obesity and sarcopenia, a prospective study is needed. The management of body composition is important, and there are several strategies. Resistance training combined with nutrient supplementation, such as protein is preferable to maintain muscle mass (39). As for elderlies with obesity, the combination of caloric restriction (low-fat, proper high-protein diet with moderately decreased energy), as well as aerobic and resistance training have been recommended (40, 41).

In order to identify the optimal BMI and BF% to prevent sarcopenia, we divided the elderly population into 5 subgroups according to BMI and BF% distribution as previous methods (4). The differences caused by gender was apparent. For instance, lower BMI (<18.5 kg/m2) dramatically increased the sarcopenia risk in females instead of males. In addition, the lowest interval of BF% in females also harmed muscle status. Adipose tissue is an essential endocrine organ that regulates hormonal levels. The lowest BMI and BF% resulted in low estrogen levels in menopausal female (42). It was reported that reduction of estradiol concentrations attenuated satellite cell proliferation, and the ability to maintain muscle mass and strength (43). The excess accumulation of fat also affects muscle phenotypes metabolically (17). Hence, we identified a range of BF% to prevent both sarcopenia and obesity in females. Males with the highest interval of BF% had three times greater risk of sarcopenia than the lowest subgroup. In a large cohort of men, increment of fat mass was associated with mortality, which may be associated with the high prevalence of sarcopenia (4). It is necessary to control the adiposity levels in old males due to the faster increasing trend of obesity compared to females (44). BMI was not as sensitive as BF% to simultaneously identify metabolic and sarcopenic risks. From our results, it is recommended for females to have a BMI between 18.5 kg/m2 and 25 kg/m2, and BF% between 26.0% and 34.6% to prevent sarcopenia and obesity. For males, the BMI should be lower than 25 kg/m2 and BF% lower than 23.9%. Those with high BF% warrants early attention due to the higher potential to suffer both muscle and metabolic disorders. Since muscle disorders are associated with high risk of mortality, the reservation of muscle mass and strength is important (9). At present, numerous home-based, economical body fat percentage analysis instruments have been utilized for general body composition supervision, which old people will greatly benefit from. We also recommend that annual health examinations can consider to include BF% in elderlies, and body composition can be maintained through regular exercise and nutrition supplements.

Our study has several strengths. This study exhibited the correlation between various muscle and fat indicators comprehensively. We compared the role of obesity in sarcopenia with two different obesity definitions, and found that higher body fat percentage is related to the increased risk of sarcopenia, but higher BMI is associated with the lower risk of sarcopenia. Our findings indicate that body composition should be focused on in the elderly to observe the risks of both sarcopenia and obesity. The optimal range of BMI and BF% to resist sarcopenia for elderly individuals has also been shown in this study.

There are some limitations in this study. We diagnosed sarcopenia based on the AWGS 2019 consensus with only ASMI and HGS. This is due to the fact that the EWGSOP2 consensus only requires these two parameters for diagnosis, and the addition of physical performance defines severity. We wanted to avoid confusion from readers worldwide. However, as recommended by AWGS 2019 consensus, physical performance parameters such as 6-metre walk, short physical performance battery (SPPB), or 5-time chair stand test should also be evaluated in future studies. In addition, we used a prediction model to estimate ASMI, so that an error from the true value may be present. The sample size of male participants was smaller which may cause the false-negative results. The blood samples as well as comorbidity information were not collected for further analyses. This was a cross-sectional study which only showed the relative risk instead of revealing the causal relationship between obesity and sarcopenia, and thus prospective studies are warranted.

Our study revealed that muscle mass and strength elevated along with BMI and absolute fat mass increment. Obesity is a protective factor of sarcopenia when defined by BMI but is a risk factor when defined by BF%. As for the fat distribution, appendicular fat mass percentage was inversely relevant to muscle mass in both genders, and trunk fat mass percentage was negatively related to muscle strength only in males. The prevalence of SO in Chinese old people was higher if obesity was defined by BF% than BMI. In females with obesity, the annual rate of muscle mass and strength decline was faster than the non-obese group, but this finding did not present in males. The lowest incidence of sarcopenia was found in females with the BF% 26.0–34.6%, and BMI over 18.5 kg/m2. A trend showed that BF% less than 23.9% in males was better for sarcopenia prevention. Due to the negative effects of adipose tissue on muscle in pre-clinical studies, a longitudinal obese cohort to explore the alterations of muscle and its function with advanced age is warranted to elucidate the role of fat in muscle clinically.
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Introduction

The increased prevalence of non-alcoholic fatty liver disease (NAFLD) and sarcopenia among the elderly are facing a significant challenge to the world’s health systems. Our study aims to identify the coexpressed genes in NAFLD and sarcopenia patients.





Methods

We downloaded the transcriptome data of NAFLD tissue from patients, as well as muscle tissues from sarcopenia patients, from the GEO database in order to investigate the shared transcriptional regulation mechanisms between these two diseases. Then, focusing on the genes that were frequently expressed in these diseases, together with GSVA and WGCNA, we utilized a range of analysis methods to identify the main co-expressed genes in both diseases by taking intersections. We investigated these changes after learning that they mostly affected lipid metabolism and oxidative stress injury pathways.





Results

By analyzing these genes and their interactions with transcription factors and proteins, we were able to identify 8 genes that share common patterns. From these 8 genes, we were possible to forecast potential future medicines. Our research raises the possibility of NAFLD and sarcopenia transcriptome regulatory pathways in aging populations.





Discussion

In conclusion, a complete transcription pattern mapping was carried out in order to identify the core genes, underlying biological mechanisms, and possible therapeutic targets that regulate aging in NAFLD and sarcopenia patients. It provides novel insights and proof in favor of decreasing the increased prevalence of sarcopenia in the elderly caused by NAFLD.
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1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is characterized by the accumulation of lipids in the liver, which may further lead to the deterioration of liver fibrosis (1), cirrhosis and even liver cancer (2). According to statistics, about 25% of the world population is suffered from NAFLD, and patients attacked by NAFLD are becoming younger (3). Therefore, it is imperative to underlying the mechanisms of NAFLD and develop an effective treatment for it. Hepatic steatosis is age-related and associated with metabolic syndromes such as high-fat diet (4), flora disorders(5) and hyperlipidemia, as well as various toxins, drugs, and diseases. The pathogenesis of NAFLD is well established as a two-strike and multiple-strike theory but the molecular mechanism of the occurrence and development of NAFLD remains uncovered. (6). However, other aging diseases interrelated with lipid metabolism and fibrosis can aggravate the exacerbation of NAFLD.

Skeletal muscle accounts for 40% of the body weight, undertake 30% of the basic energy metabolism, and maintains behavioral functions. In adults, muscle loss begins at age 30 and accelerates after age 50. By age 60, muscle loss can reach 30 percent. The degeneration of muscle with the increase of age is defined as sarcopenia, which is accompanied by a series of pathological changes such as decreased muscle mass, fibrosis, and fat infiltration, seriously affecting the functional activities of the elderly and reducing life expectancy(7). The prevalence of sarcopenia in people over 80 years of age is as high as 50% and becoming a novel condition with direct life-threatening within the developing world (8) (9). Multiple factors are responsible for muscle glycolipid-metabolism disorder with aging. Reduced oxidative capacity or physical activity with aging both increases the proportion of lipids in body composition, and causes activation of inflammation and insulin resistance(10, 11). Numerous pro-inflammatory cascades are conjunct within muscle and visceral fat, which approach less muscle mass. Additionally, impaired insulin sensitivity can be further increased by muscle catabolism, resulting in abundant ectopic fat deposition within the muscle. Interstitial fibrosis is the other major histopathological change during the progress of sarcopenia, which contributes to the recession of force generation and enhances muscle stiffness.

Glycolipid-metabolism and fibrogenesis appear to be the intersection joint of NAFLD and sarcopenia. With a high degree of functional sharing, crosstalk and mutual regulation, one’s metabolic disorders can lead to compensatory or even systemic metabolic disorders (12). Studies have shown that sarcopenia is an important indicator of the severity of NAFLD (13). Therefore, investigating the association and verifying the shared pathways between them provides a prospective way of creating novel age-related disease treatment strategies. (14).

Transcriptome analysis can determine and quantify changes in transcription levels in various states(15). A large number of applications in the life sciences have made transcriptomics widely used (16; 17). As the needs have changed, new techniques for transcriptome studies targeting low cell numbers and even more accurately targeted sequencing have emerged (18). In disease research, transcriptome technology can help researchers more accurately understand the pathogenesis of diseases and the relationship between specific RNA and diseases. Based on clarifying the precise regulation of various genes in diseases, transcriptome technology can help in the development of new drugs and has important applications in the prevention and treatment of tumors. The integration and analysis of biological data by various bioinformatics tools are important means of life science research. For example, a network algorithm or Random Forest was used to predict patient-related biomarkers (19). Transcriptome data combined with dual disease analysis can be used to better understand the pathological molecular mechanisms between diseases and make more accurate drug predictions (20). The present study aimed to identify hub genes and a hot research topic to the link between NAFLD and Sarcopenia. Therefore, by obtaining transcriptome sequencing data from clinical patients of the two diseases from the GEO database, further joint analysis of their gene expression data was conducted. The differences and commonalities were preliminarily analyzed to clarify the disease characteristics of NAFLD and Sarcopenia. After that, the co-expressed genes of the two diseases were screened. Diversity statistical analysis methods were used to obtain the co-expressed genes and the pathways significantly associated with NAFLD and Sarcopenia. Finally, we integrate the results from the single analysis and intend to provide a basis for subsequent clinical-related research.




2 Materials and methods



2.1 Data processing

Two genome-wide transcriptome profiling using RNA-Seq (GSE167523, GSE167186) of NAFLD and sarcopenia samples were obtained from the GEO database by using Illumina high throughput sequencing platform. 98 NAFLD patients’ gene expression profiles formed the GSE167523 data set. The 72 samples in the GSE167186 data set were patients with sarcopenia. The analytic workflow is shown in Figure 1.




Figure 1 | The framework of this study.






2.2 Top 1000 expressed genes selection and gene set variation analysis

Counts in NAFLD and Sarcopenia data sets (GSE167523, GSE167186) were normalized treatment. First, the two data sets were integrated according to gene name. Using the cpm function of package R edgeR (V.3.38.4), Counts per million (CPM) were calculated, and log2 was performed. After the log2 (cpm+1) value is arranged from the largest to the smallest, the first 1000 genes are selected as the top 1000 genes. These genes were analyzed by GSVA (Gene set variation analysis) using R package GSVA (V.1.44.5), The reference gene sets were selected from Homo sapiens C5 (ontology gene sets) in the MSigDB database. Use the GSVA function in the GSVA package. The analysis parameters are method=“gsva”, kcdf=“Gaussian”.




2.3 Analysis of inter-sample correlation and differentially expressed genes

When analyzing the correlation between samples, the vst function in package R DEseq2 (V.1.36.0) was first used to standardize the expression matrix. Then dist function was used to calculate the Pearson distance between samples, and the prcomp function was used for Principal Component Analysis (PCA). The DESeq function in using DEseq2 gene counts matrix analysis of differentially expressed genes, DEGs judgment standard for pvalue < 0.05 & (log2FoldChange > = 2 | log2FoldChange < = 2), The common genes are pvalue < 0.05 & (log2FoldChange >= -2 & log2FoldChange <= 2). For volcano mapping, the R package EnhancedVolcano (V.1.14.0) is used.




2.4 Weighted correlation network analysis

The log2 (cpm+1) matrix with an input file as the gene was constructed using an R package called “WGCNA”. The power value was determined by the pickSoftThreshold function. Weight coexpression network uses the blockwiseModules function. The plotDendroAndColors function draws the clustering between samples. The labeledHeatmap function shows the correlation between the disease and gene Modules. The plotEigengeneNetworks function shows the correlation between each gene Module.




2.5 Gene Ontology and pathway enrichment analyses

GO is a database established by the Gene Ontology Consortium that provides simple annotations of gene products in terms of function, the biological pathways involved, and their location in the cell. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway is a database dedicated to storing information about genetic pathways in different species. KEGG’s Orthopedic Annotated System (KOBAS) (http://kobas.cbi.pku.edu.cn) is a gene/protein functional annotation and functional enrichment Web server developed by Peking University, which collected functional annotation information of 4325 species. “GO terms” and “KEGG pathways” analyses use the “enrichGO” function and “enrichKEGG” function in the R package clusterProfiler (V.4.4.4), respectively, with the p-value cutoff set to 0.05. GO terms-genes network mapping uses the cnetplot function. The R packages GOplot (V.1.0.2) and ggplot2(V.3.3.6) are also used for visualization.




2.6 Determination and functional analysis of hub gene

Search Tool for the Retrieval of Interacting Genes (STRING; http://string-db.org )(11.0 version) Relationships between proteins of interest can be searched, such as direct binding relationships or co-existence of upstream and downstream regulatory pathways, to construct PPI networks with complex regulatory relationships. The TF-genes network is predicted by NetworkAnalyst software. DSigDB database was used to predict possible small-molecule drugs.





3 Results



3.1 GO and KEGG pathway analyses of NAFLD and sarcopenia

We conducted a preliminary analytic and statistical study on the disease data from NAFLD and sarcopenia. First, we performed enrichment analysis on the top 1000 genes from 98 NAFLD patients. The observations demonstrate a strong relationship between fat metabolism and energy metabolism in both molecular function, cellular component, and biological process (Figure 2A). And when we look at the KEGG data, we can see that these genes are related to some relevant metabolic pathways, such as liver alcoholic glycolysis degradation, fatty beta−alanine acid, cytochrome adducts P450, and other related metabolic pathways shown in Figure 2B. Genetic groups related to NAFLD were described.




Figure 2 | GO and KEGG Pathway Analyses of NAFLD and Sarcopenia. (A) The enriched GO terms of the top 1000 genes in NAFLD; (B) The KEGG of the top 1000 genes in NAFLD; (C) The enriched GO terms of the top 1000 genes in Sarcopenia; (D) The KEGG of the top 1000 genes in Sarcopenia.



Then we obtained transcriptome data from 81 patients with sarcopenia and selected the top 1000 genes for the enrichment analysis of GO and KEGG. Sarcopenia genes were significantly correlated with energy metabolism and REDOX pathways in molecular function, cellular components, or biological processes (Figure 2C). Dilated Hypertrophic Cardiomyopathy, Biosynthesis of Amino Acids (TCA Acids), and Alzheimer’s Amyotrophic Chemical Carcinogenesis were all strongly associated with KEGG enrichment (Figure 2D). This indicates that energy metabolism and redox pathways play a significant role in the disease features of NAFLD and sarcopenia, respectively.




3.2 Gene set variation analysis in NAFLD and sarcopenia

To further investigate the similarity between the two diseases, we integrated the genes of NAFLD and Sarcopenia. The enriched GSVA of the two diseases showed the main pathways as follows, according to the clustering analysis of the genes expressed in the two diseases: Purine nucleotide salvage, Fat-soluble vitamin catabolic process, Lipoxygenase pathway, Long-chain fatty acyl CoA biosynthetic process, Long-chain fatty acyl CoA metabolic process (Figure 3). A high similarity between the two diseases was identified by GSVA.




Figure 3 | Gene Set Variation Analysis (GSVA) in NAFLD and Sarcopenia. GSVA of top 1000 genes in NAFLD and Sarcopenia.






3.3 Differential gene expression in NAFLD and sarcopenia

Principal component analysis (PCA), which was used to further evaluate the transcriptome of these two diseases, revealed that the differences between the two diseases were more meaningful than the differences between the two diseases themselves (sFigure1A). The Pearson distance analysis, as shown in Figure 4A, further supported this result. Figure 4B indicates the variations in overall gene expression between the two diseases. The statistics show that there are numerous overlap genes between the two diseases, which will need to be further investigated. Searching at the differences between the two diseases and the differentially expressed genes in sarcopenia versus NAFLD, it is fairly obvious from GO terms that the majority of the genes associated with sarcopenia’s high expression are those that are participated in muscle system processes, muscle contraction, muscle organ development, and other components of muscle development (Figure 4C). However, the metabolism of small molecules, sterols, alcohol, and other fat and disease-related metabolic pathways were all strongly expressed by NAFLD (Figure 4D). Similar results to those in the GO term were shown in the KEGG enrichment (sFigure 1C). Sarcopenia is mostly overexpressed in pathways linked to muscle growth relative to NAFLD; while compared to sarcopenia, NAFLD is overexpressed in lipid metabolism-related pathways.




Figure 4 | Differential gene expression in NAFLD and Sarcopenia. (A) The correlation heatmap of NAFLD and Sarcopenia; (B) Volcanic map showing the differentially expressed genes of NAFLD and Sarcopenia; (C) The GO term of the up-regulated pathways in sarcopenia versus NAFLD; (D) The GO term of the up-regulated pathways in NAFLD versus sarcopenia.






3.4 Common genes analyses in NAFLD and sarcopenia

We further investigate the relationship between the two diseases in consideration of the common genes depicted in Figure 4B. The resulting Go term revealed the common genes of NAFLD and Sarcopenia, regardless of their molecular function, cellular component, or biological process, by clustering the shared genes. These mainly enriched processes involve ribonucleoprotein complex biogenesis, ribosome biogenesis, ncRNA processing, histone modification, rRNA metabolic process, transcription coregulator activity, On DNA binding transcription factor binding, and other pathways, which indicates that these two diseases are strongly connected to epigenetic changes (Figure 5A). After evaluating the KEGG enrichment of common genes, we observed that various relevant pathways were enrichment, as well as metabolic pathways of numerous significant diseases (Figure 5B). Two diseases associated with nucleic acid metabolism and epigenetic modifications by GO enrichment.




Figure 5 | Common Genes Analyses in NAFLD and Sarcopenia. (A) The GO term of all common genes in NAFLD and Sarcopenia; (B) The KEGG of all common genes in NAFLD and Sarcopenia.






3.5 Weighted correlation network analysisof NAFLD and sarcopenia

The scale-free network, adjacency matrix, and topological overlap matrix (sFigure 2A) were all constructed after the two groups of data were clustered using the Pearson correlation coefficient. Removal of the outliers, a sample clustering tree (sFigure 2B) was established. Finally, Figure 6A displays 12 modules based on average hierarchical clustering and dynamic tree pruning (the grey module is often regarded as an undefined module). We found that the blue and turquoise modules, which were selected as clinically significant modules for further analysis, were significantly correlated with NAFLD and sarcopenia. We investigated the connection between characterizing genes. Information regarding the pairing relationships between gene co-expression modules can be obtained from characteristic genes. The characteristic genes were grouped. The results demonstrated that the 11 modules can be grouped into two clusters in Figure 6B and that each of the module combinations (blue and pink, and turquoise and yellow) exhibit a high level of interactive connectedness. We enriched the modules for GO terms by combining them with clinical characteristics (Figure 6C). Blue modules were found to be significantly correlated with histone modification and RNA splicing, whereas brown modules were associated with gastrointestinal diseases, green modules with olfactory dysfunction, gray modules with miRNA regulation, red modules with cofactor 2, and turquoise modules with lipid metabolism. Which, the turquoise module also indicated that the organic acid catabolic process, carboxylic acid catabolic process, small molecule catabolic process, cellular lipid catabolic process, and alcohol metabolic process were significantly correlated (Figure 6D). Blue module revealed that protein methylation, protein alkylation, RNA splicing, and RNA splicing via transesterification processes were all strongly related to both diseases (Figure 6E). WGCNA shows that metabolism-related processes and behaviors such as RNA shearing are closely associated with both diseases.




Figure 6 | WGCNA of NAFLD and Sarcopenia. (A) Module–trait associations. Each row corresponds to a module, and each column corresponds to a trait. Each cell contains the corresponding correlation and P value. The table is color-coded by correlation according to the color legend; (B) Eigengene dendrogram and eigengene adjacency plot; (C) Gene Ontology analysis; (D) Gene Ontology analysis of the genes involved in the turquoise module; (E) Gene Ontology analysis of the genes involved in the blue module.






3.6 Protein-protein interaction network

Therefore, intersection analysis was conducted on the genes in the obtained GSVA, DEG of common genes, and the modules obtained by WGCNA. 126 genes were screened out from these intersection genes for subsequent analysis (Figure 7A). Therefore, The PPI network of the intersection DEGs was constructed using String (Figure 7B). We analyzed the enrichment top GO pathway by looking at the GO of intersection genes and found that these genes and blood vessel remodeling, regulation of transcription involved in G1/S transition of the mitotic cell cycle, regulation of hormone biosynthetic process, and other vascular regulation and hormone anabolic pathways (Figure 7C). Two pairs of genes with high and low expression were filtered out by combining the results of Figures 7B, C. The results showed that the PPI network of these 126 genes correlated with energy, and hormone anabolism.




Figure 7 | Protein-Protein Interaction Network (PPI). (A) The Venn diagram showed that seven algorithms have screened out 16 overlapping hub genes in NAFLD and Sarcopenia. (B) PPI network diagram. (C) The GO biological process analyses overlap genes from (A).






3.7 Pathway–gene functional network to screen hub gene

The expression patterns of NAFLD and Sarcopenia were found to be positively correlated after reviewing the expression values of all genes. This finding implies that the two diseases may be attached by a co-regulatory network and that further research into the co-regulatory mechanisms of the two diseases is essential (Figure 8A). Figure 8B shows the high expression of HIF1A and ATG5, as well as ADM and CST3, in the two diseases. HIF1A and ATG5 were also strongly connected with the reoxidation-reduction of the disease. ADM and CST3 were linked to hormonal disorders. The mutually compatible receptors BMP2 and BMPR2, which are connected to protease hydrolysis, etc., were two pairs of genes with low expression in common. TFDP1 and E2F6 were two genes that also have significant regulatory functions in transcription and translation (Figure 8C). Additionally, we constructed a TF-target regulatory network diagram based on the eight-node genes, and Figure 8D clearly illustrates the correlation between the eight genes. With a high degree of linkage, CST3, TFDP1, ADM, and BMPR2 could be especially noteworthy in the TF-target network. To give thorough treatment for patients who also have NAFLD and sarcopenia, several additional TFs were included, and medicines prediction was also done based on these genes. The top 10 potential medicines were displayed in Table 1. Future treatments for both diseases may be based on these 8 node genes.




Figure 8 | Pathway–Gene Functional Network to screen hub gene. (A) Correlation of overlap genes in NAFLD and Sarcopenia. (B) Two pairs of genes that were positive-regulated expressed. (C) Two pairs of genes that were negative-regulated expressed. (D) The TF–target network of periimplantitis. TF, transcription factor.




Table 1 | Top 10 drug predictions of hub genes.







4 Discussion

Investigating embryonic development, we learned that mesodermal differentiation is the principal source of muscle formation (21), while the liver consists of endoderm-derived hepatobiliary cell lineage and various mesodermal-derived cells (22), and liver development, from liver specification to liver maturation, requires close interaction with cells of mesodermal origin. This also implies that the progenitor cells of both organs have a strong commonality, and the origin from the same germ layer indicates that they are also functionally very closely related.

To better identify genes that are co-regulated in both diseases, we used the GSVA, common gene in DEGs analysis, and WGCNA analyses to jointly identify genes that are expressed in high abundance in both diseases and involved in disease development. Our research focused on the analysis of the co-expressed genes in both tissues to identify potential therapeutic strategies. We conducted an enrichment analysis for the top 1000 genes associated with each disease after homogenizing the obtained data. While Sarcopenia was more closely associated with energy metabolism and reoxidation reduction, we could see that the principal genes expressed in NAFLD were still associated with lipid metabolism, glycometabolism, and energy metabolism (Figure 2). As the body’s primary metabolic organs, the liver and muscle can also be considered as potentially sharing some of the same functions (23). After realizing this commonality, we investigated the variations and consistency of the data in more detail. We proceeded by analyzing the differences between the two diseases and the co-expressed genes. We could see that sarcopenia and NAFLD were distinguishable in that sarcopenia had a higher expression of genes mainly related to muscle development. The high gene expression of NAFLD relative to sarcopenia was enriched in the adipose metabolism pathways associated with NAFLD illness itself (Figure 4E), which also reflected the specificities of each disease. This was associated with the gene expression of the muscle itself (Figure 4D). We were particularly interested in the relationship between the two diseases in our research. The major pathways of co-expressed enrichment of these two diseases were identified by GSVA, and the results revealed that the enrichment pathway was not only significantly related to epigenetics but also involved in other metabolic diseases and immune-related pathways (Figure 3). This suggests that the gene expression of most metabolic diseases is very similar, and the cause of metabolic diseases may be related to REDOX-related pathways (24), epigenetic modification, or the mutual regulation of various RNAs (25, 26), as well as activating the immune system (27, 28).

WGCNA was used for further analysis to check the relationship between these two diseases in more depth. In the highly correlated turquoise and blue modules, we found that the key genes for the two diseases were still enriched in the epigenetic modification and lipid metabolism pathways (Figure 6D, E). Additionally, it is consistent with the preliminary results. In addition to checking more relevant genes and more precisely identifying and verifying the core genes of the two diseases, we chose the intersection of genes obtained by various analysis methods. These 126 genes were shown to be significantly enriched for the cell cycle, angiogenesis, and hormone anabolism pathways. We further checked into the co-expression of these genes and observed 4 pairs of genes out of a large number that were concurrently positive- or negative-regulated. HIF-1A activates the transcription of numerous genes, including those involved in energy metabolism, angiogenesis, apoptosis, and other genes whose protein products increase oxygen delivery or facilitate metabolic adaptation to hypoxia, serving as a master regulator of cellular and systemic homeostatic response to hypoxia (29); ATG5 encoded protein participates in several cellular functions, including the production of autophagic vesicles, mitochondrial quality control following oxidative damage, inhibition of the innate antiviral immune response, and proliferation and development of lymphocytes (30). We also observed that the preprohormone ADM, which is produced by this gene, can be broken down into two physiologically active peptides: adrenomedullin and pro-adrenomedullin N-terminal 20 peptide. Adrenomedullin is a 52 AA peptide having a variety of activities, such as vasodilation, hormone secretion regulation, angiogenesis stimulation, and antibacterial action. It also plays a significant role in oxidative stress (31); CST3 inhibitors appear to have preventive properties in a variety of human fluids and secretions, but they also play a crucial regulatory role in the development of cancer and other diseases (32) (Figure 8B). These genes have a strong connection to the REDOX of the disease. Therefore, synergistic high expression in NAFLD and sarcopenia is significant.

However, there are fewer studies related to the direct occurrence of RNA splicing in NAFLD, but lipid accumulation, as well as obesity, are closely associated with the development of NAFLD. Which is the main cause of increased alternative RNA splicing in the liver. Gene expression data from the liver and muscle of Pihlajamaki et al. provided that obese patients found substantial downregulation of RNA splicing genes, suggesting that the expression of RNA splicing-related genes is negatively associated with liver lipids accumulation and hyperinsulinemia and that altered expression of RNA splicing factors may contribute to obesity-related phenotypes (33). Also, NAFLD, especially sarcopenia, as a disease of the elderly, is significantly associated with increased RNA splicing (34). For example, Li et al. published an article in Cell Metabolism demonstrating that death-associated protein kinase-related apoptosis-inducing kinase-2 (DRAK2) can inhibit the phosphorylation of SRSF6 by the SRSF kinase SRPK1, and regulates selective splicing of mitochondrial function-related genes (35).

The activation of BMP signaling in skeletal muscle is significant in maintaining muscle mass as well as muscle-nerve interaction during cachexia and the aging process (36, 37). Restoring BMP activity ameliorates cancer-mediated muscle wasting and sarcopenia (36, 37). The activity of BMP receptors in muscles induced hypertrophy was dependent on Smad1/5-mediated activation of mTOR signaling (38). TFDP-1 is a heterodimerization partner for members of the E2F family of transcription factors and up-regulates E2F-mediated transcriptional activation (39). E2F/TFDP-1 regulates the expression of various cellular promoters, particularly gene products that are involved in the cell cycle (40). The combination of TFDP1 with E2Fs can promote liver regeneration by regulating MYCN transcription (41). Elevated expression of TFDP1 was associated significantly with larger tumor size and down-regulation of TFDP1 inhibited the growth of Hep3B cells. In conclusion, overexpression of TFDP1 may contribute to the progression of some HCCs by promoting the growth of the tumor cells (40). Murine and human HCC data indicate significant correlations of STMN1 expression with E2F1/TFPD1 and with KPNA2 expression and their association with poor prognosis in HCC patients (42). These four genes are negatively regulated and there are opposite regulatory patterns, and we checked their roles and found that the mechanisms are also different in the two diseases.

We also examined the TF regulatory network for these 8 genes, and we found that several of the transcription factors among these genes had strong connections to fibrosis, damage, and fat metabolism (Figure 8D). Resveratrol, which ranked top among such genes to predict small molecule medicines, was discovered to have a beneficial preventative impact on obesity-induced diet in NAFLD and NASH patients (43) (Table 1). It can also improve the validation status of skeletal muscles (44). Resveratrol is also a highly significant healthcare product in daily life, demonstrating the necessity of a daily supplement. In addition, the last few medicines are also widely used. This evidence can support the continued usage of previously prescribed medicines.

When compared to other research, our study still has several limitations. For example, disease development may be regulated at various histological levels, and we have only conducted a preliminary investigation of the co-regulatory mechanisms of NAFLD and sarcopenia at the transcriptome level. For instance, studies on DNA/RNA methylation have been applied to explain how so many diseases develop (39). Our analysis also revealed a strong correlation between both diseases and lipid metabolism as well as oxidative stress, demonstrating the importance of further metabolomic research (26, 45). What’s more, the research should really be based on healthy samples to obtain differentially expressed genes and then compare them. However, since healthy human liver and muscle samples are not easy to obtain, we only collected partial liver control datasets, but considering that the liver’s gene expression is affected by sex and age (46) (47), we were unable to find a dataset that could be matched exactly. The dataset was not available for muscle. Therefore, the study was mainly conducted on the expression profile of the disease. Therefore, it is necessary to update the data in healthy subjects if they are available subsequently.

In summary, our work demonstrates the potential transcriptome regulatory mechanisms of NAFLD and sarcopenia. Through a thorough mapping of the transcription pattern, the key genes, molecular processes, and potential therapeutic targets that cause NAFLD and sarcopenia were examined. It offers a new perspective and supporting evidence to decrease the high incidence of NAFLD in sarcopenia patients.
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Supplementary Figure 2 | Determination of soft-threshold power in the WGCNA. (A) Analysis of the scale-free index for various soft-threshold powers (β). (B) Analysis of the mean connectivity for various soft-threshold powers.
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Objective

This study aimed to investigate the effect of sarcopenia, osteoporosis, and osteosarcopenia on spine fracture in patients with prediabetes.





Methods

We collected and analyzed the data from the U.S. National Health and Nutrition Examination Surveys during the period from 2009 to 2018. Bone mineral density and the skeletal muscle mass index (SMI) were measured with dual-energy X-ray absorptiometry (DXA). The diagnosis of spine fracture was based on DXA and history.





Results

People with prediabetes were more likely to develop sarcopenia than normal glucose tolerance subjects (OR 1.33, 95% CI 1.07–1.66), while there was no significant increase of osteoporosis in prediabetes (OR 0.91, 95% CI 0.78–1.05). The SMI was independently associated with osteoporosis in prediabetes adults (OR 0.65, 95% CI 0.50–0.85). Both sarcopenia and osteoporosis were positively associated with spine fracture in prediabetes (OR 4.44, 95% CI 1.76–11.21, and OR 2.90, 95% CI 1.85–4.56, respectively). The risk of spine fracture was substantially higher in the presence of osteosarcopenia (OR 6.63; 95% CI, 1.34–32.94) than in the presence of sarcopenia or osteoporosis alone in prediabetes.





Conclusion

In adults with prediabetes, both sarcopenia and osteoporosis are risk factors for spine fracture, and the combination of sarcopenia and osteoporosis further increases the prevalence of spine fracture.
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Introduction

Prediabetes refers to an intermediate metabolic state between normoglycemia and diabetes, and it includes impaired fasting plasma glucose, impaired glucose tolerance, and mildly raised hemoglobin A1c (HbA1c). Although there is no clinically confirmed hyperglycemia in prediabetes, a series of pathophysiological changes related to diabetes have occurred. Recent evidence has shown that the prevalence of diabetes-associated complications in prediabetes starts to rise compared with those with normal glucose levels (1).

Osteoporosis describes a systemic bone disease that is prone to fractures due to a decrease in bone mass and the destruction of bone microstructures, resulting in increased bone fragility, whereas sarcopenia refers to decreased muscle mass, strength, and function. The incidence of both osteoporosis and sarcopenia increases as the aggravated population ages. Both osteoporosis and sarcopenia can lead to a greater risk of falls, fractures, hospitalization, and mortality. Because of the close relationship between the two conditions, the concept of osteosarcopenia has been established, which refers to the coexistence of osteoporosis and sarcopenia.

Previous studies have shown that people with diabetes are more likely to have sarcopenia (2, 3), and people with diabetes are at a higher risk of developing fractures (4). Therefore, sarcopenia and osteoporosis are increasingly recognized as chronic complications of diabetes. For people with prediabetes, the risk of sarcopenia, osteoporosis, and osteosarcopenia and their impact on fractures are still unclear.

In this study, we analyzed the data from the American NHANES from 2009 to 2018 to examine the association among sarcopenia, osteoporosis, and prediabetes and the effect of sarcopenia, osteoporosis, and osteosarcopenia on spine fracture in American adults with prediabetes.





Methods




Population

NHANES consists of a cross-sectional multistage, stratified, and clustered probability sample of the deinstitutionalized population in the United States. It was conducted by the National Center for Health Statistics and approved by the National Center for Health Statistics institutional review board. Written informed consent was received for all participants.

The data of participants in the American NHANES 2009–2018 survey were analyzed. NHANES 2009–2018 data are publicly available and can be accessed online (https://www.cdc.gov).

Participants with missing relevant data and the lack of relevant examinations were excluded from the analyses. The analyses of the present study were limited to individuals aged ≥18 years.





Measurements

Information was collected through family interviews and physical examinations in a mobile examination center. A standardized questionnaire was used to collect data on age, sex, race, education level, physical activity, and the history of fracture. Race was self-reported, and in the present study, it was categorized into white, black, Mexican, Asian, and other races. Current smoking was defined as having smoked 100 cigarettes or more in one’s lifetime and currently smoking cigarettes. The education level was categorized as less than 9th grade, 9–11th grade, high school graduate, AA degree, and college or above. The BMI was calculated by dividing body weight (kg) by the square of height (m). Steroid use was defined as ever taken any prednisone or cortisone pills nearly every day for a month or longer. Information about physical activity was self-reported by participants using the Global Physical Activity Questionnaire since the 2007–2008 cycle. Based on the data from self-reported questionnaire, metabolic equivalents (METs) can be calculated, which were used to estimate the average weekly energy expenditure of participants (5).

BMD was evaluated by DXA. HbA1c levels were measured by testing whole blood samples using the method of high-performance liquid chromatography. The glucose tolerance test is to measure the plasma glucose value 2 h after the oral administration of 75 g glucose.





Definition of variables

Participants eligible for any of the following conditions were classified as diabetic patients in the present study: (1) a confirmed history of diabetes in questionnaire; (2) HbA1c level ≥ 6.5% (6); and (3) fasting glucose level ≥ 7.0 mmol/L (6). Participants who accord with all of the following conditions were defined as NGT: (1) a denied history of diabetes or prediabetes in the questionnaire; (2) HbA1c level <5.7% (6); and (3) fasting glucose level <5.6mmol/L. The remaining participants were defined as prediabetes.

T-scores were calculated as (BMDrespondent-mean BMDreference group)/SDreference group. In the formula above, SD stands for standard deviation. Osteoporosis was defined as a T-score<−2.5 in total lumbar spine (L1–L4) or femoral neck tested by DXA. As recommended by the World Health Organization (7), the diagnosis of osteoporosis should be based on ethnic and sex-specific reference values. Therefore, the race-specific reference value of BMD for the calculation of T-scores at the femoral neck and the lumbar spine was obtained from the Vital and Health Statistics from the Centers for Disease Control (CDC) (8).

The appendicular SMI was calculated by dividing the appendicular skeletal muscle mass (kg) by square of height (m). The SMI cutoff values for the diagnosis of low muscle mass were 7.0 kg/m2 for men and 5.5kg/m2 for women (9), according to the 2nd meeting of European Working Group on Sarcopenia in Older People.

The presence of either of the following conditions is defined as a spine fracture: previous spine fracture history in the questionnaire; the vertebral fracture status summary in DXA suggests a fracture (mild, moderate, or severe fracture at any level in T4–L4).





