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Objective: The purpose of this study was to determine the association between different stages of chronic kidney disease (CKD) and sarcopenia and its components in the Chinese older population.

Methods: The study comprised of 2,213 participants aged ≥ 60 years (1,025 men; mean age: 70.7 years) recruited from Shanghai who were invited to participate in a comprehensive geriatric assessment. Sarcopenia was defined according to the AWGS 2019 consensus update on sarcopenia diagnosis criteria. The glomerular filtration rate (GFR) was estimated using the equation that originated from the CKD-EPI equation, the stages of CKD are classified according to the Kidney Disease—Improving Global Outcomes (KDIGO).

Results: The overall prevalence of sarcopenia was 19.0%, which increased with the severity of CKD. The prevalence of sarcopenia in patients with CKD 3–4 and kidney failure was significantly higher than that in normal and CKD 1–2 (p < 0.05). In logistic regression analysis model, compared with normal and CKD 1 patients, kidney failure was significantly associated with the increased risk of sarcopenia and low grip strength (p < 0.05); CKD 2, CKD 3–4 and kidney failure groups were significantly associated with an increased risk of low walking speed (p < 0.05), respectively; while the association between CKD and muscle mass was not shown.

Conclusions: In our study, only decreased physical performance, as represented by walking speed, was significantly associated with increased CKD severity. This may improve the evidence for the prevention and intervention of sarcopenia in patients with CKD.
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Introduction

Sarcopenia is an age-related loss of muscle mass, strength and physical performance that reduces mobility and quality of life, is significantly associated with a poor prognosis of disability and death, and can lead to fall-related injuries requiring costly hospitalization and long-term rehabilitation (1, 2). Many epidemiological studies have shown that the prevalence of sarcopenia in the Asian older adult population ranges from 7.3 to 12.0% (3). Aging is a serious challenge in China, where the population aged 60 or older reached 230 million in 2016. This number continues to increase and is expected to reach approximately 418 million by 2035 (4). With the rapid rise of the elderly population, the number of patients with sarcopenia will increase greatly, which will bring a great burden to the society and economy.

Chronic kidney disease (CKD) is a catabolic state known to be associated with protein depletion and multiple metabolic disorders, and muscle synthesis may also be reduced (5). Epidemiological studies have shown that muscle wasting is prevalent in patients with CKD, that muscle mass loss is more severe and occurs earlier than in the same age group, and that these changes in body composition may be associated with long-term prognosis in this population (6, 7). Although some studies have shown that there is an association between CKD and sarcopenia, and sarcopenia is more common in patients with kidney failure (8). However, due to sample size and other reasons, the association with sarcopenia according to different stages of kidney disease patients was not included in the study, especially the lack of CKD stage 5 and dialysis patients (9, 10). The diagnosis of sarcopenia includes the reduction of skeletal muscle mass, strength and physical performance, and muscle function as an important component of sarcopenia has been included as a diagnostic prerequisite in the European consensus on sarcopenia, however, most of the current studies have gathered on the association between muscle mass and CKD, and the association between the components of sarcopenia in different stages of CKD has not been further shown in studies (9, 11).

Considering the increasing prevalence of CKD, the aim of this study was to determine the association between different stages of chronic kidney disease and sarcopenia in the Chinese older population. In addition, associations between the stages of CKD and sarcopenia and its components were compared.



