
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

 

 

 

Prevalence of sarcopenia among 

hemodialysis patients: Impact of 

different indices of muscle mass and 

myokines 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hae Yeul Park 

 
 

 

Department of Medicine 
 

The Graduate School, Yonsei University 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Prevalence of sarcopenia among 

hemodialysis patients: Impact of 

different indices of muscle mass and 

myokines 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hae Yeul Park 

 
 

 

Department of Medicine 
 

The Graduate School, Yonsei University 

 
 



 

 
 

Prevalence of sarcopenia among 

hemodialysis patients: Impact of 

different indices of muscle mass and 

myokines 

 

 

 

 

 

 

 

 

Directed by Professor Hyeong Cheon Park 

 

 

 

 

The Master's Thesis submitted to the Department of 

Medicine, the Graduate School of Yonsei University 

in partial fulfillment of the requirements for the degree 

of Master of Medical Science 

 

 

 

Hae Yeul Park 

 

 

December 2021 



 

 

This certifies that the Master's Thesis of 

Hae Yeul Park is approved. 

 

 

 
 

 
--------------------------------------------------------------- 

  Thesis Supervisor : Hyeong Cheon Park 

 
 

--------------------------------------------------------------- 
Thesis Committee Member#1 : Hoon Young Choi 

 
 

--------------------------------------------------------------- 
Thesis Committee Member#2 : Yong Jae Lee 

 

 

 
 

The Graduate School  

Yonsei University 

 

 

December 2021 



 

ACKNOWLEDGEMENTS 

 

This project would not have been possible without the support 

of many people. Many thanks to my supervisor, Hyeong 

Cheon Park, who offered me advice and encouragement, and 

read my numerous revisions. Also, thanks to my committee 

menbers, Hoon Young Choi and Yong Jae Lee, who offered 

me guidance and support by providing a number of helpful 

comments and suggestions. And I would like to thank Jung 

Eun Lee for collecting and providing additional data in 

response to my request. Finally, thanks to my wife, daughter, 

and parents who endured this long process with me, always 

offering support and love.



 

<TABLE OF CONTENTS> 

ABSTRACT ····································································· 1 

 

I. INTRODUCTION 

  1. Sarcopenia: Definition and clinical significance ····················· 3 

  2. Assessment of muscle mass  ············································ 5 

  3. Clinical significance of myokines ······································ 7 

II. METHODS 

  1. Study population  ························································· 9 

  2. Clinical and laboratory data  ············································ 9 

  3. Measurement of muscle mass by BIA  ································ 10 

  4. Assessment of muscle strength and physical performance  ········ 11 

  5. Measurement of myokine  ·············································· 11 

  6. Statistical analysis  ······················································· 12 

III. RESULTS  ·································································· 12 

IV. DISCUSSION  ····························································· 23 

V. CONCLUSION  ···························································· 29 

 

REFERENCES  ································································ 30 

ABSTRACT(IN KOREAN)  ················································· 35 

PUBLICATION LIST  ························································ 37 



 

 

 

LIST OF FIGURES 

 

Figure 1. Prevalence of low muscle mass by BMI  ············· 19 

Figure 2. Scatter plot of muscle mass indexed to height-squared, 

percentage of body weight, BSA, and BMI and muscle 

strength ······························································ 20 

Figure 3. Scatter plot of muscle mass indexed to height-squared, 

percentage of body weight, BSA, and BMI and physical 

performance  ························································· 22 

Figure 4. Scatter plot of log myostatin and log follistatin, ASM, 

muscle strength, and physical performance ····················· 23 

 

 

LIST OF TABLES 

 

Table 1. Baseline characteristics of participants ················· 13 

Table 2. Prevalence of low muscle mass and sarcopenia ······· 14 

Table 3. Characteristics of normal and low muscle mass groups 

according to each normalization method ························· 15 

Table 4. Logistic regression analysis of the association of low 

muscle mass indexed by each metric with muscle strength and 

physical performance ··············································· 21 



1 

 

ABSTRACT 

 

Prevalence of sarcopenia among hemodialysis patients: Impact of 

different indices of muscle mass and myokines 

 

Hae Yeul Park 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Hyeong Cheon Park) 

 

Background: Sarcopenia is a syndrome characterized by decreased skeletal 

muscle mass with declining muscle strength or function. Although accurate 

assessment of skeletal muscle mass is essential for the correct diagnosis of 

sarcopenia, there is currently no global consensus on appropriate adjustment 

methods and best cutoff values for assessing relative muscle mass of 

sarcopenia diagnosis. Thus, the aim of this study was to determine which 

method for normalizing skeletal muscle mass is most useful for defining low 

muscle mass and to investigate myokines as potential biomarkers for 

sarcopenia in Korean hemodialysis (HD) patients. 