Statistical analysis

The Kolmogorov–Smirnov method was used to evaluate the data distribution. Continuous variables are represented as mean ± standard deviation for normally distributed data or medians and interquartile ranges in parentheses for abnormally distributed data. The chi-square test, Mann–Whitney U test, or independent t-test was performed to compare the differences between two groups when appropriate. Categorical variables are represented as frequency (percentage), and between-group differences were evaluated by the chi-square test. Logistic regression was used to adjust for potential confounding variables when appropriate. P-values < 0.05 were considered indicative of statistical significance. All statistical analyses were performed using STATA 12.0.






Results

The baseline clinical characteristics of the participants enrolled in this study are shown in Tables 1 (all the subjects) and 2 (subjects with prediabetes). From 2009 to 2018, a total of 23,825 adults were included in the study, of whom 7,427 (31.2%) had prediabetes. As compared to normoglycemic people, subjects with prediabetes had a higher proportion of men, older age, a higher proportion of black race, a lower education level, less physical activity, a higher BMI, and higher waist circumference (WC), so did the subjects with diabetes. In terms of the HbA1c level, as expected, the diabetic group was higher than the prediabetic group, and the prediabetic group was higher than the NGT group. The trend of the insulin level among the three groups appeared the same with the HbA1c level. There was no significant difference among the three groups on Serum 25(OH)D. Interestingly, the lumbar and spinal bone mineral density of the prediabetic group was lower than that of the NGT group, while there was no significant difference between the diabetic group and the NGT group, which may be explained by the excessive weight of the diabetic group (10). In terms of prevalence of osteoporosis, the diabetic group was higher than the prediabetic group, and the prediabetic group was higher than the NGT group. The trend of spine fracture prevalence among three groups appeared the same as osteoporosis prevalence. In terms of the SMI, the diabetic group was higher than the prediabetic group, and the prediabetic group was higher than the NGT group, which may be explained by the excessive weight of prediabetic and diabetic groups.


Table 1 | Characteristics of U.S. adults with diabetes, with prediabetes and with NGT, 2009–2018.




Table 2 | Association between prediabetes and the odds of sarcopenia and osteoporosis.



After adjusting for age, sex, race, BMI, current smoking status, educational level, and physical activity (MET score), people with prediabetes were more likely to develop sarcopenia than NGT subjects (OR 1.33, 95% CI 1.07–1.66), while prediabetes was not an independent risk factor for osteoporosis (OR 0.91, 95% CI 0.78–1.05) (Table 2).

Furthermore, in order to explore the effects of osteoporosis and sarcopenia on spinal fractures in the population of prediabetes, we divided the prediabetes population into four groups: normal group (without sarcopenia or osteoporosis), sarcopenia group, osteoporosis group, and osteosarcopenia group (with both sarcopenia and osteoporosis). The subject characteristics of the four groups are shown in Table 3. Individuals in the osteosarcopenia group were significantly older and had a lower BMI, lower WC, and less physical activity than normal subjects. As expected, subjects in osteosarcopenia group had lower BMD, a lower SMI, and higher spine fracture prevalence than individuals in the normal group. After adjusting for confounders, the SMI was independently associated with osteoporosis in prediabetes adults (OR 0.65, 95% CI 0.50–0.85) (Table 4).


Table 3 | Characteristics of prediabetes adults with sarcopenia, with osteoporosis, and with osteosarcopenia.




Table 4 | Association between the SMI and osteoporosis in prediabetes adults.



As shown in Figure 1, in the prediabetes population, sarcopenia was not an independent risk factor for spine fracture, while osteoporosis and osteosarcopenia were independent risk factors for spine fracture without adjustment for any confounding factors. In Table 5, after adjusting for age, sex, race, BMI, steroid use, current smoking status, educational level, and physical activity (MET score), both sarcopenia and osteoporosis were positively associated with spine fracture in the fully adjusted model (model 3, OR 4.44, 95% CI 1.76–11.21, and OR 2.90, 95% CI 1.85–4.56, respectively). Furthermore, the likelihood of spine fracture was substantially higher in the presence of osteosarcopenia (OR 6.63; 95% CI, 1.34–32.94). Unlike prediabetes, there was no significant association between sarcopenia and spine fracture in the NGT group, while sarcopenia and osteosarcopenia were still positively associated with spine fracture in the NGT group (model 3, OR 2.40, 95% CI 1.53–3.76, and OR 4.31, 95% CI 1.17–15.92, respectively).




Figure 1 | The relative risk for spine fracture according to sarcopenia and osteoporosis status. The relative risk for spine fracture was highest in subjects with sarcopenia and osteoporosis (P<0.05). CI, confidence interval; OR, odds ratio.




Table 5 | Incidence rate ratios (95% CI) for spine fracture according to categories based on sarcopenia and osteoporosis in NGT/prediabetes adults.







Discussion




Prediabetes and osteoporosis

Recently, the correlation between diabetes and bone health is attracting increasing attention. It is well known that type 2 diabetes predisposes individuals to a higher risk of fractures; even type 2 diabetes is associated with an average or higher BMD (11). Nevertheless, there are few studies exploring the relation between prediabetes and skeletal health, and the results were conflicting (12–14). This study found an increased risk of spine fractures in prediabetes. In addition, in this study, although the risk of spine fracture increased in the prediabetes population compared with the NGT, the prevalence of osteoporosis was not significantly different from that in the NGT population. Previous studies have also found that the risks of hip fractures begun to increase in prediabetes (15). Thus, similar to the condition in diabetes, the bone in prediabetes appears to have relatively low strength for a given BMD. As a result, the BMD as a conventional tool appears to underestimate the risk of fracture in individuals with prediabetes, which is a challenge for clinicians.





Prediabetes and sarcopenia

A previous study has reported that muscle strength was lower in diabetes patients than individuals without diabetes (16), and type 2 diabetes is related to accelerated loss of leg muscle strength in elderly individuals (17). In fact, type 2 diabetes has already been identified as an independent risk factor for sarcopenia (18). In terms of sarcopenia, it has been revealed that strength of hand grip adjusted by the BMI (19) or body weight (20) is related to prediabetes. Kaga et al. recently reported that prediabetes is an independent risk factor for sarcopenia in older Japanese men but not in older Japanese women (21). In the present study, after adjusting for age, sex, race, BMI, current smoking status, educational level, and physical activity (MET score), prediabetes is an independent risk factor for sarcopenia in the multiracial group. Therefore, it is necessary for healthcare providers to pay more attention to the development of sarcopenia in prediabetes as well as diabetes.





Sarcopenia and osteoporosis

In the present study, osteoporosis is closely related to the SMI in subjects with prediabetes. To the best of our knowledge, our study is the first attempt to provide the association between the SMI and osteoporosis in U.S. adults with prediabetes. Sharing the same mechanical and molecular mechanisms, muscle and skeleton function are closely linked (22). Both skeleton and muscle mass are intrinsically related to the declined physical performance with aging, while the bone–muscle crosstalk, which is the molecular mechanisms linking bone to muscle function, is less well defined. Hormones were identified as having an important role in the development of osteosarcopenia, including growth hormone (GH)/insulin-like growth factor-1 (IGF-1) and gonadal sex hormones (23).





Osteosarcopenia and fracture

Previous studies have shown that the coexistence of sarcopenia and osteoporosis was associated with some adverse outcomes, such as depression, malnutrition, peptic ulcer disease, inflammatory arthritis, and reduced mobility (24). Meanwhile, there are studies demonstrating that subjects with both osteoporosis and sarcopenia are at a higher risk of falls and frailty than those with osteoporosis or sarcopenia alone (24, 25). In a Korean study conducted in hip fracture patients, osteosarcopenia was associated with a higher 1-year mortality rate (15.1%) compared with subjects with osteoporosis (5.1%) or sarcopenia (10.3%) alone (26). In the present study, in patients with prediabetes, sarcopenia increases the risk of spinal fractures by 4.4 times, osteoporosis increases the risk of spinal fractures by 2.9 times, and sarcopenia combined with osteoporosis increases the risk of spinal fractures by 6.6 times. As for people with NGT, although sarcopenia does not significantly increase the risk of spinal fractures, its combination with osteoporosis further increases the prevalence of spinal fractures.

In conclusion, patients with prediabetes had an increased risk of sarcopenia compared with people with NGT. In adults with prediabetes, muscle weight loss is associated with osteoporosis; meanwhile, osteoporosis and sarcopenia both increase the risk of spinal fractures, while the combined presence of sarcopenia and osteoporosis further increases the prevalence of spinal fractures. For patients with prediabetes, in order to prevent spinal fracture, attention should be paid to the prevention and treatment of sarcopenia and osteoporosis, and special attention should be paid to the combination of sarcopenia and osteoporosis.

A key strength of this analysis is the source of the data. NHANES is a series of meticulously conducted surveys with continuous quality control, ensuring that the data are timely and of high quality. NHANES also uses population-based cluster random selection to identify a nationally representative sample that can be applied to the whole U.S. population. However, it has some limitations. First, the definition of osteoporosis, in addition to BMD < −2.5, also includes a history of fragility fractures, which were not included in the osteoporosis group because fragility fractures could not be defined. Second, the diagnosis of sarcopenia, in addition to decreased muscle quantity, also includes a decrease in muscle quality, which was not analyzed in this study due to the lack of relevant test results. Third, the reference standards for muscle mass are diverse, and this study uses the criteria of the second meeting of the European Sarcopenia Working Group, which does not necessarily apply to people of African, Asian, Hispanic, or other races. Fourth, because some of the respondents did not complete the full set of examinations, fewer people were diagnosed with osteosarcopenia. It is hoped that data with larger sample size will be available for future studies in this area.
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Background

Emerging evidence suggested that coronavirus disease 2019 (COVID-19) patients were more prone to acute skeletal muscle loss and suffer sequelae, including weakness, arthromyalgia, depression and anxiety. Meanwhile, it was observed that sarcopenia (SP) was associated with susceptibility, hospitalization and severity of COVID-19. However, it is not known whether there is causal relationship between COVID‐19 and SP-related traits. Mendelian randomization (MR) was a valid method for inferring causality.





Methods

Data was extracted from the COVID‐19 Host Genetic Initiative and the UK Biobank without sample overlapping. The MR analysis was performed with inverse variance weighted, weighted median, MR-Egger, RAPS and CAUSE, MR-APSS. Sensitivity analysis was conducted with MR-Egger intercept test, Cochran’s Q test, MR-PRESSO to eliminate pleiotropy.





Results

There was insufficient result in the MR-APSS method to support a direct causal relationship after the Bonferroni correction. Most other MR results were also nominally consistent with the MR-APSS result.





Conclusions

Our study first explored the causal relationship between COVID-19 and SP-related traits, but the result indicated that they may indirectly interact with each other. We highlighted that older people had better absorb enough nutrition and strengthen exercise to directly cope with SP during the COVID-19 pandemic.
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Introduction

The coronavirus disease 2019 (COVID-19) has evolved into an ongoing global pandemic affecting more than 600 million people, resulting in nearly 7 million deaths (1). Age, concurrent frailty and comorbidities were associated with higher risk of being positive for COVID-19, hospitalized and mortality (2). Meanwhile, accumulating evidence suggests that COVID-19 survivors could experience various sequelae, mainly including weakness, arthromyalgia, depression, anxiety and memory loss (3). Due to the complicated pathogenesis of COVID-19, the extremely challenging pandemic has forced people to live with COVID-19, which means it is important to evaluate the relevance between COVID-19 and other comorbidities.

Sarcopenia (SP) is the loss of skeletal muscle mass associated with aging which causes an involution of muscle strength, and/or low physical performance (4). Skeletal muscle-related traits have been widely reported in both acute COVID-19 and post-acute sequelae of COVID-19 (5). Recent findings have shown that higher grip strength was associated with a lower risk of COVID-19 hospitalization and a better prognosis (6, 7). Another study reported that there was no significant difference in grip strength among COVID-19 patients with different severity after 12 weeks (8). A retrospective study showed that an acute skeletal muscle loss was evident in consecutive hospitalized patients with COVID-19 compared with those without COVID-19 and contributed to poor clinical outcomes (9). COVID-19 patients with SP had a higher number of persistent symptoms than patients without SP, but that was not statistically significant (10). These observational studies show that there appears to be a correlation between COVID-19 and SP, but it is inconsistent. These results also made it elusive to assess the causal relationship between COVID‐19 and SP-related traits.

Mendelian randomization (MR) is a valid approach to infer possible causality between exposure and outcome, reducing bias from confounding factors and reverse causality in epidemiological studies (11). In the present study, we performed a two-sample MR to assess the potential causal effect between COVID‐19 and SP-related traits using instrumental variables (IVs) from the summary genome‐wide association study (GWAS) datasets. Overall, Results obtained in this study may help for identify the role of SP in the pandemic to reduce infection and attenuate clinical symptoms. It can also provide new insight into dealing with the post-acute sequelae of COVID-19 to treat or prevent the persistence of these long-lasting symptoms.





Materials and methods




Study design

The MR analysis was performed to explore the causality between COVID‐19 and SP-related traits. In the forward MR analysis, COVID‐19 was considered as the exposure and SP-related traits were considered as the outcome, whereas the reverse MR analysis investigated SP-related traits as the exposure and COVID‐19 as the outcome. The following 3 main assumptions were satisfied (1): the IV is tightly associated to exposure; (2) the IV is not related to any confounder of the exposure-outcome connection; (3) the IV can only affect the outcome via the exposure (11).





Data source

In this MR study, GWAS summary statistics for COVID-19 phenotypes were extracted from the COVID‐19 Host Genetic Initiative (HGI) (Round 5) (12). COVID-19 phenotypes included severity (4,792-1,054,664), hospitalization (8,316-1,549,095), susceptibility (3,2494-1,316,207). The COVID-19 cases were diagnosed by laboratory confirmation or by electrical health records (using physician notes or ICD), or self-reported COVID-19 infections from the patients. Severe COVID-19 cases were defined as patients who died or required respiratory support (including bilevel positive airway pressure, continuous positive airway pressure, intubation, or high-flow nasal cannula). The controls were defined as the individuals enrolled in the cohorts and not included as cases. The COVID-19 related data was retrieved from the European population except the UK Biobank participants. The data and more information can be found online.

All the GWAS summary statistics for SP-related traits were extracted from the UK Biobank. UK Biobank is a large-scale biomedical database and research resource, globally accessible to approved researchers undertaking vital research into the most common and life-threatening diseases, containing in-depth genetic and health information from 500 000 UK participants (13). Appendicular lean mass (ALM) has been proposed as a validated and reliable indicator of muscle mass in older adults (14). ALM was quantified by appendicular fat-free mass using the bioelectrical impedance analysis with 450,243 UK Biobank individuals and adjusted by appendicular fat mass and other covariates (15). Grip strength has been widely recognized as a significant indicator of SP (16). The hand grip strength was measured with a calibrated device in a simple and non-invasive way and adjusted for hand size (17). The UK Biobank grip strength data was adjusted for age, age2, sex, sex × age, and sex × age2 (13), including 461,089 individuals of European descent for right hand grip strength and 461,026 individuals for left hand grip strength (18). The summary‐level statistics of walking pace were also obtained from the UK Biobank, including 459,915 individuals of European ancestry (18).

The genetic IVs of COVID-19 and SP-related traits were retrieved from publicly available database without sample overlapping. Ethical permission was not applicable to this study. More details for phenotype and previously ethical approval can be found in the original publications or GWAS (12, 15, 18).





MR analysis

Independent single nucleotide polymorphisms (SNPs) at the genome‐wide significance level (p < 5 × 10-8) were selected as IVs for exposure (clumping r2 = 0.001 and kb = 10,000) (19). Related data of IVs were also extracted from the outcome datasets without proxies. After harmonizing each pair of the exposure and outcome datasets, the inverse variance weighted (IVW) model were conducted to assess the causality. The IVW method can provide the most accurate and stable estimation of causal effects when all IVs were valid without directional pleiotropy (20). MR‐Egger intercept test was employed to evaluate horizontal pleiotropy (21). MR pleiotropy residual sum and outlier (MR-PRESSO) was conducted to identify and obtain corrected results by removing pleiotropic IVs (22). After that, The IVW method was reperformed to assess the robustness. Several sensitivity analyses were also performed, including weighted median estimation, MR‐Egger regression, MR Robust Adjusted Profile Score (RAPS). The weighted median method could control the Type 1 error rates and provide consistent causal estimates when more than 50% IVs were valid and enrolled (23). MR-Egger regression could test IVs with considerable pleiotropy and heterogeneity, whereas this approach had poor statistical power and required larger sample size (21). RAPS could tackle the idiosyncratic pleiotropy even for up to hundreds of weak IVs (24). Heterogeneity across these selected IVs was assessed by Cochran’s Q statistic. F statistic was calculated to test the strength of genetic IVs and genetic IV with F statistics > 10 was statistically considered as a strong instrument to minimize bias. The proportion of variance explained was also measured.

Actually, a small subset of SNPs were included as IVs for causal inference due to the strict inclusion and exclusion criteria, especially for COVID-19. MR Causal Analysis Using Summary Effect Estimates (CAUSE) and MR Accounting for Pleiotropy and Sample Structure simultaneously (MR-APSS) were employed to improve statistical power in the analysis, mainly by relaxing the threshold to utilize more IVs instead of only IVs at the genome‐wide significance level (25, 26). Compared with other methods, the CAUSE method could avoid more false positives and calculate the shared (non-causal) effect, accounting for correlated pleiotropy induced by confounders or unmeasured shared factors. The q value was also calculated as an estimate of the proportion of pleiotropic variants (25). Default parameters were used in the CAUSE procedures (p < 5 × 10-3) (https://jean997.github.io/cause/ldl_cad.html). MR-APSS was a recently proposed method in 2022, accounting for sample structure as a major confounding factor including cryptic relatedness, population stratification, and sample overlap (26). We employed the same parameters as used in an originally example recommended by the authors (p < 5 × 10-5) (https://github.com/YangLabHKUST/MR-APSS/blob/master/MRAPSS_Rpackage_Tutorial.pdf).

Concerning multiple testing of COVID‐19 and SP-related traits, we conservatively adjusted the p-values after the Bonferroni correction (p = 0.05/12 = 4.17E-03). The MR analyses were conducted with the R packages “MungeSumstats”, “TwosampleMR”, “CAUSE”, “MRAPSS” in the R statistical software (Version 4.1.3).






Results




Stage 1: a bi-directional two-sample MR analysis

In the forward MR analysis, we analyzed the causal effect of COVID-19 on SP-related traits. The IVW results suggested that susceptibility, hospitalization and severity of COVID-19 had no causal effect on ALM, right hand grip strength, left hand grip strength and walking pace after the Bonferroni correction (Table 1; Figure 1). Consistently, the weighted median, the RAPS, the MR‐Egger, the CAUSE, the MR-APSS methods further strengthened the hypothesis that COVID-19 was not a causal risk factor for SP-related traits (Table 2). Notably, several results indicated the nominal causality of COVID-19 on SP-related traits using the IVW and the RAPS methods, contradicting the results with the CAUSE, the MR-APSS methods. The median shared effect ranged from –0.04 to 0.03 in the CAUSE methods, suggesting rarely bias induced by horizontal pleiotropy. The low q indicated poor correlation between genetic effects of COVID-19 on SP-related traits.


Table 1 | Primary mendelian randomization estimates of COVID-19 on sarcopenia-related traits.






Figure 1 | Forest plot of MR IVW analyses between COVID-19 and SP-related traits. IVW, inverse-variance weighted; CI, confidence interval; ALM, appendicular lean mass; COVID-19, coronavirus disease 2019. MR, mendelian randomization; SP, sarcopenia.




Table 2 | Mendelian randomization estimates of COVID-19 on sarcopenia-related traits using the CAUSE and MR-APSS methods.



In the reverse MR analysis, similar results were identified in the five MR tests, reflecting that SP-related traits had no causal effect on COVID-19 after the Bonferroni correction (Tables 3, 4). The median shared effect ranged from –3.02 to 0.36, meaning bias induced by pleiotropic variants.


Table 3 | Primary mendelian randomization estimates of sarcopenia-related traits on COVID-19.




Table 4 | Mendelian randomization estimates of sarcopenia-related traits on COVID-19 using the CAUSE and MR-APSS methods.







Stage 2: sensitivity analysis

To evaluate the robustness of the above results, extensive sensitivity analyses were performed, including Cochran’s Q test, MR-Egger intercept test, MR-PRESSO global test, and F statistics (Table 5). The Cochran’s Q test identified 2 pair of the exposure and outcome datasets so that a random-effects model was applied for them. After removing outliers detected by MR‐PRESSO (Supplementary Table 1), we only observed significantly horizontal pleiotropy of walking pace on hospitalization in MR-Egger intercept test. All the F statistics of selected IVs were above than 10, indicating that they were valid enough to minimize potential bias. The proportion of variance explained grew with the increasing IVs, especially in the MR-APSS, the CAUSE methods (Supplementary Table 2). Details of IVs were provided in Additional Tables.


Table 5 | Sensitivity analysis of the primary causal association between COVID-19 and sarcopenia-related traits .








Discussion

Based on the MR results in our analysis, we conservatively summarized that there was insufficient evidence to determine a causal link between COVID-19 and SP-related traits after the Bonferroni correction. Most MR results were also nominally consistent with the conclusion. We performed the first bi-directional two-sample MR analysis to evaluate causal relationship between COVID-19 and SP-related traits, using the MR-APSS method.

Actually, several studies with related themes were reported. Three MR studies indicated that genetic evidence did not support a significant causal effect between COVID‐19 and telomere length (27–29), although the cohort study in UK Biobank showed that shorter telomere length was associated with higher risk of adverse COVID-19 outcomes (29). A MR study including 261,000 older participants estimated that telomere length would not affect grip strength, sarcopenia, or falls (30). Telomere length did not occupy a unique position in the causal relationship between COVID-19 and SP-related traits. Another three MR studies suggested that physical activity had no causal effect on COVID-19 outcomes after the Bonferroni correction, but the results nominally contradicted each other (31–33). Meanwhile, the observational study also reported a protective effect of objectively measured physical activity on COVID-19 outcomes (33). A meta-analysis of 7 randomized controlled trials showed that exercise could improve muscle mass, muscle strength, and walking speed in 3 months (34). A recent study including 435,504 UK Biobank participants observed a paradoxical result that lean mass index was not associated with COVID-19 phenotypes in a prospective cohort study while lean mass had a significant positive causal effect on COVID-19 outcomes in related MR analysis, which might require more robust MR Methods and better lean mass related data sources (35). Combined, due to ethical and practical constraints, cross-sectional designs and most low-quality randomized controlled trials could only provide correlation rather than causality. Meanwhile, although MR study could evaluate causality, it was also affected by quality of data sources and MR methods. Our MR results so far did not conflict with most findings of related MR studies or RCTs.

Undoubtedly, there were many clinical studies with high quality observed that COVID-19 was associated with acute SP in hospital and SP in long COVID-19 syndrome (9, 10). It was also observed that the presence of SP in the general population was positively correlated with the infection rate of COVID-19 (36), which contributed to poor clinical outcomes. Obviously, they appeared to form a dangerous vicious cycle. However, our MR results did not provide sufficient evidence to support a direct interaction between COVID-19 and SP, so that other factors may participate in this cycle to assist its formation. Malnutrition, reduced activity, distress and anxiety were likely to play indispensable roles in the cycle. Compared to discharged patients, patients with COVID-19 who died had higher nutritional and SP risk, lower albumin and total protein (37, 38). The muscle would atrophy significantly within two days after fixation and progress over the next 5 days (39). Patients with COVID-19 usually stay in hospital for more than 10 days (40, 41). During the acute period of COVID-19, common symptoms included depression mood (32.6%), anxiety (35.7%), insomnia (41.9%) (42). During the lockdown period, malnutrition, reduced activity, distress and anxiety were also prevalent (43–45), which was also positively correlated with susceptibility, hospitalization and severity of COVID-19 (46). These factors might act as competitive confounders in an observational study or mediating factors in a MR study. Cognitive impairment, frailty and other aging-associated diseases had the potential to serve as candidate factors (47, 48). On the basis of these observations and our MR results, we highlighted that older people should pay more attention to prevention, diagnosis, and treatment of SP instead of specific interactions between COVID-19 and SP, which would make it easier to break the dangerous vicious cycle and improve quality of life. In addition, targeting other mediating factors might also play a role. Nutritional supplementation and muscle training could provide significant improvement in muscle function and strength for COVID-19 survivors (49, 50).

In the COVID-19 pandemic, it has been reported that patients with more severe COVID-19 infection had a higher elevated serum creatine kinase level and more prone to rhabdomyolysis (51, 52), indicating that COVID-19 could cause damage to skeletal muscle. The mechanisms of individual organ damage might involve a systemic inflammatory response (53). In autopsy analysis, severe acute respiratory syndrome coronavirus 2(SARS-CoV2) virus particles were detected in organs including the heart, liver and kidney (54–56), while SARS-CoV virus particle could not be detected in skeletal muscle in SARS patients (57). Combined our MR results, we prefer that skeletal muscle injury is attributed to systemic inflammation instead of direct virus invasion. Nowadays, most countries and regions stopped requiring SARS-CoV-2 testing in public places, and mandatory quarantine (58). After vaccination, older people can adopt healthy lifestyles by increasing physical activity, improving glycemic control and body weight to reverse the situation in preparation for the next COVID-wave. Obviously, future studies across RCT or basic research from a variety of ethnic backgrounds are required to completely disentangle pathogenic mechanisms and develop effective interventions for attenuate clinical symptoms.

This study is the first bi-directional MR study to evaluate causal relationship between COVID-19 and SP-related traits, using the MR-APSS method. All parameters were set according to recommendations and thresholds were not relaxed. The COVID-19 related data was retrieved from the European population except the UK Biobank participants and the sarcopenia related data was extracted from the UK Biobank, which avoided sample overlapping and reduced bias. Extremely strict parameters and F statistic were used to ensure the validity of IV. CAUSE and MR-APSS were performed to include more IVs to improve statistical power, and consistent results were obtained. Nevertheless, there were several potential limitations in our MR analysis. First, all the data came from the European population therefore our result might only apply to Europeans. Second, it was difficult to completely remove mediation and pleiotropy so that we cannot rule out the possibility that mediating factors mediating the causality between COVID-19 and SP-related traits. Third, though the GWAS data was constantly being updated, better data sources were still required, especially for COVID-19.





Conclusion

The mechanisms between COVID-19 and SP have not yet been fully elucidated. Our MR results did not support a direct causal relationship after the Bonferroni correction, indicating that they may indirectly interact with each other through systemic inflammatory response and other diseases. Our new insights might inform better practices to recognize, evaluate and both prevent and treat SP in the COVID-19 pandemic. We highlighted that older people should absorb adequate nutrition and strengthen exercise to cope with SP and break the dangerous vicious cycle.
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Background

Sarcopenia and osteoporosis are closely interconnected and associated with adverse health outcomes. Osteosarcopenia is the concurrent presence of the two conditions and has rarely been reported in hemodialysis patients. Whether hemodialysis patients with osteosarcopenia are at greater risk of mortality than those with either condition alone remains unknown. The aim of this study was to explore the prevalence of sarcopenia and its association with osteoporosis and to determine its impact on survival risk in hemodialysis patients.





Methods

A total of 209 adults undergoing hemodialysis were enrolled from the dialysis center in the West China Hospital of Sichuan University, and our study was registered at the Chinese Clinical Trial Register (number: ChiCTR2100043932). Muscle mass, handgrip strength, bone mineral density (BMD), and biochemical parameters were assessed. All deaths were recorded during a follow-up of 35.15 ± 15.37 months.





Results

Seventy-eight patients were diagnosed with sarcopenia, with a prevalence of 37.3%. After adjustment for potential confounders, age (OR=1.094, P <0.001), female sex (OR= 3.44, P =0.005), diabetes (OR=3.756, P =0.008), CRP (OR=1.09, P =0.015), serum magnesium (OR=0.755, p=0.042) and BMI (OR=0.701, P <0.001) were independently associated with sarcopenia. Among the 209 patients, 103 patients completed the BMD assessment. The prevalence of osteosarcopenia was 22.3%, while 20.4% of participants had sarcopenia alone and 12.6% had osteoporosis alone. The proportions of patients who died were 13.0% for nonsarcopenia&nonosteoporosis, 15.4% for osteoporosis alone, 47.6% for sarcopenia alone, and 52.2% for osteosarcopenia. Cox regression analysis showed that osteosarcopenia was independently associated with all-cause mortality (HR=3.74, 95% CI: 1.172-11.938), while osteoporosis alone and sarcopenia alone were not.





Conclusion

Patients undergoing hemodialysis had a high incidence of sarcopenia and osteosarcopenia, muscle mass and strength showed a significant association with BMD, and osteosarcopenia might have a powerful impact on mortality in those patients.





Clinical trial registration

http://www.chictr.org.cn/, identifier ChiCTR2100043932.
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Introduction

Sarcopenia (SP) refers to the gradual decline in both skeletal muscle function and mass and was first proposed in the 1980s (1). It is a progressive and systemic skeletal muscle disorder and has been reported to be associated with adverse clinical outcomes such as physical disability, falls,and all-cause mortality (2–5). Ageing, low nutrient intake, low activity and sedentary lifestyle are underlying causes of sarcopenia (6). There are multiple definitions of sarcopenia, including the European Working Group on Sarcopenia in Older People (EWGSOP), International Working Group on Sarcopenia (IWGS) and Asian Working Group for Sarcopenia (AWGS). All definitions are based on muscle mass, muscle strength, and physical performance but different cut-off points, so there is a lack of standard definitions in clinical practice (7). Sarcopenia occurs commonly in older people and is defined as an age-related disease. While it has also been found in other diseases, such as some cancers, endocrine diseases and metabolic disorders, disease-related sarcopenia is currently included in many research studies (8, 9). End-stage renal disease (ESRD) is a global health concern that has attracted increasing attention. Dialysis, as the main renal replacement therapy, accounts for 62.7% of ESRD patients, and the related complications are also gradually increasing (10). The accelerated process of protein wasting, multiple metabolic derangements, and nutrient deficiency may induce accelerated degradation of muscle mass and lead to sarcopenia in ESRD patients undergoing maintenance hemodialysis (MHD) (11, 12). Studies have reported that more than 20% of ESRD patients have sarcopenia, which is significantly higher than the prevalence in the general population (13, 14).

Muscle synthesis and bone metabolism seem to be interconnected. Skeletal muscle can secrete factors to regulate bone metabolism, such as myostatin, IGF‐1, and FGF-2. Bone also functions as an endocrine organ to produce cytokines that act on muscle, including FGF23, sclerostin, and osteocalcin (15). Osteoporosis (OP) is a disease characterized by decreased bone mineral density (BMD) and damaged bone structure, leading to a risk of fractures (16). Skeletal muscle loss often coincides with low bone density, and the prevalence of osteoporosis among patients with sarcopenia is higher than that among those without sarcopenia. Osteoporosis is also an independent predictor of sarcopenia (17).

Osteosarcopenia (OS) is defined by the concurrent presence of osteoporosis and sarcopenia, a new concept proposed in 2009 by Duque and colleagues (18). It is worth noting that osteosarcopenia is a unique disease that involves the combination of low bone density and muscle mass, strength, and/or function. Currently, the criteria for osteosarcopenia are inconsistent, with some studies referring to osteopenia and sarcopenia, while others are defined as osteoporosis and sarcopenia (19). It has been reported that osteoporosis and sarcopenia share common risk factors, so osteosarcopenia is associated with aging, low nutritional status, low physical function and some chronic diseases (20). The coexistence of low bone mass and the low muscle mass, strength and function will contribute to a worse outcome than each one alone (21). The concurrent presence of osteoporosis and sarcopenia can affect each other and lead to a worsening of outcomes, such as higher risk of falls, fractures, and mortality (22, 23). Inoue et al. reported that the incidence of social frailty was 8.0% in robust patients, 11.8% in osteoporosis alone, 17.9% in sarcopenia alone, and 29.1% in osteosarcopenia (24). In addition, a study reported that the fracture risk is 3.5-fold higher than that in sarcopenia and osteoporosis alone (25).

The prevalence of bone metabolism disorders and aggravated muscle wasting in ESRD patients leads to a high incidence of osteosarcopenia. However, few studies have evaluated the association between sarcopenia and osteoporosis in MHD patients. And osteosarcopenia as a new concept, there are lacking of studies to explore its effect on clinical outcomes. Early detection of osteosarcopenia in MHD patients may improve prognosis and reduce mortality. Our study aimed to investigate the actual situation of sarcopenia and the relationship between sarcopenia and osteoporosis in MHD patients.





Materials and methods




Subjects

This prospective study was conducted in MHD patients from the dialysis center in the West China Hospital of Sichuan University between July 2018 and March 2020 (shown in Figure 1). The inclusion criteria were as follows (1): being under MHD for more than 3 months (2); at least 18 years of age; and (3) consent to participate in this study. The exclusion criteria were as follows (1): accepted anti-osteoporosis treatment in the past 6 months, such as bisphosphonates (2); patients for which BIA could not be performed (such as in patients who underwent pacemaker installation and amputation surgery); and (3) had other diseases affecting bone metabolism.




Figure 1 | Flow diagram. A total of 209 participants had accepted sarcopenia assessment, and 103 completed the DXA test concurrently and were followed up for 35.15 ± 15.37 months.



Baseline data were collected between July 2018 and March 2020. The follow-up deadline was October 1, 2022. The endpoint was overall mortality, and censored events included transfer to another dialysis center, kidney transplantation, conversion to peritoneal dialysis, and survival at the deadline. Our study was registered at the Chinese Clinical Trial Register (http://www.chictr.org.cn/; ChiCTR2100043932), and was approved by the Ethics Committee of West China Hospital of Sichuan University (2020-446).





General data collection

General information was collected by medical records or questionnaires as follows: age, body mass index (BMI), dialysis vintage, previous osteoporosis fracture and other underlying conditions.





Laboratory biochemical index

Avoiding the influence of dialysate on results, blood samples were obtained before performing hemodialysis, and laboratory indicators included albumin, calcium, magnesium, phosphorus, parathyroid hormone (PTH), alkaline phosphatase (ALP), 25-hydroxyvitamin D [25(OH)D], and C-reactive protein (CRP). Serum calcium was adjusted by the equation: measured calcium (mmol/l) + 0.02x [40-serum albumin (g/dL)].





Anthropometric measurements

Body composition was estimated by the BIA method (InbodyS720, Biospace, Seoul, South Korea). The appendicular skeletal muscle mass index (ASMI) was calculated using the following formula: muscle mass of the four limbs (kg)/height2 (m2). Handgrip strength (HGS) was assessed on the non-fistula side using a digital grip strength dynamometer (CAMRY, EH101), three measurements were averaged and used in the analyses. Total hip, femoral neck, and lumbar spine BMD (g/cm2) measurements were performed using dual-energy X-ray absorptiometry (DXA) (GE Lunar, ME + 212243, USA).





Diagnosis of sarcopenia, osteoporosis and osteosarcopenia

Sarcopenia was defined as the loss of skeletal muscle mass and strength according to the AWGS criteria. The cut-off points of the ASMI were 7.0kg/m2 for males and 5.4 kg/m2 for females, and 26 kg for males and 18 kg for females for handgrip strength. Osteoporosis was diagnosed as T≤-2.5 measured by DXA, according to the World Health Organization (WHO) criteria. Osteosarcopenia is defined as the presence of sarcopenia combined with osteoporosis.





Statistical analyses

Continuous variables were presented as the mean ± SD or median and interquartile interval according to the distribution and percentages for categorical variables. The comparison of quantitative variables was performed using the T test or Mann−Whitney U test (two groups) and one-way ANOVA or Kruskal−Wallis test (three or more groups). Chi-square tests were used for qualitative variables. Logistic regression (Forwards: LR) was used to explore the independent factors associated with sarcopenia. Pearson’s linear analysis was used to test the correlation between ASMI, HGS and BMD. Cox regression proportional hazards models were used to estimate the adjusted risk of mortality, after adjustment for age, sex, dialysis vintage, diabetes, cardiovascular disease, and fracture history et. P < 0.05 was considered statistically significant. Analyses were performed by SPSS Statistics 23 (IBM, Armonk, NY).






Result




Patient demographics

The studied sample comprised 209 patients (47.4% male), with a mean age of 58.45 ± 15.31 years (range, 21–88). In all, 78 (37.3%) participants presented sarcopenia. The characteristics of the patients are described in Table 1. Sarcopenia patients, in this study, were more likely to be female (p=0.01) and older (P <0.001), and had a lower BMI (P =0.006) than nonsarcopenia patients. Regarding the biochemical parameters, the sarcopenia group had higher CRP levels (P <0.001) and lower serum phosphorus (P =0.033), serum magnesium (P=0.004), and albumin (P=0.002) levels. The prevalence rates of fracture history (P =0.002) and diabetes (P =0.006) were higher in the sarcopenia group than that in the nonsarcopenia group.


Table 1 | Demographic and clinical characteristics of participants.