Methods


Study participants

This cross-sectional study recruited older adults ≥60 years of age living in Shanghai, China who had joined China's national free physical examination program between 2019 and 2021. This study included two population cohorts, the community-based elderly population of the Adult Physical Fitness and Health Cohort Study (APFHCS) (ChiCTR1900024880) and kidney failure population of seven hemodialysis units (ChiCTR1900027039). Participants with the following conditions were excluded from the study: (1) unable to communicate with interviewers or to grant informed consent, (2) no blood samples were collected, (3) major neurological disorders including dementia, malignancies, (4) serious physical illness (joint replacement, amputation) that hampered their completion of the functional fitness tests. Following these exclusions, the final analyzed population comprised 2,213 subjects (men 1,025). The older adults of normal and CKD1-4 groups (n = 1844) were from the community, and patients with kidney failure (n = 369) were from seven hemodialysis centers and had undergone stable hemodialysis for at least 3 months. The study was approved by the Ethics Committee of Shanghai University of Medicine and Health Sciences and the methods were carried out in accordance with the principles of the Declaration of Helsinki. All participants were informed and signed consent prior to enrollment in the study.



Baseline variable

All the participants were invited to a face-to-face interview to answer a standardized questionnaire after they completed their medical examination and performance-based assessments (12). The questionnaire regarding their lifestyle and disease history included questions about age, sex, occupation, educational level, marital status, family income, smoking habits (current smoker or not), drinking habits (drinking alcohol once a week, drinking in the past, and never drinking were all considered as no drinking) and physical activity level. Anthropometric parameters (including height and weight) were measured by trained personnel using standardized protocols. Physical activity was assessed using the short form of the International Physical Activity Questionnaire (IPAQ) (13). Medical history was also recorded, including diabetes, hypertension, stroke, dyslipidemia, and coronary heart disease (CHD).



Assessment of sarcopenia

Sarcopenia was defined according to the AWGS 2019 consensus update on sarcopenia diagnosis criteria (3), in which a person who has low muscle mass, low muscle strength, and/or low physical performance was identified as having sarcopenia. Low muscle mass was defined as relative skeletal muscle mass index [appendicular skeletal muscle mass (ASM)/height (Ht)2] < 7.0 kg/m2 and 5.7 kg/m2 for men and women, respectively. Low muscle strength was defined as grip strength <28 kg or <18 kg in men and women, respectively. Low physical performance was defined as walking speed <1.0 m/s for both men and women.

Muscle mass was measured using a direct segmental multi-frequency bioelectrical impedance analysis (BIA) (In-Body 770; Biospace Co., Ltd, Seoul, Korea). Muscle strength was quantified using a handheld dynamometer (GRIP-D; Takei Ltd, Niigata, Japan). Grip strength is measured by the standard method of dominant hand in the elderly population, and it is measured by the side without fistula in patients with kidney failure. Participants were asked to exert their maximum effort twice and the strongest grip strength was recorded. To measure walking speed, two photocells connected to a recording chronometer were placed at the beginning and the end of a 4-meter course at the site clinic. Participants were instructed to stand with both feet touching the starting line and to begin walking at their usual pace after a verbal command was given. The time between activation of the first and the second photocell was measured and the average speed of two walks was recorded.



Analysis of blood samples

A blood sample was obtained from the antecubital vein from patients who fasted overnight for at least 10 h. Blood sample analysis and blood pressure collection methods have been explained in our previous studies (14).



Glomerular filtration rate assessment

The glomerular filtration rate (GFR) was estimated using the equation that originated from the CKD-EPI equation, which is more accurate than the equation from the MDRD Study group equation (15).



CKD stage

According to the Kidney Disease—Improving Global Outcomes (KDIGO) classification, patients with eGFR ≥ 90 mL/min/1.73 m2 were classified as normal and CKD 1, eGFR between 60 and 89 mL/min/1.73 m2 as CKD 2, eGFR between 15 and 59 mL/min/1.73 m2 as CKD 3–4, and eGFR <15 mL/min/1.73 m2 as CKD 5, kidney failure (16).