Design & Methods: We conducted a cross-sectional observational study in a 

cohort of 139 Korean HD patients. All patients underwent bioelectrical 

impedance analysis (BIA) to measure muscle mass 30 minutes after HD 

session. Handgrip strength, representing muscle strength, was evaluated using 

a handgrip dynamometer. Muscle function was evaluated by using a gait 

speed test. Myokine concentration was measured by using a human myostatin 

and follistatin enzyme-linked immunosorbent assay kit. 

Results: A total of 139 patients (69 men and 70 women) with a mean age of 

63.9±13.1 years were included in this study. Depending on the equation used 

to standardize appendicular skeletal muscle mass, the prevalence of low 

muscle mass ranged from 17.3 to 29.5% and the prevalence of sarcopenia 
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ranged from 11.5 to 20.9%. Obese patients (body mass index [BMI] > 25 

kg/m2) had a lower prevalence of low muscle mass adjusted for BMI and a 

higher prevalence of low muscle mass adjusted for body surface area (BSA). 

Muscle strength and performance were positively correlated with muscle mass 

normalized by all methods, but the association was less robust in muscle mass 

indexed to weight. Patients with low muscle mass by all definitions, especially 

BSA, were more likely to have muscle weakness compared to those with 

normal muscle mass. Serum myostatin level was proportional to muscle mass 

and was positively correlated with muscle strength and performance. 

Conclusions: Muscle mass index adjusted to BSA and BMI (considering both 

height and body weight) is superior to height or weight alone when assessing 

relative muscle mass to diagnose sarcopenia among HD patients. Moreover, 

serum myostatin may act as an adjunct biomarker for predicting sarcopenia in 

patients undergoing HD. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            

Key words : muscle mass, muscle strength, performance, myostatin, 

sarcopenia 
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I. INTRODUCTION 

 

 1. Sarcopenia: Definition and clinical significance  

 

Sarcopenia is commonly defined as progressive and generalized loss of muscle 

mass accompanied by decline in muscle strength or function. When the 

definition of ‘sarcopenia’ was coined almost 30 years ago, it only covered 

age-related loss of muscle mass.1 Since then, the definition of sarcopenia has 

evolved to include impaired muscle strength or function. Reduction of muscle 

strength is more associated with health-related outcomes than low muscle 

mass.2, 3 The European Working Group on Sarcopenia in Older People 

(EWGSOP) in 2010 and the Asian Working Group on Sarcopenia (AWGS) in 

2014 provided comprehensive definitions of sarcopenia that encompass both 

loss of skeletal muscle mass and strength.3, 4 Moreover, the EWGSOP recently 

revised the diagnostic algorithm for sarcopenia and updated some criteria to 

reflect recent research findings. The criteria now focuses on low muscle 

strength as a key characteristic of sarcopenia. It uses detection of low muscle 

quantity and quality to confirm a sarcopenia diagnosis and identifies poor 

physical performance as indicative of severe sarcopenia. In the revised 
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EWGSOP guidelines, if sarcopenia is clinically suspected, muscle strength 

should be measured first and if it is weak, a tentative diagnosis of ‘sarcopenia 

probable’ is made. Then, muscle mass is measured and if it is low, the 

sarcopenia diagnosis is confirmed. The EWGSOP guidelines recommend the 

use of normative references (healthy young adults) for assessment of muscle 

mass, with cutoff points usually set at -2 standard deviations compared to the 

mean reference value. In addition, if physical performance is poor, a diagnosis 

of ‘severe sarcopenia’ is made.5 

Sarcopenia is a common disease in the elderly population that causes increased 

risk of physical disability, higher risk of falls, fractures, and higher mortality.3 