Factors associated with sarcopenia

The above variables with P<0.1 were included in the multivariate logistical regression analysis. Age (OR=1.094, P <0.001), female sex (OR= 3.44, P =0.005), diabetes (OR=3.756, P =0.008), and CRP (OR=1.09, P =0.015) were independent risk factors for sarcopenia, and serum magnesium (OR=0.755, p=0.042) and BMI (OR=0.701, P <0.001) were protective factors for sarcopenia in our study, as shown in Table 2.


Table 2 | Factors associated with sarcopenia.







The prevalence of osteosarcopenia

Among the 209 patients, 103 patients completed the BMD assessment. According to the results, patients were divided into nonsarcopenia&nonosteoporosis (44.7%), osteoporosis alone (12.6%), sarcopenia alone (20.4%), and osteosarcopenia (22.3%). The characteristics of patients according to osteosarcopenia categories are described in Table 3. Osteosarcopenia patients had significantly higher rates of fracture history and mortality and a lower albumin level. Sarcopenia alone patients were older and had higher CRP levels and rates of diabetes. The 25(OH)D levels were significantly lower in osteoporosis alone patients.


Table 3 | Prevalence of patient classification based on osteosarcopenia.







Correlation between sarcopenia and osteoporosi

As described above, 63.9% (23/36) of patients with osteoporosis had sarcopenia in this cohort, and the risk of sarcopenia was 3.875-fold higher in patients with osteoporosis than in those without osteoporosis. There was a significant, positive correlation between ASMI and BMD of the lumbar spine (r = 0.346), femoral neck (r = 0.407), and total hip (r = 0.468) (P < 0.001 for all). Handgrip strength was significantly correlated with the BMD of the femoral neck (r = 0.296, P = 0.002) and total hip (r = 0.253, P = 0.011) but not with the BMD of the lumbar spine, as shown in Figure 2.




Figure 2 | The correlations between sarcopenia and osteoporosis Figure 1. (A) correlation between femoral neck BMD and ASMI; (B) correlation between total hip BMD and ASMI; (C) correlation between lumbar spine BMD and ASMI; (D) correlation between femoral neck BMD and handgrip strength; (E) correlation between total hip BMD and handgrip strength. (F) correlation between lumbar spine BMD and handgrip strength. BMD, Bone mineral density; ASMI, Appendicular skeletal muscle mass index.







Postoperative survival analysis

The respective proportions of patients in this study who died over a mean follow-up period of 35.15 ± 15.37 months were 13.0% for nonsarcopenia&nonosteoporosis, 15.4% for osteoporosis alone, 47.6% for sarcopenia alone, and 52.2% for osteosarcopenia. Cox proportional regression analysis showed that osteosarcopenia and sarcopenia alone had an increased hazard for mortality in unadjusted models. After adjustment for age and sex, the increase hazard was disappeared in sarcopenia alone, while remained significant for osteosarcopenia patients (HR=3.74, 95% CI: 1.172-11.938), even further adjusted dialysis vintage, diabetes, cardiovascular disease, and fracture history et. (shown in Table 4)


Table 4 | Cox regression models for mortality according to osteosarcopenia.








Discussion

The occurrence of sarcopenia in ESRD have attracted the worldwide attention nowadays (26, 27). Due to the different diagnostic criteria, there was great variability in the prevalence of sarcopenia in hemodialysis patients, approximately 13.7%-73.5% (28). A standardized diagnostic method for sarcopenia is important for clinical diagnosis and research in the future. According to the AWGS criteria, sarcopenia was diagnosed in 37.3% of the patients in our study, and 28% for male 50% for female respectively. Sex hormones on muscle function have been studied, different effects of androgens and estrogens lead to differences in skeletal muscle morphology and function. Testosterone is widely believed to affect muscle protein synthesis and muscular regeneration to increase muscle mass and strength (29, 30). The effect of estrogens on muscle is still in the exploratory phase, and the evidence that estrogen has a significant effect on muscle mass is lacking (31). Study have reported that estrogens have anti-catabolic effect on skeletal muscle, and hormone replacement therapy can preserve muscle mass (32). However, the effect of estrogen on skeletal muscle is not as well recognized as that of testosterone. HbA1c levels were found to be related to skeletal mass and to be an independent factor of sarcopenia in a multicenter cross-sectional study (33). Consistent with this study, the incidence of sarcopenia was higher in patients with diabetes, and diabetes was an independent contributor to sarcopenia in hemodialysis patients (34). However, the reason for the high incidence of sarcopenia in diabetic patients is not clear. One of the explanations is that insulin resistance is involved in skeletal muscle protein breakdown, and impaired insulin/IGF-I signaling could lead to a drop in phosphorylated Akt and muscle loss (35–37). Some studies reported that the level of insulin was inversely related to handgrip strength, and patients with insulin resistance had lower handgrip strength (38, 39). In addition to insulin, glucose may also be closely related to skeletal muscle maintenance, and hyperglycemia could inhibit muscle regeneration and accelerate sarcopenia (40). Serum magnesium was observed to be a protective factor against sarcopenia in our study. Magnesium is involved in the synthesis of protein and ATP and plays a key role in muscle metabolism and function (41, 42). A cross-sectional study including 396,283 participants also reported that higher serum magnesium was associated with lower odds of sarcopenia (43). Scott et al. investigated that magnesium supplementation was a positive predictor of change in muscle mass (β = 0.07, P=0.02), and it can ameliorate the progression of sarcopenia in older individuals (44). An observational study involving 156,575 patients and a cross-sectional study of 2570 women also showed that dietary magnesium is positively associated with skeletal muscle mass and grip strength (45, 46). Only one RCT including 139 healthy older women reported that 300 mg magnesium supplementation for 3 months would improve muscle mass (47). In the light of these studies, we expect more RCTs in the coming years to elucidate the effect of magnesium intake on sarcopenia.

It has been widely assumed that bone and skeletal muscle are interrelated tissues with shared mechanical and molecular mechanisms and are regulated by many common factors. Bone and muscle communicate in the “bone-muscle unit” through paracrine and endocrine signals to coordinate their development (48, 49). Bone metabolism disorder also accelerates the progression of sarcopenia in patients on MHD. The loss of muscle mass and function can also promote osteoporosis in reverse. In our study, skeletal muscle mass and strength were positively associated with BMD, while a correlation was not found between lumbar spine BMD and grip strength. This may be because aortic calcification is common in dialysis patients, which affects the measurement of lumbar spine BMD. Therefore, the lumbar spine is not a good site for bone density measurement in dialysis patients, especially those with aortic calcification. Our study showed that the rate of sarcopenia in patients with osteoporosis was 3.875 times than in those without osteoporosis. Yoshimura et al. found that patients with osteoporosis were 2.99 times more likely to develop sarcopenia than people without osteoporosis in four years (17). A systematic analysis of 38 studies including 224,321 participants suggested that sarcopenia increased the risk of osteoporosis by 3.06 times. In addition, this systematic analysis also included 7 trials involving 171,514 participants revealed that each standard deviation (SD) increase in relative appendicular skeletal muscle mass (RASM) was associated with a significant 35% reduction in osteoporosis risk (50). Ahn et al. reported that left hand grip strength was significantly associated with osteoporosis in female aged 60–69 years, while not found in aged 70 years and in the right hand (51).

Reduced muscle mass and strength, and low bone density are significantly associated with falls, fractures and mortality, which would contribute to a decline in the quality of life and an increase in the economic burden. Osteosarcopenia was proposed as a new concept to strengthen the awareness of healthy bone and muscle. At present, there are few studies on the epidemiology of osteosarcopenia, especially in hemodialysis patients. In our study, 22.3% of the patients presented with osteosarcopenia, higher than 5.8% in the general population and 17.2% in patients with kidney transplantation (52, 53). The age difference between osteosarcopenia and sarcopenia was smaller than that between osteoporosis patients, indicating that the progression from sarcopenia to osteosarcopenia is faster than that from osteoporosis. Muscle wasting could accelerate the loss of BMD; in terms of the pathological mechanism, mechanical contraction of muscles stimulates bone formation and prevents bone mineral loss (54, 55). Osteosarcopenia is a strong predictor of morbidity and mortality, as it could lead to lower quality of life and increased falls and fractures. A meta-analysis suggested that osteosarcopenia was significantly associated with the risk of mortality (OR 1.66, 95% CI 1.23–2.26), fracture (OR 2.46, 95% CI 1.83–3.30), and falls (OR 1.62, 95% CI 1.28–2.04) compared with nonosteosarcopenia (56). After adjusting for age, sex, diabetes, cardiovascular disease, and fracture history, osteosarcopenia remained an independent risk factor for all-cause mortality, while it disappeared in sarcopenia alone. Our study suggested that the coexistence of sarcopenia and osteoporosis increased the risk of all-cause death, meaning both bone and muscle are equally important. We expect more trials with large sample sizes to explore the prevalence of osteosarcopenia and its impact on fracture and death in hemodialysis patients.

Currently, scholars have a deep understanding of osteoporosis in dialysis patients, while the understanding and attention of sarcopenia, especially osteosarcopenia, are still insufficient. As a result, sarcopenia and osteoporosis tend to occur simultaneously for one person, and both are strongly associated with poor health outcomes. Therefore, attention should be given to muscle health as well as bone problems. Exercise and nutrition are critical to osteosarcopenia. The majority of studies have found that exercise may exert a beneficial effect on osteosarcopenia by improving muscle mass, strength and function, especially resistance training, which can increase the cross-sectional area and size of muscle fibers (57–59). A healthy diet plays an essential role in muscle and bone maintenance and preventing the progression of osteosarcopenia. It has been observed that proteins rich in leucine are more important in protein synthesis, and leucine supplementation increases anabolism and lean body mass (60, 61). For patients with dialysis, an increased amount of protein (1.0-1.2g/kg/day) is recommended (62). Vitamin D supplementation for sarcopenia remains controversial. Study has reported that 1,25-dihydroxyvitamin D can bind to vitamin D receptors on skeletal muscle to regulate the number and volume of type II muscle fibers and improve skeletal muscle strength and mass (63). A meta-analysis of 30 RCTs involving 5615 individuals showed that vitamin D supplementation had a small positive effect on muscle strength, but not found on muscle mass. And for people who presented low 25-hydroxyvitamin D level and aged 65 years or older, the effect on muscle strength was even more pronounced (64). While, a recent meta-analysis of 10 RCTs reported that vitamin D monotherapy did not improve any sarcopenia in ages >50 years old (65). We expect additional studies to explore it. Additionally, improving clinicians’ awareness of osteosarcopenia and testing muscle mass and grip strength along with bone mineral density examination will contribute to determining the presence of osteosarcopenia, taking effective intervention measures to prevent disease progression, and reducing the occurrence of poor outcomes.

Our study also had some limitations. First, our study was a single-center study with a small sample size; therefore, the study subjects cannot be generalized to all hemodialysis patients. Second, the results of the BIA test were affected by body water, and although the BIA test was performed after dialysis, it may still affect the measurement.





Conclusion

Sarcopenia is highly present in MHD patients and is also consistently positively associated with osteoporosis. Osteosarcopenia is not rare and has a greater risk of mortality than either sarcopenia alone or osteoporosis alone. Early comprehensive evaluation and treatment of bone disorders and muscle mass and function loss is necessary. In addition, more clinical trials on the influence of osteosarcopenia and therapeutic interventions for muscle anabolism and bone disorders in dialysis patients are needed in the future.
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Introduction

We conducted a systematic review and meta-analysis to investigate the effect of exercise training on body composition outcomes in postmenopausal women.





Methods

PubMed, Web of Science, CINAHL, and Medline were searched to identify the randomized controlled trials which evaluated effect of exercise training versus control in postmenopausal women. Standardized mean differences (SMD), weighted mean differences (WMD) and 95% confidence intervals (95% CIs) were calculated using random effects model.





Results

One hundred and one studies involving 5,697 postmenopausal women were included in the meta-analysis. Results indicated that exercise training effectively increased muscle mass/ volume, muscle and fiber cross-sectional area and fat-free mass, and decreased fat mass, body fat percentage, waist circumference and visceral fat. Furthermore, subgroup analyses results revealed that aerobic and combined training had greater beneficial effects on fat mass outcomes, whereas resistance and combined training had greater beneficial effects on muscle mass outcomes.





Discussion

Overall, our results revealed that exercise training is effective for improving body composition in postmenopausal women. To be specific, aerobic training is effective on fat loss, whereas resistance training is effective on muscle gain. However, combination of aerobic and resistance trainings may be considered a viable strategy to improve body composition in postmenopausal women.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42021283425.





Keywords: exercise training, body composition, fat mass, muscle mass, menopause





Introduction

The postmenopausal phase in women is a critical stage of aging represented by unavoidable changes in the production of endogenous sex hormones, and results hormonal imbalance (1–3). These hormonal changes are associated with increased risks for developing obesity, metabolic syndrome, type 2 diabetes mellitus, and cardiovascular diseases (CVD) (4–6). During the postmenopausal stage, women may experience a series of physiological changes in several cardiometabolic health outcomes (7, 8). Some of the common changes include increased body weight and fat mass, especially redistribution of body fat toward abdominal areas, which contributes to the development of negative cardiometabolic outcomes (9–11). In this regard, menopausal age in women may be associated with increased prevalence of obesity and obesity-related disorders, including metabolic syndrome (12). In the United States, the prevalence of obesity is approximately 65% among women aged 40 to 65 years (13).

Insufficient physical activity is associated with poor menopausal outcomes and increased health risk during the postmenopausal stage of life (14), while lifestyle interventions with either type of exercise is appropriate and effective in promoting the physiological or psychological outcomes in postmenopausal women (15). As a non-pharmacological strategy, exercise training has been shown to be effective, safe, and important to attenuate the age-induced health adversities, and may attribute to improve cardiometabolic outcomes (16, 17). The beneficial effects of exercise intervention are mainly relied on the type of exercise. Resistance training (RT) is known for improving the muscle strength and mass, as well as benefitting the sarcopenia-related phenotypes (18–21). Aerobic training (AT) is known for improving pulmonary function and decreasing fat mass, especially visceral fat in older adults (22–24). However, it is claimed that AT also improves muscle function and lead to skeletal muscle hypertrophy. Therefore, AT also considered as a viable training method to combat sarcopenia in the elderly population (25–27). Besides, previous meta-analyses have confirmed the beneficial effects of RT on muscle mass (28, 29) and AT on fat mass (22) in older adults.

Although several meta-analyses have explored the effects of exercise training in older adults, yet no meta-analysis focused on postmenopausal women and their physical fitness status. Given that this population is affected by hormonal imbalance during aging, such hormonal changes are associated with poor outcomes in health and fitness related variables. The aim of this systematic review and meta-analysis was to elucidate the effects of exercise training on body composition, including muscle mass, fat-free mass (FFM), fat mass, body fat percentage, waist circumference, and visceral fat in postmenopausal women. Subgroup analyses were conducted for the variables, including age of participants, and duration and type of exercise training (aerobic, resistance, and combined) to identify the influential variable and to emphasize the practical and clinical importance of exercise.





Methods

This systematic review and meta-analysis was conducted in accordance with the latest guidelines of Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) (30), and the Cochrane Handbook of Systematic Reviews of Interventions (31). This study was registered with PROSPERO International prospective register of systematic reviews (ID: CRD42021283425).




Systematic search strategy

A systematic search was conducted in electronic databases, including PubMed, Web of Science, CINAHL, and Medline for research published from inception to October 2021 to identify original articles using the following search strategy: (“menopausal” or “post menopause” or “post-menopause” or “menopause” or “elderly women” or “older women”) AND (“exercise” or “exercise training” or “physical activity”). The search strategy was adapted for each database and was conducted using “AND” and “OR” Boolean operators. When available in the respective databases, limitations were applied for English language, human participants, article/document type, and randomized controlled trials. In addition, reference lists of all retrieved records and previous meta-analyses (32, 33) were screened for relevant articles. After removing duplicate publications, the titles, abstracts, and keywords of the remaining studies were screened to assess the study eligibility for full-text review against inclusion and exclusion criteria. Then, the full-texts of the studies that met criteria were further screened. The search strategy and screening processes were conducted independently by two authors (AM and MS), and any disagreements were resolved through discussion with another author (MKh).





Inclusion and exclusion criteria

According to the PRISMA latest guidelines (30) and our study purpose, we have followed these criteria to include or exclude the articles. Inclusion criteria were as follows: (a) English language, peer-reviewed articles; (b) randomized controlled trials that included exercise training versus non-exercise (control) groups; (c) studies on postmenopausal women; (d) studies measured the main outcomes at baseline and post-intervention; and (e) intervention durations ≥ 4 weeks. In order to maximize generalizability, participants included middle-aged to older women who were postmenopausal, ranging from healthy (absence of disease diagnosis) to frail with chronic diseases. Exercise training modalities included any mode of exercise training, such as aerobic training, resistance training, combined training, functional training, yoga, high-intensity interval training (HIIT) and Tai chi. For the main outcomes, studies were included that measured at least one of the following body composition item: muscle mass and volume, muscle and fiber cross-sectional area (CSA), fat-free mass (FFM) (or lean mass if FFM was not available), fat mass, body fat percentage, waist circumference, and visceral fat. Body composition outcomes were measured by magnetic resonance imaging (MRI), computerized tomography (CT), ultrasound, densitometry, dual energy X-ray absorptiometry (DXA), hydro-densitometry, or In-body and/or whole-body air plethysmography (BodPod) (34). Waist circumference was measured by tape and recorded in cm or inches. Exclusion criteria include non-English, non-full text articles (conference abstracts), intervention with a duration of less than 4 weeks, and non-original studies.





Data extraction and synthesis

Two reviewers (A H M and M H S) independently extracted the following data from each included study: 1) study characteristics, including study design and year of publication; 2) participant characteristics, including sample size, biological sex, health status, age, and body mass index (BMI); 3) intervention characteristic, including training type, intensity, frequency, duration; and supervision of exercise sessions; 4) outcome variables and assessment methodologies; 5) pre- and post-intervention means and standard deviations (SD), or mean changes and their SD values for outcomes. When required, the means and SDs were calculated from the reported standard errors, medians, ranges and/or interquartile ranges as described previously (31, 35, 36). In addition, when required, Getdata Graph Digitizer software was used for extracting data from figures (37). For studies with multiple intervention arms, all comparisons were included and subsequently the sample size of the repeated intervention was divided by the number of comparisons to avoid double counting. Furthermore, for studies that did not provide sufficient information, we have contacted the corresponding author of the relevant articles.





Quality assessment and sensitivity analysis

The methodological quality for each included study was assessed by two independent reviewers (AM and MS) using the Physiotherapy Evidence Database (PEDro) tool (38), and any disagreements were resolved through discussion with another author (MKh). This tool examined the following domains: eligibility criteria, random allocation of participants, allocation concealment, group similarity at baseline, blinding of participants, blinding of intervention providers, assessors blinded, outcome measures assessed in 85% of participants, intention-to-treat analysis, reporting of between groups statistical comparisons and point measures, and measures of variability reported for main effects. However, we excluded 2 items including blinding of participants and intervention providers because these could not feasibly be blinded with regard to assigned exercise conditions during studies, and this may not influence the quality of studies (39). Therefore, study quality was assessed based on the remaining 9 items. Each source of bias was judged as low, high, or unclear (due to insufficient detail) (Supplementary Table 2). In addition, sensitivity analyses were performed by omitting each study individually to determine whether results changed significantly.





Statistical analysis

Meta-analysis was conducted using random effects models using the DerSimonian and Laird approach (39) to calculate standardized mean differences (SMD) or weighted mean differences (WMD) and 95% confidence intervals (CIs) for comparing the effects of exercise training versus control on muscle mass and volume, muscle and fiber CSA, FFM, fat mass, body fat percentage, visceral fat mass, and waist circumference. In addition, several sub-group analyses were performed based on age (middle-aged: <65yrs and older adults: ≥65yrs), type of training (aerobic, resistance, combined) and intervention duration (medium-term: ≤16 weeks, long-term: >16 weeks). Subgroup analyses were performed when there were more than 3 interventions for each subgroup. Interpretation of effect sizes was conducted using Cochrane guidelines as follows: 0.20–0.49 indicating small effect size, 0.5–0.79 indicating medium effect size, and >0.8 indicating large effect size (40). Statistical heterogeneity was evaluated using Cochran Q tests and I2 statistics as follows: 25% indicating low heterogeneity, 50% indicating moderate heterogeneity, and 70% indicating high heterogeneity (41). Publication bias was assessed with visual interpretation of funnel plots and Egger’s tests as secondary determinants of bias at a cut-point of p<0.10 (42). In addition, trim and fill correction was used to address the potential effects of publication bias where relevant (43).






Results




Included study characteristics

The search strategy retrieved 990 records from PubMed, 1,290 records from Web of Science, 942 records from CINAHL, and 1,292 records from MEDLINE. After examination for duplicates, 1,998 articles were excluded, and then 2,223 articles were excluded after reviewing the titles and abstracts. A total of 294 articles were identified for full-text assessment based on inclusion and exclusion criteria. An additional 196 articles were excluded due to the reasons presented in Figure 1. Finally, 101 articles of randomized controlled trials with parallel arm-trials were included in the meta-analysis (Figure 1).




Figure 1 | Flow diagram of systematic literature search.







Participant characteristics

A total of 5,697 postmenopausal women were included in the meta-analysis. The mean age of participants was ranged from 51 to ~89 yrs., and the mean BMI was ranged from 21 to 34 kg.m2. Sample size of individual studies was ranged from 14 to 320 participants. To increase the generalizability of our meta-analysis results, postmenopausal women regardless of their health status, comprised a wide range of health (absence of disease) and chronic disease characteristics (metabolic diseases, cardiovascular diseases, cancer, and osteoporosis) were included. Full details of participant characteristics are summarized in Supplementary Table 1.





Intervention characteristics

Exercise training characteristics are summarized in Supplementary Table 1. All included studies compared the effects of exercise training versus a control group using random allocation. Intervention durations of included studies was ranged from 4 weeks to 18 months, while frequency of exercise sessions was ranged from 1 to 7 per week, with three sessions being the most common. For type of exercise training, most of the included studies conducted aerobic, resistance, or combined training, and others used water-based exercise, yoga, Tai chi, Pilates, yoga and Korean dance, and functional training. Exercise training was supervised in several studies, while other studies followed both supervised and unsupervised exercise training during the intervention period. However, supervision details were not clearly reported in few studies.





Meta-analysis




Body composition




Muscle mass

Based on 26 intervention arms, exercise training increased muscle mass/volume (SMD: 0.26; 95% CI: 0.13, 0.39; P=0.001) (Figure 2). There was no significant heterogeneity amongst the included studies (I2 = 0.00%; p=0.99). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicate bias was present (p=0.35). After accounting missing studies (5 studies) with the trim and fill method, the overall change was 0.20 (95% CI: 0.08, 0.32). In addition, sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant increase in muscle mass in middle-aged (SMD: 0.26, p=0.01) and older adults (SMD: 0.26, p=0.001), with resistance training (SMD: 0.27, p=0.001), combined training (SMD: 0.26, p=0.02), in medium-term interventions (SMD: 0.26, p=0.002) and long-term interventions (SMD: 0.26, p=0.008) (Supplementary Table 3).




Figure 2 | Forest plot of the effects of exercise training versus control on muscle mass. Data are reported as SMD (95% confidence limits). SMD, standardized mean difference.







Muscle and fiber CSA

Based on 15 intervention arms, exercise training increased muscle and fiber CSA (SMD: 0.50; 95% CI: 0.25, 0.75; P=0.001) (Figure 3). There was no significant heterogeneity amongst included studies (I2 = 0.00%; p=0.49). Visual interpretation of funnel plots did not suggest publication bias, but the Egger’s test did indicate that bias was likely (p=0.002). In addition, sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant increase in muscle mass in older adults (SMD: 0.59, p=0.001), with resistance training (SMD: 0.57, p=0.001), in medium-term interventions (SMD: 0.64, p=0.02) and long-term interventions (SMD: 0.44, p=0.005) (Supplementary Table 3).




Figure 3 | Forest plot of the effects of exercise training versus control on muscle and fiber CSA. Data are reported as SMD (95% confidence limits). SMD, standardized mean difference.







FFM

Based on 56 intervention arms, exercise training increased FFM (WMD: 0.66 kg; 95% CI: 0.50, 0.81; P=0.001) (Figure 4). There was no significant heterogeneity amongst included studies (I2 = 0.00%; p=0.62). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicate bias was present (p=0.18). After accounting missing studies (6 studies) with the trim and fill method, the overall change was 0.66 kg (95% CI: 0.45, 0.87). In addition, sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant increase in FFM mass in middle-aged (WMD: 0.71 kg, p=0.001) and older adults (WMD: 0.86 kg, p=0.001), with resistance training (WMD: 0.90 kg, p=0.001), combined training (WMD: 0.68 kg, p=0.001), water-based training (WMD: 2.49 kg, p=0.005), in medium-term interventions (WMD: 0.83 kg, p=0.001) and long-term interventions (WMD: 0.79 kg, p=0.001) (Supplementary Table 3).




Figure 4 | Forest plot of the effects of exercise training versus control on FFM. Data are reported as WMD (95% confidence limits). WMD, weighted mean difference.







Fat mass

Based on 43 intervention arms, exercise training decreased fat mass (WMD: -1.27 kg; 95% CI: -1.93, -0.62; P=0.001) (Figure 5). There was significant heterogeneity amongst included studies (I2 = 56.46%; p=0.001). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicate bias was present (p=0.54). After accounting missing studies (16 studies) with the trim and fill method, the overall change was -2.63 kg (95% CI: -2.63, -1.38). Sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant decrease in fat mass in middle-aged adults (WMD: -1.15, p=0.001), with aerobic training (WMD: -1.94, p=0.001), in medium-term interventions (WMD: -1.17, p=0.002), and long-term interventions (WMD: -1.24, p=0.02) (Supplementary Table 3).




Figure 5 | Forest plot of the effects of exercise training versus control on fat mass. Data are reported as WMD (95% confidence limits). WMD, weighted mean difference.







Body fat percentage

Based on 85 intervention arms, exercise training decreased body fat percentage (WMD: -1.86%; 95% CI: -2.42, -1.29; P=0.001) (Figure 6). There was significant heterogeneity amongst included studies (I2 = 77.20%; p=0.001). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicate bias was present (p=0.59). After accounting missing studies (28 studies) with the trim and fill method, the overall change was -2.59% (95% CI: -3.11, -2.06). In addition, sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant decrease in fat percentage in middle-aged adults (WMD: -1.92%, p=0.001) and older adults (WMD: -1.76%, p=0.001), with resistance training (WMD: -1.20%, p=0.001), aerobic training (WMD: -1.68%, p=0.001), combined training (WMD: -2.24%, p=0.001), in medium-term interventions (WMD: -1.79%, p=0.001) and long-term interventions (WMD: -1.82%, p=0.001) (Supplementary Table 3).




Figure 6 | Forest plot of the effects of exercise training versus control on body fat percentage. Data are reported as WMD (95% confidence limits). WMD, weighted mean difference.







Waist circumference

Based on 26 intervention arms, exercise training decreased waist circumference (WMD: -1.45 cm; 95% CI: -2.05, -0.83; P=0.001) (Figure 7). There was no significant heterogeneity amongst included studies (I2 = 0.00%; p=0.79). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicated that bias was present (p=0.63). After accounting missing studies (3 studies) with the trim and fill method, the overall change was -1.35 cm (95% CI: -1.96, -0.74). In addition, sensitivity analysis by omitting individual studies showed that significance did not change. Subgroup analyses revealed a significant decrease in waist circumference in middle-aged (WMD: -1.42 cm, p=0.001), older adults (WMD: -1.50 cm, p=0.04), with aerobic training (WMD: -2.30 cm, p=0.001), combined training (WMD: -1.66 cm, p=0.03), in medium-term interventions (WMD: -2.69 cm, p=0.001) and long-term interventions (WMD: -1.18 cm, p=0.002) (Supplementary Table 3).




Figure 7 | Forest plot of the effects of exercise training versus control on waist circumference. Data are reported as WMD (95% confidence limits). WMD, weighted mean difference.







Visceral fat

Based on 11 intervention arms, exercise training decreased visceral fat (SMD: -0.38; 95% CI: -0.62, -0.14; P=0.002) (Figure 8). There was significant heterogeneity amongst included studies (I2 = 53.64%; p=0.01). Visual interpretation of funnel plots suggested publication bias, but the Egger’s test did not indicate bias was present (p=0.61). After accounting missing studies (1 studies) with the trim and fill method, the overall change was -0.34 (95% CI: -0.59, -0.10). In addition, sensitivity analysis by omitting individual studies showed that significance did not change.




Figure 8 | Forest plot of the effects of exercise training versus control on visceral fat. Data are reported as SMD (95% confidence limits). SMD, standardized mean difference.










Discussion

In this meta-analysis with a large sample size, we have assessed the effects of exercise training on body composition, including muscle mass, muscle and fiber CSA, lean mass or fat-free mass, fat mass, body fat percentage, waist circumference, and visceral fat in postmenopausal women. Our main findings revealed that exercise training positively influenced the body composition components, including muscle mass, muscle fiber CSA, FFM, fat mass, body fat percentage, waist circumference, and visceral fat in postmenopausal women. Greater beneficial effects on fat mass outcomes were evidenced with aerobic training, whereas greater beneficial effects on muscle mass outcomes were reported with resistance training. In addition, a majority of these beneficial effects appears to be occurred with medium- and long-term interventions and also in middle-aged and older postmenopausal women.




Muscle mass outcomes

The loss of muscle mass is considered to be an important contributor of strength loss in older adults with advancing age (44). Menopausal period is associated with loss of muscle mass and muscle strength, which may progress to sarcopenia over a period of time (45), and this phenomenon is primarily linked with natural decrease of estrogen in postmenopausal women (46–48). Natural decline in estrogen was reported to cause endocrine dysfunction, metabolic syndrome, decreased bone mass density, muscle mass and strength, and increased visceral fat mass (45, 48). Nevertheless, loss of muscle mass due to age cannot be ruled-out as older men also represented with higher prevalence of sarcopenia. Previous studies have shown sex-specific absolute loss of muscle loss, where elderly men are likely to have more muscle mass than elderly women, but tend to lose muscle mass faster (49–51). Although men experienced greater loss of absolute muscle mass, women experienced greater decrements in muscle quality (52). In this context, either type of exercise training is a practical strategy to prevent or delay the age-induced loss of muscle mass in men and women.

Previous reviews and meta-analyses have determined the effectiveness of exercise training and indicated that exercise is a one of the best approach to prevent and treat the muscle weakness in older adults (53–56), however less is known about such benefits among postmenopausal women specifically. Of particular importance for postmenopausal women with a high risk for sarcopenia, our results confirmed the positive effects of exercise training on muscle mass. Although aerobic training may also have minimal effects on muscle size (57), our results suggested that resistance training is important for increasing muscle mass, and did not indicate significant increases for aerobic training interventions. Nevertheless, combined training was similarly effective as compared with resistance training. These results are consistent with previous meta-analyses indicating that resistance training increased muscle mass in older adults and even very old adults (28, 56). Although older men may gain more absolute muscle size in response to resistance exercise training, there are no biological sex differences in relative muscle strength gains (54). The similar adaptations may be due to the fact that neither protein synthesis nor mTOR signaling differ between the biological sexes following resistance training (54). Our results indicate that combined training is also effective for increasing muscle mass and FFM, suggesting that in postmenopausal women, muscle mass development can also be improved by combining resistance training with aerobic training. In addition, our results suggested that muscle mass and FFM were increased irrespective of age groups in postmenopausal women. These adaptions are consistent with previous reviews suggesting the positive effects of resistance training in middle-aged, older, and very old adults (28, 56, 58). In addition, subgroup analysis based on intervention duration (medium-term: <16 weeks and long-term: ≥16 weeks), increased muscle mass and FFM occurred regardless of intervention duration. This results shows that exercise training with duration <16 weeks can be also important for improving muscle. However, it should be noted that muscle fiber CSA results should be interpreted with caution due to the small number of studies in some subgroups.





Fat mass outcomes

Despite the fact that exercise training is effective in reducing the fat mass, evidence regarding the types of exercise training in postmenopausal women is scarce. Although exercise training combined with diet has been shown to be an effective strategy for weight loss and fat mass reduction, regardless of exercise type, some systematic reviews and meta-analyses concluded that exercise interventions effectively reduced fat mass (59–63). In general, our results suggested that exercise training is effective for reducing the adiposity markers including fat mass, body fat percentage, visceral fat, and waist circumference. The potential mechanism for reductions in adiposity are related to altered energy balance where energy is expended during exercise as well as shortly after exercise as the body recovers, and increases in resting metabolic rate that follow increased lean body mass (64). However, it is important to note that the type of exercise is important as a moderator of the effectiveness of exercise training on fat mass. In this regard, previous systematic reviews have shown that aerobic training is more effective in reducing body weight, fat mass, and waist circumference when compared to resistance training in individuals with BMIs ≥ 25 kg/m2 (65). In line with a systematic review conducted by Schwingshackl and colleagues (65), our results confirmed that aerobic training was effective in reducing fat mass, with small effects for resistance training (-0.45 kg) and not reaching statistical significance (p=0.06). Reductions in fat mass and related indicators following aerobic training interventions may be due to energy expenditure during the exercise bouts, which is likely to be higher as compared with resistance training (65, 66). In addition, we found that both aerobic and resistance trainings are effective in reducing body fat percentage. However, it should be noted that body fat percentage, particularly following resistance training interventions may include reduced fat mass as well as increased FFM, and our results also showed a significant increase in FFM with resistance training. Furthermore, we found that aerobic training is effective in reducing waist circumference and visceral fat, which was not the case for resistance training with regard to waist circumference. Visceral fat is known to be an important risk factor for many chronic diseases such as type 2 diabetes and cardiovascular diseases (60). In addition, waist circumference is considered as a surrogate clinical measure for visceral (abdominal) fat mass (67). In our study, there were a small number of studies that determined visceral fat, and therefore we could not perform subgroup analysis. But subgroup analysis based on exercise type, revealed significant reductions in waist circumference (-2.30 cm) occurred with aerobic training. The results for aerobic training were obtained from 3 studies, whereas there were 16 studies included for resistance exercise, which should be considered when interpreting the results. Furthermore, our results indicated that combined training is effective for decreasing body fat percentage and waist circumference, suggesting that this type of training may be a suitable strategy for optimization of the combination of both fat loss and muscle gain in postmenopausal women. For better understanding the role of participants’ age and intervention duration on exercise-induced fat loss, subgroup analyses were conducted, and found that fat loss adaptations following training occurred regardless of age and intervention duration. These results are important, especially regarding age factor, indicating the effectiveness of exercise training for postmenopausal women at any age. Exercise training is also considered to be effective intervention for improving musculoskeletal health by a positive effect on bone mineral density (68, 69). Given that the increase in fat mass and the loss LBM affects on bone mineral density in postmenopausal women (70), exercise training may have a positive effect on bone mineral density by improving body composition.





Limitations

Our study has limitations that should be considered when interpreting the results. For outcome assessments, included studies measured body composition using different methods, which may lead to differences in reported results. There were significant heterogeneities among included studies with respect to some outcomes that may be due to differences in exercise interventions, participant characteristics, and the quality of the included studies. We did not include any limitations regarding the health of participants, and non-communicable chronic diseases such as obesity and type 2 diabetes may influence exercise training adaptations. In addition, we did not include any limitations on the age of participants. However, we performed subgroup analysis on middle-aged and older adults, showing positive effects of exercise regardless of age. Finally, we did not include bone mineral density as a outcomes






Conclusions

The current systematic review and meta-analysis demonstrated that exercise training is effective in improving the body composition in postmenopausal women, represented by increased muscle mass and decreased fat mass, regardless of age and intervention duration. In addition, our results confirmed that aerobic exercise is more beneficial on fat loss, while resistance exercise is more beneficial on muscle gain. Since body composition includes both lean and fat tissue, a combination of aerobic and resistance exercise may be beneficial to promote overall health among older women. Additional studies on the effectiveness of combined training in postmenopausal women depends on their physical fitness may be necessary before recommendations.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.





Author contributions

MKh, AM, MS, MP, SR, MKo and YL conceived and designed the study. MKh, AM, MS, HB and ME extracted the data. MKh, AM, MS, MKo and YL analyzed the data and completed the initial draft of the results. MKh, MKo and YL drafted the initial manuscript. And SR, MP, MKo and YL revised the manuscript. All authors approved the final version of the manuscript.