Statistical analyses

Characteristics of individuals at baseline were reported as medians (25–75th) percentiles for IPAQ; other continuous variables were presented as the means and standard deviation (SD), and categorical variables were expressed as percentages. We compared baseline patients' characteristics according to eGFR categories by Chi-Squared tests for categorical variables and one-way analysis of variance for continuous variables. Logistic regression analyses were used to assess the association between sarcopenia along with its individual components and CKD. Model 1 was adjusted for age and sex. Model 2 was adjusted for model 1 covariates plus BMI, widowed, farming, illiteracy, smoking, drinking, IPAQ, diabetes, hypertension, dyslipidemia, stroke and CHD. All statistical analyses were performed using SPSS v 26.0 (SPSS Inc, Chicago, IL), and P-values of < 0.05 were considered statistically significant.




Results

Baseline characteristics of subjects were presented in Table 1 (1,025 men, mean age: 70.7 ± 6.5 years). Patients were classified into four groups according to CKD stages, and the number of patients in each group was 235 (10.6%), 1,380 (62.4%), 229 (10.3%), and 369 (16.7%), respectively. In the overall population, age, gender, BMI, education level, occupation, eGFR, smoking, drinking, grip strength, walking speed, body fat mass, body fat ratio, hypertension, diabetes, dyslipidemia, stroke and physical activity level were significantly different between the four groups (p < 0.05). The age and muscle mass of CKD 3–4 group and kidney failure subjects were significantly larger than those of normal and CKD 1 group subjects, while the grip strength was the opposite. Current drinkers and farmers' occupation were significantly lower in kidney failure than in the other three groups, and the prevalence of hypertension, diabetes and stroke was significantly higher than in the other three groups (p< 0.05).


TABLE 1 Baseline data classified by CKD stage.
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The prevalence of sarcopenia and its components classified by CKD stages was shown in Figure 1. The prevalence of sarcopenia, low walking speed and low grip strength generally increased with the severity of CKD, with the prevalence of sarcopenia significantly higher in patients with CKD 3–4 group than in normal and CKD 1–2 group patients, and the prevalence of sarcopenia significantly higher in kidney failure patients than in the other three groups. The prevalence of low SMI in kidney failure group were significantly higher than that in normal and CKD 1–4 group patients; the prevalence of low walking speed in CKD 3–4 and kidney failure groups was significantly higher than that in normal and CKD 1–2 group patients; patients with CKD 3–4 had a higher prevalence of low grip strength than normal and CKD 1–2, and patients with kidney failure had a significantly higher prevalence of low grip strength than normal and CKD 1 group (p < 0.05).


[image: Figure 1]
FIGURE 1
 Prevalence of sarcopenia and its components according to chronic kidney disease stage. N, normal; CKD, chronic kidney disease; SMI, skeletal muscle mass index; WS, walking speed. a Compared with normal and CKD 1 groups, P < 0.05; b Compared with CKD 2 groups, P < 0.05; c Compared with CKD 3–4 groups, P < 0.05.


The association between different CKD stages and sarcopenia and its components is shown in Figure 2. In the adjusted logistic models, in patients with different CKD stages, compared with normal and CKD 1 group patients, kidney failure was significantly associated with the increased risk of sarcopenia and low grip strength. The odds ratio (OR) values (95% CI) were 2.22 (1.29–3.84) and 3.18 (2.08–4.86) respectively; compared with normal and CKD 1 patients, CKD 2, CKD 3–4 and kidney failure groups were significantly associated with an increased risk of low walking speed, with OR values (95% CI) of 2.21 (1.56–3.12), 3.20 (2.08–4.93) and 6.61 (4.26–10.26), respectively. There was no significant association between low muscle mass and different CKD stages.
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FIGURE 2
 Association of different CKD stages with sarcopenia and its components. (A) crude model. (B) adjusted with age, sex, BMI, smoking, drinking, occupation, widowed, education, physical activity level, hypertension, diabetes, dyslipidemia, CHD and stroke. N, normal; CKD, chronic kidney disease; SMI, skeletal muscle mass index; WS, walking speed; CI, confidence interval; OR, odds ratio.




