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Abstract
Background  Sarcopenia is a senile syndrome of age-related muscle loss. It is thought to affect the development 
of chronic kidney disease and has a serious impact on the quality of life of the elder adults. Little is known about 
the association between sarcopenia and new-onset chronic kidney disease in middle-aged and elder adults. Using 
nationally representative data from the China Health and Retirement Longitudinal Study (CHARLS), we conducted a 
longitudinal analysis to investigate the association between sarcopenia status and new-onset chronic kidney disease 
in middle-aged and elder adults in China.

Methods  The study population consisted of 3676 participants aged 45 or older selected from 2011 CHARLS database 
who had no history of chronic kidney disease at the baseline and completed the follow-up in 2015. A multivariate cox 
regression model was employed to examine the association between sarcopenia and the incidence of new-onset 
chronic kidney disease.

Results  Followed up for 4 years, a total of 873 (22.5%) new cases of chronic kidney disease occurred. Among them, 
participants diagnosed with sarcopenia (HR1.45; 95% CI 1.15–1.83) were more likely to develop new-onset chronic 
kidney disease than those without sarcopenia. Similarly, patients with sarcopenia were more likely to develop new-
onset chronic kidney disease than those with possible sarcopenia (HR 1.27; 95%CI 1.00-1.60). Subgroup analysis 
revealed that elder adults aged between 60 and 75 years old (HR 1.666; 95%CI 1.20-22.28), with hypertension (HR 
1.57; 95%CI 1.02–2.40), people with sarcopenia had a significantly higher risk of developing new-onset chronic kidney 
disease than those without sarcopenia (all P < 0.05).

Conclusion  Middle-aged and elder adults diagnosed with sarcopenia have a higher risk of developing new-onset 
chronic kidney disease.
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Introduction
Sarcopenia is a geriatric syndrome characterized by 
age-related decreased muscle mass, decreased muscle 
strength, and(or) decreased physical performance. It 
is currently estimated that there are 50  million people 
worldwide with sarcopenia, and this number is expected 
to reach 500  million by 2050 [1]. As early as 2016, sar-
copenia was recognized as one of the most common 
diseases of the old adults [2]. At present, various inter-
national research organizations, such as the European 
Working Group on Sarcopenia in Older Adults (EWG-
SOP), Asian Working Group for Sarcopenia (AWGS), 
International Sarcopenia Working Group (IWGS), and 
the Foundation for the National Institutes of Health 
(FNIH) Sarcopenia Project, have developed their own 
diagnostic criteria for sarcopenia [3–5]. Therefore, the 
prevalence of sarcopenia varies depending on the differ-
ent diagnostic criteria and screening methods used. The 
overall prevalence of sarcopenia in Asian is from 7.8–
35.3% [6–8]. In elder adults, sarcopenia is associated with 
worse outcomes, including physical disability, falls, frac-
tures, poor quality of life, hospitalization and mortality 
n [9–11]. Moreover, multiple meta-analyses have shown 
that sarcopenia is associated with all-cause mortality in 
senile patients (community, nursing home, hospital) [12, 
13]. Therefore, sarcopenia diminishes personal quality 
of life and incurs a heavy medical burden on society. The 
aging population in our country has made sarcopenia a 
major concern for medical and social sectors.

Chronic kidney disease (CKD) is one of the major non-
communicable chronic diseases in the world, with insidi-
ous onset and asymptomatic early stage. Some patients 
have already entered into end-stage renal disease (ESRD) 
at the time of treatment. Therefore, early screening and 
diagnosis are beneficial to timely diagnosis and treatment 
of the disease, delay the progression, and reduce the inci-
dence of ESRD. Sarcopenia is a common complication of 
CKD, especially in ESRD patients. Epidemiological data 
show that the prevalence of sarcopenia in CKD patients 
is significantly higher than that in the general population 
[14]. The prevalence of sarcopenia is 5–13% in people 
aged 60–70 years, and 11–50% in people aged 80 years or 
older [15]. Depending on the different kinds of diagnos-
tic criteria used for sarcopenia [16, 17], dialysis patients 
with ESRD have a higher prevalence of sarcopenia, rang-
ing from 25.9 to 34.6%. The presence of characteristics of 
sarcopenia in patients at all stages of CKD indicates an 
adverse prognosis [17]. It is possible that the decrease in 
renal function in CKD impacts patients’ physiological 
skeletal muscle usage, and its inherent metabolic disease 
increases protein catabolism. This leads to decreased 
skeletal muscle mass and weakened functionality [18]. 
In recent years, it is also becoming clear that there is 
an important crosstalk between kidney and muscle. 

Pathologic occurrences in the kidney, such as metabolic 
acidosis and increased inflammatory factors, insulin and 
alterations in microRNAs, may negatively impact protein 
metabolism in skeletal muscle, which is also capable of 
secreting various signaling molecules, such as myokines, 
bioactive peptides, lipids and microRNAs, that commu-
nicate with receptor organs, including the kidney [19, 
20]. It has been found that metabolic markers of sarco-
penia overlap with uremic compounds that are increased 
in renal insufficiency or uremia, providing a potential 
theoretical basis for the occurrence of nephropathy in 
patients with sarcopenia [21].

In summary, recent research on sarcopenia and kidney 
disease has primarily focused on the prevalence of sar-
copenia in patients with CKD and the adverse effects of 
combined sarcopenia on their quality of life and mortal-
ity, while the incidence of kidney disease in patients with 
sarcopenia has not been reported. In other words, the 
effect of individual sarcopenia on kidney disease remains 
uncertain. Therefore, using nationally representative data 
from the China Health and Retirement Longitudinal 
Study (CHARLS), we conducted a longitudinal analysis 
to investigate the association between sarcopenia status 
and new-onset chronic kidney disease among middle-
aged and elder adults in China.