Funding

This study was supported by the Public Welfare Project of Jinhua City, Science and Technology Research Plan/Public Health and Reproductive Health (grant number: 2021-4-228), and Jinhua Maimiao Education Technology Co., Ltd., (grant number: KYH06Y21383), Zhejiang province, China. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1183765/full#supplementary-material




References

1. Au, A, Feher, A, McPhee, L, Jessa, A, Oh, S, and Einstein, G. Estrogens, inflammation and cognition. Front Neuroendocrinol (2016) 40:87–100. doi: 10.1016/j.yfrne.2016.01.002

2. Straub, RH. The complex role of estrogens in inflammation. Endocrine Rev (2007) 28(5):521–74. doi: 10.1210/er.2007-0001

3. Messier, V, Rabasa-Lhoret, R, Barbat-Artigas, S, Elisha, B, Karelis, AD, and Aubertin-Leheudre, M. Menopause and sarcopenia: a potential role for sex hormones. Maturitas (2011) 68(4):331–6. doi: 10.1016/j.maturitas.2011.01.014

4. Biglia, N, Cagnacci, A, Gambacciani, M, Lello, S, Maffei, S, and Nappi, R. Vasomotor symptoms in menopause: a biomarker of cardiovascular disease risk and other chronic diseases? Climacteric (2017) 20(4):306–12. doi: 10.1080/13697137.2017.1315089

5. Pfeilschifter, J, Köditz, R, Pfohl, M, and Schatz, H. Changes in proinflammatory cytokine activity after menopause. Endocrine Rev (2002) 23(1):90–119. doi: 10.1210/edrv.23.1.0456

6. Auro, K, Joensuu, A, Fischer, K, Kettunen, J, Salo, P, Mattsson, H, et al. A metabolic view on menopause and ageing. Nat Commun (2014) 5(1):1–11. doi: 10.1038/ncomms5708

7. Polotsky, HN, and Polotsky, AJ. Metabolic implications of menopause. In: Seminars in reproductive medicine. Thieme Medical Publishers (2010).

8. Khalafi, M, Sakhaei, MH, Maleki, AH, Rosenkranz, SK, Pourvaghar, MJ, Fang, Y, et al. Influence of exercise type and duration on cardiorespiratory fitness and muscular strength in post-menopausal women: a systematic review and meta-analysis. Front Cardiovasc Med (2023) 10. doi: 10.3389/fcvm.2023.1190187

9. Poehlman, ET, Toth, MJ, and Gardner, AW. Changes in energy balance and body composition at menopause: a controlled longitudinal study. Ann Internal Med (1995) 123(9):673–5. doi: 10.7326/0003-4819-123-9-199511010-00005

10. Abildgaard, J, Ploug, T, Al-Saoudi, E, Wagner, T, Thomsen, C, Ewertsen, C, et al. Changes in abdominal subcutaneous adipose tissue phenotype following menopause is associated with increased visceral fat mass. Sci Rep (2021) 11(1):1–12. doi: 10.1038/s41598-021-94189-2

11. Abildgaard, J, Danielsen, ER, Dorph, E, Thomsen, C, Juul, A, Ewertsen, C, et al. Ectopic lipid deposition is associated with insulin resistance in postmenopausal women. J Clin Endocrinol Metab (2018) 103(9):3394–404. doi: 10.1210/jc.2018-00554

12. Kozakowski, J, Gietka-Czernel, M, Leszczyńska, D, and Majos, A. Obesity in menopause - our negligence or an unfortunate inevitability? Prz Menopauzalny (2017) 16(2):61–5. doi: 10.5114/pm.2017.68594

13. Flegal, KM, Carroll, MD, Ogden, CL, and Curtin, LR. Prevalence and trends in obesity among US adults, 1999-2008. Jama (2010) 303(3):235–41. doi: 10.1001/jama.2009.2014

14. Mendoza, N, De Teresa, C, Cano, A, Godoy, D, Hita-Contreras, F, Lapotka, M, et al. Benefits of physical exercise in postmenopausal women. Maturitas (2016) 93:83–8. doi: 10.1016/j.maturitas.2016.04.017

15. Perez, KS, and Garber, CE. Exercise prescription for the menopausal years: promoting and enhancing well-being. ACSM's Health Fitness J (2011) 15(3):8–14. doi: 10.1249/FIT.0b013e3182160f2f

16. Chodzko-Zajko, WJ, Proctor, DN, Singh, MAF, Minson, CT, Nigg, CR, Salem, GJ, et al. Exercise and physical activity for older adults. Med Sci sports exercise (2009) 41(7):1510–30. doi: 10.1249/MSS.0b013e3181a0c95c

17. Nelson, ME, Rejeski, WJ, Blair, SN, Duncan, PW, Judge, JO, King, AC, et al. Physical activity and public health in older adults: recommendation from the American college of sports medicine and the American heart association. Circulation. (2007) 116(9):1094. doi: 10.1249/mss.0b013e3180616aa2

18. Oliveira, PFA, Gadelha, AB, Gauche, R, Paiva, FML, Bottaro, M, Vianna, LC, et al. Resistance training improves isokinetic strength and metabolic syndrome-related phenotypes in postmenopausal women. Clin Interv Aging (2015) 10:1299. doi: 10.2147/CIA.S87036

19. Suetta, C, Andersen, JL, Dalgas, U, Berget, J, Koskinen, S, Aagaard, P, et al. Resistance training induces qualitative changes in muscle morphology, muscle architecture, and muscle function in elderly postoperative patients. J Appl Physiol (2008) 105(1):180–6. doi: 10.1152/japplphysiol.01354.2007

20. Hunter, GR, McCarthy, JP, and Bamman, MM. Effects of resistance training on older adults. Sports Med (2004) 34(5):329–48. doi: 10.2165/00007256-200434050-00005

21. Fragala, MS, Fukuda, DH, Stout, JR, Townsend, JR, Emerson, NS, Boone, CH, et al. Muscle quality index improves with resistance exercise training in older adults. Exp Gerontol (2014) 53:1–6. doi: 10.1016/j.exger.2014.01.027

22. Huang, G, Gibson, CA, Tran, ZV, and Osness, WH. Controlled endurance exercise training and VO2max changes in older adults: a meta-analysis. Prev Cardiol (2005) 8(4):217–25. doi: 10.1111/j.0197-3118.2005.04324.x

23. Bouaziz, W, Kanagaratnam, L, Vogel, T, Schmitt, E, Dramé, M, Kaltenbach, G, et al. Effect of aerobic training on peak oxygen uptake among seniors aged 70 or older: a meta-analysis of randomized controlled trials. Rejuvenation Res (2018) 21(4):341–9. doi: 10.1089/rej.2017.1988

24. O’Leary, VB, Marchetti, CM, Krishnan, RK, Stetzer, BP, Gonzalez, F, and Kirwan, JP. Exercise-induced reversal of insulin resistance in obese elderly is associated with reduced visceral fat. J Appl Physiol (2006) 100(5):1584–9. doi: 10.1152/japplphysiol.01336.2005

25. Harber, MP, Konopka, AR, Undem, MK, Hinkley, JM, Minchev, K, Kaminsky, LA, et al. Aerobic exercise training induces skeletal muscle hypertrophy and age-dependent adaptations in myofiber function in young and older men. J Appl Physiol (2012) 113(9):1495–504. doi: 10.1152/japplphysiol.00786.2012

26. Harber, MP, Konopka, AR, Douglass, MD, Minchev, K, Kaminsky, LA, Trappe, TA, et al. Aerobic exercise training improves whole muscle and single myofiber size and function in older women. Am J Physiology-Regulatory Integr Comp Physiol (2009) 297(5):R1452–R9. doi: 10.1152/ajpregu.00354.2009

27. Konopka, AR, Douglass, MD, Kaminsky, LA, Jemiolo, B, Trappe, TA, Trappe, S, et al. Molecular adaptations to aerobic exercise training in skeletal muscle of older women. Journals gerontology Ser: Biomed Sci Med Sci (2010) 65(11):1201–7. doi: 10.1093/gerona/glq109

28. Peterson, MD, Rhea, MR, Sen, A, and Gordon, PM. Resistance exercise for muscular strength in older adults: a meta-analysis. Ageing Res Rev (2010) 9(3):226–37. doi: 10.1016/j.arr.2010.03.004

29. Peterson, MD, Sen, A, and Gordon, PM. Influence of resistance exercise on lean body mass in aging adults: a meta-analysis. Med Sci Sports Exercise (2011) 43(2):249. doi: 10.1249/MSS.0b013e3181eb6265

30. Moher, D, Liberati, A, Tetzlaff, J, Altman, DG, and PRISMA Group* t. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Ann Internal Med (2009) 151(4):264–9. doi: 10.7326/0003-4819-151-4-200908180-00135

31. Higgins, JP, Thomas, J, Chandler, J, Cumpston, M, Li, T, Page, MJ, et al. Cochrane handbook for systematic reviews of interventions. John Wiley & Sons (2019).

32. Khalafi, M, Malandish, A, and Rosenkranz, SK. The impact of exercise training on inflammatory markers in postmenopausal women: a systemic review and meta-analysis. Exp Gerontology (2021) 150:111398. doi: 10.1016/j.exger.2021.111398

33. Khalafi, M, and Symonds, ME. Impact of exercise training plus caloric restriction on cardiometabolic health in menopausal women who are overweight or obese: A meta-analysis. Sci Sports (2023) 38(2):116–26.

34. Morton, RW, Murphy, KT, McKellar, SR, Schoenfeld, BJ, Henselmans, M, Helms, E, et al. A systematic review, meta-analysis and meta-regression of the effect of protein supplementation on resistance training-induced gains in muscle mass and strength in healthy adults. Br J Sports Med (2018) 52(6):376–84. doi: 10.1136/bjsports-2017-097608

35. Wan, X, Wang, W, Liu, J, and Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodology (2014) 14(1):135. doi: 10.1186/1471-2288-14-135

36. Hozo, SP, Djulbegovic, B, and Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med Res methodology (2005) 5(1):13. doi: 10.1186/1471-2288-5-13

37. Weston, M, Taylor, KL, Batterham, AM, and Hopkins, WG. Effects of low-volume high-intensity interval training (HIT) on fitness in adults: a meta-analysis of controlled and non-controlled trials. Sports Med (2014) 44:1005–17. doi: 10.1007/s40279-014-0180-z

38. Maher, CG, Sherrington, C, Herbert, RD, Moseley, AM, and Elkins, M. Reliability of the PEDro scale for rating quality of randomized controlled trials. Phys Ther (2003) 83(8):713–21. doi: 10.1093/ptj/83.8.713

39. Khalafi, M, Sakhaei, H, Kheradmand, S, Symonds, ME, and Rosenkranz, SK. The impact of exercise and dietary interventions on circulating leptin and adiponectin in individuals who are overweight and those with obesity: a systematic review and meta-analysis. Adv Nutr (Bethesda Md) (2022) 14(1):128–46. doi: 10.1016/j.advnut.2022.10.001

40. Cohen, J. Statistical power analysis for the behavioral sciences. Academic press (2013).

41. Higgins, JP, Thompson, SG, Deeks, JJ, and Altman, DG. Measuring inconsistency in meta-analyses. Bmj (2003) 327(7414):557–60. doi: 10.1136/bmj.327.7414.557

42. Egger, M, Smith, GD, Schneider, M, and Minder, C. Bias in meta-analysis detected by a simple, graphical test. Bmj (1997) 315(7109):629–34. doi: 10.1136/bmj.315.7109.629

43. Duval, S, and Tweedie, R. Trim and fill: a simple funnel-plot–based method of testing and adjusting for publication bias in meta-analysis. Biometrics (2000) 56(2):455–63. doi: 10.1111/j.0006-341X.2000.00455.x

44. Goodpaster, BH, Park, SW, Harris, TB, Kritchevsky, SB, Nevitt, M, Schwartz, AV, et al. The loss of skeletal muscle strength, mass, and quality in older adults: the health, aging and body composition study. J Gerontol Ser A: Biol Sci Med Sci (2006) 61(10):1059–64. doi: 10.1093/gerona/61.10.1059

45. Geraci, A, Calvani, R, Ferri, E, Marzetti, E, Arosio, B, and Cesari, M. Sarcopenia and menopause: the role of estradiol. Front Endocrinol (2021) 12:682012. doi: 10.3389/fendo.2021.682012

46. Maltais, M, Desroches, J, and Dionne, IJ. Changes in muscle mass and strength after menopause. J Musculoskelet Neuronal Interact (2009) 9(4):186–97.

47. Javed, AA, Mayhew, AJ, Shea, AK, and Raina, P. Association between hormone therapy and muscle mass in postmenopausal women: a systematic review and meta-analysis. JAMA Network Open (2019) 2(8):e1910154–e. doi: 10.1001/jamanetworkopen.2019.10154

48. Barmanray, RD, and Yates, CJ. Sex steroids and gender differences in muscle, bone, and fat. Osteosarcopenia: Elsevier (2022) p:117–32. doi: 10.1016/B978-0-12-820088-9.00006-8

49. Cheng, Q, Zhu, X, Zhang, X, Li, H, Du, Y, Hong, W, et al. A cross-sectional study of loss of muscle mass corresponding to sarcopenia in healthy Chinese men and women: reference values, prevalence, and association with bone mass. J Bone mineral Metab (2014) 32:78–88. doi: 10.1007/s00774-013-0468-3

50. Du, Y, Wang, X, Xie, H, Zheng, S, Wu, X, Zhu, X, et al. Sex differences in the prevalence and adverse outcomes of sarcopenia and sarcopenic obesity in community dwelling elderly in East China using the AWGS criteria. BMC Endocrine Disord (2019) 19(1):1–11. doi: 10.1186/s12902-019-0432-x

51. Tay, L, Ding, Y, Leung, B, Ismail, N, Yeo, A, Yew, S, et al. Sex-specific differences in risk factors for sarcopenia amongst community-dwelling older adults. Age (2015) 37:1–12. doi: 10.1007/s11357-015-9860-3

52. Doherty, TJ. The influence of aging and sex on skeletal muscle mass and strength. Curr Opin Clin Nutr Metab Care (2001) 4(6):503–8. doi: 10.1097/00075197-200111000-00007

53. Montero-Fernández, N, and Serra-Rexach, J. Role of exercise on sarcopenia in the elderly. Eur J Phys Rehabil Med (2013) 49(1):131–43.

54. Jones, MD, Wewege, MA, Hackett, DA, Keogh, JW, and Hagstrom, AD. Sex differences in adaptations in muscle strength and size following resistance training in older adults: a systematic review and meta-analysis. Sports Med (2021) 51(3):503–17. doi: 10.1007/s40279-020-01388-4

55. Borde, R, Hortobágyi, T, and Granacher, U. Dose–response relationships of resistance training in healthy old adults: a systematic review and meta-analysis. Sports Med (2015) 45(12):1693–720. doi: 10.1007/s40279-015-0385-9

56. Grgic, J, Garofolini, A, Orazem, J, Sabol, F, Schoenfeld, BJ, and Pedisic, Z. Effects of resistance training on muscle size and strength in very elderly adults: a systematic review and meta-analysis of randomized controlled trials. Sports Med (2020) 50(11):1983–99. doi: 10.1007/s40279-020-01331-7

57. Konopka, AR, and Harber, MP. Skeletal muscle hypertrophy after aerobic exercise training. Exerc Sport Sci Rev (2014) 42(2):53–61. doi: 10.1249/JES.0000000000000007

58. Marques, DL, Neiva, HP, Marinho, DA, and Marques, MC. Manipulating the resistance training volume in middle-aged and older adults: a systematic review with meta-analysis of the effects on muscle strength and size, muscle quality, and functional capacity. Sports Med (2023) 53(2):503–18. doi: 10.1007/s40279-022-01769-x

59. Wewege, MA, Desai, I, Honey, C, Coorie, B, Jones, MD, Clifford, BK, et al. The effect of resistance training in healthy adults on body fat percentage, fat mass and visceral fat: a systematic review and meta-analysis. Sports Med (2022) 52(2):287–300. doi: 10.1007/s40279-021-01562-2

60. Khalafi, M, Malandish, A, Rosenkranz, SK, and Ravasi, AA. Effect of resistance training with and without caloric restriction on visceral fat: a systemic review and meta-analysis. Obes Rev (2021) 22(9):e13275. doi: 10.1111/obr.13275

61. Sultana, RN, Sabag, A, Keating, SE, and Johnson, NA. The effect of low-volume high-intensity interval training on body composition and cardiorespiratory fitness: a systematic review and meta-analysis. Sports Med (2019) 49(11):1687–721. doi: 10.1007/s40279-019-01167-w

62. Maillard, F, Pereira, B, and Boisseau, N. Effect of high-intensity interval training on total, abdominal and visceral fat mass: a meta-analysis. Sports Med (2018) 48(2):269–88. doi: 10.1007/s40279-017-0807-y

63. Bellicha, A, van Baak, MA, Battista, F, Beaulieu, K, Blundell, JE, Busetto, L, et al. Effect of exercise training on weight loss, body composition changes, and weight maintenance in adults with overweight or obesity: an overview of 12 systematic reviews and 149 studies. Obes Rev (2021) 22:e13256. doi: 10.1111/obr.13256

64. Donnelly, JE, Smith, B, Jacobsen, DJ, Kirk, E, DuBose, K, Hyder, M, et al. The role of exercise for weight loss and maintenance. Best Pract Res Clin Gastroenterol (2004) 18(6):1009–29. doi: 10.1016/S1521-6918(04)00083-6

65. Schwingshackl, L, Dias, S, Strasser, B, and Hoffmann, G. Impact of different training modalities on anthropometric and metabolic characteristics in overweight/obese subjects: a systematic review and network meta-analysis. PloS One (2013) 8(12):e82853. doi: 10.1371/journal.pone.0082853

66. Donnelly, JE, Blair, SN, Jakicic, JM, Manore, MM, Rankin, JW, Smith, BK, et al. Appropriate physical activity intervention strategies for weight loss and prevention of weight regain for adults. Med Sci sports exercise (2009) 41(2):459–71. doi: 10.1249/MSS.0b013e3181949333

67. Ross, R, Neeland, IJ, Yamashita, S, Shai, I, Seidell, J, Magni, P, et al. Waist circumference as a vital sign in clinical practice: a consensus statement from the IAS and ICCR working group on visceral obesity. Nat Rev Endocrinol (2020) 16(3):177–89. doi: 10.1038/s41574-019-0310-7

68. Shojaa, M, Von Stengel, S, Schoene, D, Kohl, M, Barone, G, Bragonzoni, L, et al. Effect of exercise training on bone mineral density in post-menopausal women: a systematic review and meta-analysis of intervention studies. Front Physiol (2020) 11:652. doi: 10.3389/fphys.2020.00652

69. Mohebbi, R, Shojaa, M, Kohl, M, von Stengel, S, Jakob, F, Kerschan-Schindl, K, et al. Exercise training and bone mineral density in postmenopausal women: an updated systematic review and meta-analysis of intervention studies with emphasis on potential moderators. Osteoporosis Int (2023) 7:1–34. doi: 10.1007/s00198-023-06682-1

70. Kapuš, O, Gába, A, and Lehnert, M. Relationships between bone mineral density, body composition, and isokinetic strength in postmenopausal women. Bone Rep (2020) 12:100255. doi: 10.1016/j.bonr.2020.100255




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Khalafi, Habibi Maleki, Sakhaei, Rosenkranz, Pourvaghar, Ehsanifar, Bayat, Korivi and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 26 June 2023

doi: 10.3389/fendo.2023.1194676

[image: image2]


Sarcopenia prevalence and association with nutritional status in cohort of elderly patients affected by musculoskeletal concerns: a real-life analysis


Maria Chiara Maccarone 1*, Daniele Coraci 2, Andrea Bernini 1, Nicola Sarandria 1, Marta Rossella Valente 1, Anna Chiara Frigo 3, Yannis Dionyssiotis 4 and Stefano Masiero 1,2


1 Physical Medicine and Rehabilitation School, Department of Neuroscience, University of Padova, Padua, Italy, 2 Department of Neuroscience, Rehabilitation Unit, University of Padova, Padua, Italy, 3 Biostatistics, Epidemiology and Public Health Unit, Department of Cardiac, Thoracic and Vascular Sciences, University of Padova, Padua, Italy, 4 Spinal Cord Injury Rehabilitation Clinic, University of Patras, Patras, Greece




Edited by: 

Marcello Pinti, University of Modena and Reggio Emilia, Italy

Reviewed by: 

Jannis Papathanasiou, Medical University Sofia, Bulgaria

Kenji Nagao, Ajinomoto, Japan

*Correspondence: 

Maria Chiara Maccarone
 mariachiara.maccarone@phd.unipd.it


Received: 27 March 2023

Accepted: 13 June 2023

Published: 26 June 2023

Citation:
Maccarone MC, Coraci D, Bernini A, Sarandria N, Valente MR, Frigo AC, Dionyssiotis Y and Masiero S (2023) Sarcopenia prevalence and association with nutritional status in cohort of elderly patients affected by musculoskeletal concerns: a real-life analysis. Front. Endocrinol. 14:1194676. doi: 10.3389/fendo.2023.1194676






Introduction

The progressive loss of skeletal muscle mass, strength, and function that frequently occurs as people get older is referred to as sarcopenia. Elderly musculoskeletal aging, sarcopenia, and obesity are all intimately connected. Our study’s aim is to investigate the prevalence of sarcopenia in a real cohort of patients over 65 with musculoskeletal conditions referring to a Rehabilitation Unit. The secondary aim of our study is to investigate associations between sarcopenia and alterations in nutritional status and Body Mass Index (BMI). Finally, quality of life and global health has been investigated in our population.





Materials and methods

From January 2019 to January 2021, 247 patients over 65 years old with musculoskeletal concerns were enrolled and participated in an observational study. As outcome measures, the Mini Nutritional Assessment (MNA), the 12-Item Short Form Health Survey (SF-12), and the Cumulative Illness Rating Scale Severity Index (CIRS-SI) were used. Additionally, measurements of total skeletal muscle mass (SMM) and appendicular muscle mass (ASMM) using bioelectrical impedance analysis, as well as a hand grip strength test of the non-dominant hand were taken. The Mid Upper Arm Circumference (MUAC) and the Calf Circumference (CC) were measured and recorded as further indications of possible sarcopenia.





Results

A percentage of 46.1% of subjects with overt sarcopenia was found and 10.1% showed a severe sarcopenia. Patients with severe sarcopenia showed significantly lower values of BMI and MNA. Additionally, sarcopenic patients showed significantly lower values in MNA when compared to non-sarcopenic patients. Considering SF-12, only the physical score revealed slight significant differences. In particular, patients affected by probable or severe sarcopenia presented a lower value than non-sarcopenic patients. Concerning MUAC and CC, severe sarcopenic patients showed significant lower values for both the body parts.





Conclusion

Our study considers a cohort of real-life elderly subjects with musculoskeletal concerns and shows that these subjects are highly susceptible to sarcopenia. Therefore, rehabilitation for elderly patients with musculoskeletal concerns requires to be customized and multidisciplinary. Future research should further investigate these aspects in order to enable the early identification of sarcopenia and the formulation of customized rehabilitative programs. 
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Introduction

According to the current definition, sarcopenia refers to the progressive loss of skeletal muscle mass, strength and performance that increases risk of physical disability and hospitalization (1). Sarcopenia is believed to be a condition typical of advanced age, even if muscle mass loss begins around the age of 40 (1, 2). Nevertheless, while muscle mass represents the 42% of global body mass in adults, it drops to about 27% in the elderly (3). Sarcopenia’s negative effects can affect older subjects with a prevalence varying from 10% to 27% (4), increasing the risk of adverse consequences such as falls, fractures, depression, physical impairment, quality of life worsening, and increased mortality (5–8).

Sarcopenia pathophysiology is complex, with aging, sociodemographic factors, lifestyle choices, and a number of medical conditions being all factors that contribute (2). In particular, musculoskeletal aging and sarcopenia in the elderly have been demonstrated to be closely linked, since numerous studies have shown that cellular, mitochondrial and nervous impairment underlying ageing dysfunctions can also lead to the appearance of sarcopenia (9, 10). On the other hand, the adipose tissue redistribution represents another important age-related effect. In fact, as people age, subcutaneous adipose tissue declines gradually, visceral obesity increases, and adipocytes and lipids accumulate in the bone marrow, liver, and skeletal muscle (myosteatosis). In particular, total body fat increases with age until it reaches a plateau, and then it gradually begins to decline. Obesity and excessive caloric consumption can both contribute to the development of sarcopenia (11–13). Sarcopenia obesity supervenes when a decrease of lean body mass accompanied by an excessive accumulation of adipose tissue, particularly visceral fat, occurs (3, 14).

Even if musculoskeletal concerns are among the most common causes for older people to be admitted to a rehabilitation unit, to date, there are no studies that have investigated in real life the incidence of sarcopenia among elderly patients with musculoskeletal disorders. Therefore, our study aims to investigate the prevalence of sarcopenia (diagnosed through the algorithm proposed by the European Working Group on Sarcopenia in Older People-2 or EWGSOP-2) in a real-life cohort of patients over the age of 65 with musculoskeletal conditions referred to a Rehabilitation Unit on an outpatient basis. Given the association between sarcopenia and obesity, secondary aim of our study is to search for real-life associations between sarcopenia and changes in nutritional status and Body Mass Index (BMI) among a population of elderly subjects suffering from musculoskeletal concerns. Finally, quality of life and global health has been investigated in our population.





Materials and methods




Study design

An observational, prospective study was conducted involving a cohort of 247 patients with musculoskeletal disorders, enrolled from January 2019 to January 2021 at the Rehabilitation Unit of Padua University – General Hospital, Padua, Italy.





Participants

Subjects of both sexes over the age of 65 who had a diagnosis of musculoskeletal disorders were included in the study. The population under study included only community-dwelling subjects. Patients involved in the study presented a diagnosis of a musculoskeletal disorder, e.g., osteoarthritis, shoulder tendonitis, and chronic back pain. For the diagnosis of osteoarthritis, the diagnostic criteria were based on the Kellgren-Lawrence grading system for radiographic assessment, while patients with post-bone fracture outcomes and chronic back pain had a well-established diagnosis made by a physician (medical history, clinical examination, imaging studies and surgical reports.). Enrolled subjects must be able to provide informed consent. In addition, enrolled patients had to complete the Short Portable Mental Status Questionnaire (SPMSQ), reporting a score ≥ 5, be able to walk without aids, and not present any conditions that would prevent them from perform bioelectrical impedance analysis (BIA).

People less than 65 years of age, non-community dwelling (nursing home, institutional setting, etc.) were excluded. Heart failure, respiratory failure, impaired cognitive functions (mini mental status examination<24), multiple musculoskeletal conditions, oncological or psychiatric comorbidities, and inability to properly comprehend and sign informed consent represented the exclusion criteria. Moreover, as an exclusion criterion, participants with specific diagnoses (such as spinal fractures, tumors, bone infections) that could potentially confound the study outcomes were excluded.





Outcome measures

Three different evaluation scales in the Italian validated version were employed:

	- The Cumulative Illness Rating Scale Severity Index (CIRS-SI): a standardized instrument used in the geriatric field to measure the health of the elderly as objectively as possible. It requires the physician to assess and measure the clinical and functional severity of 14 disease categories. For each of these categories, a severity value must be defined, based on clinical history, objective examination and patient-reported symptoms. The scale provides a cumulative score, which can range from 0 to 56 (15).

	- The Mini Nutritional Assessment (MNA): a screening tool that contribute to identify elderly patients who are malnourished or at risk of malnutrition. Thanks to 18 questions grouped in 4 sections (anthropometry, general state, eating habits and self-perceived health and nutrition states), the MNA provides a multidimensional assessment of the patient nutritional condition. The final score can reach a maximum of 30 points and allows the nutritional status to be classified: patients are considered well-fed when they reach a score ≥24 points, while they are at risk of malnutrition with a score between 23.5 and 17 (16).

	- The 12-Item Short Form Health Survey (SF-12): a questionnaire readjusted from a larger version, the 36-Item Short Form Health Survey (SF-36), used to investigate the perception of personal psychophysical conditions, frequently employed in the rehabilitation field. The SF- 12 results, dual and expressed by the acronyms PCS (Physical Component Summary) and MCS (Mental Component Summary), can adequately summarize the size of the patient’s impairment both from a physical and mental point of view (17).



Instrumental evaluations were also carried out, including:

	- Hand grip strength evaluation of the non-dominant hand measured with a handheld dynamometer.

	- Total Skeletal Muscular Mass (SMM) and Appendicular Skeletal Muscle Mass (ASMM) measurement through a bioelectrical impedance analysis employed to assess body composition (Biody Xpert, Interfit technology) (18).



The estimation of muscular masses, using the bioelectrical impedance analysis is well accepted. They are based on equation that combine height, sex, age and the parameters calculated by the proper instrument:

	

	

where height is in cm, R is the resistance in Ohms, RI the resistance normalized for the height, the sex is 0 for biological females and 1 for biological males, age is in years and the Xc is the reactance measured in Ohms (19, 20).

Sarcopenia was considered probable when low muscle strength was detected. Sarcopenia diagnosis was confirmed if also low muscle quantity or quality was recorded. When low muscle strength, low muscle quantity/quality and low physical performance were all detected, sarcopenia was considered severe. In particular, according to the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), the following values were used to define sarcopenia cut-off (21):

	- Hand Grip Strength< 27 kg for male subjects and< 16 kg for female subjects;

	- ASMM< 20 kg for male subjects and< 15 kg for female subjects;

	- ASMM/height2< 7.0 kg/m^2 for male subjects and< 6.0 kg/m^2 for female subjects.



According to the EWGSOP2, severe sarcopenia was defined testing gait speed through the 4 meters walking test: a gait speed ≤0.8 m/s both for males and females allowed to define a severe form of sarcopenia. The Calf Circumference (CC) and the Mid Upper Arm Circumference (MUAC) were measured and collected as further indications of possible sarcopenia, according to Hu et al. for MUAC (22) and Kawakami et al. for CC (23).





Statistical analysis

For the statistical analysis, we divided the whole sample of patients into four groups, according to the sarcopenia level measured by the association of strength, speed and ASMM/height2 (levels: 0, normal; 1, probable sarcopenia, only reduced muscle strength; 2, sarcopenia, reduced strength and muscle mass; 3, severe sarcopenia, reduced strength, muscle mass and performance). To show the distribution of the sex and the CIRS-SI in relation to the sarcopenia level, we used a contingency table.

In order to evaluate the difference in BMI, MNA, SF-12 and arm and calf circumference among the four groups, we used the Kruskal-Wallis test, applying the Bonferroni correction for the repetitive measures. This test was used for the comparison of independent variables of multiple groups. Finally, Spearman correlation was employed to evaluate the association of the arm and calf circumference with other variables. We decided to use non-parametric tests because of the features of the data.

Quantitative data were shown as median values. The analyses were performed using the IBM SPSS Statistics Software version 26 and the significance was set as p< 0.05.






Results

A total of 247 patients were enrolled in our study, with a median age of 73 years (range 61 – 95 years). Among them, 98 men and 149 women were studied (Table 1). A percentage of 46.1% of subjects with overt sarcopenia was found and 10.1% showed a severe sarcopenia. The majority of the subjects presented a sarcopenia level 2 and low levels of global health, as assessed by the CIRS-SI (Table 2).


Table 1 | Data of age, BMI and anthropometric measures related to sex.




Table 2 | Data of MNA and SF-12 related to sarcopenia level.



Considering the different sarcopenia levels, the most severe level group (level 3) showed significantly lower values of BMI and MNA in comparison with all the other groups. Additionally, level 2 showed significant lower values in MNA, exclusively in comparison with level 0. Considering SF-12, only the physical composite score revealed slight significant differences. In particular, group 3 and group 1 presented lower values than group 0 (Figure 1).




Figure 1 | BMI, MNA and SF-12 (PCS) scores variation in the four group of patients evaluated.BMI, Body Mass Index; MNA, Mini Nutritional Assessment; SF-12 (PCS), 12-Item Short Form Health Survey Physical Component Summary; group 0, no sarcopenia; group 1, probable sarcopenia; group 2, sarcopenia; group 3, severe sarcopenia.



Concerning the arm and calf circumference, group 3 showed significant lower values for both the body parts in comparison with groups 0 and 1. Sarcopenia level 2 showed lower values than group 0 in CC (Figure 2). Significant direct correlations were found between BMI and MUAC and BMI and CC (p< 0.01, r = 0.70 and r = 0.52 respectively). A minimal direct correlation was found between MNA and CC (Figure 3).




Figure 2 | Arm and calf circumference in the four group of patients evaluated. Group 0, no sarcopenia; group 1, probable sarcopenia; group 2, sarcopenia; group 3, severe sarcopenia.






Figure 3 | Correlations between BMI and MUAC and BMI and CC. BMI, Body Mass Index; MUAC, Mid Upper Arm Circumference; CC, Calf Circumference.







Discussion

In our study, elderly patients with musculoskeletal disorders who accessed the outpatient clinics of the University of Padua Rehabilitation Unit were shown to frequently present sarcopenia and low levels of global health, as assessed by the CIRS-SI score. In particular, the sarcopenia prevalence in our study reconfirmed data already present in the literature (24). In our work, we decided to apply ASMM because it is reliable and shows a relative cost-effectiveness. The application of the parameters calculated by the bioelectrical impedance and the use of SMM and ASMM allowed us a clear identification of the four groups, with different level of sarcopenia. The groups showed some peculiar differences and let us speculate about patients’ conditions and the different approaches to management.

Interestingly, when measuring BMI in patients referred to our center, we found that patients with severe sarcopenia had a sharp decline in BMI, whereas patients with probable sarcopenia and moderate sarcopenia had higher BMI scores that reached overweight levels. This agrees with the increasing evidence of an association between sarcopenia and obesity, while at extreme levels of sarcopenia not only muscle mass but also fat mass seem to be reduced.

Furthermore, our study showed that elderly subjects with musculoskeletal disorders are also prone to malnutrition and sarcopenia and malnutrition in this population seemed to be related. In literature, it has been demonstrated that specific foods and dietary habits can help prevent the loss of strength and function that comes with age (25, 26). Several randomized controlled trials seem to indicate that dietary protein consumption is essential for avoiding sarcopenia and muscle loss (26). Both selenium and magnesium have been investigated as dietary supplements, and they seem to have a possible relationship with physical activity and muscular function in older people (26). Improving diet and nutrition may be useful for both the prevention and treatment of sarcopenia as low nutritional status is widespread in the elderly, especially in frail subjects (12). Therefore, a proper rehabilitation program for elderly subjects with both sarcopenia and musculoskeletal concerns should include not only motor and strengthening exercises, but also educational initiatives to promote an adequate nutritional status. Progressive elastic band resistance exercises have been demonstrated to reduce fat mass and to increase physical function in patients with sarcopenic obesity and sarcopenia (27–30). Both water- and land-based activities have been shown to be beneficial in maintaining strength and in improving lower-body flexibility, with aquatic exercise appearing a better activity to improve dynamic balance and to manage comorbidities (31–35). Nutritional interventions should also be involved in the rehabilitative protocols suggested to these patients. Therefore, the rehabilitation team should include a nutrition expert, in order to help the patients receive the appropriate amount of protein as principal anabolic stimuli for muscle protein synthesis (1.0–1.2 g/kg body weight per day) and all the supplements that support the musculoskeletal health, such as vitamin D, antioxidant nutrients and long-chain polyunsaturated fatty acids (25, 36).

In our study, arm and calf circumference were shown to be reduced especially in patients with severe sarcopenia. Therefore, this study supports the use of these measurements for aiding in sarcopenia detection, reconfirming Hu et al. and Kawakami et al. findings (22, 23). They could therefore represent rapid indicators for the assessment of patients at increased risk of developing sarcopenia and thus be employed in clinical practice. A significant direct correlation between BMI and MUAC and CC circumferences was also obtained in our study, in accordance with previous results (37). Additionally, a slender direct association between MNA and CC was found. As a result, CC could be employed as a rapid outpatient tool for the assessment of the elderly patient nutritional status.

Our results showed also a moderate but significant reduction in the physical status category of quality of life in subjects with probable sarcopenia and severe sarcopenia when compared with the group of patients who did not present sarcopenia. This agrees with previous literature in which an association between quality of life and nutritional condition was found (38, 39). It is well-known that sarcopenia increases the risk of physical limitation and disability, lowering patients’ quality of life.

According to our data, patients with both sarcopenia and worse nutritional status reported reduced quality of life. By reducing malnutrition and encouraging optimal functioning, good nutrition can enhance the health-related quality of life (38). Since low physical capacity and quality of life influence personal and social costs (40), it can be hypothesized that the development of programs aimed at preventing nutritional deficiencies in patients with musculoskeletal disorders could contribute not only to ameliorate quality of life but also to economic and social benefits.