Discussion

This study examined the association of CKD of varying severity with sarcopenia and its components in a larger population. We found that the prevalence of sarcopenia increased with the severity of CKD, especially in patients with kidney failure. However, after multivariate adjustment, the risk of decreased physical performance represented by walking speed increased gradually with the increase of the severity of CKD. The risk of sarcopenia and low grip strength increased significantly only in kidney failure, and low muscle mass was not significantly associated with different stages of CKD.

Sarcopenia is a geriatric disease that has gained widespread attention for its significant impact on activity limitation, disability and even death in the older adults (3). In recent years, sarcopenia has gained attention in patients with CKD due to the accelerated protein catabolism of the disease process itself and low energy and protein intake in this population (17). However, in a study of sarcopenia in patients with CKD, there was no significant association between continuous eGFR and sarcopenia (18), this suggests that observing the correlation between CKD and sarcopenia may need to be observed in detail according to different stages of renal function. In the latest study to observe the association between sarcopenia and CKD at different stages, according to the grouping of eGFR, it was found that the risk of sarcopenia was significantly increased in male patients with CKD 3–5, and no significant association was found in female patients (11). Another study further characterized the staging of CKD and found that the risk of sarcopenia was significantly higher in patients with eGFR <45 mL/min/1.73 m2 (19). These studies suggest that the degree of association of sarcopenia may not be consistent across different stages of CKD, however, due to sample size and inclusion criteria, the number of patients with different stages of CKD in these studies was small, particularly in patients with CKD of higher severity. In our study, two population-based cohorts of older adults and CKD were combined and divided into four groups according to their renal function status. After multifactor adjustment, the risk of sarcopenia increased significantly only in patients with kidney failure, which may be related to the way that patients with kidney failure often need dialysis treatment (20), which provides further evidence for the prevention and treatment of sarcopenia in patients with chronic renal disease.

Patients with CKD exhibit a catabolic state, which is associated with protein depletion and multiple metabolic imbalances, hence the age-related decline in skeletal muscle mass confounded with the CKD disease state. Several studies have shown that muscle wasting in CKD is progressive and frequently observed (21). However, studies on CKD and low muscle mass found that low muscle mass was not associated with the risk of CKD in men, but with the reduced risk of CKD in women, and had no correlation with the onset and progression of CKD (22). Another longitudinal study, which lasted for 16 years, showed that there was no significant difference in the risk of muscle atrophy by simple CKD, and the risk of muscle atrophy increased significantly after combined diabetes (32). Therefore, the association between muscle mass and CKD may be inconsistent in different gender and complication status. In our study, there was no significant association between different stages of chronic kidney disease and low muscle mass. This may be because when our elderly patients with CKD and kidney failure were recruited, the selected patients had no obvious symptoms and were in good functional condition, which may have missed the coverage of the population. Secondly, we use bioelectrical impedance method to evaluate muscle mass. There is still no algorithm for accurate whole-body estimation in patients with obesity or changes in body fluid state (these two cases exist in CKD), which may also be an important reason why there is no significant difference in muscle mass in patients with CKD at different stages in our study. Future studies need to be extended to patients with symptomatic CKD to further reveal the association between different stages of CKD and muscle mass.

Sarcopenia is a common disease in the elderly, the most significant change is the decline of muscle mass and function (2). Muscle function includes muscle strength and physical performance (23). In a large study, the risk of low grip strength was significantly higher in patients with CKD, however, the association between grip strength and eGFR in the scatter plot analysis was not simply a linear positive correlation. Furthermore, only the mean grip strength and prevalence of low grip strength in patients with different stages of CKD were presented, and no statistical inferences were made about the association between low grip strength and different stages of CKD (33). In our study, after further subdividing the stages of CKD, the risk of low grip strength in patients with kidney failure is significantly increased, which may be due to the higher impact on muscle strength in more severe CKD, while other studies combined CKD after stage 3, in our study, the risk of low grip strength was also significantly increased in patients after CKD 3 (adjusted OR value 1.78, P < 0.001), thus the specific effects of different stages are not reflected. Secondly, in our study, patients with kidney failure were treated with hemodialysis, and some studies have shown that hemodialysis is an independent risk factor of muscle weakness (24). Therefore, in patients with high severity of CKD and hemodialysis, the risk of low muscle strength is significantly increased, which may be a further supplement to the current study.