Method
Study population
The CHARLS, established in 2011, is a nationally repre-
sentative longitudinal survey in China, which collects 
high-quality data from a nationally representative sample 
of Chinese population through one-on-one interviews 
and structured questionnaires [22]. In this study, we ret-
rospectively analyzed CHARLS data from 2011 to 2015. 
The inclusion criteria for this study were: 1) individuals 
aged at least 45 years old in CHARLS 2011 and had data 
on sarcopenia status. Exclusion criteria were: 1) missing 
data on sarcopenia status in CHARLS 2011 no age infor-
mation; (3) age < 45 years old; (4) Lack of gender, body 
mass index and laboratory data, estimated glomerular 
filtration rate (eGFR), etc. In the first step of population 
screening, we used data from the large follow-up cohort 
of the CHARLS 2011. A total of 17,705 participants were 
surveyed in CHARLS 2011, 12,471 were excluded due to 
missing data on sarcopenia (n = 6695), no age information 
(n = 14), age less than 45 years (n = 34), lack of data on 
body mass index and blood pressure (n = 5728). Remain-
ing 5234 participants We also excluded 583 individuals 
with kidney disease in CHARLS 2011 and 975 individu-
als with lacking kidney disease data in CHARLS 2015. 
Finally, our sample consisted of 3676 individuals who 
were no kidney disease in CHARLS 2011 and had a full 
follow-up in 2015. The selection procedure is shown in 
detail in Fig. 1.
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All participants provided written informed consent, 
which was approved by the Biomedical Ethics Review 
Committee of Peking University. All procedures in this 
study involving human participants were performed in 
accordance with the ethical standards of the institutional 
and/or National Research Council and the 1964 Declara-
tion of Helsinki and its subsequent amendments or simi-
lar ethical standards. The study was conducted according 
to the Reporting of Enhanced Observational Studies in 
Epidemiology (STROBE) guidelines [23].

Assessment of the sarcopenia state and chronic kidney 
disease
Sarcopenia status is assessed according to the AWGS 
2019 algorithm, which has three components: muscle 
strength, muscle mass, and physical performance. AWGS 
2019 recommends the use of handgrip strength to repre-
sent muscle strength [24]. Handgrip strength (kg) is mea-
sured using both dominant and non-dominant hands. 
The patient is asked to test grip strength twice on each 
hand and the maximum grip strength is used for analy-
sis. Low muscle strength in men and women is defined 

Fig. 1  Flow diagram for participants included in the study
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as grip strength < 28 kg and < 18 kg, respectively. Muscle 
mass is estimated from appendiceal skeletal muscle mass 
(ASM), which has been previously formulated [25], and 
previous studies have shown good agreement between 
ASM equation model and dual X-ray absorptiometry 
(DXA) [25, 26]. The cut-off point for low muscle mass 
is based on height-adjusted muscle mass (ASM/Ht2) in 
the lowest 20% of the study population [27–29]. In our 
study, the ASM/Ht2 values < 8.79  kg/m2 in women and 
ASM/Ht2 value < 6.84 kg/m2 in men were considered low 
muscle mass. For physical performance, gait speed and 
chair standing test methods are used for assessment, to 
be specific, the criteria for low physical performance are 
6-m walk < 1.0 m/s, or 5-time chair stand test ≥ 12 s. No 
sarcopenia was defined as normal for all three aspects. 
Possible sarcopenia was defined by low muscle strength 
with or without reduced physical performance. Sarcope-
nia was diagnosed when low muscle mass plus low mus-
cle strength or low physical performance are detected 
[24]. Further details regarding the definition of the sarco-
penia component in CHARLS had been described previ-
ously [27].

Chronic kidney disease was diagnosed according to 
one of the following criteria: (1) Self-report of physician 
diagnoses; (2) eGFR < 60 ml/min/1.73m2. The eGFR were 
assessed using the Chronic Kidney Disease-Epidemiology 
Collaboration (CKD-EPI) formula, which included serum 
creatinine values, age, sex and race to estimate GFR [30].

Covariates
Previous research indicates that the influences linked 
with kidney disease and sarcopenia include not only self-
inflicted factors like gender, age, and comorbidities, but 
also the socioeconomic factors and standard of living [4, 
24, 31, 32]. Additionally, meta-analysis provides evidence 
that cigarette smoking is an independent risk factor for 
developing CKD [33] and sarcopenia [34]. In contrast to 
smoking, the effects of alcohol on the kidneys remain a 
topic of controversy within the scientific community [35, 
36]. Studies indicate that smoking and chronic exces-
sive drinking can be reduced through various pathways 
that impact energy intake and increase muscle growth 
inhibition and muscle catabolism [37]. Therefore, our 
study collected information on sociodemographic status 
and health-related factors. Sociodemographic variables 
included age, gender, educational attainment (primary 
school or below, secondary school, university or higher), 
marital status (married or other), and residential loca-
tion (rural or urban). Health-related factors encompassed 
body mass index (BMI), hypertension, diabetes, and dys-
lipidemia, the history of smoking and drinking (yes or 
no). In particular, these diseases are diagnosed according 
to the following criteria.

Hypertension was diagnosed when systolic blood pres-
sure (SBP) was ≥ 140 mmHg, diastolic blood pressure 
(DBP) was ≥ 90mmHg, or use of antihypertensive medi-
cation in the self-report, or when a physician diagnosed it 
in the self-report.

Diabetes was diagnosed according to one of the fol-
lowing criteria: (1) self-reported physician diagnosis; (2) 
glycosylated hemoglobin (HbA1c) ≥ 6.5%; (3) blood glu-
cose ≥ 126  mg/dL (fasting), or blood glucose ≥ 200  mg/
dL (casual); (4) self-reported hypoglycemic or insulin 
treatment.

Dyslipidemia was based on one of the following crite-
ria:(1) self-reported physician diagnosis; Total cholesterol 
(TC) ≥ 240  mg/dL; High density lipoprotein cholesterol 
(HDL) ≤ 40 mg/dL; 4) low-density lipoprotein cholesterol 
(LDL) ≥ 160 mg/dL; (5) triglyceride (TG) ≥ 150 mg/dL; (6) 
self-description of anti-dyslipidemia treatment.

Smoking was assessed by asking the following ques-
tion: “Have you ever chewed tobacco, smoked a pipe, 
smoked self-rolled cigarettes, or smoked cigarettes or 
cigars?” Those who responded “no” were considered 
non-smokers, while those who responded “yes” were 
labelled as smokers. Drinking was evaluated through the 
question: “Have you consumed any alcoholic beverages, 
such as beer, wine, liquor or rice wine per month in the 
last year?” During the interview, participants were asked 
about their history of alcohol drinking using the follow-
ing options: (1) I never had a drink; (2) I used to drink 
less than once a month; (3) I used to drink more than 
once a month. In our study, option 2 and option 3 were 
considered indicative of a history of alcohol drinking.