From the findings of our study, we can conclude that evaluations of sarcopenia, quality of life, and nutritional status should become part of the rehabilitative outclinics protocol for elderly patients accessing the Rehabilitation Unit for musculoskeletal concerns. The management of elderly patients with sarcopenia or pre-sarcopenia conditions associated to musculoskeletal disorders should start with the early detection of different concerns. An early assessment resulting in the identification of otherwise neglected needs may contribute to the development of primary and secondary prevention strategies, avoiding the progression into real pathological conditions (i.e., probable sarcopenia into sarcopenia, nutritional deficiencies into malnutrition) (41). Subsequently, a multimodal and multidisciplinary rehabilitation program, including prevention strategies, motor activity, strengthening exercise, nutrition and educative interventions (42, 43), should be proposed.

The study has several limitations that should be taken into consideration when interpreting the results. Firstly, there is a potential for selection bias as the participant selection process may not accurately represent the broader population of elderly individuals with musculoskeletal disease. Secondly, the generalizability of the findings may be limited due to the nature of observational studies. The specific inclusion and exclusion criteria, as well as the characteristics of the participants, may restrict the ability to extend the results to broader populations or different settings. Thirdly, despite attempts to control for confounding through statistical analysis or study design, there may be unmeasured or unknown factors that influence the relationship between the variables under investigation.





Conclusion

Real-life elderly subjects with musculoskeletal concerns are highly susceptible to sarcopenia. Therefore, rehabilitation for elderly patients with musculoskeletal concerns requires to be customized and multidisciplinary, addressing both the musculoskeletal condition and the needs associated to sarcopenia, including nutritional supplementation. To identify those who are more likely to develop sarcopenia, it is advisable to draw a user-friendly screening tool, e.g., using MUAC and CC. Nutritional assessment should be part of the screening process since early detection of a malnourished state may result in interventions to improve nutritional status and, as a result, quality of life. Future research should further investigate these aspects in order to enable the early identification of sarcopenia among elderly patients affected by musculoskeletal concerns and the formulation of customized multidisciplinary rehabilitative programs.
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Background

Previous findings about lean body mass (LBM) and cognitive function remain unclear. We aimed to examine this association by using data from the National Health and Nutrition Examination Survey (NHANES).





Methods

Using data from the NHANES 2011-2014, we conducted logistic regression models to investigate the relation between the predicted LBM and domain-specific cognitive function assessed by Digit Symbol Substitution Test (DSST), Consortium to Establish a Registry for Alzheimer’s Disease Word Learning test (CERAD-WL) and Delayed Recall test (CERAD-DR), and Animal Fluency (AF) for information processing speed, memory, and executive function, respectively. Cognitive impairment was defined as the lowest quartile of each cognitive test in the total population. Sex-stratified analysis was further made.





Results

A total of 2955 participants aged 60 and above (mean [SD] age, 69.17[0.20] years; 1511 female [51.13%]) were included in the study. After being adjusted for social economic factors, anthropometric parameters, and diseases, we found a positive association between predicted LBM and information processing speed (Odds ratio of DSST impairment= 0.95, 95%CI= 0.91 to 0.99) regardless of body mass index and sex. Compared with patients in the first quartile of predicted LBM, those in the fourth quartile had an odds ratio of 0.355 (95% confidence interval 0.153-0.822) for DSST impairment. No significant relation in other cognitive tests and predicted LBM was found whether stratified by sex or not.





Conclusion

Our findings point to the association between predicted lean body mass and cognitive dysfunction in information processing speed, which could be used for early detection and prevention of deterioration of cognitive function among older adults.





Keywords: predicted lean mass, cognitive function, older adults, cross-sectional study, information processing speed





Introduction

Mild cognitive impairment (MCI), characterized by subtle changes in memory and thinking, is thought to be a reversible stage between being cognitively unimpaired and dementia (1). Approximately 12% to 18% of people aged 60 or older have MCI (1), of which 10% to 15% will progress to dementia each year (2–4), causing an enormous economic burden. In 2022, estimated total payments for all individuals with Alzheimer’s or other dementias reach $321 billion (1). Because there are no disease-modifying methods (5), reducing the more modifiable risk of developing cognitive impairment or dementia is of high priority, especially in our rapidly aging population (6).

Some studies have linked body mass index (BMI) with a change in cognitive function (7–9). Higher BMI is thought to be a risk factor in middle age (10, 11). And due to lifestyle changes associated with incipient cognitive impairment, a more steep decline may be seen in BMI with a high (vs low) burden of AD or cerebral vascular disease (12). However, as a combination of fat mass and lean body mass (LBM), BMI may not adequately capture the differences in body composition. Older adults tend to have more fat mass and less muscle mass (lean body mass) with BMI unchanged (13, 14). Therefore, BMI may not be able to discriminate individuals at risk of cognitive dysfunction correctly. Fat mass was found higher in cognitively intact people compared with those not with covered mechanisms (15). However, the reported results about the association between body composition with overall cognitive function are controversial (16–18), and there is a paucity of data examining the relationship between LBM with specific cognitive domains (19), which is important to understand the relation between body composition and cognition.

Therefore, exploring the independent role of predicted LBM related to specific cognitive function in adults aged 60 or above may improve our knowledge of body composition and cognitive function and help to find the people with a high possibility of worse cognitive function.





Methods




Study population

The National Health and Nutrition Examination Survey (nhanes) is a series of continuous, ongoing cross-sectional surveys (20). Representative samples of the civilian noninstitutionalized household population of the United States were selected by a complex, multistage probability sampling design (20). Data were collected by personal interview, mobile physical examination, and laboratory tests and were released after every 2-year cycle. In this study, we incorporated data from two cycles of the NHANES (2011–2014) phases during which cognitive function tests were conducted.





Exposure measurements

Instead of direct methods of detecting lean body mass, we use validated anthropometric prediction equations to calculate predicted lean mass developed based on the populations of the NHANES 1999–2006 because of the cost of money and time (21). A total of 7531 men and 6534 women who underwent dual-energy X-ray absorptiometry (DXA) examination were included in this database, which is complex multistage probability sampled (21). Briefly, sex-separated analyses were conducted. DXA-measured lean body mass was predicted as a dependent variable about different combinations of anthropometric measures including age, ethnicity, height (cm), weight (kg), BMI (kg/m2), waist circumference (cm), other circumference measures (i.e. arm, calf, and thigh (cm)) and skinfold measures (i.e. triceps and subscapular (mm)). The most accurate model used for prediction was determined in the prediction group and further validated predicted values in an independent group. By comparing predicted scores with the DXA-measured values and their correlation with obesity-related biomarkers, the predicted equation proved a high predictive ability for LBM (men: R2 = 0.91; women: R2 = 0.85). We calculated the predicted value of lean body mass according to the equation in the former study (21, 22).





Outcomes

Cognitive function was examined by a series of cognitive function tests conducted on all respondents aged 60 years and older in a mobile examination center (23), including the Digit Symbol Substitution Test (DSST), Consortium to Establish a Registry for Alzheimer’s Disease Word Learning test (CERAD-WL) and Delayed Recall test (CERAD-DR), and Animal Fluency (AF). These tests evaluated domains of information processing speed (DSST), memory (CERAD), and executive function (AF).

In the DSST, participants are asked to fill 133 boxes according to symbols that were paired to nine numbers within 2 minutes (24). The score is the total number of correct matches. In the NHANES, participants were shown how to perform the task and then filled several practice boxes before the test.

The CERAD Word Learning subtest includes immediate and delayed learning parts, using a word list of 10 unrelated words (25). In the NHANES, participants were requested to read each word in the list aloud and recall as many as possible immediately. This process was repeated three times with the order of words changed (CERAD-WL -score1, CERAD-WL -score2, CERAD-WL-score3) and the total score for the learning task was 30. The delayed recall trial was conducted after approximately 8-10 minutes, where participants were requested to recall the words used in the CERAD-WL trial without review of the word list. CERAD-WL refers to the sum of the four scores, and CERAD-DR refers to the last score.

In the AF test, participants are asked to name as many animals as possible in one minute. The score is the sum of the number of correct answers. In NHANES, participants first were asked to name three items of clothing, another verbal fluency category, as a practice test.

Because there is no gold standard regarding the threshold score for which the cognitive tests indicate cognitive impairment, we selected the lowest quartile in the study group (DSST ≤ 34 points, CERAD-DR ≤ 4 points, CAEDR-WL ≤ 20 points, AF ≤ 13 points) to indicate poor cognitive performance, or impairment, consistent with methods previously published in the literature (23, 26).





Statistical analysis

Demographic variables were presented as means as the mean (standard deviation (SD)) for continuous variables or as the number of participants (percentage) for categorical variables according to the LBM. One-way analysis of variance (ANOVA) and X2 test were performed for the comparison of characteristics according to quintiles of predicted lean mass for continuous variables and categorical variables respectively. Logistic regression models were used to calculate ORs and 95% confidence intervals (CIs) for the associations between predicted LBM and cognitive impairment. LBM was first considered as a continuous variable and then categorized into quartiles. We adjusted for age, sex, race/ethnicity (Mexican American, non-Hispanic black, non-Hispanic white, other Hispanic, other race-including multi-Racial), education (college and above, middle and high school, primary school and less), annual-household-income in model 1. We further adjusted for potential mediators, including drinking status (never, former, and current drinker), BMI, hypertension, smoking status (never, former, and current smoker), cardiovascular disease, diabetes, and chronic kidney disease in model 2. We conducted stratified analyses of the association of predicted LBM with cognitive function according to gender. All analyses were performed using R version 4.2.1(http://www.r-project.org). The statistical tests were two-sided, and a P value <0.05 was considered statistically significant.






Results

Our analysis was restricted to persons who were ≥ 60 years (n = 3632). We excluded 436 missing information on cognitive tests and additionally 241 missing information on LBM. Therefore, a total of 2955 participants were enrolled in our present analysis (Figure 1). Table 1 depicts the characteristics of participants according to predicted LBM quartiles. The mean age of the study population was 69.17 (SD: 0.20) years. Participants with higher levels of predicted LBM tended to be younger, have higher BMI, higher annual household income, better education, and a higher prevalence of diabetes, and CVD, and were more likely to be male, alcohol consumer, and Non-Hispanic White.




Figure 1 | Flow chart of inclusion and exclusion of study participants.




Table 1 | Characteristics of study participants according to quintiles of predicted lean body mass a.



When analyzed as a continuous variable, higher LBM was associated with a lower risk of DSST impairment (OR= 0.97, 95%CI= 0.94 to 1.00) (Table 2), while aging was associated with higher risk (OR= 1.11, 95%CI= 1.08 to 1.14). Compared to Mexican American, Non-Hispanic White has a lower risk of DSST impairment, while Non-Hispanic Black has a higher risk. Participants with higher education, and higher annual household income is less likely to develop DSST impairment. When adjusting for BMI, hypertension, smoke, alcohol, CVD, DM, and CKD, the association of LBM with DSST strengthened (OR= 0.95, 95%CI= 0.91 to 0.99). However, lean mass was not associated with CERAD-WL (OR=0.97, 95%CI= 0.94 to 1.01), CERAD -DR (OR= 0.98, 95%CI= 0.95 to 1.01), and AF (OR= 0.99, 95%CI= 0.96 to 1.02) impairment after adjusting for confounders (Supplementary Table 1).


Table 2 | Odds ratio (95%CI) for the associations between lean body mass and DSST impairment (results of model 2) ac .



When the predicted LBM was considered as a categorical variable, people with higher predicted LBM were more likely to have a lower risk of DSST impairment. (p for trend =0.018) and the highest predicted LBM quartile was associated with a 65.5% decrease in risk of DSST impairment (OR=0.355, 95%CI= 0.153 to 0.822) (Table 3). While the risk of CERAD-WL, CERAD-DR, and AF impairment was not associated with the category of predicted LBM (Supplementary Table 2).


Table 3 | Odds ratio (95%CI) for the associations between lean body mass and DSST impairment b, by predicted lean body mass index quartiles a.



When we examined the association between LBM and cognitive function stratified by sex, predicted LBM was associated with a lower risk of DSST impairment only in females (OR=0.9, 95%CI= 0.84 to 0.96) (Table 4). While taken as a categorical variable, higher predicted LBM was negatively associated with DSST impairment in both genders (female: OR=0.193, 95%CI= 0.043 to 0.876; male: OR=0.239, 95%CI= 0.043 to 0.863) (Supplementary Table 4).


Table 4 | Odds ratio (95%CI) for the associations between lean body mass and DSST impairment, stratified by sex (results of model 2) ac.







Discussion

Our analysis of 2 cycles of the NHANES study showed that those with higher predicted LBM were associated with a lower risk of DSST impairment, where no association was found between BMI and DSST impairment. Although there was a trend showing that higher lean body mass was associated with a lower risk of cognitive impairment in other tests, we did not find statistical significance between groups.

Few investigators have studied the relationship between body composition and specific cognitive functions in normal people. A recent study reported uncorrelated associations between LBM with psychomotor function, attention, visual learning, and working memory (19). Skeletal muscle mass of the four limbs was associated only with delayed memory in Serena Low’s study, while lower LESM (calculated as added left and right lower limbs divided by square of height) was independently associated with reduced cognitive function globally and specifically in domains of immediate memory, delayed memory and visuospatial/constructional ability (27). To date, some studies have examined the relationship between lean mass loss and overall cognition, with inconsistent conclusions. Our findings are consistent with previous cohort studies that have reported a positive association between LBM and cognitive function (17, 28, 29). In a study of US elders using a standardized psychometric battery, accelerated loss of LBM was associated with worse cognitive performance and structure change of the brain (17). However, in a prospective study to assess various sarcopenia markers in conjunction with cognitive decline, muscle mass was not associated with the progression of cognitive impairment (30). Hye-Mi Noh et al. found that not the group with the highest total LBM but the second in females was associated with a lower risk for cognitive impairment. Discrepant findings may be due to the differences in the tools to screen for cognitive impairment, part of which is the low sensitivity of cognitive impairment; race/ethnicity, or residual confounding. Compared with these studies, NHANES is well designed with higher representativity and less sampling error; and this study included more participants and further stratified with sex and different cognitive tests. In our cohort, the 4th quartile of LBM was associated with higher BMI. However, the association between DSST and LBM remained significant after adjusting for BMI.

The positive association may result from shared mechanisms: lifestyle risk factors and poor nutrition (31). Aging is in conjunction with a sequence of exercise-related changes. Less physical activity can directly attribute to the decline of lean mass: age-related reductions in physical activity is the most important external cause of sarcopenia in normal aging (32). Physical activity can slow down the decline of cognitive function and protect the brain structure (33–36). On the other hand, the decrease in physical activity can also be the result of cognitive impairment, like AD, Parkinson, etc. Studies had found that low DSST was significantly associated with gait speed (37, 38). So, it might be a vicious circle in which physical activity and cognitive dysfunction favor each other. However, considering that dementia is a slowly progressive illness for which clinical symptoms may appear 20 years or more after pathophysiological changes in the brain, the relation between physical activity and cognitive dysfunction needs further explore.

Although this association was only found in the DSST test, the meaning cannot be ignored. DSST is a sensitive test to identify cognitive dysfunction, especially in impairments in processing speed, executive functioning, and working memory (39). The prevalence of low DSST was high (11%) even in the population of well-functioning older adults and related to a higher risk for mortality and disability (26). Participants with low DSST performance had an increased risk of incident all-type dementia (40). And probable pathology basis was declaimed recently that declining processing speeds (tested by DSST) were associated with emerging PET-detected AD pathology in clinically normal older adults (41). In Caterina et al’ work about cognitive-health people, lower DSST was associated with nearly twice the odds of developing 1+ clinical or subclinical disorders of cognition, mobility, and mood (42). Except for cognitive disorders, higher DSST was associated with a 28%-34% lower mortality risk in elders with white matter hyperintensities (43). In this context, this study has its merit in detecting people at high risk of low cognitive function and accepting early multi-domain preventive interventions, thereby interrupting the vicious circles and preventing or delaying dementia onset.

The current study has several limitations to be considered. First, it’s a cross-sectional study, which prevents concluding on the causality between body composition and cognitive function. Second, our study was based on predicted body composition, which is a compromise of accuracy and cost and will inevitably cause measurement errors. However, the predictive ability of anthropometric equations was proved to be high (men: R 2 = 0.91; women: R 2 = 0.85) in an independent large validation study (21). Third, we didn’t discriminate against the lean mass of different regions. Fourth, although we controlled the results for several potential confounders, some variables like APOE level, physical activity, the severity of different diseases, medicine or information on insulin-dependent (or not) were not included, which may have affected the association between LBM and cognitive impairment.





Conclusion

Our study provides new insights into the body composition and cognition function that predicted LBM was associated with lower DSST regardless of BMI. These findings highlight the importance of monitoring predicted LBM regularly among older adults through simple equations, which may help to identify populations at high risk of cognitive dysfunction for in-time intervention to improve prognosis. Although the mechanisms under this association are not figured out, maintaining relatively higher levels of LBM is importance for older adults. Further research is required to examine the causality and mechanisms between LBM and cognitive function.
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Introduction

Sarcopenia is a highly prevalent disease associated with adverse outcomes such as falls, disability, and death. The current international consensuses agree that muscle strength, muscle mass, and gait speed must be included in the definition. However, these proposed criteria require objective measurements that are not available for most populations. Since the timely identification of sarcopenia is a priority, several subjective screening scales have been developed; however, they have some limitations due to their low sensitivity. The objective of this work was to develop and validate SARCO-GS, a new short scale to screen sarcopenia that is affordable, easy, and accessible for all clinical care settings.





Methods and materials

The development of the SARCO-GS included four stages: (1) Review and analysis of documentary sources, (2) Contextualization of the theoretical model of sarcopenia, (3) Scale conformation, and (4) Reliability and validity analyses. SARCO-GS was validated in the FraDySMex study, which is a longitudinal cohort of community-dwelling adults.





Results

In the studied population (n=852), the average age was 68.9 years (SD 10.21) and 80.1% of the participants were women. SARCO-GS is a seven-item scale with an innovative structure that included five subjective questions (gait speed, muscular strength, muscle mass) and two measurements of muscular strength and muscle mass (Chair stand test and calf circumference). The results regarding criterion validity showed that the cut-off point ≥ 3 had good sensitivity (77.68%) versus the EWGSOP2 consensus, with an adequate Area Under the Receiver Operating Characteristic (AUC) (0.73), in addition to showing higher values of sensitivity and AUC than SARC-F and SARC-CalF using as reference the same consensus. Furthermore, SARCO-GS presented good predictive validity for functional dependence (HR=2.22, p=0.046) and acceptable correlation with other related measurements (construct validity). Regarding reliability, the scale showed acceptable internal reliability (correlation between items and total score: 0.50 to 0.70). After the validation analysis, the scale was adapted to English.





Conclusions

The SARCO-GS is a novel scale to screen sarcopenia with high sensitivity, good construct, predictive validity, and internal reliability that may be useful for health professionals in different clinical settings and for clinical research.
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1 Introduction

Sarcopenia is associated with age, and it is a common condition among older adults; however, most cases of sarcopenia are undiagnosed (1). A recent meta-analysis (2) estimated that the global prevalence of sarcopenia in older adults (≥60 years) ranged from 10% to 27% depending on the diagnostic criteria used for the evaluation. The main factors related to sarcopenia development are aging, low physical activity, some diseases (i.e., bone and joint diseases, and endocrine and neurological diseases), as well as nutritional factors such as an inadequate intake of energy, macronutrients, and micronutrients. These factors cause a set of alterations in skeletal muscle homeostasis, including mitochondrial dysfunction, neural plaque changes, motor neuron loss, oxidative stress, inflammation, and changes in hormones and growth factors, which are responsible for the loss of muscle mass and muscular strength (1). Several studies have identified that sarcopenia increases the risk of mortality (3), cognitive impairment (4), cardiovascular diseases (5), and functional disability (6), among other adverse health outcomes (6). There is no consensus about the clinical definition of sarcopenia (1, 7, 8). However, the existing definitions agree that it is a skeletal muscle disorder characterized by a loss of quantity and quality of muscle and low muscular strength (1, 7–10). In addition, the European Working Group on Sarcopenia in Older People (EWGSOP2) (10) and the Asian Working Group for Sarcopenia (AWGS) (9) included the presence of low physical performance (gait speed or chair stand). The EWGSOP2 (10), the AWGS (9), and the Foundation for the National Institutes of Health (FNIH) (11) have developed consensuses to diagnose sarcopenia based on objective measurements. These consensuses consider cut-off points for muscular mass, measured by dual-energy X-ray absorptiometry (DXA) or bioelectrical impedance analysis (BIA), and muscular strength measured by a manual dynamometer to establish the diagnosis of sarcopenia. The main limitation of these criteria is that they require expensive equipment to perform the measurements, making them unaffordable in clinical settings and communities. Besides, the different criteria for diagnosis reflect a need for more consensus regarding the cut-off points. However, there is a general agreement on the urgency of the call for action regarding early identification through screening scales and tests and the treatment of sarcopenia (8, 10, 11).

Given all the above, validated subjective screening scales have been developed comprising the self-report of factors related to muscle mass and muscle strength (12). The most used scale is the SARC-F (13), which has shown excellent predictive validity for adverse outcomes but low sensitivity (from 28.9 to 55.3% versus EWGSOP2); this is reported in several studies and summarized in a systematic review and meta-analysis which concluded that this scale is not optimal for sarcopenia screening (14). Subsequently, the SARC-CalF scale (15) was developed with the aim of improving sensitivity by including the measurement of calf circumference; this adjustment has shown to have a better sensitivity (from 33% to 66%) (15). However, another limitation of SARC-F and SARC-CalF is the inclusion of the number of falls within the factors evaluated to perform the diagnosis. Falls are a medium- and long-term adverse consequence of sarcopenia; therefore, this affects the early identification of individuals at risk to present adverse outcomes. Although other scales like the Mini Sarcopenia Risk Assessment (MSRA) questionnaire (16) and SarSA-Mod (17) present good or excellent sensitivity, they are focused on evaluating characteristics related to the risk of sarcopenia and not specifically to its presence.

Considering the above, our objective was to develop and validate SARCO-GS, a new short scale for the screening of sarcopenia that is affordable and easy to use, with good sensitivity, and accessible for all clinical care settings.




2 Methods and materials



2.1 Study design and population

The present study includes a longitudinal and cross-sectional data analysis on individuals aged 50 years or older participating in the FraDySMex study (Frailty, Dynapenia, and Sarcopenia in Mexican Adults). The details of the FraDySMex study (design and selection of participants) are available in other publications (18). In brief, it is a cohort study (panel study) of community-dwelling adults, mainly from three municipalities in the southeast of Mexico City. The inclusion criteria for the present study were (1): individuals who were able to move with or without assistive devices, (2) individuals who were able to answer the study questionnaire for themselves or with the help of a caregiver, (3) individuals who scored 10 points or fewer in the Mini-Mental State Examination (MMSE), and (4) individuals whose objective and subjective measurements were completed. The exclusion criteria were: (1) individuals who were institutionalized; (2) individuals with decreased alertness; and (3) the presence of any acute or chronic condition that, according to the opinion of the medical staff, could affect the individual’s ability to answer the proposed questionnaire and complete the objective evaluation. The study had a three-round design: the first round was carried out in 2014 (n=282), the second round in 2015 (n=457), and the third round in 2019 (n=852). In all rounds, the individuals underwent a series of objective and subjective evaluations by a multidisciplinary team at the Geriatric Assessment Center at the Ibero-American University and the Functional Evaluation Research Laboratory at the National Geriatric Institute in Mexico City. This study was approved by the Ethics Committee of the Angeles Mocel General Hospital and registered by the National Institute of Geriatrics (DI-PI-002/2014) and by the National Bioethics Commission (CONBIOETICA-09-cei-013- 20170517/2019). The informed written consent of all individuals was obtained.




2.2 Measurements



2.2.1 Sarcopenia

The diagnosis of sarcopenia was made using the EWGSOP2, FNIH, and AWGS consensuses, and the following measurements were considered:

1. Muscle mass: The body composition was measured by dual-energy x-ray absorptiometry (DXA) (Hologic Discovery-WI; Hologic, Bedford, MA). For the EWGSOP2 (10), the appendicular skeletal muscle mass (ASM) was calculated as the sum of the appendicular lean mass minus the bone mineral content of both arms and legs; the cut-off point for this measurement was <20 kg for men and <15 kg for women. For the FNIH consensus (11), the ASM/Body mass index (BMI) was used (cut-off points: <0.798 for men and <0.512 for women). Whereas for the AWGS (9), the skeletal muscle mass index (SMI) was obtained by dividing the ASM by the squared height (cut-off points: <7.00 kg/m2 for men and <5.40 kg/m2 for women).

2. Muscle strength: Grip strength was measured with a hydraulic hand dynamometer (Jamar, Duluth, MN). Three measurements were taken from each hand, and the highest result for the dominant hand was considered the final value. The cut-off points for the EWGSOP2 (10) were <27 kg for men and <16 kg for women; for the FNIH (11), they were <26 kg for men and <16 kg for women, while for the AWGS (9) they were <28 kg for men and <18 kg for women.




2.2.2 Other variables

- Data on age (50-69, 70 years and older), sex (male, female), and marital status (married/consensual union, single/divorced, widow/widower) were obtained from the questionnaires applied in each evaluation round.

- Anthropometric measurements. Weight was measured with a Body Composition Analyzer (Seca MBCA514), height was measured with a stadiometer (Seca 264), and the Body Mass Index (BMI) was estimated by dividing the weight by the squared height. The calf circumference was measured three times with an anthropometric tape (Seca 201). The first measurement was considered for the analysis since there were no significant differences between the three measurements. The cut-off point to screen low muscle mass was the one proposed in the SARC-CalF (≤33 cm for women and ≤34 cm for men) (15).

- Chair stand test. This test consisted of sit-to-stand repetitions (five times) while measuring the time it took the individual to execute the action; we considered this as an indicator of muscular strength. The considered cut-off point was the one proposed by the EWGSOP2 (>15 seconds).

- Quality of life. This was assessed by employing the visual analog scale from the EuroQol (EQ-VAS) (from 0 to 100 total score) (19).

- Functional dependence. This was evaluated by observing the ability to perform instrumental activities of daily living (IADL) with the Lawton Instrumental Activities of Daily Living Scale (Functional disability ≤7 points) (20), while the basic activities of daily living (ADL) were assessed with the Barthel Index (from 0 to 100 total score) (21).

- Comorbidity. This was measured with the Charlson comorbidity index (22) (low comorbidity: 0-2 points, high comorbidity ≥3 points).

- Nutritional status. This factor was evaluated with the Mini Nutritional Assessment (MNA) (from 0 to 21 total score) (23).

- Gait speed. This was measured with the GAITRite G walk System (m/seg).

- Physical performance. This was evaluated by employing the Short Physical Performance Battery (SPPB) (from 0 to 12 total score) (24).

- Phase angle. This was evaluated with a bioelectrical impedance tetrapolar, brand SECA-mBCA 514, at a frequency of 50Hz (from 0 to ∞ total score in grades).

- Cognitive impairment. This was assessed by the MMSE (score ≤23 in the case when the years of study were ≥5; score ≤19 if the years of study were between 1 and 4; score ≤ 16 if the years of study were <1) (25).

- Depression symptoms. They were evaluated with the seven-item Center for Epidemiologic Studies depression scale short form (CESD-7) (≥5 points) (26).





2.3 Development of SARCO-GS

The development of the SARCO-GS included three stages (1): a literature review about scales and consensuses to evaluate sarcopenia in older adults, (2) contextualization of the theoretical model, and (3) conformation of the scale.



2.3.1 First stage: review and analysis of documentary sources

This stage included a review of the scientific literature in the PubMed electronic database. The search strategy was carried out using the following Medical Subject Heading (MESH) terms: “Sarcopenia” AND “Diagnosis” AND “Aging” AND “Consensus” OR “Validation Study”. In addition, the employed keywords were development, validation and scale, tool or test or instrument or screening or index or battery. The inclusion criteria were the following: consensuses on the diagnosis of sarcopenia and studies developing and validating sarcopenia screening tools in older adults written in English or Spanish. On the other hand, studies focused on evaluating sarcopenia on specific diseases (i.e., diabetes, cancer, or cardiovascular diseases) were excluded.

As a result of the literature search, several scales were found; of these, we selected the most relevant according to their clinimetric properties and practical usefulness for the screening of sarcopenia. The most outstanding and the most studied in different populations and languages were SARC-F and SARC-F-Calf (13, 27). However, within their theoretical models, they include an item for falls (“How many times have you fallen in the past year?”), which is considered a geriatric syndrome and a negative outcome of sarcopenia; therefore, it must not be included in the theoretical model of sarcopenia (strength, muscle mass, and slow gait speed or low score in the Chair stand test). In addition, something that has characterized SARC-F is its low sensitivity in different studies and populations (13, 27–29). As shown in several studies, adding the calf circumference to the SARC-F improves its sensitivity (SARC-CalF) (15, 28, 29). Other scales like the Mini Sarcopenia Risk Assessment (MSRA) questionnaire (16) and SarSA-Mod (17) are focused on evaluating characteristics related to the risk of sarcopenia and not specifically to its presence.




2.3.2 Second stage: contextualization of the theoretical model

A multidisciplinary team that included geriatricians, internists, rehabilitation physicians, nutritionists, and physiotherapists analyzed the selected literature to build the theoretical model of sarcopenia and design the preliminary components of the scale. The team concluded that the items related to the three dimensions of sarcopenia (muscle strength, muscle mass, and gait speed) on which the current consensuses agree (9–11, 16) should be included in the scale.




2.3.3 Third stage: conformation of the scale

The first preliminary version of the scale included an item pool with 41 subjective items. Following the Delphi (30) method, the multidisciplinary team evaluated the face validity and the content validity of each one of the items.

In the first work session, 80% of the team agreed to eliminate 31 items due to insufficient face or content validity. The second preliminary subjective version included 10 items that were tested in a pilot group of 15 adults aged 50 years or older to assess the comprehension of the questions. In the second work session, the team discussed the comprehension of the questions, and it was concluded that the participants of the pilot study had good comprehension of the questions. Therefore, the team decided to include the 10 items in the three rounds of the FraDySMex cohort (2014, 2015, and 2019). In a third work session, the team concluded that the main problem of subjective scales was their low sensitivity versus international consensuses. This could be due to the comparison between subjective items and objective criteria. To improve the above in the new scale, the team agreed to include subjective items and affordable objective proxy tests to evaluate muscular strength and muscle mass. The chosen tests were the Chair stand test and the measurement of calf circumference, based on their predictive validity for different outcomes (15, 29, 31–33). The inclusion of calf circumference to SARC-F has demonstrated an improvement in the criterion validity (sensitivity, specificity, and AUC) (15, 29). The addition of the Chair stand test in the SARCO-GS was considered since the low muscular strength that this test is able to assess has been proposed by international consensuses as a part of sarcopenia (confirmed or severe) (10), and because it has proven to be an excellent proxy to evaluate the strength of leg muscles (quadriceps muscle group). The cut-off points for these measurements were: >15 seconds on the Chair stand test (10) and ≤33 cm and ≤34 cm of calf circumference for women and men, respectively (15).



2.3.3.1 Optimization of the scale length

In a fourth work session, the team analyzed the inter-item correlation. If the correlation between items was rho ≥ 0.90, then the items were discarded. Five items were eliminated, resulting in the final version of the SARCO-GS seven-item [one subjective item of gait speed, two subjective items of muscle strength, two subjective items of muscle mass, the Chair stand test, and calf circumference (Table 1)].


Table 1 | SARCO-GS, Spanish and English versions.






2.3.3.2 Translation–retranslation

Once the final version was established, we translated the SARCO-GS into English to encourage its use among non-Spanish-speaking populations, following a standardized procedure (translation and retranslation) to adapt scales (34) (Table 1).






2.4 Validation (validity and reliability)

The final version of the SARCO-GS seven-item was subjected to reliability and validity analyses. All the analyses except those of predictive validity were performed with data from the 2019 round of FraDySMex since the sample size (n=852) was greater than the size of other rounds.



2.4.1 Criterion validity



2.4.1.1 Cut-off point selection

To determine the cut-off points, the AUC was estimated using the SARCO-GS total score versus the EWGSOP2 consensus, and the cut-off point with better sensitivity, specificity, and AUC was chosen.

Once the cut-off point of SARCO-GS was determined, we analyzed the sensitivity, specificity, AUC, and likelihood ratios of SARCO-GS versus EWGSOP2, FNIH, AWGS, SARC-F, and SARC-CalF as reference standards.

Additionally, to strengthen the criterion validity, we compared the AUC between SARCO-GS, SARC-F, and SARC-CalF (screening scales) using as reference the EWGSOP2 (10), FNIH (11), and AWGS (9) consensuses in order to evaluate which scale had the better AUC.





2.4.2 Construct validity

To test if the SARCO-GS had adequate construct validity (convergent validity with other measurements), Spearman’s and Pearson’s correlation coefficients were estimated between each item and the total score versus the total score of other measurements related to the construct. The remaining related measurements were quality of life, IADL, ADL, presence of depressive symptoms, comorbidity, nutritional status, gait speed, physical performance, hand grip strength, and phase angle.




2.4.3 Predictive validity

To strengthen the validity, we assessed whether sarcopenia was associated with an increased risk of functional disability. To evaluate the functional dependency, the ability to perform instrumental activities that could be considered complex was evaluated with the Lawton Instrumental Activities of Daily Living Scale (20). We chose this tool considering that the study participants were non–institutionalized adults who had to attend the evaluation centers; therefore, they were expected to have more independence in daily basic activities. To assess the above, we considered the basal measurements of the participants in the study (2014–2015) and the follow-up measurement of functional disability in 2019. A Cox model was performed, adjusting by the following potential confounder variables: age, sex, BMI, education, marital status, comorbidity, and cognitive impairment.




2.4.4 Consistency (reliability)

Spearman’s correlation coefficients between items (inter-item) and the total score (item-total) were estimated to assess internal reliability. It was considered sufficient correlation if the coefficient between each item and the total score was significant and higher than 0.30 (35). In addition, the Cronbach’s alpha was estimated.





2.5 Statistical analysis

In the descriptive analysis, means ± SD were used for continuous variables, as well as frequencies and percentages for categorical variables.



2.5.1 Criterion validity

The cut-off point was determined with a frequency table and the AUC.

The sensibility, specificity, AUC, and likelihood ratios between SARCO-GS and EWGSOP2, FNIH, and AWGS were assessed through a frequency table and the AUC.

The AUC between SARCO-GS, SARC-F, and SARC-CalF using as reference the EWGSOP2, FNIH, and AWGS consensuses were graphed and compared to evaluate which scale had the better AUC.




2.5.2 Construct validity

Spearman’s and Pearson’s (normal distribution) correlation coefficients between each item of the scale and the total score versus the total score of the other related measurements were estimated.




2.5.3 Predictive validity

To evaluate if sarcopenia screening by SARCO-GS was an independent risk factor for functional dependence, the Hazard Ratios (HR) were estimated with a Cox regression model adjusting for other variables.

A p-value <0.05 was considered significant and we considered 95% confidence intervals (CI). All the analyses were conducted in STATA/SE 15.0.






3 Results



3.1 Sample characteristics

The characteristics of the study sample (FraDySMex round 2019) in which SARCO-GS was validated are in Table 2. The average age was 68.9 years (SD 10.21) and 80.1% were female, almost half (48.8%) were married or in a consensual union, and 71% were overweight or obese (40.9% and 30.4%, respectively). Regarding comorbidities, 77.5% had low comorbidity according to the Charlson Index.


Table 2 | Baseline characteristics of the participants of FraDySMex cohort, Mexico City.






3.2 Criterion validity



3.2.1 Cut-off point selection

The final total score of SARCO-GS was set from 0 to 14 points. The selected cut-off point to screen sarcopenia with SARCO-GS was ≥3 from the total score (Table 2). This value had better sensitivity (77.68%), specificity (53.71%), and AUC (0.73) (considering the EWGSOP2 consensus as a reference) (Table 3).


Table 3 | Different cut-off points of SARCO-GS and their sensibility, specificity, and likelihood ratios versus EWGSOP2.



SARCO-GS had higher values of sensitivity and AUC than SARC-F and SARC-Calf using EWGSOP2 and FINH as references. Regarding specificity, SARC-F and SARC-Calf obtained higher values than SARCO-GS (Table 4).


Table 4 | Criterion validity of SARCO-GS (≥ 3 points), SARC-F and SARC-CalF versus sarcopenia consensuses.



Figures 1A-C show the comparative AUC between SARCO-GS, SARC-F, and SARC-CalF, considering EWGSOP2 (Figure 1A), FNIH (Figure 1B), and AWGS (Figure 1C) as references. SARCO-GS had a higher AUC than SARC-F and SARC-CalF when the EWGSOP2 and the FNIH were considered as references. However, when AWGS was used as a reference, SARCO-GS had a better AUC than SARC-F but not better than SARC-CalF.