Interestingly, the risk of poor physical performance represented by walking speed is gradually increasing in different stages of CKD. This is basically consistent with the association between different stages of CKD and physical performance observed in previous studies. Compared with normal and CKD 1–2, patients with CKD 3 and CKD 4–5 have an increased risk of low walking speed (OR values of 1.13 and 3.39, p < 0.05, respectively) (25). On the contrary, a cross-sectional study showed there were no significant association between low walking speed and CKD (26). The discrepancy may mainly be due to the age of participants. The prevalence of slow walking speed increases with age, and the average age of the above study (50.9 years) was lower than our study (70.7 years). The explanation for the association between CKD and low walking speed could be the direct impact of kidney function on walking speed. Even though in early-stage, impairments in kidney function were also associated with the accumulation of neurotoxins that have been shown to cause axonal loss with secondary or predominant demyelination, b2-microglobulin deposition in joints and connective tissue, and increased levels of inflammatory cytokines, which can all result in physical function loss (27, 28). Walking speed assessment has the important advantages of brevity, simplicity and reproducible (29). Therefore, we suggested walking speed test might be seen as a screening tool for early detection of functional limitations, providing an informative and potentially actionable functional status in the CKD population.

It is worth noting that in our study, the prevalence of CKD in different genders has different trends. In CKD3-4 stage, women are much higher than men. However, in the stage of kidney failure, the prevalence of men is higher than women. These data are consistent with the trend of the results of the current study. The incidence rate of women in CKD is higher than that of men, and lower than that of men in renal replacement therapy (30). The effect of prolonged life expectancy on the natural decline of GFR with age, and the improper use of GFR equation may lead to over diagnosis of CKD, which may be part of the reason for the increase in the prevalence of CKD in women. Among patients with kidney failure, elderly women seem to prefer conservative treatment rather than renal replacement therapy, which also reflects that men are higher than women in dialysis patients. However, it is worth considering that there is a large difference in the ratio between men and women in patients with CKD, which may be due to the estimation of GFR or the defect in our definition of normal GFR, resulting in the over diagnosis of female CKD. Studies have shown that even the current more accurate CKD-EPI equation has a large error in estimating the glomerular filtration rate of women (31). Therefore, more accurate estimation of GFR may have great clinical significance for correct classification in the future.

Our study has several strengths. We combined two independent population cohorts to supplement the samples of patients with different stages of CKD and comprehensively show the relationship between CKD and sarcopenia at each stage. Our results can supplement evidence on the relationship between physical performance and kidney function among older adults, which could contribute to providing appropriate treatment for the prevention of CKD. Although this study has its advantages, it still has some limitations. First, this is a cross-sectional study, so we cannot determine the causal relationship between CKD and sarcopenia. Secondly, our population are all participants with good functional status, who can participate in functional evaluation and have no obvious symptoms. Third, bioelectrical impedance method is used to evaluate muscle mass. Due to the large change of hydration state, this method may have errors in CKD patients. Future studies should expand the number of participants, add more relevant data and carry out more accurate and comprehensive assessments to further determine and enhance our understanding of the relationship between sarcopenia and CKD.



Conclusion

In conclusion, we found that the prevalence of sarcopenia increased significantly with the development of CKD severity. With regard to its components, only the decrease in physical performance, represented by walking speed, was significantly associated with increased CKD severity, while the association with muscle mass is not shown. These findings inform clinical decision making and facilitate the development of therapies to prevent sarcopenia in older patients with CKD. Future studies should test the effectiveness of relevant interventions in older patients with CKD.
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