Statistical analysis
All statistical analysis were performed retrospectively 
with 26.0 (SPSS, Inc., Chicago, IL). Continuous variables 
were represented by mean and standard deviation (SD) 
for normal distribution and median and quartile differ-
ence for skewed distribution. One-way ANOVA was 
used to compare differences between the three groups 
(non-sarcopenia, possible sarcopenia and sarcopenia). 
Categorical variables were expressed as counts and per-
centages, and chi-square test was used for compari-
son between groups. We also measured follow-up time, 
which was defined as the time from the date of the first 
interview after enrollment to the end point of the study. 
The endpoint of the study was the date of new-onset 
chronic kidney disease diagnosis or the date of the sub-
sequent interview (July 2015). To estimate the association 
between baseline sarcopenia status and incident kidney 
disease, Cox proportional-hazards models were used to 
calculate hazard ratios (HRs) and 95% confidence inter-
vals (CIs), and their interactions were tested. The per-
son-year incidence rate was calculated by dividing the 
number of cases in this population during the period of 
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follow-up by the person-years of follow-up. The person-
year was the sum of the duration of follow-up without 
disease for all persons followed. P < 0.05 was considered 
to be statistically significant.

Results
Characteristics of baseline population
A total of 3676 participants were included in our study. 
Table  1 showed the characteristics of participants with 
different sarcopenia states. The median age of all partici-
pants was 63 years old (interquartile range, 60–69 years 
old), with 1691 males (46%). The prevalence of sarcope-
nia and possible sarcopenia was 17.7% (649/3676) and 
52.8% (1941/3676), respectively. Compared with those 

without sarcopenia, participants with sarcopenia were 
older (median age, 61.0 vs. 68.0 years old), had fewer 
males (77.7% vs. 88.8%), resided more in rural areas 
(78.4% vs. 65.7%), had a lower prevalence of hypertension 
(45.3% vs. 60.8%) and dyslipidemia (31.0% vs. 51.9%), and 
lower BMI (18.71vs23.77) (all P < 0.001).

The risk factors of new-onset chronic kidney disease
Firstly, we established a univariate Cox regression model 
to identify potential risk factors for new-onset kidney 
disease, and the results are displayed in Table  2. We 
found that age (HR 1.02; 95%CI 1.02–1.03), sarcope-
nia (HR 1.48; 95%CI 1.23–1.79), HDL (HR 1.01; 95%CI 
1.00-1.01) and drinking (HR 1.19; 95%CI 1.04–1.37) were 

Table 1  Characteristics of all participants by sarcopenia status
Characteristics Overall (n = 3676) No sarcopenia 

(n = 1086)
Possible sarcopenia 
(n = 1941)

Sarcopenia (n = 649) P

Age, year 63.00 (60.00, 69.00) 64.00 (62.00, 68.00) 61.00 (55.00, 68.00) 68.00(62.00, 74.00) < 0.001
Male, n (%) 1691 (46.0) 631 (58.1) 764 (39.4) 296 (45.6) < 0.001
Married (vs others) 3128 (85.1) 964 (88.8) 1660 (85.5) 504 (77.7) < 0.001
Rural (vs urban) 2559 (69.6) 714 (65.7) 1336 (68.8) 509 (78.4) < 0.001
Smoking 1500 (40.8) 437 (40.3) 796 (41.4) 267 (41.1) 0.893
Drinking 1160 (31.6) 341 (31.4) 601 (31.0) 218 (33.6) 0.477
Educational level < 0.001
Elementary school or below 2949 (80.2) 844 (77.7) 1549 (79.8) 556 (85.8)
Secondary school 689 (18.7) 222 (20.4) 378 (19.5) 89 (13.7)
College and above 36 (1.0) 20 (1.8) 13 (0.7) 3 (0.5)
Comorbidities, n(%)
Hypertension 2108 (57.3) 658 (60.8) 1158 (59.8) 292 (45.3) < 0.001
Dyslipidemia 1775 (48.3) 559 (51.9) 1017 (52.8) 199 (31.0) < 0.001
Diabetes 735 (20.3) 243 (22.6) 401 (20.8) 91 (14.1) 0.323
Blood pressure, mm Hg
Systolic 130.00(116.33, 145.33) 131.33 (118.67, 146.33) 130.33 (116.50, 146.33) 126.33 (113.00, 140.67) < 0.001
Diastolic 74.33 (66.67, 82.33) 74.83 (67.67, 82.33) 75.33 (67.67, 83.67) 70.67 (63.00, 78.33) < 0.001
Laboratory test indicators
Glucose (mg/dl) 102.60 (95.04, 114.02) 103.68 (96.12, 117.36) 103.14 (95.22, 114.30) 100.26 (92.88, 109.26) < 0.001
Creatinine (mg/dl) 0.76 (0.66, 0.87) 0.79 (0.69, 0.93) 0.73 (0.63, 0.85) 0.75 (0.64, 0.85) < 0.001
Total cholesterol, mg/dL 191.37 (167.78, 216.11) 193.30 (168.17, 217.27) 190.98 (168.56, 216.88) 189.05 (165.08, 212.05) 0.040
Triglycerides, mg/dL 103.55 (74.34, 149.57) 104.43 (75.23, 155.76) 109.74 (78.77, 160.19) 84.96 (65.49, 120.36) < 0.001
LDL cholesterol, mg/dL 115.59 (93.94, 138.40) 118.68 (95.88, 140.72) 48.33 (39.43, 58.38) 56.44 (47.17, 68.04) < 0.001
HDL cholesterol, mg/dL 49.48 (40.59, 59.92) 47.55 (39.82, 58.76) 115.59 (94.72, 139.18) 112.89 (89.11, 132.02) < 0.001
Height, cm 156.70 (151.00, 163.00) 158.50 (152.00, 164.73) 155.90 (150.55, 162.30) 156.00 (150.30, 161.00) < 0.001
Weight, kg 56.20 (49.50, 64.40) 53.00 (59.10, 66.40) 58.60 (52.70, 65.80) 45.50 (41.45, 48.80) < 0.001
eGFR, mL/min/1.73 m2 92.57 (83.06, 99.22) 90.60 (81.40, 96.42) 94.43 (84.74, 101.15) 90.41 (80.53, 97.24) < 0.001
Handgrip strength, kg
Male 36.20(31.00,42.00) 39.00(34.60,44.00) 35.50(29.00,41.98) 32.40(27.00,36.50) < 0.001
Female 25.00(20.00,29.60) 26.10(22.50,30.00) 25.00(20.00,30.00) 23.00(19.00,27.50) < 0.001
ASM/Ht2, kg/m2