Figure 1 | Comparative AUC between SARCO-GS, SARC-F, and SARC-CalF versus EWGSOP2, FNIH, and AWGS criteria. (A) Comparative AUC between SARCO-GS, SARC-F, and SARC-CalF versus EWGSOP2 criteria. (B) Comparative AUC between SARCO-GS, SARC-F, and SARC-CalF versus FNIH criteria. (C) Comparative AUC between SARCO-GS, SARC-F, and SARC-CalF versus AWGS criteria.







3.3 Construct validity

The SARCO-GS had adequate construct validity (convergent) since there was a significant correlation between the dimension that evaluates each item, the total score, and other objective/subjective measurements (Table 5). Item 1 (subjective gait speed) was correlated with IADL and ADL, Charlson Index, depression symptoms, gait speed, hand grip strength, and physical performance; items 2 and 3 (subjective muscular strength) were correlated with quality of life, IADL and ADL, depression symptoms, nutritional status, gait speed, hand grip strength, and physical performance; both items 4 and 5 (subjective muscular mass) were correlated with nutritional status and item 4 was also correlated with depression symptoms, physical performance, and angle phase. The results of the Chair stand test were correlated with IADL and ADL, nutritional status, hand grip strength, physical performance, and angle phase, whereas calf circumference only correlated with angle phase. All the assessed measurements were correlated with the SARCO-GS total score.


Table 5 | Construct validity of SARCO-GS (convergent and divergent) by correlations with other measurements.






3.4 Predictive validity

Sarcopenia screened by SARCO-GS increased the risk of functional dependence (HR: 2.33, CI 95% 1.02-4.88, p-value=0.046) in adults aged 50 years or older in 4.2 years (average) of follow-up (Table 6). Therefore, SARCO-GS had predictive validity concerning functional dependence, which is an adverse outcome of sarcopenia.


Table 6 | Predictive validity of SARCO-GS: Adjusted Hazard ratios for functional dependence.






3.5 Consistency (Reliability)

Table 7 shows the internal reliability of SARCO-GS. The Spearman’s correlation coefficients between each item and the total score were in a range from 0.50 to 0.70 (moderate and good correlations). The Cronbach’s alpha was 0.67, which is close to 0.70, an acceptable value for reliability (36).


Table 7 | Internal Reliability of SARCO-GS, by correlation inter-item, item total, and Cronbach’s alpha (rho, p-value).







4 Discussion

The structure of the new SARCO-GS (subjective items on strength, muscle mass, and gait speed plus the Chair stand test and calf circumference) proposes an innovative manner to screen the sarcopenia construct based on the recommendations of international consensuses on sarcopenia (9–11). This mixed composite structure (subjective and objective) was built based on current evidence that has reported that the inclusion of objective items ameliorates the low sensitivity showed by totally subjective scales such as SARC-F (this low sensitivity is observed when subjective scales are compared with objective diagnosis criteria). In our study, the sensitivity demonstrated by SARCO-GS versus EWGSOP2, FNIH, and AWGS was good. SARCO-GS demonstrated a higher sensibility than SARC-F and SARC-CalF versus EWGSOP2, FNIH, and AWGS. The low sensitivity of SARC-F observed in our study is consistent with that reported in multiple studies (13, 27–29) and summarized in a systematic review and meta-analysis (14) in which values from 28.9% to 55.3% were reported versus EWGSOP2, FNIH, and AWGS. Similarly, SARC-CalF sensitivity has obtained a range from 15.7% to 60.7% versus the mentioned consensuses in other studies (28, 29, 37, 38). Regarding the specificity, SARC-F and SARC-CalF obtained higher values than SARCO-GS versus the three consensuses used as references. However, in a scale intended for population screening, a higher sensitivity is more desirable than specificity due to the importance of decreasing the number of false negatives (14, 39). In other studies, it has been observed that SARC-F has higher values of specificity than of sensibility (range value from 15% to 96.5% versus EWGSOP2; 79.3% to 99.2% versus FNIH; 15.1% to 98.4% versus AWGS); this is also the case for SARC-CalF (29, 38, 40, 41).

Another property of SARCO-GS is that its AUC reflected a good quality when EWGSOP2 was used as a reference. This value was higher than the one obtained by SARC-F (0.62). In other studies (14, 29), a wide range of AUC values has been observed for SARC-F versus EGWSOP from 0.51 to 0.87. Also, SARCO-GS had a higher AUC (0.67) than SARC-F (0.62) versus FNIH. In other studies (14, 29, 37, 40), SARC-F obtained AUC values from 0.68 to 0.89. Regarding AWGS, the AUC of SARCO-GS (0.70) was higher than that of SARC-F (0.56); the AUC of SARC-F reported in this study was inside the range reported in other studies (0.53 to 0.92) (14, 29, 37). On the other hand, the AUC of SARCO-GS was also higher than SARC-CalF (0.69) versus EWGSOP and FNIH; other studies (29, 37, 38, 40) have reported that this value ranges from 0.59 to 0.85 using the EWGSOP2 as a reference and from 0.68 to 0.89 using the FNIH consensus. SARC-CalF had a higher value of AUC (0.74) than the value observed for SARCO-GS versus AWGS. In other populations (29, 38), the AUC range for the SARC-CalF versus AWGS was between 0.73 and 0.92. The above could be explained by the high specificity of SARC-CalF.

The variability in the AUC values of SARC-F and SARC-CalF could be explained by the differences in the prevalence of sarcopenia, the adjusted cut-off points, and the specific characteristics of each studied population.

Taking into account the results obtained in the evaluation of the criterion validity, SARCO-GS had a better ability to detect sarcopenia cases than SARC-F and SARC-CalF using as references EWGSOP2 and FNIH.

Additionally, the results obtained from the construct validity assessment verified that all SARCO-GS items (subjective and objective) and the total score are correlated with the proxy objective constructs included in the FraDySMex cohort. For example, the gait speed item (Item 1) was correlated with gait speed as measured by the GAITRite, which has proven to be a gold standard for gait speed assessment (41). The muscle strength items (2 and 3) that assessed the strength to carry a heavy object (upper extremity, item 2) and to climb stairs (lower extremity, item 3) were correlated as expected with hand grip strength and with the SPPB; both tests have been considered in the EWGSOP2 as proxy assessments of arm and leg muscle strength (10). The items of subjective perception of muscle mass (items 4 and 5) were correlated with the phase angle, which is a proxy measurement for assessing muscle mass and has been associated with frailty and sarcopenia (42). Moreover, these items were also correlated with the MNA, which evaluates the risk of malnutrition, which is an indicator related to muscle mass quantity (43).

The Chair stand test was correlated with hand grip strength and phase angle. The above had concordance with the existing evidence; this test has been associated with muscular strength (44) and muscle mass (32). The calf circumference had a significant correlation with the phase angle that reflected the quantity of muscle mass (42) and MNA. Since these items are quantifiable, their inclusion in SARCO-GS improves the capacity of the scale to identify individuals affected by sarcopenia. Other constructs such as quality of life, depression, disability, and comorbidity were correlated with the SARCO-GS total score; these findings agree with the evidence on the association between these constructs and sarcopenia (27).

Regarding predictive validity, functional disability is one of the main adverse outcomes of sarcopenia (45, 46) and our results using the SARCO-GS are congruent with these findings. Sarcopenia evaluated by SARCO-GS increased the risk of functional disability in a follow-up period of 4.2 years. Therefore, the proposed cut-off point ≥3 is useful for intervention and longitudinal studies to prevent this outcome. These results strengthen the criterion validity of SARCO-GS.

This predictive capacity of SARCO-GS confirms that the inclusion of calf circumference and Chair stand test strengthens the construct of sarcopenia (10) and provides support to be included in the screening stage.

The internal reliability by inter-item and item-total was acceptable. Even though this scale is composed of objective and subjective measurements, it shows that all the items belong to this same construct of sarcopenia. The Cronbach alpha of 0.69 was reasonable; although this coefficient is helpful for comparative purposes between other populations, it belongs to classical theories of psychometry and has the disadvantage that, when it is employed to analyze the internal structure of scales that combine subjective and objective clinical evaluations with different variances, the value may be low. In these cases, its interpretation should be considered carefully (47).

It is important to consider some limitations of the present study. The studied population in which SARCO-GS was validated is a representative sample of three districts in the southeast of Mexico City; therefore, it considers unique characteristics of this population. Another limitation is the lack of evaluation of the external reliability (test re-test or inter-rater agreement). Considering these limitations, it is crucial to validate SARCO-GS in populations other than Mexico and worldwide. Some strengths should be mentioned: the present study comprised data from a longitudinal cohort study that included the measurements assessed by objective tools like DXA, hand dynamometer, and GAITRite.




5 Conclusions

SARCO-GS is a new scale to screen sarcopenia that combines subjective items with objective measurements. The SARCO-GS yielded satisfactory results in terms of sensitivity, AUC versus the most used consensuses, predictive validity for functional disability, construct validity, and internal reliability. SARCO-GS could narrow the gap of subjective scales in terms of sensitivity to timely screening of sarcopenia in community-dwelling adults and prevent adverse outcomes. Furthermore, it could be used in different clinical and research settings since its measurements do not require specialized equipment and are easy to conduct.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by National Institute of Geriatrics (DI-PI-002/2014). The patients/participants provided their written informed consent to participate in this study.





Author contributions

Conceptualization: OR-C. Methodology: OR-C, IO-G, AIG-G, and AL-L. Data analysis: IO-G and OR-C. Writing—Original Draft Preparation: OR-C and IO-G. Writing—Review and Editing: OR-C, IO-G, AIG-G, and AL-L. All authors contributed to the article and approved the submitted version.





Funding

This study was supported by the Research Summer Program 2022 “Fondo S.N.I. 100” of the Universidad Iberoamericana, the “Programa presupuestario con erogación para la igualdad entre mujeres y hombres de la Secretaría de Salud”, and by the “Instituto Nacional de Geriatría, Mexico City”.




Acknowledgments

We acknowledge the support provided by Dr. María del Carmen García Peña and Dr. Luis Miguel Gutierrez Robledo.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Cruz-Jentoft, AJ, and Sayer, AA. Sarcopenia. Lancet (2019) 393(10191):2636–46. doi: 10.1016/S0140-6736(19)31138-9

2. Petermann-Rocha, F, Balntzi, V, Gray, SR, Lara, J, Ho, FK, Pell, JP, et al. Global prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-analysis. J Cachexia Sarcopenia Muscle (2022) 13(1):86–99. doi: 10.1002/jcsm.12783

3. Xu, J, Wan, CS, Ktoris, K, Reijnierse, EM, and Maier, AB. Sarcopenia is associated with mortality in adults: A systematic review and meta-analysis. Gerontology (2022) 68(4):361–76. doi: 10.1159/000517099

4. Peng, TC, Chen, WL, Wu, LW, Chang, YW, and Kao, TW. Sarcopenia and cognitive impairment: A systematic review and meta-analysis. Clin Nutr Edinb Scotl (2020) 39(9):2695–701. doi: 10.1016/j.clnu.2019.12.014

5. He, N, Zhang, Y, Zhang, L, Zhang, S, and Ye, H. Relationship between sarcopenia and cardiovascular diseases in the elderly: an overview. Front Cardiovasc Med (2021) 8:743710. doi: 10.3389/fcvm.2021.743710

6. Beaudart, C, Zaaria, M, Pasleau, F, Reginster, JY, and Bruyère, O. Health outcomes of sarcopenia: A systematic review and meta-analysis. PloS One (2017) 12(1):e0169548. doi: 10.1371/journal.pone.0169548

7. Smith, C, Woessner, MN, Sim, M, and Levinger, I. Sarcopenia definition: Does it really matter? Implications for resistance training. Ageing Res Rev (2022) 78:101617. doi: 10.1016/j.arr.2022.101617

8. Bhasin, S, Travison, TG, Manini, TM, Patel, S, Pencina, KM, Fielding, RA, et al. Sarcopenia definition: the position statements of the sarcopenia definition and outcomes consortium. J Am Geriatr Soc (2020) 68(7):1410–8. doi: 10.1111/jgs.16372

9. Chen, LK, Woo, J, Assantachai, P, Auyeung, TW, Chou, MY, Iijima, K, et al. Asian working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc (2020) 21(3):300–307.e2. doi: 10.1016/j.jamda.2019.12.012

10. Cruz-Jentoft, AJ, Bahat, G, Bauer, J, Boirie, Y, Bruyère, O, Cederholm, T, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing (2019) 48(1):16–31. doi: 10.1093/ageing/afy169

11. Studenski, SA, Peters, KW, Alley, DE, Cawthon, PM, McLean, RR, Harris, TB, et al. The FNIH sarcopenia project: rationale, study description, conference recommendations, and final estimates. J Gerontol A Biol Sci Med Sci (2014) 69(5):547–58. doi: 10.1093/gerona/glu010

12. Ackermans, LLGC, Rabou, J, Basrai, M, Schweinlin, A, Bischoff, SC, Cussenot, O, et al. Screening, diagnosis and monitoring of sarcopenia: When to use which tool? Clin Nutr ESPEN (2022) 48:36–44. doi: 10.1016/j.clnesp.2022.01.027

13. Malmstrom, TK, and Morley, JE. SARC-F: a simple questionnaire to rapidly diagnose sarcopenia. J Am Med Dir Assoc (2013) 14(8):531–2. doi: 10.1016/j.jamda.2013.05.018

14. Voelker, SN, Michalopoulos, N, Maier, AB, and Reijnierse, EM. Reliability and concurrent validity of the SARC-F and its modified versions: A systematic review and meta-analysis. J Am Med Dir Assoc (2021) 22(9):1864–1876.e16. doi: 10.1016/j.jamda.2021.05.011

15. Barbosa-Silva, TG, Menezes, AMB, Bielemann, RM, Malmstrom, TK, Gonzalez, MC, and Grupo de Estudos em Composição Corporal e Nutrição (COCONUT). Enhancing SARC-F: improving sarcopenia screening in the clinical practice. J Am Med Dir Assoc (2016) 17(12):1136–41. doi: 10.1016/j.jamda.2016.08.004

16. Rossi, AP, Micciolo, R, Rubele, S, Fantin, F, Caliari, C, Zoico, E, et al. Assessing the risk of sarcopenia in the elderly: the mini sarcopenia risk assessment (MSRA) questionnaire. J Nutr Health Aging (2017) 21(6):743–9. doi: 10.1007/s12603-017-0921-4

17. Shafiee, G, Ostovar, A, Maleki Birjandi, S, Nabipour, I, Larijani, B, and Heshmat, R. Development of a simple and practical screening tool for detection of sarcopenia in older people: the bushehr elderly health program. Front Med (2021) 8:655759. doi: 10.3389/fmed.2021.655759

18. Rosas-Carrasco, O, Cruz-Arenas, E, Parra-Rodríguez, L, García-González, AI, Contreras-González, LH, and Szlejf, C. Cross-cultural adaptation and validation of the FRAIL scale to assess frailty in mexican adults. J Am Med Dir Assoc (2016) 17(12):1094–8. doi: 10.1016/j.jamda.2016.07.008

19. Juárez-Cedillo, T, and Sánchez-Arenas, R. Reliability of EQ-5D for use in population with and without dementia (SADEM study). Int J Geriatr Psychiatry (2015) 30(3):324–5. doi: 10.1002/gps.4216

20. Lawton, MP, and Brody, EM. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist (1969) 9(3):179–86. doi: 10.1093/geront/9.3_Part_1.179

21. Baztán, JJ, Pérez del Molino, J, Alarcón, T, San Cristóbal, E, Izquierdo, G, and Manzarbeitia, I. Indice de Barthel: Instrumento válido para la valoración funcional de pacientes con enfermedad cerebrovascular. Rev Esp Geriatr Gerontol (1993) 28:32–40.

22. Rosas-Carrasco, O, González-Flores, E, Brito-Carrera, AM, Vázquez-Valdez, OE, Peschard-Sáenz, E, Gutiérrez-Robledo, LM, et al. [Assessment of comorbidity in elderly]. Rev Med Inst Mex Seguro Soc (2011) 49(2):153–62.

23. Cuyac Lantigua, M, and Santana Porbén, S. [The Mini Nutritional Assessment of the elderly in the practice of a hospital geriatrics service: inception, validation and operational characteristics]. Arch Latinoam Nutr (2007) 57(3):255–65.

24. Guralnik, JM, Simonsick, EM, Ferrucci, L, Glynn, RJ, Berkman, LF, Blazer, DG, et al. A short physical performance battery assessing lower extremity function: association with self-reported disability and prediction of mortality and nursing home admission. J Gerontol (1994) 49(2):M85–94. doi: 10.1093/geronj/49.2.M85

25. Ostrosky-Solís, F, López-Arango, G, and Ardila, A. Sensitivity and specificity of the Mini-Mental State Examination in a Spanish-speaking population. Appl Neuropsychol (2000) 7(1):25–31. doi: 10.1207/S15324826AN0701_4

26. Salinas-Rodríguez, A, Manrique-Espinoza, B, Acosta-Castillo, GI, Franco-Núñez, A, Rosas-Carrasco, Ó, Gutiérrez-Robledo, LM, et al. Validación de un punto de corte para la versión breve de la Escala de Depresión del Centro de Estudios Epidemiológicos en adultos mayores mexicanos. Salud Pública México (2014) 56(3):279–85.

27. Parra-Rodríguez, L, Szlejf, C, García-González, AI, Malmstrom, TK, Cruz-Arenas, E, and Rosas-Carrasco, O. Cross-cultural adaptation and validation of the spanish-language version of the SARC-F to assess sarcopenia in mexican community-dwelling older adults. J Am Med Dir Assoc (2016) 17(12):1142–6. doi: 10.1016/j.jamda.2016.09.008

28. Vidal-Cuellar, CL, Mas, G, Ayamamani-Torres, P, Yazawa, T, Rosas-Carrasco, O, and Tello, T. Identification of Probable sarcopenia based on SARC-F and SARC-CalF in older adults from a low-resource setting. J Frailty Sarcopenia Falls (2022) 7(4):222–30. doi: 10.22540/JFSF-07-222

29. Yang, M, Hu, X, Xie, L, Zhang, L, Zhou, J, Lin, J, et al. Screening sarcopenia in community-dwelling older adults: SARC-F vs SARC-F combined with calf circumference (SARC-calF). J Am Med Dir Assoc (2018) 19(3):277.e1–8. doi: 10.1016/j.jamda.2017.12.016

30. Dragostinov, Y, Harðardóttir, D, McKenna, PE, Robb, DA, Nesset, B, Ahmad, MI, et al. Preliminary psychometric scale development using the mixed methods Delphi technique. Methods Psychol (2022) 7:100103. doi: 10.1016/j.metip.2022.100103

31. Gonzalez-Bautista, E, de Souto Barreto, P, Salinas-Rodriguez, A, Manrique-Espinoza, B, Rolland, Y, Andrieu, S, et al. Clinically meaningful change for the chair stand test: monitoring mobility in integrated care for older people. J Cachexia Sarcopenia Muscle (2022) 13(5):2331–9. doi: 10.1002/jcsm.13042

32. Yoshiko, A, Ogawa, M, Shimizu, K, Radaelli, R, Neske, R, Maeda, H, et al. Chair sit-to-stand performance is associated with diagnostic features of sarcopenia in older men and women. Arch Gerontol Geriatr (2021) 96:104463. doi: 10.1016/j.archger.2021.104463

33. Ryu, JY, Kim, M, Kim, KS, Kim, S, and Won, CW. Chair stand test as a proxy for physical performance and muscle strength in sarcopenia diagnosis: the Korean frailty and aging cohort study. Aging Clin Exp Res (2022) 34(10):2449–56. doi: 10.1007/s40520-022-02172-2

34. Guillemin, F, Bombardier, C, and Beaton, D. Cross-cultural adaptation of health-related quality of life measures: literature review and proposed guidelines. J Clin Epidemiol (1993) 46(12):1417–32. doi: 10.1016/0895-4356(93)90142-N

35. Schober, P, Boer, C, and Schwarte, LA. Correlation coefficients: appropriate use and interpretation. Anesth Analg (2018) 126(5):1763–8. doi: 10.1213/ANE.0000000000002864

36. Tavakol, M, and Dennick, R. Making sense of Cronbach’s alpha. Int J Med Educ (2011) 2:53–5. doi: 10.5116/ijme.4dfb.8dfd

37. Krzymińska-Siemaszko, R, Deskur-Śmielecka, E, Kaluźniak-Szymanowska, A, Murawiak, M, and Wieczorowska-Tobis, K. Comparison of diagnostic value of the SARC-F and its four modified versions in polish community-dwelling older adults. Clin Interv Aging (2023) 18:783–97. doi: 10.2147/CIA.S408616

38. Chen, CY, Tseng, WC, Yang, YH, Chen, CL, Lin, LL, Chen, FP, et al. Calf circumference as an optimal choice of four screening tools for sarcopenia among ethnic chinese older adults in assisted living. Clin Interv Aging (2020) 15:2415–22. doi: 10.2147/CIA.S287207

39. Zhu WZ, N, and Wang, N. Sensitivity, specificity, accuracy, associated confidence interval and roc analysis with practical SAS® implementations. In: NESUG proceedings. Baltimore, MD: Health Care and Life Sciences (2010). p. 1–9.

40. Bahat, G, Oren, MM, Yilmaz, O, Kılıç, C, Aydin, K, and Karan, MA. Comparing SARC-F with SARC-calF to screen sarcopenia in community living older adults. J Nutr Health Aging (2018) 22(9):1034–8. doi: 10.1007/s12603-018-1072-y

41. van Bloemendaal, M, Beelen, A, Kleissen, RFM, Geurts, AC, Nollet, F, and Bus, SA. Concurrent validity and reliability of a low-cost gait analysis system for assessment of spatiotemporal gait parameters. J Rehabil Med (2019) 51(6):456–63. doi: 10.2340/16501977-2559

42. Rosas-Carrasco, O, Ruiz-Valenzuela, RE, and López-Teros, MT. Phase angle cut-off points and their association with sarcopenia and frailty in adults of 50-64 years old and older adults in Mexico City. Front Med (2021) 8:617126. doi: 10.3389/fmed.2021.617126

43. Zhu, X, Dong, X, Wang, L, Lao, X, Li, S, and Wu, H. Screening efficacy of PhA and MNA-SF in different stages of sarcopenia in the older adults in community. BMC Geriatr (2023) 23(1):13. doi: 10.1186/s12877-022-03716-x

44. Shukla, B, Bassement, J, Vijay, V, Yadav, S, and Hewson, D. Instrumented analysis of the sit-to-stand movement for geriatric screening: A systematic review. Bioeng Basel Switz (2020) 7(4):139. doi: 10.3390/bioengineering7040139

45. Kitamura, A, Seino, S, Abe, T, Nofuji, Y, Yokoyama, Y, Amano, H, et al. Sarcopenia: prevalence, associated factors, and the risk of mortality and disability in Japanese older adults. J Cachexia Sarcopenia Muscle (2021) 12(1):30–8. doi: 10.1002/jcsm.12651

46. Tanimoto, Y, Watanabe, M, Sun, W, Tanimoto, K, Shishikura, K, Sugiura, Y, et al. Association of sarcopenia with functional decline in community-dwelling elderly subjects in Japan. Geriatr Gerontol Int (2013) 13(4):958–63. doi: 10.1111/ggi.12037

47. Barbaranelli, C, Lee, CS, Vellone, E, and Riegel, B. The problem with Cronbach’s Alpha: comment on Sijtsma and van der Ark (2015). Nurs Res (2015) 64(2):140–5. doi: 10.1097/NNR.0000000000000079




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Rosas-Carrasco, Omaña-Guzmán, García-González and Luna-López. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 04 October 2023

doi: 10.3389/fendo.2023.1215512

[image: image2]


The relationship between sarcopenia and mortality in Chinese community-dwelling adults: a 7-year cohort study with propensity score matching and Mendelian randomization


Lijiao Xiong 1,2†, Tingfeng Liao 1,2†, Tianting Guo 3, Zhaohao Zeng 2,4, Shuojia Wang 1,2,5, Guangyan Yang 1,2, Xiaohao Wang 1,2, Xinyu Wang 1,2, Jing Zhu 1,2, Pengfei Zhao 1,2, Yanchun Li 1,2, Lixing Li 1,2, Lin Kang 1,2*, Shu Yang 1,2* and Zhen Liang 1,2*


1 Department of Geriatrics, The Second Clinical Medical College, Jinan University (Shenzhen People’s Hospital, The First Affiliated Hospital of Southern University of Science and Technology), Shenzhen, China, 2 Guangdong Provincial Clinical Research Center for Geriatrics, Shenzhen Clinical Research Center for Geriatrics, Shenzhen People’s Hospital (The Second Clinical Medical College, Jinan University, The First Affiliated Hospital, Southern University of Science and Technology), Shenzhen, China, 3 Department of Orthopedics, Ganzhou Hospital of Guangdong Provincial People’s Hospital, Ganzhou Municipal Hospital, Ganzhou, China, 4 Department of Neurology, Shenzhen People’s Hospital (The Second Clinical Medical College, Jinan University, The First Affiliated Hospital, Southern University of Science and Technology), Shenzhen, China, 5 Post-doctoral Scientific Research Station of Basic Medicine, Jinan University, Guangzhou, China




Edited by: 

Yannis Dionyssiotis, General University Hospital of Patras, Greece

Reviewed by: 

Xiaolei Liu, Sichuan University, China

Andrea P. Rossi, Ca’ Foncello Hospital, Italy

*Correspondence: 

Zhen Liang
 liang.zhen@szhospital.com 

Shu Yang
 yang.shu@szhosptial.com 

Lin Kang
 kang.lin@szhospital.com


†These authors have contributed equally to this work



Received: 02 May 2023

Accepted: 13 September 2023

Published: 04 October 2023

Citation:
Xiong L, Liao T, Guo T, Zeng Z, Wang S, Yang G, Wang X, Wang X, Zhu J, Zhao P, Li Y, Li L, Kang L, Yang S and Liang Z (2023) The relationship between sarcopenia and mortality in Chinese community-dwelling adults: a 7-year cohort study with propensity score matching and Mendelian randomization. Front. Endocrinol. 14:1215512. doi: 10.3389/fendo.2023.1215512






Background

Sarcopenia has been linked to adverse health outcomes, including an increased risk of mortality. This study aimed to assess the 7-year mortality risk of sarcopenia in a community-based population in China and explore the causal relationship between components of sarcopenia and any death.





Methods

Data were sourced from the China Health and Retirement Longitudinal Study (CHARLS) conducted between 2011 and 2018. Sarcopenia was diagnosed using the Asian Working Group for Sarcopenia (AWGS) 2019 criteria. Logistic regression, Kaplan–Meier (KM) survival analysis, and propensity score matching with inverse probability of treatment weighting were used. Mendelian randomization (MR) analyses, conducted using European population data, were utilized to assess causality between sarcopenia and any death.





Results

The study included 9,006 participants: 3,892 had no sarcopenia, 3,570 had possible sarcopenia, 1,125 had sarcopenia, and 419 had severe sarcopenia. Over 7 years of follow-up, there were 871 deaths, including 196 with sarcopenia and 133 with severe sarcopenia. The KM curves showed that sarcopenia had a higher risk of mortality. Compared to those of no sarcopenia, the odds ratios (ORs) of sarcopenia for 7-year mortality were 1.41 (95% CI, 1.06–1.87) after adjusting for confounding variables (p < 0.05). The ORs of severe sarcopenia were 2.11 (95% CI, 1.51–2.95). Propensity score matching analysis and inverse probability of treatment weighting analysis confirmed these findings. The adjusted ORs of sarcopenia and 7-year mortality were 2.94 (95% CI, 1.6–5.39) in the 45–60 age group, 1.72 (95% CI, 1.11–2.68) in the 60–80 age group, and 5.03 (95% CI, 0.48–52.65) in the ≥80 age group. The ORs of severe sarcopenia and 7-year mortality were 6.92 (95% CI, 1.95–24.5) in the 45–60 age group, 2.59 (95% CI, 1.61–4.17) in the 60–80 age group, and 12.52 (95% CI, 1.18–133.18) in the ≥80 age group. The MR analyses, leveraging the inverse variance weighted (IVW) method, unveiled substantial causal links between low hand grip strength in individuals aged 60 and older, the usual walking pace, and mortality risk.





Conclusion

This study underscores the significant impact of sarcopenia and its components on mortality risk within the Chinese population. Particularly, low hand grip strength and usual walking pace emerged as noteworthy contributors to mortality risk.





Keywords: the CHARLS, sarcopenia, mortality risk, the propensity score matching, Mendelian randomization





Introduction

Sarcopenia, characterized by loss of muscle mass and function, is a common condition in older adults that has been associated with increased disability, falls, hospitalization, and mortality (1–5). It has been reported to be prevalent in various groups, with estimates ranging from 9.9% to 40.4% among community-dwelling adults and 2% to 34% in outpatient settings, and affects as many as 56% of hospitalized patients (6–9). As the global population ages, the prevalence of sarcopenia is expected to increase significantly (10). Despite its growing recognition as a significant public health issue, there are limited data on the association between sarcopenia and mortality risk in Chinese community-dwelling adults. Moreover, the relationship between sarcopenia and mortality can be confounded by chronic diseases and other factors that commonly occur with aging. Propensity score matching has been used in previous research to account for these confounding factors, but typically for a single disease (11–14).

Sarcopenia is linked to a doubling of mortality risk in both community-dwelling adults and nursing home residents and a tripling of risk in cancer patients (11–14). As the world’s population continues to age, addressing the health implications of sarcopenia has become a critical priority. However, despite the increasing recognition of sarcopenia’s importance, there are still gaps in our understanding of its causal relationship with mortality.

This study aims to contribute to this understanding by investigating the causal links between different components of sarcopenia—specifically, appendicular lean mass, low hand grip strength, and usual walking pace—and the risk of mortality in a comprehensive manner. Our research combines data from a longitudinal study conducted among Chinese adults aged 45 years and older with a Mendelian randomization study utilizing European population data. By applying Mendelian randomization methods, we can better elucidate the causal relationships between these sarcopenia components and mortality risk.





Methods




Longitudinal study




Population

The China Health and Retirement Longitudinal Study (CHARLS), established in 2011, is a national longitudinal study of community-dwelling adults in China, with its detailed validity and methodology previously documented (15, 16). The CHARLS protocol was approved by the Peking University Ethical Review Committee (IRB00001052-11015) following the Declaration of Helsinki. Informed consent was obtained from all participants. Data from Harmonized CHARLS 2011–2018 were included. Missing data on sex (n = 8), age (n = 305), weight (n = 4,099), height (n = 58), no-grip strength, walking speed, sitting test (n = 7,501), no follow-up (n = 1,345), blood sample data (n = 3,259), and age < 18 years (n = 3) were excluded. A total of 9,006 participants (≥18 years) were enrolled in the study (Figure 1).




Figure 1 | The flow diagram for the population in the CHARLS. CHARLS, The China Health and Retirement Longitudinal Study; HS, handgrip strength; CST, 5-time chair stand tests; WS, walk speed; ASM, appendicular skeletal muscle mass.







Evaluation of sarcopenia status

Asian Working Group for Sarcopenia (AWGS) 2019 algorithm was used to evaluate sarcopenia status in the CHARLS, including assessment of muscle mass, muscle strength, and physical performance (1). The muscle mass values, the appendicular skeletal muscle mass (ASM), were imputed using an anthropometric equation (ASM = 0.193 * body weight + 0.107 * height − 4.157 * sex − 0.037 * age − 2.631) mainly validated in Asia populations as described in previous studies (17, 18). The handgrip strength of the dominant hand was recorded by a Yuejian TM WL-1000 dynamometer. The participants carried out the gait speed and five-time chair stand tests, and the methods employed in the CHARLS have been described (15, 17).





Mortality data

From April 2011 to March 2019, all deaths were recorded, and the survival status of the participants was determined during the baseline investigation in 2011–2012, prior to follow-up. Death data were collected from life history surveys conducted in 2013, 2014, 2015, and 2018, with the follow-up period spanning approximately 8 years. The survival status of participants was ascertained through field investigations conducted by interviewers during four separate follow-up periods. Interviewers visited the residences of participants and, in the event of the participant’s death, collected relevant information by interviewing household members who lived with the deceased (19).





Covariates

Sociodemographic and medical covariable data were extracted from the CHARLS 2011. These variables included age, gender (male or female), marital status (single, married, divorced, or widowed or others), education (elementary school or less, or secondary school or above), dwelling locations (urban or rural), drinking, smoking, and multimorbidity (20). The multimorbidity covariate consisted of self-reported data on 12 medically diagnosed conditions, including hypertension, diabetes, cancer, chronic lung diseases, liver disease, heart disease, stroke, kidney disease, digestive diseases, memory-related diseases, arthritis or rheumatoid arthritis, and asthma (20, 21).





Statistical analysis

For continuous variables, confidence intervals (CIs) of 95% were supplied, whereas percentage frequencies were provided for categorical variables. To compare continuous and categorical data, t-tests and χ2 were utilized. With the use of logistic regression models, the risk of mortality is determined. The Kaplan–Meier curves are depicted visually. To reduce potential selection bias, propensity score matching (PSM) was utilized to balance covariates between participants with and without sarcopenia or severe sarcopenia. After individual propensity scores were computed using a logistic regression model, the nearest-neighbor matching technique with a caliper width of 0.2 standard deviations of the propensity score was used to pair patients from the lowest hand grip strength (HGS) group with those from other groups. Then, a regression analysis was conducted using the inverse probability of treatment weighting (IPTW) (22). Statistical analyses were carried out using the R software package (http://www.R-project.org, The R Foundation) and the Free Statistics software version 1.7. Statistical significance was determined by a two-sided p-value <0.05.






Mendelian randomization study




Data source

The Mendelian randomization study was conducted using European populations to examine the causal relationship between sarcopenia and any death. The exposures analyzed were appendicular lean mass, low hand grip strength in those aged 60 years and older, and usual walking pace. Appendicular lean mass data were obtained in 2020 from 205,513 samples genotyped for 18,164,071 single-nucleotide polymorphisms (SNPs) (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90000026/). Low hand grip strength was analyzed in 2021 using 256,523 samples genotyped for 9,336,415 SNPs (https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90007526/). The usual walking pace was examined in 2018 with 459,915 samples genotyped for 9,851,867 SNPs (https://gwas.mrcieu.ac.uk/datasets/ukb-b-4711/). The outcome was any cause mortality, analyzed in 2021 with 218,792 samples genotyped for 16,380,466 SNPs (https://gwas.mrcieu.ac.uk/datasets/finn-b-DEATH/). Sample sizes ranged from 205,513 to 459,915; SNPs analyzed spanned 9,336,415 to 18,164,071; years of data collection were from 2018 to 2021 (Supplementary Table 1).





Selection of SNPs and statistical analysis

The Mendelian randomization (MR) analysis was conducted employing the inverse variance weighted (IVW) method. The SNP selection process involved several methodologies: a significance threshold of p < 5 × 10−8 was applied to identify SNPs, achieving genome-wide significance. A threshold of r2 < 0.001 (with a clumping distance of 10,000 kb) was set to exclude SNPs that were in a state of linkage disequilibrium. In addressing potential pleiotropy, the PhenoScanner database was utilized for SNP identification and subsequent exclusion. Weak instrumental variables, as indicated by an F-statistic < 10, were systematically excluded from the analysis. The MR–pleiotropy residual sum and outlier (MR-PRESSO) method was employed before each MR analysis to eliminate potential outliers. Additionally, palindromic SNPs were eliminated through data harmonization between the any death dataset and the exposure dataset. Following this meticulous screening process, the remaining SNPs were retained for subsequent analyses. To validate the findings, alternative methods including MR-Egger, weighted median, and weighted mode were applied alongside IVW. Heterogeneity was assessed using Cochran’s Q test, while pleiotropy was evaluated through MR-Egger intercept testing and leave-one-out analysis. All statistical analyses were conducted using R software (version 4.3.0) for both MR analyses and sensitivity assessments.







Results




Longitudinal study




Demographics

The study included 9,006 participants, of which 45.9% were male and 54.1% were female. Among them, 3,892 had no sarcopenia, 3,570 had possible sarcopenia, 1,125 had sarcopenia, and 419 had severe sarcopenia. Over 7 years of follow-up, there were 871 deaths, including 147 without sarcopenia, 395 with possible sarcopenia, 196 with sarcopenia, and 133 with severe sarcopenia (Table 1).


Table 1 | The baseline characteristics of the study population in the CHARLS.