As such, due to its negative impact on health outcomes and the rapidly 

increasing aging population, sarcopenia has emerged as an important social 

and medical issue. A cohort study of community-living elderly individuals 

aged 80-85 years, reported that after adjustment for multiple potential 

confounders, the risk of mortality is double in those with sarcopenia compared 

with those without sarcopenia.6 Patients with chronic diseases, such as chronic 

kidney disease (CKD), are more affected by sarcopenia.7 In patients with 

CKD, the pathophysiology of comorbid sarcopenia is complex and may be 

exacerbated by conditions associated with CKD such as uremic toxins, 

inflammation, malnutrition, oxidative stress, and physical inactivity.8 In 

patients with end stage renal disease (ESRD) treated by hemodialysis (HD), 

lower muscle mass is associated with poor survival outcomes.9 A large scale 

multi-ethnic ESRD cohort study demonstrated that higher lean body mass is 

correlated with lower mortality risk.10 Early interventions, such as physical 

activity, can improve muscle function to mitigate sarcopenia. Therefore, early 

diagnosis and appropriate treatment of sarcopenia is of utmost importance to 

improve survival in the patients with CKD and ESRD. 
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 2. Assessment of muscle mass 

 

The first step in the diagnosis of sarcopenia is the accurate measurement of 

muscle mass which can be estimated by several techniques. Magnetic 

resonance imaging and computed tomography were previously considered to 

be gold standards for non-invasive assessment of muscle mass. However, 

these tools are not commonly used in primary care because of their high cost, 

lack of portability, and the requirement for highly-trained personnel to use the 

equipment. Dual-energy X-ray absorptiometry (DXA) is a more widely used 

non-invasive instrument to determine muscle mass which can provide a 

reproducible estimate of muscle mass within a few minutes. However, DXA 

results are influenced by the hydration status of the patient; overhydration can 

lead to overestimation of muscle mass in HD patients. DXA is not more 

widely used due to its limited availability, portability, need for specialized 

staff, and high costs.5 

Recently, the use of bioelectrical impedance analysis (BIA) has been explored 

for estimation of muscle mass. BIA equipment does not measure muscle mass 

directly, instead it derives an estimate of muscle mass through analysis of the 

electrical conductivity of the entire body. It is more suitable for routine 

clinical practice than DXA because of its simplicity, accessibility, and 

cost-effectiveness. BIA gives an accurate estimate of DXA-derived skeletal 

muscle mass in patients with various clinical disorders.11 Moreover, BIA 

measurement with a multifrequency device was shown to correlate more 

closely with DXA-measured appendicular skeletal muscle mass than BIA 

measured with other devices.12 On the other hand, measuring muscle mass 

with BIA before a HD session has fundamental limitations due to fluid 

retention which is a characteristic of HD patients. Typically, patients with 

ESRD treated by HD gain fluid between dialysis sessions, and then the excess 

fluid is removed via HD. This relatively rapid shift in plasma volume has been 
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demonstrated to lead to changes in body composition as determined by BIA. 

As such, the change in hydration status before and after dialysis affects the 

detection of sarcopenia. Therefore, BIA should preferably be performed after 

HD when patients are less overhydrated with less electrolyte imbalance.13  

Appendicular skeletal muscle mass (ASM) is defined as the sum of the skeletal 

muscle mass of both arms and legs, and is commonly used for the skeletal 

muscle mass index.14 However, muscle mass is basically correlated with body 

size, thus individuals with larger body size will fundamentally have higher 

muscle mass. Therefore, muscle mass should be assessed after adjusting for 

body size by using height, weight, or body mass index (BMI).   

Height-squared adjusted ASM (ASM/ht2), as a skeletal muscle mass index, was 

suggested by Baumgartner et al. in the New Mexico Elder Health Survey.15 

This index is the most employed metric of relative muscle mass and is 

associated with physical disability or frailty. The EWGSOP and AWGS also 

use this index. However, ASM/ht2 is more prone to underestimate the 

prevalence of low muscle mass. In particular, overweight or obese individuals 

with low muscle mass relative to their body size may not be classified as 

sarcopenic if their muscle mass is only normalized to height.  