Male 7.39(6.99,7.90) 7.57(7.18,8.04) 7.54(7.19,8.05) 6.63(6.42,6.75) < 0.001
Female 9.44(8.96,9.94) 9.56(9.19,9.91) 9.63(9.22,10.13) 8.48(8.27,8.66) < 0.001
Gait speed, m/s 1.27 (1.00, 1.54) 1.46 (1.25, 1.70) 1.03 (0.82, 1.34) 1.23 (0.95, 1.49) < 0.001
5-time chair stand test, s 12.03 (9.34, 14.52) 9.22 (7.81, 10.44) 13.50 (12.22, 15.62) 11.56 (9.31, 14.02) < 0.001
Abbreviation: ASM, appendicular skeletal muscle; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular 
filtration rate.
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risk factors for new-onset chronic kidney disease while 
height, weight, and eGFR were protective factors for 
new-onset chronic kidney disease, but the difference of 
HR value was not obvious (all P < 0.05).

Association between sarcopenia and new-onset chronic 
kidney disease
A total of 875 (23.8%) participants developed new-onset 
chronic kidney disease events during the 4 years of fol-
low-up. Specifically, the incidence of new-onset chronic 
kidney disease was 59.38/1000 person-years in patients 
without sarcopenia, 62.93/1000 person-years in those 
with possible sarcopenia, and 86.98/1000 person-years 
in subjects with sarcopenia. Table  3 also showed the 
association between baseline sarcopenia status and new-
onset chronic kidney disease. Models 2–4 illustrated 
that, after adjusting for covariates, compared with those 
without sarcopenia, individuals with possible sarcopenia 
(HR 1.12; 95%CI 0.95–1.32) and participants with sar-
copenia were more likely to develop new-onset chronic 
kidney disease (HR 1.45; 95%CI 1.15–1.83), which means 

sarcopenia was a risk factor for new-onset kidney dis-
ease (P < 0.01). According to Table S1, the proportion of 
patients with sarcopenia who had all stages of CKD was 
slightly higher compared to those without sarcopenia. 
Similarly, individuals with sarcopenia were more likely 
to develop new-onset chronic kidney disease than those 
with possible sarcopenia (HR 1.27; 95%CI 1.00-1.60; 
P < 0.05) (table S2). To test the stability of the conclu-
sions, participants with eGFR of 90 or more (N = 2133) 
were selected for sensitivity analysis, and the results were 
shown in Table  4. Consistently, people with sarcopenia 
were more likely to develop new-onset chronic kidney 
disease events than those without sarcopenia. (HR 1.6; 
95%CI 1.19–2.2; P < 0.05).

Subgroup analysis of relationship between sarcopenia 
status (No sarcopenia and Sarcopenia) and new-onset 
chronic kidney disease
Based on the findings of this research, we identified 
two cohorts of individuals, one with sarcopenia and the 
other without, to investigate the correlation between 
sarcopenia and the new-onset chronic kidney disease. 
Sex, age, hypertension, diabetes, drinking, and smoking 
were grouped measures for our subgroup analysis, and 
adjusted covariables including age, sex, residence, mari-
tal status, educational level, smoking, drinking, BMI, SBP, 
DBP; history of hypertension, dyslipidemia, diabetes. The 
results are presented in Table S3. We found that indi-
viduals with sarcopenia aged between 60 and 75 years 
old (HR 1.66; 95%CI 1.20-22.28), with hypertension (HR 
1.57; 95%CI 1.02–2.40), were significantly more likely to 
develop new-onset chronic kidney disease than those 
without sarcopenia (all P < 0.05).

Discussion
Sarcopenia is a condition characterized by decreased 
skeletal muscle mass, strength and physical function. 
According to the etiology, it can be categorized into 

Table 2  Univariate cox hazard analyses of risk factors for new-
onset kidney disease
Variables HR (95%CI) P
Age 1.02 (1.02–1.03) < 0.001
Sarcopenia status
  No sarcopenia 1.00 (Ref.)
  Possible sarcopenia 1.06 (0.91–1.25) 0.430
  Sarcopenia 1.48 (1.23–1.79) < 0.001
Drinking 1.19(1.04–1.37) 0.013
Handgrip strength, kg 0.99 (0.98–0.99) < 0.001
Gait speed, m/s 0.83 (0.70–0.99) 0.040
Height, cm 0.99 (0.98–0.99) 0.001
Weight, kg 0.99 (0.98-1.00) < 0.001
eGFR, mL/min/1.73 m2 0.99 (0.99-1.00) 0.003
HDL cholesterol, mg/dL 1.01 (1.00-1.01) 0.032
Abbreviation: HRs, hazard ratios; CI, confidential interval; HDL, high-density 
lipoprotein; eGFR, estimated glomerular filtration rate.

Table 3  Incidence of new-onset kidney disease according to baseline sarcopenia status, 2011?2015
Cases 
(n)

Incidence 
Rate, per 1000 
Person-Years

HR (95%CI)
Model 1 Model 2 Model 3 Model 4

No sarcopenia 235 59.38 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Possible sarcopenia 439 62.93 1.06 (0.91–

1.25)
1.12 (0.96–
1.32)

1.12 (0.95–
1.32)

1.12 (0.95–
1.32)

Sarcopenia 201 86.98 1.48 (1.23–
1.79)***

1.36 (1.12–
1.65)**

1.47 (1.17–
1.86)**

1.45 (1.15–
1.83)**

• Abbreviation: HRs, hazard ratios; CI, confidential interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure, eGFR, estimated 
glomerular filtration rate.

• Model 1 was unadjusted

• Model 2 was adjusted for age, sex

• Model 3 was adjusted for age, sex, drinking, height, weight, eGFR, HDL cholesterol

• Model 4 was adjusted for age, sex, residence, marital status, educational level, smoking, drinking, BMI, SBP, DBP; history of hypertension, dyslipidemia, diabetes

• Significant at * P < 0.05** P < 0.01.*** P < 0.001
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age-related primary sarcopenia and secondary sarcope-
nia, with the latter exhibiting more serious and dramatic 
muscle mass loss due to the presence of protein degrada-
tion factors. Chronic kidney disease can lead to increased 
skeletal muscle catabolism, which is an important fac-
tor promoting the occurrence of secondary sarcopenia. 
Previous studies have primarily focused on the risk of 
developing sarcopenia in CKD patients and the impact of 
combined sarcopenia on the prognosis of CKD patients. 
However, no studies have investigated whether sarco-
penia increases the risk of developing kidney disease in 
the old population. In this study, we conducted a longi-
tudinal analysis of 3,676 individuals from the CHARLS 
2011 database and found that sarcopenia, as assessed 
by AWGS 2019 algorithm, was independently and posi-
tively associated with new-onset chronic kidney disease. 
What’s more, in middle-aged and elder adults, patients 
diagnosed with sarcopenia had a higher risk of new-onset 
chronic kidney disease, and there was no clear difference 
in the risk of new kidney disease between patients with 
possible sarcopenia and individuals without sarcopenia.