Univariate and multivariate logistic regression analyses

The univariate and multivariate logistic regression analyses showed that the risk factors for 7-year mortality were sarcopenia (odds ratios (OR): 1.41, 95% CI, 1.06–1.87), severe sarcopenia (OR = 2.11, 95% CI, 1.51–2.95), age (OR = 1.09, 95% CI, 1.08–1.1), diabetes (OR = 1.51, 95% CI, 1.26 to 1.82), hypertension (OR = 1.31, 95% CI, 1.11 to 1.56), cancer (OR = 4.46, 95% CI, 2.45 to 8.09), stroke (OR = 1.64, 95% CI, 1.13 to 2.38), lung disease (OR = 1.82, 95% CI, 1.45 to 2.28), and memory-related diseases (OR = 2.11, 95% CI, 1.37–3.25) (p < 0.05). The protective factors for 7-year mortality were female (OR = 0.52, 95% CI, 0.43–0.63), married (OR = 0.33, 95% CI, 0.17–0.61), and divorced (OR = 0.46, 95% CI, 0.24–0.9) (p < 0.05) (Table 2).


Table 2 | Univariate and multivariate logistic analyses of risk factors for 7-year mortality in the CHARLS.







The relationship between sarcopenia and all-cause mortality

According to the Kaplan–Meier survival curves, sarcopenia and severe sarcopenia had a higher risk of 7-year mortality (Figure 2). The results from logistic regression analyses are presented in Table 2. Compared to no sarcopenia, the unadjusted OR of sarcopenia for 7-year mortality (model 1) was 5.37 (95% CI, 4.29–6.74), whereas for severe sarcopenia, it was 11.85 (95% CI, 9.1–15.42). After adjusting for age and sex (model 2), the OR of sarcopenia and severe sarcopenia for 7-year mortality was 1.41 (95% CI, 1.07–1.85) and 2.2 (95% CI, 1.59–3.05). Further adjusting for age, sex, education level, marriage status, urban area, drinking, and smoking (model 3), the OR of sarcopenia and severe sarcopenia for 7-year mortality was 1.39 (95% CI, 1.06–1.83) and 2.1 (95% CI, 1.51–2.92). Finally, after adjusting for age, body mass index (BMI), education level, marriage status, urban area, drinking, smoking, diabetes, hypertension, cancer, heart disease, stroke, lung disease, Arthre disease, liver disease, kidney disease, digestive disease, asthma, and memory-related disease (model 4), the OR of sarcopenia and severe sarcopenia for 7-year mortality was 1.41 (95% CI, 1.06–1.87) and 2.11 (95% CI, 1.51–2.95). All of the unadjusted and adjusted ORs of sarcopenia and severe sarcopenia were statistically significant (p < 0.05). The unadjusted OR of possible sarcopenia for the 7-year mortality was 3.17 (2.61–3.85) with a statistical difference (p < 0.05), but the adjusted OR was 1.11–1.23 without a statistical difference (p > 0.05) (Table 3).




Figure 2 | The Kaplan–Meier survival curves for sarcopenia associated with all-cause mortality risk. Note the small Kaplan–Meier graph on the left and its enlarged view.




Table 3 | Association of sarcopenia with 7-year mortality in the CHARLS.



Over a 7-year follow-up period, stratified analysis by age revealed that among individuals aged <45 years, there were 218 cases (4 deaths) of no sarcopenia, 43 cases (0 deaths) of possible sarcopenia, 3 cases (0 deaths) of sarcopenia, and 1 case (0 deaths) of severe sarcopenia. Among those aged ≥45 and <60 years, there were 3,405 cases (112 deaths) of no sarcopenia, 1,182 cases (52 deaths) of possible sarcopenia, 181 cases (14 deaths) of sarcopenia, and 28 cases (3 deaths) of severe sarcopenia. Among those aged ≥60 and <80 years, there were 263 cases (29 deaths) of no sarcopenia, 2,284 cases (317 deaths) of possible sarcopenia, 864 cases (145 deaths) of sarcopenia, and 325 cases (83 deaths) of severe sarcopenia. Among those aged ≥80 years, there were 6 cases (2 deaths) of no sarcopenia, 61 cases (26 deaths) of possible sarcopenia, 77 cases (37 deaths) of sarcopenia, and 65 cases (47 deaths) of severe sarcopenia. A statistically significant interaction between age and sarcopenia was observed in individuals aged ≥45 years (p < 0.05), but not in those aged <45 years (p > 0.05). The OR values of sarcopenia and 7-year mortality were 2.94 (95% CI, 1.6–5.39), 1.72 (95% CI, 1.11–2.68), and 5.03 (95% CI, 0.48–52.65) in the 45–60, 60–80, and ≥80 age groups, respectively. The OR values of severe sarcopenia and 7-year mortality were 6.92 (95% CI, 1.95–24.5), 2.59 (95% CI, 1.61–4.17), and 12.52 (95% CI, 1.18–133.18) in the 45–60, 60–80, and ≥80 age groups, respectively (Table 4).


Table 4 | Subgroup analysis stratified by age of the association between sarcopenia and 7-year mortality.







The ORs of sarcopenia and severe sarcopenia for 7-year mortality with PSM and IPTW analyses

The sarcopenia and severe sarcopenia were matched as separate groups for propensity score matching. The baseline characteristics before and after propensity score matching are shown in Supplementary Table 2. In both sarcopenia and severe sarcopenia, there were significantly higher OR for 7-year mortality by PSM and IPTW analyses (p < 0.05). Before PSM, the unmatched crude ORs for 7-year mortality were 3.46 (2.98–4.02) for sarcopenia and 4.95 (3.97–6.16) for severe sarcopenia, whereas the multivariable ORs were 1.46 (1.21–1.76) for sarcopenia and 1.74 (1.35–2.24) for severe sarcopenia. After propensity score matching, the ORs for 7-year mortality were 1.33 (1.09–1.63) for sarcopenia and 1.7 (1.25–2.32) for severe sarcopenia. After the inverse probability of treatment weighting regression analysis, the ORs for 7-year mortality were 1.77 (1.49–2.09) and 2.28 (1.69–3.07) for sarcopenia and severe sarcopenia, respectively (Figure 3).




Figure 3 | Forest plot shows ORs of all-cause mortality in participants with sarcopenia and severe sarcopenia using propensity score matching analysis. IPTW, the inverse probability of treatment weighting regression analysis; ORs, odds ratios.








Mendelian randomization study




The effect of appendicular lean mass on any death

This study examined the role of appendicular lean mass, a key component of sarcopenia, in relation to any death. Analyzing 283 SNPs with MR methods, we found significant results with the MR-Egger method (OR = 1.261, 95% CI, 1.056–1.507, p = 0.011). The weighted median method resulted in an OR of 0.948 (95% CI, 0.850–1.058, p = 0.341), while the IVW method resulted in an OR of 0.954 (95% CI, 0.892–1.021, p = 0.176). Heterogeneity (p > 0.05) and potential pleiotropy (p < 0.05) were assessed (Supplementary Figures 1–4 and Table 5).


Table 5 | The causal association between sarcopenia and risk of any death.







The effect of low hand grip strength (60 years and older) on any death

In our analysis of the impact of low hand grip strength on any death in individuals aged 60 and older (defined by the European Working Group on Sarcopenia in Older People (EWGSOP) criteria), we employed MR with a dataset of 11 SNPs. The IVW method demonstrated a significant association (OR = 1.310, 95% CI, 1.058–1.621, p = 0.013) between low hand grip strength and any death. Subsequently, the MR-Egger method showed an OR of 1.077 (95% CI, 0.523–2.218, p = 0.846), and the weighted median method yielded an OR of 1.168 (95% CI, 0.902–1.512, p = 0.238). Importantly, there was minimal evidence of heterogeneity (p > 0.05), and no substantial pleiotropy was observed (p > 0.05) (Supplementary Figures 5–8 and Table 5).





The effect of the usual walking pace on any death

Examining the influence of the usual walking pace, another integral component of sarcopenia, on any death, 52 SNPs were analyzed using MR methods. The IVW method indicated a significant association (OR = 0.590, 95% CI, 0.367–0.950, p = 0.030) between the usual walking pace and any death. In contrast, the MR-Egger method did not reveal a statistically significant effect on mortality (OR = 0.404, 95% CI, 0.057–2.874, p = 0.369), and the weighted median method yielded an OR of 0.587 (95% CI, 0.294–1.173, p = 0.131). Similar to the previous exposure, minimal evidence of heterogeneity (p > 0.05) was observed, and no substantial pleiotropy was detected (p > 0.05) (Supplementary Figures 9–12 and Table 5).

In summary, these findings reveal associations between sarcopenia components (appendicular lean mass, low hand grip strength, and usual walking pace) and mortality risk.







Discussion

Our study employed a multifaceted approach by combining longitudinal data from the CHARLS cohort with MR analysis to explore the complex relationships between various components of sarcopenia (appendicular lean mass, low hand grip strength, and usual walking pace) and mortality risk in older adults.

In this study, the prevalence of sarcopenia and severe sarcopenia in our study was 12.5% and 4.7%, respectively, which is consistent with previous studies in China. Our results showed that sarcopenia and severe sarcopenia were associated with a higher risk of 7-year mortality, even after adjusting for several potential confounding factors, consistent with previous studies conducted in other populations (7, 9, 23). Compared to participants without sarcopenia, those with sarcopenia had a 41% higher risk of mortality. Moreover, the risk of mortality was even higher for participants with severe sarcopenia, with a 111% higher risk than those without sarcopenia. This highlights the importance of early detection and intervention for sarcopenia before it progresses to a more severe stage.

Our study also identified several risk factors for mortality, including age, chronic diseases (such as diabetes, hypertension, cancer, stroke, lung disease, and memory-related diseases), and male gender. The association between sarcopenia and mortality risk is more pronounced in older age groups, with the highest risk observed in individuals aged ≥80 years. These findings are consistent with previous studies that have reported an association between these factors and mortality risk (8, 12, 24, 25).

To account for potential confounding by chronic diseases and age, we used propensity score matching, which confirmed the significant association between sarcopenia and mortality risk. While previous research has also utilized this approach, it has mainly focused on examining the relationship between sarcopenia and mortality in the context of a single disease. For instance, Lin et al. demonstrated that patients with both type 2 diabetes and sarcopenia were at higher risk for mortality than those without sarcopenia (13). Similarly, Bang et al. found that sarcopenia was associated with an increased incidence of postoperative acute kidney injury and overall mortality in patients undergoing surgery for abdominal aortic aneurysms (14). Furthermore, several studies have investigated the impact of sarcopenia on postoperative outcomes in cancer patients (11, 26). After utilizing propensity score matching to account for potential confounding factors, the association between sarcopenia and mortality risk remained significant. This underscores the importance of screening for sarcopenia in older adults and implementing age-specific interventions to address associated health risks.

Furthermore, our MR analysis introduced a causal dimension to this association. While MR results did not uniformly establish causal relationships between all sarcopenia components and mortality, they offered valuable insights. Importantly, the MR analysis using the IVW method demonstrated a significant causal association between low hand grip strength in individuals aged 60 and older and mortality risk. Additionally, the MR analysis using the IVW method of walking pace provided further support for this causal relationship. This highlights the importance of muscle strength as a key factor influencing healthy aging and longevity. However, the MR-Egger and weighted median methods did not provide supportive evidence, indicating potential complexities in this relationship and emphasizing the need for further investigation. Meanwhile, the MR analysis did not establish a significant causal relationship between appendicular lean mass and mortality risk. This discrepancy may warrant further exploration, considering the complexity of measuring muscle mass and the multifaceted nature of sarcopenia. It is possible that muscle quality and function, rather than muscle mass alone, play a more critical role in influencing mortality risk. These subtle differences underscore the need for ongoing research to elucidate underlying mechanisms.

Sarcopenia’s impact on mortality extends beyond physical frailty, encompassing a range of physiological and metabolic changes (8). One critical aspect is the increased risk of falls and fractures among individuals with reduced muscle mass and strength (27, 28). These incidents can trigger a chain reaction, leading to complications like infections, immobility, and secondary muscle loss, ultimately contributing to mortality (7, 8, 28). Chronic inflammation, hormonal shifts, and malnutrition are pivotal factors linking sarcopenia to mortality (25, 29). They can initiate or worsen various chronic diseases, significantly elevating the risk of premature death (10, 13). Strategies aimed at managing chronic diseases, reducing inflammation, optimizing hormone levels, and ensuring adequate nutrition can collectively improve the overall wellbeing of sarcopenic individuals, potentially reducing their mortality risk.

Our study has several strengths, including a large sample size, a longitudinal design, and the use of standardized diagnostic criteria for sarcopenia. Additionally, the inclusion of Mendelian randomization analysis, employing multiple methods such as IVW, MR-Egger, and weighted median, provided a robust basis for establishing causal links between sarcopenia components and mortality. Finally, rigorous adjustments for sociodemographic and medical covariates were performed to mitigate potential confounding effects. However, our study also has some limitations. First, the diagnosis of sarcopenia was based on a single measurement of muscle mass, strength, and function, which may not accurately reflect the individual’s sarcopenia status over time. Second, we did not have data on the cause of death, which limits our ability to assess the specific causes of mortality associated with sarcopenia. Finally, our study was based on observational data from Chinese adults, and the generalizability of our findings to other populations may be limited. Additionally, while efforts were made to address pleiotropy, the presence of residual pleiotropic effects cannot be entirely excluded.

In conclusion, our study demonstrates that sarcopenia and severe sarcopenia are strongly linked to higher mortality risk. Further research should explore interventions to mitigate these risks and enhance outcomes for individuals with sarcopenia.
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Supplementary Figure 1 | The scatter plot of Appendicular Lean Mass on any death.

Supplementary Figure 2 | The forest plot of Appendicular Lean Mass on any death.

Supplementary Figure 3 | The leaveoneout plot of Appendicular Lean Mass on any death.

Supplementary Figure 4 | The funnel plot of Appendicular Lean Mass on any death.

Supplementary Figure 5 | The scatter plot of Low Hand Grip Strength (60 years and older) on any death.

Supplementary Figure 6 | The forest plot of Low Hand Grip Strength (60 years and older) on any death.

Supplementary Figure 7 | The leaveoneout plot of Low Hand Grip Strength (60 years and older) on any death.

Supplementary Figure 8 | The funnel plot of Low Hand Grip Strength (60 years and older) on any death.

Supplementary Figure 9 | The scatter plot of the Usual Walking Pace on any death.

Supplementary Figure 10 | The forest plot of the Usual Walking Pace on any death.

Supplementary Figure 11 | The leaveoneout plot of the Usual Walking Pace on any death.
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Height (cm) 1666 + 5.8° 1603 £ 6.9° 165.1 % 5.2 1606 £7.7" 1670 £ 5.9% 161.7 £ 6.7 1640 £ 4.3% 1590 £7.3*
Weight (kg) 613 %65 559 477" 74.4 % 63° 709 £ 8.1° 641 £89° 558+ 86" 720 £7.2° 645 10.1°
BMI (kg/m?) 21+20° 217 £23" 27320 27417 230+28" 21324 268 +27° 254+ 28
BF% 207 %52 2462° 28,6+ 44° 332:43¢ 205 42" 210 £49" 308+3.1° 323434
SMI (kg/m?) 96+ 08" 89 +09" 108+ 09° 100 +0.8" 100 + 10° 9.1+ 09" 102 + 1.0° 93+ 100
ASMI (kg/m?) 5805 53+05° 6405 5905 6106 55+ 0.6" 6.1+06 55+ 0.6"
HGS (kg) 317 £28° 209 £ 49° 316+45" 206 +45" 320438 217 + 4.6 311 £30° 19.9 + 4.8"
FMI (kg/m?) 46+ 14 53%17" 78 16° 91+15¢ 48+ 14" 45+ 1.4 83+ 14> 83+ 16"
WHR 083 004 083 £ 004 0.90 003 090 £ 003" 084 £ 004° 0822004 090 £ 003° 089 +0.05°
AFEM (kg) 49+ 08" 41+ 09" 59+ 09° 49+ 10° 53+10" 42+ 100 5.4+ 08 44+ 100
LFEM (kg) 151+ 1.9° 125 23" 163+ 1.7° 143 £25° 157 £21° 131£24 15315 12927
AFM (kg) 15+ 06 1806 28+08" 34£07° 15405 15405 30407 29+08
LEM (kg) ars11 43412 63+12" FARSEY 12410 384100 67+ 11° 64 %140
TF (kg) 62%22° 66+ 24 10+ 20° 819" 65+24" 56+22" 114+ 19" 105 +2.3"
AFFM% 765 +7.2° 701 £83" 68.1+7.2 593 £7.2° 776 +53" 740 + 64" 641 £5.1° 600 £ 6.0°
LEEM% 788 %47 746+ 6.0° 721 %43 666+ 5.0° 791438 77646 700+ 29" 67039
ARM% 235£7.2° 299 +83" 319£72° 407 £72° 24453 260+ 64" 359 £5.1° 40.0 £ 6.0°
LEM% 22:47 2540 £ 6.0° 279+ 43 3344500 209438 24546 300+ 29 30439
TRM% 226+ 64 26.1+75" 319+ 43° 369 41" 226456 227463 340 30" 357 436"
Female

‘ N (prevalence) 518(37.8%) 424(31.0%) 265(19.4%) 162(11.8%) 512(37.4%) 349(25.5%) 27119.8%) 237017.3%)

‘ Age (years) 721 £ 64° 768 + 86" 738+ 7.0° 793+75% 724 + 66" 767 £ 8.6 732+ 67" 787 £ 7.8

‘ Height (cm) 1535 + 6" 150.1 £ 62" 1515 % 6.0° 1476 £ 6.3 1537 £ 58 1503 + 6.3 1501 + 6.1° 148.1 + 6.2°

[ Weight (kg) 509 £ 6.4° 476+ 67" 65.6 + 8.3° 595 +64° 51974 468 + 6.8 63.3 £ 10.0° 56.8 +7.19
BMI (kg/m?) 21622 211 26" 286+ 3.1° 273£22¢ 219 427" 207 +2.6° 277 + 38 259 +28
BF% 287161 293+66 383247 401 +43° 281 54" 274457 394+35" 395438
SMI (kg/m?) 81207 77 £07° 9.4+ 08° 86+05" 84%08" 78+07° 89+ 10° 82107
ASMI (kg/m?) 48+ 04 46+ 04" 55%05° 50+03° 50405 47 +0.4° 52+ 06° 4704
HGS (kg) 207 +28 139 £34" 197 + 44° 139 £3.1° 205+3.1° 138 +3.4" 201 39 139 +3.1°
FMI (kg/m?) 63+18" 63+20° 110+ 25" 110 £ 2.0° 63417 5817 100 + 25° 10.3 + 2.0°
WHR 0.83 % 0.04° 082 005" 0.93 % 0.04° 092 £ 0.04° 084 %005 082 0,05 092 % 0.05° 090 + 0.04*
AFFM (kg) 32206 28+06" 41£07° 342070 34£07 28+06" 38+ 08° 32+07°
LFEM (kg) 102+ 17 90+ 16 113+ 18" 97 +28° 105 + 18 92+16 107+2 93+25"
AFM (kg) 20+06 20407 38+12° 36+ 10° 20+06" 1805 38+ 12° 34509
LEM (kg) 47212 46+ 13 7.6% 18" 7527 4712 423 11" 7.6+ 18° 70 £ 24
TF (kg) 71223 67 %26 127 26" 118 +2.4° 71424 6123 125 +2.7° 111 +2.4°
AFEM% 615+ 7.8 587 + 80" 523+ 68° 489 £ 6.9° 628+ 66 61167 500 £ 5.0° 48.5 5.9
LFFM% 685+ 6.0 667+ 66" 59.8+ 50° 567 47" 69352 686+ 56" 586+ 40" 57.1£4.2°
AFM% 385178 414+ 80" 47.7 % 68 51169 372466 390 466" 500 + 5.0° 515459
LM% 3154600 33466 402+ 50° 83347 307 £52* 314456 414£40° 2942
TRM% 310273 316+81° aL5+43® 431 50" 304 £67" 294273 425+33" 42643

a.b, G, & variables in groups with different letters were significantly different (p < 0.05).
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Characteristic Forest pot OR (95% Cl)

Lean body mass, kg/m* 0.95 (091,099) *

Age, years 109 (106, 112) *

Sex, male vs female 371(169,812)

Annual household income 865,000 vs 865,000 0.50 (030, 082) *

BMI, kg/m® 1.02 (0.96, 1.09)

Hypertension 142 (092, 2.17)

Former smoker vs never 094 (060, 1.47)

Now smoker vs never 146 (088, 2.41)
Former drinker vs never

122 (078, 1.92)

Now drinker vs never 0.59 (037, 092) *

oD 152 (1.03,2.23) *
DM 122 (0.90, 1.64)
CKD 1.58 (1,03, 2.43)

0 05 1 15 2 25 3

AF, animal fluency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer’s Disease Delayed Recall test; CERAD-WL, Consortium to Establish a Registry for Alzheimer's Disease Word Learning test; DSST, Digit Symbol Substitution Test; BMI, body mass
index; CI, confidence interval; Ref, reference; Edu, education; Eth, Ethnicity; DM, diabetes mellitus; CVD, cardiovascular disease; CKD, chronic kidney disease.

“All estimates accounted for sample weights and complex survey designs, and means and percentages were adjusted for survey weights of NHANES.

© Model 2 was adjusted for age, sex, race/ethnicity (Mexican American, non-Hispanic black, non-Hispanic white, other Hispanic, other race-including multi-Racial), education (college and above, middle and high school, primary school and less), annual-household-
income, drinking status (never, former, and current drinker), BMI, hypertension, smoking status (never, former, and current smoker), cardiovascular discase, diabetes, and chronic kidney discase.

* pe0.05,
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Lean body mass

DSST impairment 3

Crude model ‘ ref 0.74 (0.56,097) 0.04 ‘ 0.82 (0.61,1.11) 0.19 057 (0.40,0.80) ‘ 0.00 0.01

Model 1 ref 0.63 (0.37, 0.09 047 (022, 0.06 037 (0.15, 0.03 0.03
1.08) 1.03) 0.90)

Model 2 ref 0.64 (038, 0.08 047 (021, 0.06 03 6(0.15, 0.02 0.02
1.07) 1.02) 0.82)

AF, animal fluency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer’s Discase Delayed Recall test; CERAD-WL, Consortium to Establish a Registry for Alzheimer’s Discase
Word Learning test; DSST, Digit Symbol Substitution Test; BMI, body mass index; CI, confidence interval; Ref, reference; Edu, education; Eth, Ethnicity; DM, diabetes mellitus; CVD,

cardiovascular disease; CKD, chronic kidney disease.
“All estimates accounted for sample weights and complex survey designs, and means and percentages were adjusted for survey weights of NHANES.

PDSST impairment was defined as a socre < 34 points.
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OR (95% CI)

Character Forest plot

Female

Lean body mass, kg/m® 090 (0.84, 0.96) * 096 (091, 1.00)
Age, years 1.10 (1.05, 1.15) * 1.08 (103, 1.13) *
Annual household income 565,000 vs <§65,000 066 (0.36, 1.21) 043 (021, 0.85) *
105 (097, 1.14) 105 (097, 1.13)
BMI, kg/m®
Hypertension 1.69 (094, 3.04) 125 (0.6, 2.38)
Former smoker vs never 123 (070, 2.17) 078 (047,1.27)
Now smoker vs never 176 (090, 3.47) 124 (068, 2.27)
Former drinker vs never 109 (0,63, 1.91) 155 (059, 4.11)
Now drinker vs never 042 (0.22,079) * 0.95 (0.36.2.52)
190 (0.99, 3.65) 114 072, 1.81)
cvp
DM 113 (077, 1.66) 120 (0.68, 2.10)
192 (1.14,3.23) 126 (067, 2.37)
CKD

0 0.5 1 15 2 25 3

AF, animal luency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer’s Disease Delayed Recall test; CERAD-WL, Consortium to Establish a Registry for Alzheimer's Disease Word Learning test; DSST, Digit Symbol Substitution Test; BMI, body mass
index; CI, confidence interval; Ref, reference; Edu, education; Eth, Ethnicity; DM, diabetes mellitus; CVD, cardiovascular disease; CKD, chronic kidney disease.

“All estimates accounted for sample weights and complex survey designs, and means and percentages were adjusted for survey weights of NHANES.

©Model 2 was adjusted for age, sex, race/ethnicity (Mexican American, non-Hispanic black, non- Hispanic white, other Hispanic, other race-including multi-Racial), education (college and above, middle and high school, primary school and less), annual household income,
drinking status (never, former, and current drinker), BMI, hypertension, smoking status (never, former, and current smoker), cardiovascular disease, diabetes, and chronic kidney disease.

* p<0.05.
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Subgroup n.total Death p- Interaction Model 2 p- Interaction Model 3 p- Interaction

event (%) Value p-Value Value p-Value Value p-Value
Age< 45 0.026 0.016 0.001
years
No 218 4(1.8) 1 (Ref) 1 (Ref) 1 (Ref)
sarcopenia
Possible 43 0(0) - - - = - =
sarcopenia
Sarcopenia 3 0(0) = = = = . -
Severe 1 0(0) = = - = = -
sarcopenia

Trend test 265 4(1.5) - - - = = =

45 years > age < 60 years

No 3,405 112 (3.3) 1 (Ref) 1 (Ref) 1 (Ref)

sarcopenia

Possible 1,182 52 (4.4) 135 0.078 141 0.051 123 0.245

sarcopenia (0.97-1.89) (1-1.98) (0.87-1.76)

Sarcopenia 181 14 (7.7) 246 0.002 2.69 0.001 294 <0.001
(1.38-4.39) (1.49-4.85) (1.6-5.39)

Severe 28 3(10.7) 3.53 0.042 524 0.009 6.92 0.003

sarcopenia (1.05-11.86) (1.52-18.05) (1.95-24.5)

Trend test 4,796 181 (3.8) 149 <0.001 1.58 <0.001 1.56 <0.001
(12-1.85) (1.26-1.98) (1.23-1.98)

60 years > age < 80 years

No 263 29 (11) 1 (Ref) 1 (Ref) 1 (Ref)

sarcopenia

Possible 2,284 317 (13.9) 13 0.202 1.32 0.182 121 0.367

sarcopenia (0.87-1.95) (0.88-1.99) (0.8-1.83)

Sarcopenia 864 145 (16.8) 1.63 0.025 171 0.015 172 0.016
(1.06-2.49) (1.11-2.64) (1.11-2.68)

Severe 325 83 (25.5) 2.77 <0.001 2.64 <0.001 259 <0.001

sarcopenia (1.75-4.38) (1.65-4.22) (1.61-4.17)

Trend test 3,736 574 (15.4) 1.39 <0.001 137 <0.001 142 <0.001
(1.24-1.56) (1.22-1.55) (1.25-1.61)

Age > 80 years

No 6 2(33.3) 1 (Ref) 1 (Ref) 1 (Ref)

sarcopenia

Possible 61 26 (42.6) 1.49 0.661 131 0.768 349 0298

sarcopenia (0.25-8.74) (0.22-7.89) (0.33-36.86)

Sarcopenia 77 37 (48.1) 185 0.492 176 0534 5.03 0.177
(0.32-10.7) (0.3-10.41) (0.48-52.65)

Severe 65 47 (72.3) 522 0.069 478 0.088 1252 0.036

sarcopenia (0.88-31.04) (0.79-28.8) (1.18-133.18)

Trend test 209 112 (53.6) 1.81 0.001 183 0.001 197 0.001
(1.29-2.54) (1.3-2.59) (1.33-2.91)

Model 1: crude model. Model 2: adjusted OR for sex, education level, marriage status, urban area, drinking, and smoking. Model 3: adjusted OR for sex, education level, marriage status, urban
area, drinking, smoking, diabetes, hypertension, cancer, heart disease, stroke, lung disease, Arthre disease, liver disease, kidney disease, digestive disease, asthma, and memory-related disease.
OR, odds ratio.
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Analysis OR(95%CI) P value

Sarcopenia: Yes vs No

Unmatched.crude 3.46 (2.98~4.02) —e— <0.001
Multivariable.adjusted 1.46 (1.21~1.76) —— <0.001
PropensityScore.adjusted 1.37 (1.14~1.65) —— 0.001
PropensityScore.Matched 1.33 (1.09~1.63) —— 0.006
Weighted.IPTW 1.77 (1.49~2.09) —e— <0.001

Severe sarcopenia: Yes vs No

Unmatched.crude 4.95 (3.97~6.16) —— <0.001

Multivariable.adjusted 1.74 (1.35~2.24) —— <0.001

PropensityScore.adjusted 1.88 (1.45~2.44) — <0.001

PropensityScore.Matched 1.7 (1.25~2.32) —e— 0.001

Weighted.IPTW 2.28 (1.69~3.07) —_— <0.001

-
1.0 2.0 4.0

Effect(95%Cl)





OPS/images/fendo.2023.1215512/table1.jpg
racteristic Total \[e} Possible Sarcopenia = Severe

(n =9,006) sarcopenia sarcopenia (n = 1,125) arcopenia
(n = 3,892) (n = 3,570) (n = 419)
Age, years 588 9.6 523+62 61.8 83 67.1+83 714 £ 8.1 <0.001
Gender, n (%) 0.002
Male 4,138 (45.9) 1,798 (46.2) 1,693 (47.4) 461 (41) 186 (44.4)
Female 4,868 (54.1) 2,094 (53.8) 1,877 (52.6) 664 (59) 233 (55.6)
BMI (kg/m?) 235+39 240 +39 248 %34 19318 193+ 19 <0.001
Weight (kg) 587 +11.7 611+ 11.6 619 + 9.6 458 5.5 444 £55 <0.001
Height (m) 16 0.1 1.6 £ 0.1 16 £ 0.1 1501 15£0.1 <0.001
ASM (kg) 170 £ 42 179 £ 42 176 £3.7 136 £3.6 130 £ 3.5 <0.001
ASM/HE (kg/m?) 67+ 1.1 7.0 £ 11 7.0 £ 1.0 56+ 09 56+ 1.0 <0.001
Walk speed (m/s) 0.6 +0.2 L1£01 06 +02 0.6 £0.2 0502 <0.001
Handgrip strength (kg) 317 £104 356 +9.7 301 £99 28.1+7.7 175+ 59 <0.001
5-time chair stand test (s) 108 +4.3 85+ 19 127 £ 48 12.0 £ 4.0 14.1 £ 63 <0.001
Waist (cm) 843 + 12,6 845+ 11.9 87.7 + 127 757 £9.2 756 + 10.5 <0.001
Education, n (%) <0.001
Elementary school or below 6,412 (71.2) 2,258 (58) 2,776 (77.8) 982 (87.3) 396 (94.5)
Secondary school 2,506 (27.8) 1,590 (40.9) 756 (21.2) 138 (12.3) 22 (5.3)
College or above 88 (1.0) 44 (1.1) 38 (1.1) 5(0.4) 1(0.2)
Marriage, n (%) <0.001
Single 57 (0.6) 18 (0.5) 22 (0.6) 7(0.6) 10 (2.4)
Married 7,907 (87.8) 3,664 (94.1) 3,082 (863) 875 (77.8) 286 (68.3)
Divorced or widowed or others 1,042 (11.6) 210 (5.4) 466 (13.1) 243 (21.6) 123 (29.4)
Area, n (%) <0.001
Urban area | 2,972 (33.0) 1,406 (36.1) 1,209 (33.9) 251 (22.3) 106 (25.3)
Rural area | 6,034 (67.0) 2486 (63.9) 2,361 (66.1) 874 (77.7) 313 (747)
Drinking, n (%) <0.001
No = 6,543 (72.7) 2,665 (68.5) 2,665 (74.6) 885 (78.7) 328 (783)
Yes | 2,463 (27.3) 1,227 (31.5) 905 (25.4) 240 (21.3) 91 (21.7)
Smoking, n (%) 0.261
No = 6307 (70.0) 2,694 (69.2) 2,542 (71.2) 783 (69.6) 288 (68.7)
Yes | 2,699 (30.0) 1,198 (30.8) 1,028 (28.8) 342 (30.4) 131 (31.3)
Diabetes, n (%) <0.001
No = 7495 (83.2) 3,326 (85.5) 2,834 (79.4) 989 (87.9) 346 (82.6)
Yes 1511 (16.8) 566 (14.5) 736 (20.6) 136 (12.1) 73 (17.4)
Hypertension, n (%) <0.001
No = 6,640 (73.7) 3,134 (80.5) 2,276 (63.8) 898 (79.8) 332 (79.2)
Yes | 2,366 (26.3) 758 (19.5) 1,294 (36.2) 227 (20.2) 87 (20.8)
Cancer, n (%) 0.878
No = 8922 (99.1) 3,854 (99) 3,535 (99) 1,117 (99.3) 416 (99.3)
Yes 84 (0.9) 38 (1) 35(1) 8(0.7) 3(07)
Heart disease, n (%) <0.001
No = 7951 (883) I 3,557 (914) 3,011 (843) 1,011 (89.9) 372 (88.8)
Yes | 1,055 (11.7) 335 (8.6) 559 (15.7) 114 (10.1) 47 (112)
Stroke, n (%) | <0.001
No = 8772 (97.4) 3,827 (983) 3,445 (96.5) 1,099 (97.7) 401 (95.7)
Yes | 234 (2.6) 65 (1.7) 125 (35) 26 (2.3) 18 (43)
Lung disease, n (%) <0.001
No = 8131 (903) 3,643 (93.6) 3,192 (89.4) 945 (84) 351 (83.8)
Yes | 875(9.7) 249 (6.4) 378 (10.6) 180 (16) 68 (16.2)
Arthre disease, n (%) <0.001
No = 5847 (64.9) 2,700 (69.4) 2,174 (60.9) 722 (64.2) 251 (59.9)
Yes | 3,159 (35.1) 1,192 (30.6) 1,396 (39.1) 403 (35.8) 168 (40.1)
Liver disease, n (%) 0.999
No = 8818 (97.9) 3,810 (97.9) 3,496 (97.9) 1,102 (98) 410 (97.9)
Yes | 188 (2.1) 82 (2.1) 74 (2.1) 23(2) 9 (2.1)
Kidney disease, n (%) 0.017
No = 8495 (94.3) 3,699 (95) 3334 (93.4) 1,067 (94.8) 395 (94.3)
Yes | 511(5.7) 193 (5) 236 (6.6) 58 (5.2) 24 (5.7)
Digestive disease, n (%) 0.042
No = 6955 (77.2) 3,037 (78) 2,764 (77.4) 849 (75.5) 305 (72.8)
Yes | 2,051 (22.8) 855 (22) 806 (22.6) 276 (24.5) 114 (272)
Asthma, n (%) <0.001
No = 8591 (95.4) 3,781 (97.1) 3,378 (94.6) 1,043 (92.7) 389 (92.8)
Yes | 415 (4.6) 111 (29) 192 (5.4) 82(7.3) 30 (7.2)
(h;:mory-related disease, n <0.001
No = 8874 (98.5) 3,873 (99.5) 3,490 (97.8) 1,106 (98.3) 405 (96.7)
Yes | 132(L5) 19 (05) 80 (2.2) 19 (17) 14 (33)
7-year mortality, n (%) <0.001
No = 8135 (90.3) 3,745 (96.2) 3,175 (88.9) 929 (82.6) 286 (68.3)
Yes | 871(9.7) 147 (3.8) 395 (11.1) 196 (17.4) 133 (31.7)

CHARLS, China Health and Retirement Longitudinal Study; BMI, body mass index; ASM, appendicular skeletal muscle mass.
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Univariate logistic regression Multivariate logistic regression

Variable
OR (95% CI) p-Value OR (95% CI) p-Value

Possible sarcopenia 3.17 (2.61-3.85) <0.001 1.11 (0.89-1.4) 0.356
Sarcopenia 5.37 (4.29-6.74) <0.001 1.41 (1.06-1.87) 0.017
Severe sarcopenia 11.85 (9.1-15.42) <0.001 2.11 (1.51-2.95) <0.001
Age, years 111 (1.1-1.12) <0.001 1.09 (1.08-1.1) <0.001
Female 0.5 (0.44-0.58) <0.001 0.52 (0.43-0.63) <0.001
Education Secondary school 0.46 (0.38-0.55) <0.001 0.83 (0.67-1.03) 0.097
Education College or above 0.47 (0.19-1.16) 0.103 0.53 (0.2-1.37) 0.19

Married 0.21 (0.12-0.37) <0.001 0.33 (0.17-0.61) 0.001
Divorced or widowed or others 0.61 (0.34-1.09) 0.097 0.46 (0.24-0.9) 0.022
Rural area 1.13 (0.97-1.31) 0.122 1(0.84-1.18) 0.976
Drinking 1.02 (0.88-1.2) 0.761 0.98 (0.82-1.18) 0.852
Smoking 141 (1.22-1.63) <0.001 1.12 (0.93-1.35) 0.237
Diabetes 1.67 (1.41-1.97) <0.001 1.51 (1.26-1.82) <0.001
Hypertension 1.64 (1.42-1.9) <0.001 1.31 (1.11-1.56) 0.002
Cancer 277 (1.65-4.64) <0.001 4.46 (2.45-8.09) <0.001
Heart disease 1.5 (1.23-1.82) <0.001 1.24 (0.99-1.54) 0.062
Stroke 2.56 (1.85-3.54) <0.001 1.64 (1.13-2.38) 0.009
Lung disease 247 (2.05-2.97) <0.001 1.82 (1.45-2.28) <0.001
Arthre disease 0.99 (0.85-1.14) 0.851 0.89 (0.76-1.05) 0.173
Kidney disease 1.34 (1.02-1.76) 0.037 1.29 (0.95-1.75) 0.107
Digestive disease 0.86 (0.72-1.02) 0.084 0.92 (0.76-1.12) 0.407
Asthma 1.9 (1.45-2.49) <0.001 0.87 (0.63-1.21) 0.411
Memory-related disease 4.05 (2.77-5.93) <0.001 2.11 (1.37-3.25) 0.001

CHARLS, China Health and Retirement Longitudinal Study; OR, odds ratio.
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7-year n.total Death Modell p-Value Model2 p-Value Model3 p-Value Model 4 pP-

mortality event_% Value

No sarcopenia 3,892 147 (3.8) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

Possible 3,570 395 (11.1) 3.17 <0.001 123 0.073 123 0.075 L11 0.356

sarcopenia (2.61-3.85) (0.98-1.53) (0.98-1.53) (0.89-1.4)

Sarcopenia 1,125 196 (17.4) 537 <0.001 141 0.015 1.39 0.019 141 0.017
(4.29-6.74) (1.07-1.85) (1.06-1.83) (1.06-1.87)

Severe Sarcopenia 419 133 (31.7) 11.85 <0.001 22 <0.001 21 <0.001 2.11 <0.001
(9.1-15.42) (1.59-3.05) (1.51-2.92) (1.51-2.95)

Trend. test 9,006 871 (9.7) 2.19 <0.001 1.27 <0.001 1.25 ( <0.001 1.28 <0.001
(2.03-2.37) (1.15-1.4) 1.13-1.39) (1.15-1.42)

Model 1: crude model. Model 2: adjusted OR for age and sex. Model 3: adjusted OR for age, sex, education level, marriage status, urban area, drinking, and smoking. Model 4: adjusted OR for age,
sex, education level, marriage status, urban area, drinking, smoking, diabetes, hypertension, cancer, heart disease, stroke, lung disease, Arthre disease, liver disease, kidney disease, digestive
disease, asthma, and memory-related disease.