Our study identified several risk factors for new-onset 
chronic kidney disease, including age, HDL, and alcohol 
consumption, which was consistent with previous stud-
ies [38–41]. In model 3, we corrected for statistically 
significant factors for new-onset chronic kidney disease 
based on one-way cox regression analyses and excluded 
variables involved in the assessment of sarcopenia. The 
results showed that sarcopenia was an independent risk 
factor for new-onset chronic kidney disease. In addition, 
sensitivity analysis was performed for further verifica-
tion, and the consistent results increased the credibility 
of our conclusions. Our results showed that patients with 
sarcopenia had a significantly higher risk of new-onset 
chronic kidney disease, both compared with those with-
out sarcopenia and those with possible sarcopenia. Our 
subgroup analysis indicated that non-diabetics with 

sarcopenia had a significantly higher risk of developing 
new-onset chronic kidney disease than those without sar-
copenia. Consistent with our results, Han [42] also found 
that pre-sarcopenia increased renal hyperfiltration risk in 
the non-diabetic subgroup after adjusting for confound-
ing factors. This study also suggested that sarcopenia 
may had adverse effects on kidney function. In the dia-
betic group, patients with sarcopenia continued to show 
an increased risk of new-onset chronic kidney disease, 
but the results were not statistically significant. Previous 
studies have reported similar rates of kidney disease in 
type 2 diabetes mellitus (T2DM) patients with or without 
muscle loss [43, 44]. Previous studies have shown that 
hypertension was an independent risk factor for chronic 
kidney disease caused by various types of kidney disease 
[45, 46], but Gao [47] found that hypertension was not 
associated with an increased risk of sarcopenia, which 
was consistent with our results in the univariate regres-
sion analysis. Additionally, our findings reveal no cor-
relation between sarcopenia and hypertension. Patients 
diagnosed with both conditions, however, exhibit a 
greater risk of developing new-onset chronic kidney dis-
ease. This suggests that hypertension and sarcopenia may 
play separate roles in the development of kidney damage. 
Nevertheless, further epidemiological research is needed 
to fully understand the role of hypertension in the devel-
opment of kidney damage in people with sarcopenia.

Sarcopenia is a complex disease caused by multiple 
factors, including aging, endocrine alterations, chronic 
diseases, inflammation, mitochondrial dysfunction, lack 
of exercise, cachexia, genetic factors, etc. This condition 
leads to the degeneration and atrophy of skeletal muscle 
in the body. Third National Health and Nutrition Exami-
nation Survey (NHANES III) [48] previously reported an 
increased prevalence of sarcopenia in individuals with 
decreased kidney function. However, the mechanism by 
which sarcopenia impinges on kidney function remains 

Table 4  Sensitivity analysis of association between sarcopenia and new-onset kidney diseases in CHARLS (2011–2015) excluding 
individuals with eGFR less than 90

Cases 
(n)

Incidence 
Rate, per 1000 
Person-Years

HR (95%CI)
Model 1 Model 2 Model 3 Model 4

No sarcopenia 116 54.84 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Possible sarcopenia 258 55.97 1.04 

(0.84–1.29)
1.14 
(0.91–1.43)

1.14 
(0.90–1.43)

1.13 
(0.90–1.42)

Sarcopenia 111 91.40 1.67 (1.28–
2.17)***

1.60 (1.23–
2.08)***

1.51 (1.15–
1.97)**

1.64 (1.19–
2.26)**

• Abbreviation: HRs, hazard ratios; CI, confidential interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

• Model 1 was unadjusted

• Model 2 was adjusted for age, sex

• Model 3 was adjusted for age, sex, drinking, height, weight, eGFR, HDL cholesterol

• Model 4 was adjusted for age, sex, residence, marital status, educational level, smoking, drinking, BMI, SBP, DBP; history of hypertension, dyslipidemia, diabetes, 
stroke, heart disease

• Significant at * P < 0.05** P < 0.01.*** P < 0.001
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unclear. It has been shown that the signature metabo-
lites in the blood of patients with sarcopenia include the 
tricarboxylic acid (TCA) cycle, urea cycle, nitrogen and 
methylated metabolites, which are uremic compounds 
with impaired renal dysfunction, suggesting a close link 
between muscle and renal function [21]. We propose 
that sarcopenia results in a significant metabolic waste 
burden. The majority of these metabolites are excreted 
by the kidneys. However, due to the excessive amounts 
of metabolites and the increased of stress on the kidney, 
it may not be able to effectively remove waste from the 
body, leading to kidney damage and other health prob-
lems. Moreover, sarcopenia is an independent risk fac-
tor for albuminuria, and this association is particularly 
strong in elder adults [49]. Albuminuria can acceler-
ate tubular injury through various ways [50], and it is 
a predictor of the CKD progression [51]. In addition, 
the expression of vitamin D receptor in skeletal muscle 
decreases due to aging, and the functional response to 
vitamin D reduces, leading to decreased muscle mass and 
strength [52–54]. A recent study by Girgis [55] has dem-
onstrated that the presence of vitamin D receptor (VDR) 
in myosphere in mice, and the deletion of VDR is associ-
ated with lean body mass loss, muscle loss, and decreased 
grip strength and motor performance. At the same time, 
patients with sarcopenia have limited activities, which 
further aggravates vitamin D deficiency. This deficiency 
can cause damage to active vitamin D’s protection of 
renal cystopodia cells, increased albuminuria excretion, 
renal inflammatory response and fibrosis, and ultimately 
increased renal function impairment [56, 57].

However, our study still has some limitations. First of 
all, observational data is used in this study, and the obser-
vational relationship may be biased due to confounding 
factors. To reduce this bias, we considered as many rel-
evant factors as possible in our analysis. However, other 
potential confounding factors, such as body fat mass and 
lack of exercise, cannot be ruled out. Second, there are 
no medical records in CHARLS, so there may also be 
some degree of bias in the use of self-reported measures 
of chronic disease. We further checked the diagnosis 
using specific test measures to reduce the degree of bias. 
Third, due to the lack of a detailed classification of kidney 
disease, we were unable to conduct an in-depth analy-
sis of the relationship between sarcopenia and specific 
kidney disease. Finally, when explaining and inferring 
our results, some types of choice bias, such as poten-
tial volunteer deviations and non-reactive deviations, 
should also be considered. Despite these limitations, this 
study helps to expand our previous understanding of the 
impact of muscular disease on CKD. It is recommended 
that assessments of muscle mass be incorporated into 
community health check-ups and routine clinical prac-
tice. The focus should be on monitoring changes in 

diagnostically relevant indicators of renal function in 
older adults who suffer from muscle weakness. This 
approach aims to decrease the incidence of CKD. Finally, 
exploring the effect of sarcopenia on the different stages 
of CKD and looking for its influence on the progression 
of chronic kidney disease is also a very valuable ques-
tion. Future studies need to elucidate these important 
questions.

Conclusion
This study shows that the incidence of new-onset chronic 
kidney disease has continued to rise in middle-aged and 
elder adults with the aggravation of sarcopenia. The 
patients with sarcopenia have a higher risk of new-onset 
chronic kidney disease, especially in high blood pressure 
people. However, there are no clear differences in the risk 
of new-onset chronic kidney disease between individuals 
with possible sarcopenia and no sarcopenia.

Abbreviations
CHARLS	� China Health and Retirement Longitudinal Study
EWGSOP	� Working Group on Sarcopenia in Older Adults
AWGS	� Asian Working Group for Sarcopenia
IWGS	� International Sarcopenia Working Group
FNIH	� Foundation for the National Institutes of Health
CKD	� Chronic kidney disease
ESRD	� End-stage renal disease
STROBE	� Enhanced Observational Studies in Epidemiology
ASM	� Appendiceal skeletal muscle mass
DXA)	� Dual X-ray absorptiometry
ASM/Ht2	� Height-adjusted muscle mass
eGFR	� Estimated glomerular filtration rate
BMI	� Body mass index
TC	� Total cholesterol
HDL	� High density lipoprotein cholesterol
LDL	� Low-density lipoprotein cholesterol
TG	� Triglyceride
HRs	� Hazard ratios
CIs	� Confidence intervals
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
TCA	� Tricarboxylic acid
VDR	� Vitamin D receptor
T2DM	� Type 2 diabetes mellitu

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-024-04691-1.

Supplementary Material 1

Acknowledgements
The data used in this study were from the China Longitudinal Study of Health 
and Retirement (CHARLS). The authors would like to thank the CHARLS 
research team, the field team and everyone interviewed for their hard work on 
the CHARLS project.

Author contributions
TL, YW: conceived the methodology, writing. XC, FZ: revision the manuscript. 
YT, KY, QL, JR: data curation and investigation. CW, HW, RC: analysis and 
interpretation of data CL, JZ: supervision, reviewing, and critically revised the 
manuscript. All authors contributed to the article and approved the submitted 
version.

https://doi.org/10.1186/s12877-024-04691-1
https://doi.org/10.1186/s12877-024-04691-1


Page 9 of 10Liu et al. BMC Geriatrics          (2024) 24:134 

Funding
No funding.

Data availability
The data involved in this study are publicly available and can be found at: 
https://charls.pku.edu.cn/.

Declarations

Ethics approval and consent to participate
China Health and Retirement Longitudinal Study (CHARLS) was approved by 
the Biomedical Ethics Review Committee of Peking University (IRB00001052-
11015). All participants provided written informed consent, which was 
approved by the Biomedical Ethics Review Committee of Peking University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of SICU, The First Affiliated Hospital of Xi’an Jiaotong 
University, Xi’an, China
2Key Laboratory of Surgical Critical Care and Life Support (Xi’an Jiaotong 
University), Ministry of Education, Xi’an, China
3Department of Hepatobiliary Surgery, The First Affiliated Hospital of Xi’an 
Jiaotong University, Xi’an, China
4Department of General Surgery, The First Affiliated Hospital of Xi’an 
Jiaotong University, Xi’an, China

Received: 27 October 2023 / Accepted: 10 January 2024

References
1.	 Chao G, Pulin Y. Current research status and progress of Sarcopenia in the 

elderly. Chin J Gerontol 2021(40(5)):668–71.
2.	 Cao L, Morley JE. Sarcopenia is recognized as an Independent Condition by 

an international classification of Disease, Tenth Revision, clinical modification 
(ICD-10-CM) code. J Am Med Dir Assoc. 2016;17(8):675–7.

3.	 Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, Chou MY, 
Chen LY, Hsu PS, Krairit O, et al. Sarcopenia in Asia: consensus report of the 
Asian Working Group for Sarcopenia. J Am Med Dir Assoc. 2014;15(2):95–101.

4.	 Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, van Abellan 
G, Andrieu S, Bauer J, Breuille D, et al. Sarcopenia: an undiagnosed condition 
in older adults. Current consensus definition: prevalence, etiology, and con-
sequences. International working group on Sarcopenia. J Am Med Dir Assoc. 
2011;12(4):249–56.

5.	 Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, 
Ferrucci L, Guralnik JM, Fragala MS, Kenny AM et al. The FNIH sarcopenia 
project: rationale, study description, conference recommendations, and final 
estimates. J Gerontol A Biol Sci Med Sci 2014, 69(5):547–558.

6.	 Chen Z, Li WY, Ho M, Chau PH. The prevalence of Sarcopenia in Chinese older 
adults: Meta-Analysis and Meta-Regression. Nutrients 2021, 13(5).

7.	 Tian S, Xu Y, Han F. Prevalence of Sarcopenia in the community-dwelling, 
elderly Chinese population: a systematic review and meta-analysis. The 
Lancet. 2017;390:35.

8.	 Mayhew AJ, Amog K, Phillips S, Parise G, McNicholas PD, de Souza RJ, Tha-
bane L, Raina P. The prevalence of Sarcopenia in community-dwelling older 
adults, an exploration of differences between studies and within definitions: 
a systematic review and meta-analyses. Age Ageing. 2019;48(1):48–56.