CHARLS, China Health and Retirement Longitudinal Study; OR, odds ratio.
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No age information (n=305)
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Severe sarcopenia 419 416 400 396 378 357 357 223
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Model

Random

Study name

in means
Ades etal. 2005 0700
Aragao et al. 2014 -1.530
Bea etal. 2010 1280
Boutcheret al. 2019 -1.600
Blain etal. 2017 0.480
Campa et al. 2018 -1.900
Cao etal. 2019 -2.900
Cao et al. 2009 2500

Coelho-J?nioretal. 2019a  0.900
Coelho-J?nior et al. 2019b  0.400

Conceig?o et al. 2013 -3.050
Correa etal. 2014a 1.200
Correa et al. 2014b 0.900
Cunha etal. 2018a -1.000
Cunha etal. 2018b 3100
Cunha etal. 2021a -3.220
Cunha etal. 2021b 720
De Vito etal. 1999 0.200
do Nascimento et al. 2018 -0.590
Elsangedy et al. 2021 -0.900
Faramarzi et al. 2018a 2590
Faramarzi et al. 2018b -2.890
Faramarzi et al. 2018c 4.770
Félix-Soriano et al. 2021 0.500
Figueroa et al. 2003 -1.900
Flynn et al. 1999 41100
Fourie et al. 2013 -1.860
Friedenreich et al. 2011 -1.800
Fiitzet al. 2018a 4.370
Fiitz et al. 2018b 1120
Gadelha etal. 2016 0420
Gerage et al. 2013 -0.600

Gonz?lezRavé et al. 20202 -0.500
Gonz?lezRavé et al. 2020b  0.880
Gonz?lezRavé et al. 2020c  -1.100
Grove and Londeree. 1992a  -2.900
Grove and Londeree. 1992b -0.700

Gualano et al. 2014 5.000
Ha et al. 2021 -5.880
Hoseini et al. 2020 7.100
Im etal. 2019 -0.560
Kallinen et al. 2002a 0.500
Kallinen et al. 2002b -1.700
Kim et al. 2016 0.200
Lee et al. 2012 3.10
Liao etal. 2018 -1.440
Maddalozzo et al. 2007 0.400
Malandish et al. 2020 -2.080
Marcos-Pardo et al. 2019 -2.560
Marques et al. 2011 -2.300
Marques et al. 2011-2a 0.200
Marques et al. 2011-2b -3.000
Morison et al. 1986 -1.400
Neves et al. 2017 1.700
Nunes etal. 2016a 3.000
Nunes et al. 2016b 2,500
Oh etal. 2021 1.200
Orsati et al. 2008 0.400
Paolillo et al. 2014 -2.000
Parketal. 2021 1,650
Raso et al. 2007 -2.000
Rezende et al. 2016 0.650
Ribeiro et al. 2020 -1.000
Santos et al. 2019 0.060
Seo et al. 2021 0.100
Shaw et al. 2016 4.900
Son et al. 2020 -1.700
Son etal. 2017 -2.390
Souza etal. 2017 2.400

Sipil? and Suominen. 1995 a-1.700
Sipil? and Suominen. 1995 b -0.500

Taaffe et al. 2005 -1.000
Taheri and Irandous t. 2018 -1.200
Tan et al. 2018 3.600
Tomeleri et al. 2018 -3.100
Tsutsumi etal. 1998a 2.450
Tsutsumi et al. 1998b -3.430
van Gemert et al. 2015 -4.300
Verschueren et al. 2004 -3.600
von Stengel et al. 2012 -1.300
Wen et al. 2017 -1.360
Son and Park. 2021 -3.100
Wong et al. 20182 -12.200
Yoon etal. 2017a 3210
Yoon etal. 2017b 2.020

-1.861

ifference Standard

error

1.870
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0.41
1507
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0.787
1845
1558
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3.248
2479
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2.750
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2.031
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0.644
0.421
0.630
2.319
1719
0.272
0.710
0612
0.476
2.208
2.557
2,979
2917
3.591
5.280
2.875
3684
1647
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3.416
4.007
1139
1.408
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2.007
0.573
0.901
1.486
1703
2.819
1.821
2.604
1763
3.402
2.440
2214
1791
7.210
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2.160
2.380
1.662
2471
1399
3.142
2.166
4.010
3.728
2.345
0.453
1.168
1597
3.151
3.004
0.353
1243
1229
1412
1472
0.691
3.139
5.221
0.287

Variance

3.498
1221
0.169
2.270
0.964
0.619
3.403
2.426
8.818

10.551
4.750
6.361
7.562
6613
7.874
8.141
7614
2.281
3.684
4.126
0.684
0.696
0.415
0477
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5.376
2.956
0.074
0.505
0.374
0.226
4.876
6.536
8.875
8.510

12.894

27.881
8.267

13.574
2.713
2.545

11.672

16.054
1297
1.981
1449
2.716
4.030
0.328
0.812
2.208
2.902
7.946
3.316
6.781
3.107

11.575
5.955
4.900
3.208

51.985
3.735
4.664
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4.715
1.957
9.875
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16.078

13.899
5.498
0.205
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2.550
9.926
9.022
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1.995
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0.082

Statistics for each study

Lower Upper
limit ~ limit
4366 2.966
3696 0.636
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6.015  1.855
3683 -1.437
4.066 -0.534
313 2713
6339 0.339
6.925 4.125
5269 1.869
8104 2.104
5.955 0.955
5468 7.868
4383 5183
6339 2.339
5160  1.860
416.131 12131
4438 3138
5233 3.233
4604 4724
3158 3.358
9.156 -0.644
4442 1042
8549 3.769
6.646  1.846
9559 6.159
7807 6.807
5596 3.596
2088 -0.312
5.890 -1.310
6230 0.030
8.625 3.725
9317 2457
4.992 3608
6.037 -1.163
3709 1.109
4128 1408
5985 -0.215
-13.555 -10.845
9361 2941
8213 12.253
2423 -1.299

ZValue

0.374
-1.385
3418
-1.062
0.489
2.416
1572
-1.605
0.303
0.123
-1.399
0.476
0.327
0.389
-1.105
1.129
0.623
0.132
0.307
0.443
3.133
3.464
2.749
1.187
3.015
0.474
-1.082
6.627
-1.929
-1.831
0.883
0.272
0.196
0.295
0.377
0.808
0.133
1739
-1.596
431
0.351
0.146
0.424
0.176
2.209
-1.196
0.243
-1.036
-4.468
2,552
0.135
1761
0.497
0.934
1.152
1.418
0.353
0.164
0.904
0.921
0.277
0.336
0.463
0.025
0.060
2.257
1215
0.761
-1.108
0.424
0.134
0.426
2,649
-3.081
-1.941
0.778
1.142
12,182
2.896
-1.058
0.963
2.106
17.646
-1.023
0.387
6.488

pValue

0.708
0.166
0.002
0.288
0.625
0.016
0.116
0.108
0.762
0.902
0.162
0.634
0.743
0.697
0.269
0.259
0.533
0.895
0.759
0.658
0.002
0.001
0.006
0.235
0.003
0.635
0.279
0.000
0.054
0.067
0.377
0.786
0.845
0.768
0.706
0.419
0.895
0.082
0.110
0.000
0.726
0.884
0.671
0.861
0.027
0.232
0.808
0.300
0.000
0.011
0.893
0.078
0.619
0.351
0.249
0.156
0.724
0.870
0.366
0.357
0.781
0.737
0.643
0.980
0.952
0.024
0.224
0.447
0.268
0.672
0.893
0.670
0.008
0.002
0.052
0437
0.253
0.000
0.004
0.290
0.336
0.035
0.000
0.306
0.699
0.000

Differenc:

in means and 95% CI

-16.00

8.00

Favours Exercise

8.00

Favours Control

16.00





OPS/images/fendo.2023.1183765/fendo-14-1183765-g007.jpg
Model

Study name

Boutcher et al. 2019
Campaet al. 2018
Conceig?oet . 2013
Correa et al. 2014a
Correa et d. 2014
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Aragao et al. 2014
Beaetal. 2010
Boutcher et al. 2019
Cao et al. 2019

Chen etal. 2018
Félix-Soriano et al. 2021
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Lee etal. 2012

Rashi et al. 2019
Rashti et al. 2019b
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variable total Q1 [0) Q3 Q4 P trend

Age, mean (SD), years 69.17 (0.20) 71.25 (0.35) 69.13 (0.29) 68.84 (0.32) 67.53 (0.28) <0.0001

Sex, No. (%) <0.0001
Female 1511 (51.13) 721 (98.60) 539 (83.44) 205 (31.22) 46 (5.78)

Male 1444 (48.87) 18 (1.40) 199 (16.56) 534 (68.78) 693 (94.22)

Ethnicity, No. (%) <0.0001
Mexican American 274 (9.27) 76 (4.20) 64 (3.52) 77 (4.24) 57 (2.75)
Non-Hispanic Black 717 (24.26) 68 (4.13) 182 (10.32) 210 (11.28) 257 (9.69)
Non-Hispanic White 1345 (45.52) 356 (76.64) 320 (75.57) 306 (75.79) 363 (83.86)

Other Hispanic 315 (10.66) 96 (5.37) 95 (4.88) 81 (4.07) 43 (1.82)
Other Race-Including Multi-Racial 304 (10.29) 143 (9.67) 77 (5.71) 65 (4.63) 19 (1.88)

Annual household income, No. (%) <0.0001
<$65,000 2088 (74.07) 553 (71.85) 536 (67.23) 515 (61.02) 484 (55.13)
2$65,000 731 (25.93) 151 (28.15) 164 (32.77) 186 (38.98) 230 (44.87)

Education, No. (%) 0.03
College and above 1475 (49.97) 363 (56.18) 361 (59.61) 358 (62.73) 393 (65.74)

Middle and high school 1105 (37.43) 262 (35.28) 290 (34.62) 276 (30.21) 277 (30.02)
Primary school and less 372 (12.6) 114 (8.54) 85 (5.76) 105 (7.06) 68 (4.24)

DM, No. (%) 991 (33.54) 176 (18.80) 255 (28.05) 260 (28.61) 300 (33.05) <0.001

CKD, No. (%) 985 (34.93) 242 (33.81) 253 (30.78) 244 (32.26) 246 (30.17) 0.62

CVD, No. (%) 641 (21.7) 128 (17.09) 156 (18.81) 178 (23.54) 179 (26.59) 0.01

Hypertension, No. (%) 2103 (71.17) 511 (66.52) 535 (67.10) 511 (64.16) 546 (69.92) 0.38

Smoke, No. (%) <0.0001
former 1106 (37.45) 165 (28.99) 236 (31.88) 324 (44.78) 381 (51.92)
never 1468 (49.71) 495 (60.53) 385 (54.00) 313 (44.99) 275 (38.76)
now 379 (12.83) 78 (10.48) 117 (14.12) 101 (10.23) 83 (9.31)

Alcohol, No. (%) <0.0001
former 803 (27.61) 161 (21.66) 202 (23.30) 201 (23.43) 239 (24.58)
never 492 (16.92) 214 (21.48) 130 (15.09) 89 (9.08) 59 (7.58)
now 1613 (55.47) 349 (56.86) 392 (61.60) 441 (67.49) 431 (67.84)

BMI, mean (SD), kg/m2 28.97 (0.20) 2461 (0.17) 29.24 (0.19) 29.34 (0.40) 32.51 (0.47) <0.0001

WC, mean (SD), cm 102.38 (0.49) 89.20 (0.53) 101.13 (0.42) 104.10 (0.75) 114.50 (0.90) <0.0001

Lean body mass, mean (SD), kg/m? 48.65 (0.35) 34.80 (0.15) 42.83 (0.11) 51.40 (0.12) 64.69 (0.54)  <0.0001

CERAD-WL score, mean (SD), score 2590 (0.31) 26.04 (0.37) 26.19 (0.43) 25.72 (0.32) 25.64 (0.46) 0.63

CERAD-DR score, mean (SD), score 6.23 (0.09) 6.30 (0.11) 6.27 (0.14) 621 (0.11) 6.16 (0.16) 0.77

AF score, mean (SD), score 18.14 (0.18) 17.17 (0.27) 17.96 (0.33) 18.41 (0.37) 18.97 (0.35) <0.0001

DSST score, mean (SD), score 52.60 (0.57) 51.63 (0.92) 54.24 (0.91) 51.30 (0.88) 53.10 (0.72) 0.05

AF, animal fluency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer’s Disease Delayed Recall test; CERAD-WL, Consortium to Establish a Registry for Alzheimer’s Disease
Word Learning test; DSST, Digit Symbol Substitution Test; BMI, body mass index; CI, confidence interval; Ref, reference; Edu, education; Eth, Ethnicity; DM, diabetes mellitus; CVD,
cardiovascular disease; CKD, chronic kidney disease.

2All estimates accounted for sample weights and complex survey designs, and means and percentages were adjusted for survey weights of NHANES.
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Sex

mber of patients Age BMI

CcC
Female 98 728 26.3 285 36.8
Male 149 734 26.7 282 358
Total 247 73.1 26.5 283 362

BML Body Mass Index; MUAG, Mid Upper Arm Circumference; CC, Calf Circumference.
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Total 247 100.00% 256 13.1 17.8

Sarcopenia level Number of patients Percentage MNA 2 (PCS)  SF-12 (MCS)

0 ‘ 64 25.9% ‘ 268 139 182

1 ‘ 69 27.9% ‘ 257 127 175

2 ‘ 89 36.1% ‘ 254 132 17.9

3 ‘ 25 10.1% ‘ 232 117 173
| |

Level 0, no sarcopenia; level 1, probable sarcopenia; level 2, sarcopenia; level 3, severe sarcopenia; MNA, Mini Nutritional Assessment; SE-12 (PCS), 12-Item Short Form Health Survey Physical
Component Summary; SF-12 (MCS), 12-Item Short Form Health Survey Mental Component Summary.
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Exposures Outcomes VW Weighted median MR-Egger RAPS

Beta (95% Cl) Beta (95% Cl) P Beta (95% Cl) Beta (95% Cl)
susceptibility ALM 0.014(-0.041, 0.012)  0.287 -0.013(-0.043, 0381 | -0.010(-0.079, 0.059) | 0.821 = -0.014(-0.043,0.014) = 0314
0017)
susceptibility grip strength 0.026(-0.004, 0.057)  0.092 NA NA NA NA | 0.026(-0.007,0.060) = 0.123
(right)
susceptibility grip strength -0.005(-0.035, 0.026)  0.772 NA NA NA NA  -0.005(-0.037,0.028) = 0.787
(left)
susceptibility walking pace -0.020(-0.036, 0014 -0.010(-0.030, 0311 | 0.006(-0.064,0.077) | 0.877 = -0.016(-0.036, 0.004) = 0.110
-0.004) 0010)
hospitalization ALM -0.019(-0.036, 0024 NA NA NA NA -0.020(-0.038, 0032
-0.003) -0.002)
hospitalization grip strength 0.009(0.002, 0016) 0015 0.008(-3.972¢-4, 0.062 | 0.003(-0013,0019) | 0.711  0.009(0.001,0.016)  0.021
(right) 0016)
hospitalization grip strength 0.002(-0.005, 0.009) = 0.540 4.071e-4(-0.008, 0925 | -0.001(-0.018, 0.015) = 0.888  0.002(-0.005,0.009) = 0.620
(left) 0.009)
hospitalization walking pace -0.006(-0.012, 0,055 -0.003(-0.010, 0.400 -2.331e-4(-0014,  0.976 -0.006(-0.012, 0.087
1.229e-4) 0.004) 0.014) 8.030¢-4)
severity ALM -0.007(-0.015, 0075 -0.005(-0.014, 0350 | -0.002(-0.032,0.028) | 0.919 = -0.007(-0.019,0.005) = 0.269
7333¢-4) 0.005)
severity grip strength 0.006(0.001,0012) 0016 0.007(6.797¢-4, 0.030 9.228¢-4(-0.013, 0899 0.007(0.001,0.012) 0019
(right) 0013) 0.015)
severity grip strength 0.002(-0.003, 0.007) = 0443 2.161e-4(-0.006, 0948 | -0.002(-0.015,0.012) = 0.806  0.002(-0.004,0.007) = 0515
(left) 0.007)
severity walking pace -0.006(-0.013, 0094 -0.003(-0.008, 0373 | 0.005(-0012,0.023) | 0.594  -0.004(-0.011,0.002) = 0.151
9.986¢-4) 0.003)

NA occurred because only two valid instruments were included in the analysis.

Bonferroni corrected significance level (0.05/12 = 0.004) was used to correct for multiple comparisons. p<0.004.

COVID-19, The coronavirus disease 2019; ALM, appendicular lean mass; MR, mendelian randomization; CI, confidence interval; IVW, inverse variance weighted; MR-RAPS, Mendelian
Randomization Robust Adjusted Profile Score. NA, not applicable.
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Exposures Outcomes CAUSE MR-APSS

Median causal effect (95% Cl) =~ Median q (Cl) P causal vs sharing Beta (95% Cl)

susceptibility ALM 0.03 (-0.53,0.48) 0.03 (0,0.22) 1 0.081 (-0.397,0.559) 0.740
susceptibility grip strength (right) 0.01 (-0.16,0.18) 0.04 (0,0.24) 0.94 -0.295 (-0.993,0.404)  0.408
susceptibility grip strength (left) 0.01 (-0.16,0.18) 0.04 (0,0.24) 0.99 -0.429 (-1.005,0.147)  0.144
susceptibility walking pace -0.01 (-0.16,0.13) 0.04 (0,0.23) 0.98 -0.124 (-0.702,0.455) 0.675
hospitalization ALM -0.04 (-0.2,0.09) 0.06 (0,0.24) 0.93 -0.069 (-0.735,0.598) 0.840
hospitalization grip strength (right) 0 (-0.10,0.09) 0.03 (0,0.23) 0.55 -0.098 (-0.455,0.260) 0.593
hospitalization grip strength (left) 0 (-0.10,0.10) 0.03 (0,0.22) 1.00 -0.257 (-0.592,0.077) 0.132
hospitalization walking pace 0 (-0.06,0.05) 0.05 (0,0.25) 0.80 -0.045 (-0.306,0.216)  0.735
severity ALM 0.02 (-0.15,0.07) 0.07 (0,0.26) 0.21 -0.011 (-0.465,0.443) 0.962
severity grip strength (right) -0.02 (-0.04,0.02) 0.08 (0.01,0.25) 0.37 -0.023 (-0.274,0.228) 0.858
severity grip strength (left) -0.02 (-0.05,0.03) 0.07 (0.01,0.25) 0.98 -0.150 (-0.386,0.097) 0.215
severity walking pace -0.01 (-0.04,0.04) 0.05 (0,0.25) 0.47 -0.118 (-0.269,0.034)  0.127

Sharing model better fit for the data in the CAUSE method.

Bonferroni corrected significance level (0.05/12 = 0.004) was used to correct for multiple comparisons. p<0.004.

COVID-19, The coronavirus disease 2019; ALM, appendicular lean mass; MR, mendelian randomization; CI, confidence interval; CAUSE, Causal Analysis Using Summary Effect Estimates; MR-
APSS, MR Accounting for Pleiotropy and Sample Structure simultaneously.
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IVW Beta (95% CI)

-0.014(-0.041,0.012)
0.026(-0.004,0.057)
-0.005(-0.035,0.026)
-0.020(-0.036,-0.004)
-0.019(-0.036,-0.003)
0.009(0.002,0.016)
0.002(-0.005,0.009)
-0.006(-0.012,1.229e-4)
-0.007(-0.015,7.333e-4)
0.006(0.001,0.012)
0.002(-0.003,0.007)
-0.006(-0.013,9.986e-4)
0.058(0.002,0.114)
-0.032(-0.146,0.083)
-0.015(-0.183,0.153)
0.204(0.009,0.400)
0.443(0.043,0.843)
0.549(0.004,1.094)
0.131(-0.077,0.338)
0.186(-0.239,0.612)
0.530(-0.050,1.111)
-0.303(-0.736,0.131)
-1.020(-2.052,0.012)
-1.347(-2.516,-0.178)

P-value

0.287
0.092
0.772
0.014
0.024
0.015
0.540
0.055
0.075
0.016
0.443
0.094
0.043
0.586
0.863
0.041
0.030
0.048
0.217
0.390
0.074
0.171
0.053
0.024
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COX regression

1 OP alone 1.12 (0.225-5.576) 0.890
SP alone 3.146 (1.132-8.742) ' 0.028*

(&N 4.345 (1.626-11.609) 0.003*

2 OP alone 0911 (0.162-5.131) 0.916
SP alone 1.987 (0.618-6.394) 0.249

os 3.63 (1.256-10.486) 0.017*

3 OP alone 0.841 (0.135-5.233) 0.853
SP alone 0.356 (0.527-5.951) 0.356

os 3.74 (1.172-11.938) 0.026*

Model 1, unadjusted.

Model 2, adjusted for age, sex.

Model 3, adjusted Model 2+ dialysis vintage, diabetes, cardiovascular disease, fracture history.
OP, osteoporosis; SP, sarcopenia; OS, osteosarcopenia.

p<0.05
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sarcopenia nonsarcopenia

(n=78) (n=131)
Age(years) 66.92 + 13.64 53.42 + 14.01 <0.001*
Female, n (%) 50(64.1%) 60(45.8%) 0.01*
Dialysis vintage(years) 5(3,10) 5(2,8) 0.059
ASMI (kg/ml) 5.39 £0.91 6.84 + 1.19 <0.001*
HGS (kg) 134 £5.14 24.17 + 8.89 <0.001*
BMI (kg/m?) 21.26 £2.82 22.79 £3.35 <0.001*
Calcium(mmol/L) 2.32£0.27 228 £0.23 0.203
Phosphorus(mmol/L) 1.76 + 0.55 1.91 + 0.46 0.033 *
PTH (pmol/L) 3178 33.68 0329
(13.56, 55.99) (19.56, 52.56)
Magnesium (mmol/L) 103 +£0.14 1.1 +£0.19 0.004*
ALP (IU/L) 100.5(73,135.25) 82(65,101) 0.21
25(OH)D (nmol/L) 50.3 +22.23 53.39 +22.74 0.357
CRP(mg/L) 5.22(2.85,8.93) 3.22(1.97,5.65) <0.001*
Albumin (g/L) 40.41 £ 4.58 4229 +4.01 0.002*
Fracture history, n (%) 16(20.5%) 1 8(6.1%) 0.002*
Diabetes, n (%) 29(37.2%) 26(19.5%) 0.006*
Coronary artery disease, n (%) 19(24.4%) 20(15.3%) 0.103

ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; BMI, body mass index; PTH, parathyroid hormone; ALP, alkaline phosphatase; 25(OH)D, 25-hydroxyvitamin D; CRP,
C-reactive protein *p<0.05
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Logistic regression

95%Cl P

Age (per one year increase) 1.094 1.061-1.127 <0.001*
Female 3.44 1.438-8.227 0.005*
BMI (per one kg/m? increase) 0.701 0.596-0.823 <0.001*
CRP (per one mg/L increase) 1.09 1.017-1.169 0.015*
Magnesium (per 0.1 mmol/L increase) 0.755 0.725-0.989 0.042*
Phosphorus (per one mmol/L increase) - - 0.656
Albumin (per one g/L increase) - - 0.987
Fracture history = - 0251
Diabetes 3.756 1.416-9.963 0.008*
- - 0.5

Dialysis vintage (per one year increase)

BMI, Body mass index; CRP, C-reactive protein.

*p<0.05.
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NON 46 OP alone SP alone (0 3
Age (year) 52.04 + 1524 60.7 + 17.76 68.2+ 14.59* 66.82 + 10.64
Female, n (%) 24 (52.2%) 12 (92.3%)* 9 (42.9%)1* 19 (82.6%)"
Dialysis vintage (years) 5(3,6) 5(2.5,8.5) 8 (4.2,10) 4(3,8)

BMD (g/cm?)

lumbar spine 1.07 +0.174° 0.81 £ 0.15%% 114 £ 0.3 0.84 + 0.14%F
femoral neck 0.83 + 0.121° 0.61 + 0.07*% 0.78 + 0.111° 0.64 = 0.1*%
total hip 0.88 + 0.134° 0.64 +0.08 *¥ 085 = 0131 0.68 + 0.11%F
BMI (kg/m?) 2285 + 323 23.65 + 4.41° 226+ 334 21.25 + 2.67"
ASMI (kg/m’) 6.77 £ 121* 6.15 £ 0.76° 5.71 + 0.85* 5.08 £ 0.92*F
HGS (kg) 2291 + 877" 19.14 +5.73° 15.07 + 5.04* 12.34 £ 4.97*F
Calcium (mmol/L) 245 +025 234025 236 +0.21 2351022
Magnesium (mmol/L) 1.07 + 0.15 1.12 +0.14 101 +£0.15 1.05 +0.14
Phosphorus (mmol/L) 1.82 £ 039 1.93 + 0.46* 1.79 + 0.59" 1.87 + 0.52
25 (OH)D (nmol/L) 53.79 + 20.49" 37.85 + 9.81* 49.16 + 18.72 49.57 £ 20.6
PTH (pmol/L) 28.89 18.36 27.07 22.56
(15.19,56.76) (13.62,37.3) (7.95,59.41) (11.42,43.29)
ALP (IU/L) 79 77 99 77
(58.5,95.5) (63,108.5) (75,133.5) (62,115)
CRP (mg/L) 4.79 3.18* s711* 313"
(2.48,7.28) (1.37,6.84) (4.18,18.55) (221,623)
Albumin (g/L) 42.51 £ 4.46° 41.89 £ 3.91 40.82 + 632 40.93 £ 3.51*
Diabetes, n (%) 11 (24.4%) 1(7.7%)* 11 (52.4%)" 8 (34.8%)
Cardiovascular disease, n (%) 6 (13.1%) 2 (15.4%) 8 (38.1%) 3 (13%)
Fracture history, n (%) 2 (4.3%)1° 4 (30.8%) * 5 (23.8%) 9(39.1%) *
Mortality, n (%) 6 (13.0%)%° 2 (15.4%) 10 (47.6%) * 12 (52.2%) *

*, significant difference from normal; 1, significant difference from osteoporosis only; #, significant difference from sarcopenia only; §, significant difference from osteosarcopenia.
NONS, nonosteoporosis&monsarcopenia; OP, osteoporosis; SP, sarcopenia; OS, osteosarcopenia; BMD, bone mineral density; ASMI, appendicular skeletal muscle mass index; HGS, handgrip
strength; BMI, body mass index; PTH, parathyroid hormone; ALP, alkaline phosphatase; 25 (OH)D, 25-hydroxyvitamin D; CRP, C-reactive protein.
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Exposures Outcomes CAUSE MR-APSS

Median causal effect (95% Cl) =~ Median q (Cl) P causal vs sharing Beta (95% Cl)

ALM susceptibility 0.26 (-0.25,0.94) 0.08 (0,0.28) 0.28 0.008 (0.002,0.015) 0.008
grip strength (right) susceptibility 0.7 (-6.8,1.99) 0.01 (0,0.18) 1 0.001 (-0.007,0.008) 0.836
grip strength (left) susceptibility -1.08 (-6.53,3.57) 0.01 (0,0.16) 0.97 -0.004 (-0.015,0.008)  0.506
walking pace susceptibility 0.36 (-1.77,2.63) 0.04 (0,0.24) 0.57 0.019 (-0.005,0.043) 0.120
ALM hospitalization -0.42 (-7.28,4.85) 0.03 (0,0.2) 1 0.013 (-0.015,0.041) 0.348
grip strength (right) hospitalization -0.62 (-10.87,7.35) 0.02 (0,0.2) 1 0.016 (-0.021,0.052) 0.394
grip strength (left) hospitalization 0.16 (-2.28,2.46) 0.03 (0,0.22) 0.90 0.019 (-0.008,0.046) 0.176
walking pace hospitalization 125 (-7.62,3.68) 0.03 (0,0.22) 0.75 -0.002 (-0.031,0.026)  0.887
ALM severity -1.18 (-11.66,6.27) 0.02 (0,0.2) 1 0.016 (-0.023,0.056) 0.416
grip strength (right) severity -0.4 (-4.383.2) 0.03 (0,0.22) 0.81 -0.037 (-0.089,0.016) 0.173
grip strength (left) severity -2.32 (-8.05,2.36) 0.08 (0,0.32) 0.25 -0.033 (-0.102,0.035) 0.343
walking pace severity -3.02 (-11.97,2.81) 0.09 (0,0.33) 0.18 -0.055 (-0.161,0.051)  0.307

Sharing model better fit for the data in the CAUSE method.

Bonferroni corrected significance level (0.05/12 = 0.004) was used to correct for multiple comparisons. p<0.004.

COVID-19, The coronavirus disease 2019; ALM, appendicular lean mass; MR, mendelian randomization; CI, confidence interval; CAUSE, Causal Analysis Using Summary Effect Estimates; MR-
APSS, MR Accounting for Pleiotropy and Sample Structure simultaneously.
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Exposures MR-Egger (P) MR-PRESSO (P)

susceptibility ALM 0.975 0916 0.025 58413
susceptibility grip strength (right) 0780 NA <0.001 33.786
susceptibility grip strength (left) 0.683 NA 0.019 33.786
susceptibility walking pace 0.073 0511 0.181 51.485
hospitalization ALM 0.185 NA <0.001 54.200
hospitalization grip strength (right) 0.933 0523 <0.001 88914
hospitalization grip strength (left) 0.480 0.680 <0.001 88.914
hospitalization walking pace 0476 0444 0.022 87.276
severity ALM 0.052 0.705 <0.001 68.426
severity grip strength (right) 0.858 0431 0.025 67.269
severity grip strength (left) 0.697 0.576 0.040 67.269
severity walking pace 0.028 0.247 0.007 69.587
ALM susceptibility 0.123 0.945 0.095 101.024
ALM hospitalization ‘ 0.064 0.073 0.022 101.717
ALM severity 0.006 0.119 0.002 99.158
grip strength (right) susceptibility 0.141 » 0.707 ‘ <0.001 47.652
grip strength (right) hospitalization 0.141 0.826 0.019 47.716
grip strength (right) severity 0318 0.423 0.256 47.600
grip strength (left) susceptibility 0.061 0.715 0.041 48.385
grip strength (left) hospitalization 0.054 0.896 0.073 48.466
grip strength (left) severity 0752 0.530 0.764 48.466
walking pace susceptibility 0.178 0.118 0.195 40.294
walking pace hospitalization 0.038 0.030 0.039 40.294
walking pace severity 0.289 0.423 0321 40294

NA occurred because only two valid instruments were included in the analysis.
COVID-19, The coronavirus disease 2019; ALM, appendicular lean mass; MR, mendelian randomization; CI, confidence interval; IVW, inverse variance weighted; MR-RAPS, Mendelian
Randomization Robust Adjusted Profile Score. NA, not applicable.
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233 agreed to participate

24 Excluded:

10 had tumor, tuberculosis and
rheumatoid arthritis et.

6 had parathyroidectomy

4 could not be tested for BIA

4 had accepted anti-osteoporosis
treatment

Sarcopenia
assessment
106 didn’t have
DXA assessment
103 completed osteosarcopenia
assessment and were followed up

209 included

30 died

10 accepted kidney transplantation

7 changed to peritoneal dialysis

5 transferred to other dialysis centers
51 continued hemodialysis
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Exposures Outcomes IVW Weighted median MR-Egger RAPS

Beta (95% Cl) P Beta (95% Cl) ? Beta (95% Cl) Beta (95% Cl)
ALM susceptibility 0.058 (0.002, 0.114) 0.043 0.082 (-0.012, 0.086 0.053 (-0.079, 0.430 0.070 (0.009, 0.131) 0.024
0.176) 0.186)
ALM hospitalization -0.032 (-0.146, 0.586 -0.080 (-0.268, 0.402 -0.262 (-0.540, 0.065 -0.017 (-0.146, 0.800
0.083) 0.107) 0.016) 0.112)
ALM severity -0.015 (-0.183, 0.863 -0.009 (-0.255, 0.945 -0.299 (-0.692, 0.138 -0.022 (-0.200, 0.814
0.153) 0.238) 0.095) 0.157)
grip strength susceptibility 0.204 (0.009, 0.400) 0.041 0.124 (-0.172, 0411 0.342 (-0.406, 0372 0.142 (-0.070, 0.354) | 0.191
(right) 0.420) 1.091)
grip strength hospitalization 0.443 (0.043, 0.843) 0.030 0.538 (-0.047, 0.072 0.276 (-1.272, 0.728 0.261 (-0.180, 0.701) 0.246
(right) 1.123) 1.824)
grip strength severity 0.549 (0.004, 1.094) 0.048 0.594 (-0.212, 0.148 1.347 (-0.678, 0.195 0.604 (0.035, 1.173) 0.038
(right) 1.400) 3.373)
grip strength (left) susceptibility 0.131 (-0.077, 0.338) | 0.217 0.024 (-0.286, 0.880 0.288 (-0.586, 0520 0.060 (-0.187, 0.308) | 0.632
0.334) 1.162)
grip strength (left) hospitalization  0.186 (-0.239, 0.612) = 0.390 0.378 (-0.284, 0.263 0.067 (-1.768, 0943 0.186 (-0.282, 0.654) | 0.436
1.040) 1.903)
grip strength (left) severity 0.530 (-0.050, 1.111) 0.074 0.570 (-0.291, 0.194 1.232 (-1.025, 0.287 0.525 (-0.082, 1.133) 0.090
1.432) 3.489)
walking pace susceptibility -0.303 (-0.736, 0.171 -0.238 (-0.881, 0.469 1.441 (-0.751, 0.205 -0.239 (-0.733, 0.344
0.131) 0.405) 3.634) 0.256)
walking pace hospitalization -1.020 (-2.052, 0.053 -1.022 (-2.273, 0.109 4373 (-0.413, 0.081 -0.988 (-2.003, 0.056
0.012) 0.229) 9.160) 0.026)
walking pace severity -1.347 (-2.516, 0.024 -1.222 (-2.967, 0.170 1.114 (-4.976, 0.722 -1.405 (-2.690, 0.032
-0.178) 0.524) 7.204) -0.119)

Bonferroni corrected significance level (0.05/12 = 0.004) was used to correct for multiple comparisons. p<0.004.
COVID-19, The coronavirus disease 2019; ALM, appendicular lean mass; MR, mendelian randomization; CI, confidence interval; IVW, inverse variance weighted; MR-RAPS, Mendelian
Randomization Robust Adjusted Profile Score.