9.	 Beaudart C, McCloskey E, Bruyère O, Cesari M, Rolland Y, Rizzoli R, Araujo 
de Carvalho I, Amuthavalli Thiyagarajan J, Bautmans I, Bertière MC, et al. 
Sarcopenia in daily practice: assessment and management. BMC Geriatr. 
2016;16(1):170.

10.	 Woo J. Sarcopenia. Clin Geriatr Med. 2017;33(3):305–14.
11.	 Landi F, Liperoti R, Russo A, Giovannini S, Tosato M, Capoluongo E, Bernabei R, 

Onder G. Sarcopenia as a risk factor for falls in elderly individuals: results from 
the ilSIRENTE study. Clin Nutr. 2012;31(5):652–8.

12.	 Liu P, Hao Q, Hai S, Wang H, Cao L, Dong B. Sarcopenia as a predictor of 
all-cause mortality among community-dwelling older people: a systematic 
review and meta-analysis. Maturitas. 2017;103:16–22.

13.	 Zhang X, Wang C, Dou Q, Zhang W, Yang Y, Xie X. Sarcopenia as a predictor of 
all-cause mortality among older nursing home residents: a systematic review 
and meta-analysis. BMJ Open. 2018;8(11):e021252.

14.	 Domański M, Ciechanowski K. Sarcopenia: a major challenge in elderly 
patients with end-stage renal disease. J Aging Res. 2012;2012:754739.

15.	 Morley JE, von Haehling S, Anker SD, Vellas B. From sarcopenia to frailty: a 
road less traveled. J Cachexia Sarcopenia Muscle. 2014;5(1):5–8.

16.	 Shu X, Lin T, Wang H, Zhao Y, Jiang T, Peng X, Yue J. Diagnosis, prevalence, and 
mortality of Sarcopenia in dialysis patients: a systematic review and meta-
analysis. J Cachexia Sarcopenia Muscle. 2022;13(1):145–58.

17.	 Ribeiro HS, Neri SGR, Oliveira JS, Bennett PN, Viana JL, Lima RM. Asso-
ciation between Sarcopenia and clinical outcomes in chronic kidney 
disease patients: a systematic review and meta-analysis. Clin Nutr. 
2022;41(5):1131–40.

18.	 Fahal IH. Uraemic sarcopenia: aetiology and implications. Nephrol Dial Trans-
plant. 2014;29(9):1655–65.

19.	 Wang XH, Mitch WE, Price SR. Pathophysiological mechanisms leading to 
muscle loss in chronic kidney disease. Nat Rev Nephrol. 2022;18(3):138–52.

20.	 Stangl MK, Böcker W, Chubanov V, Ferrari U, Fischereder M, Gudermann T, 
Hesse E, Meinke P, Reincke M, Reisch N, et al. Sarcopenia - Endocrinological 
and neurological aspects. Exp Clin Endocrinol Diabetes. 2019;127(1):8–22.

21.	 Kameda M, Teruya T, Yanagida M, Kondoh H. Reduced uremic metabolites 
are prominent feature of Sarcopenia, distinct from antioxidative markers for 
frailty. Aging. 2021;13(17):20915–34.

22.	 Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China Health and 
Retirement Longitudinal Study (CHARLS). Int J Epidemiol. 2014;43(1):61–8.

23.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 
The strengthening the reporting of Observational studies in Epidemiology 
(STROBE) Statement: guidelines for reporting observational studies. Int J Surg. 
2014;12(12):1495–9.

24.	 Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, Jang HC, Kang 
L, Kim M, Kim S, et al. Asian Working Group for Sarcopenia: 2019 Consen-
sus Update on Sarcopenia diagnosis and treatment. J Am Med Dir Assoc. 
2020;21(3):300–307e302.

25.	 Wen X, Wang M, Jiang CM, Zhang YM. Anthropometric equation for estima-
tion of appendicular skeletal muscle mass in Chinese adults. Asia Pac J Clin 
Nutr. 2011;20(4):551–6.

26.	 Yang M, Hu X, Wang H, Zhang L, Hao Q, Dong B. Sarcopenia predicts readmis-
sion and mortality in elderly patients in acute care wards: a prospective study. 
J Cachexia Sarcopenia Muscle. 2017;8(2):251–8.

27.	 Wu X, Li X, Xu M, Zhang Z, He L, Li Y. Sarcopenia prevalence and associated 
factors among older Chinese population: findings from the China Health and 
Retirement Longitudinal Study. PLoS ONE. 2021;16(3):e0247617.

28.	 Alexandre Tda S, Duarte YA, Santos JL, Wong R, Lebrão ML. Sarcopenia 
according to the European Working Group on Sarcopenia in Older people 
(EWGSOP) versus dynapenia as a risk factor for mortality in the elderly. J Nutr 
Health Aging. 2014;18(8):751–6.

29.	 Gao K, Cao LF, Ma WZ, Gao YJ, Luo MS, Zhu J, Li T, Zhou D. Association 
between Sarcopenia and cardiovascular disease among middle-aged and 
older adults: findings from the China health and retirement longitudinal 
study. EClinicalMedicine. 2022;44:101264.

30.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, 
Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med. 2009;150(9):604–12.

31.	 Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink 
HJ, Mann JF, Matsushita K, Wen CP. Chronic kidney disease and car-
diovascular risk: epidemiology, mechanisms, and prevention. Lancet. 
2013;382(9889):339–52.

32.	 Porter AC, Lash JP, Xie D, Pan Q, DeLuca J, Kanthety R, Kusek JW, Lora CM, 
Nessel L, Ricardo AC, et al. Predictors and outcomes of Health-related quality 
of life in adults with CKD. Clin J Am Soc Nephrol. 2016;11(7):1154–62.

33.	 Xia J, Wang L, Ma Z, Zhong L, Wang Y, Gao Y, He L, Su X. Cigarette smoking 
and chronic kidney disease in the general population: a systematic review 
and meta-analysis of prospective cohort studies. Nephrol Dial Transplant. 
2017;32(3):475–87.

34.	 Yuan S, Larsson SC. Epidemiology of Sarcopenia: prevalence, risk factors, and 
consequences. Metabolism. 2023;144:155533.

https://charls.pku.edu.cn/


Page 10 of 10Liu et al. BMC Geriatrics          (2024) 24:134 

35.	 Li D, Xu J, Liu F, Wang X, Yang H, Li X. Alcohol drinking and the risk of chronic 
kidney damage: a Meta-analysis of 15 prospective cohort studies. Alcohol 
Clin Exp Res. 2019;43(7):1360–72.

36.	 Hu EA, Lazo M, Rosenberg SD, Grams ME, Steffen LM, Coresh J, Rebholz CM. 
Alcohol consumption and incident kidney disease: results from the athero-
sclerosis risk in communities Study. J Ren Nutr. 2020;30(1):22–30.

37.	 Prokopidis K, Witard OC. Understanding the role of smoking and chronic 
excess alcohol consumption on reduced caloric intake and the development 
of Sarcopenia. Nutr Res Rev. 2022;35(2):197–206.

38.	 Chronic kidney disease. Nat Reviews Disease Primers. 2017;3(1):17089.
39.	 Liu P, Quinn RR, Lam NN, Al-Wahsh H, Sood MM, Tangri N, Tonelli M, Ravani 

P. Progression and regression of chronic kidney disease by age among 
adults in a Population-based cohort in Alberta, Canada. JAMA Netw Open. 
2021;4(6):e2112828–8.

40.	 Kronenberg F. HDL in CKD-The Devil is in the Detail. J Am Soc Nephrol. 
2018;29(5):1356–71.

41.	 Kelly JT, Su G, Zhang L, Qin X, Marshall S, González-Ortiz A, Clase CM, 
Campbell KL, Xu H, Carrero JJ. Modifiable Lifestyle Factors for Primary 
Prevention of CKD: a systematic review and Meta-analysis. J Am Soc Nephrol. 
2021;32(1):239–53.

42.	 Han E, Lee YH, Lee BW, Kang ES, Cha BS. Pre-sarcopenia is associated with 
renal hyperfiltration independent of obesity or insulin resistance: nationwide 
surveys (KNHANES 2008–2011). Med (Baltim). 2017;96(26):e7165.

43.	 Sugimoto K, Tabara Y, Ikegami H, Takata Y, Kamide K, Ikezoe T, Kiyoshige E, 
Makutani Y, Onuma H, Gondo Y, et al. Hyperglycemia in non-obese patients 
with type 2 diabetes is associated with low muscle mass: the Multicenter 
Study for clarifying evidence for Sarcopenia in patients with diabetes Mellitus. 
J Diabetes Investig. 2019;10(6):1471–9.

44.	 Ida S, Nakai M, Ito S, Ishihara Y, Imataka K, Uchida A, Monguchi K, Kaneko 
R, Fujiwara R, Takahashi H et al. Association Between Sarcopenia and Mild 
Cognitive Impairment Using the Japanese Version of the SARC-F in Elderly 
Patients With Diabetes. J Am Med Dir Assoc 2017, 18(9):809.e809-809.e813.

45.	 Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, Chen M, He Q, Liao Y, Yu X, et 
al. Prevalence of chronic kidney disease in China: a cross-sectional survey. The 
Lancet. 2012;379(9818):815–22.

46.	 Boesen EI, Kakalij RM. Autoimmune-mediated renal disease and hyperten-
sion. Clin Sci (Lond). 2021;135(17):2165–96.

47.	 Gao Q, Hu K, Yan C, Zhao B, Mei F, Chen F, Zhao L, Shang Y, Ma Y, Ma B. Associ-
ated factors of Sarcopenia in Community-Dwelling older adults: a systematic 
review and Meta-analysis. Nutrients 2021, 13(12).

48.	 Foley RN, Wang C, Ishani A, Collins AJ, Murray AM. Kidney function and sar-
copenia in the United States general population: NHANES III. Am J Nephrol. 
2007;27(3):279–86.

49.	 Han E, Lee YH, Kim G, Kim SR, Lee BW, Kang ES, Ahn CW, Cha BS. Sarcopenia 
is associated with albuminuria independently of hypertension and diabetes: 
KNHANES 2008–2011. Metabolism. 2016;65(10):1531–40.

50.	 Abbate M, Zoja C, Remuzzi G. How does proteinuria cause progressive renal 
damage? J Am Soc Nephrol. 2006;17(11):2974–84.

51.	 Coresh J, Heerspink HJL, Sang Y, Matsushita K, Arnlov J, Astor BC, Black 
C, Brunskill NJ, Carrero JJ, Feldman HI, et al. Change in albuminuria and 
subsequent risk of end-stage kidney disease: an individual participant-level 
consortium meta-analysis of observational studies. Lancet Diabetes Endocri-
nol. 2019;7(2):115–27.

52.	 Bischoff-Ferrari HA, Borchers M, Gudat F, Dürmüller U, Stähelin HB, Dick W. 
Vitamin D receptor expression in human muscle tissue decreases with age. J 
Bone Miner Res. 2004;19(2):265–9.

53.	 Campbell WW, Johnson CA, McCabe GP, Carnell NS. Dietary protein require-
ments of younger and older adults. Am J Clin Nutr. 2008;88(5):1322–9.

54.	 Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin D Deficiency and Sarcopenia in 
older persons. Nutrients 2019, 11(12).

55.	 Girgis CM, Cha KM, So B, Tsang M, Chen J, Houweling PJ, Schindeler A, Stokes 
R, Swarbrick MM, Evesson FJ, et al. Mice with myocyte deletion of vitamin D 
receptor have sarcopenia and impaired muscle function. J Cachexia Sarcope-
nia Muscle. 2019;10(6):1228–40.

56.	 Kim MK, Baek KH, Song KH, Il Kang M, Park CY, Lee WY, Oh KW. Vitamin D 
deficiency is associated with Sarcopenia in older koreans, regardless of 
obesity: the Fourth Korea National Health and Nutrition Examination Surveys 
(KNHANES IV) 2009. J Clin Endocrinol Metab. 2011;96(10):3250–6.

57.	 Li YC. Renoprotective effects of vitamin D analogs. Kidney Int. 
2010;78(2):134–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Association between sarcopenia and new-onset chronic kidney disease among middle-aged and elder adults: findings from the China Health and Retirement Longitudinal Study
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Study population
	﻿Assessment of the sarcopenia state and chronic kidney disease
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of baseline population
	﻿The risk factors of new-onset chronic kidney disease
	﻿Association between sarcopenia and new-onset chronic kidney disease
	﻿Subgroup analysis of relationship between sarcopenia status (No sarcopenia and Sarcopenia) and new-onset chronic kidney disease

	﻿Discussion
	﻿Conclusion
	﻿References