In 2002, Janssen et al. proposed a method for muscle mass index adjusted for 

weight and reported that it was associated with functional impairment and 

disability.16 In 2014, the Foundation for the National Institutes of Health 

(FNIH) Sarcopenia Project proposed a consensus on sarcopenia and 

recommended ASM/BMI as an alternative operational method for calculating 

muscle mass.17 However, there is still no global consensus on the appropriate 

adjustment methods and best cutoff values for the muscle mass and muscle 

function components of sarcopenia diagnosis in ESRD patients as well as 

elderly patients. 

Studies have demonstrated that in the same population, sarcopenia prevalence 

rates are different when different muscle mass indices are used to identify low 
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muscle mass. For example, Kittiskulnam et al. report that the total prevalence 

of low muscle mass ranges from 8 to 32% depending on the criterion used to 

standardize total body muscle mass.18 Therefore, determining a proper method 

for normalizing skeletal muscle mass is important to standardize the diagnosis 

of sarcopenia. 

 

 3. Clinical significance of myokines 

 

Biomarkers are indicators of biological processes that can be objectively 

measured and assessed. Sarcopenia biomarkers facilitate diagnosis, support 

tracking of changes over time, and help clinical and therapeutic 

decision-making. Currently, the most commonly recommended biomarkers for 

sarcopenia are inflammatory biomarkers such as C-reactive protein (CRP), 

interleukin-6, and tumor necrosis factor-α. However, these are not widely used 

for diagnosis, because they are not specific to sarcopenia. Recently, myokines, 

which are peptides produced and released by the skeletal muscle cells, have 

been suggested as potential biomarkers for sarcopenia.  

Myostatin (MSTN), also known as ‘GDF8’ has drawn much attention as a 

strong inhibitor of muscle growth. It is synthesized as a 376 amino acid 

pre-propeptide, then processed into an inhibitory propeptide of 242 amino acid 

and an active peptide of 110 amino acids. Together with transforming growth 

factor(TGF)-β and activin A, MSTN belongs to the TGF-β family ligands. 

Both MSTN and activin A have many similarities with TGF-β in terms of 

structure, signaling pathway, and functions, and have been studied as 

contributors to muscle cachexia in CKD and several other chronic diseases. 

Like other members of the TGF-β family, MSTN is synthesized as a precursor 

protein made up of two protein domains, an NH2-terminal propeptide and a 

mature COOH-terminus domain, which after cleavage, give rise to a 26-kDa 

active processed peptide. MSTN binds type 2 activin receptors and, after 
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dimerization with activin receptor type 1 (ALK4/5), signal through a TGF-β 

signaling pathway involving Smad phosphorylation. Phosphorylation of Smad 

results in downregulation of genes associated with muscle differentiation and 

inhibits Akt (protein kinase B) signaling, which is normally activated during 

muscle hypertrophy and often inhibited in patients with muscle atrophy. Smad 

activation also induces expression of MuRF1 (TRIM63) and atrogin-1 

(FBXO32) mediated protein degradation in skeletal muscle.19, 20  

While in general, MSTN is robustly associated with wasting and muscle 

atrophy, some studies report contrasting results in patients with CKD and 

ESRD. For example, Esposito et al. reported that MSTN is positively 

correlated with muscle mass in HD patients.19 Several studies report higher 

MSTN concentrations in CKD and HD patients compared with the general 

population. These discrepancies may be explained by factors which increase 

MSTN production under uremic conditions including low physical activity, 

acute or chronic inflammation, oxidative stress, uremic toxins, angiotension II, 

metabolic acidosis and glucocorticoids. Because of its large molecule size, 

MSTN is not well removed during dialysis.21 MSTN has been proposed as a 

biomarker for sarcopenia in HD patients19, but its clinical utility remains 

controversial. 

Follistatin (FST) antagonizes MSTN activity by preventing receptor binding. 

FST has been identified by two independent groups as a glycoprotein that is 

broadly present in the serum and tissue. It is a natural inhibitor of members of 

the TGF-β superfamily including MSTN. Two isoforms of FST, FST228 and 

FST315, and a related molecule, follistatin-like 3 (FSTL3), are FST-type 

structures. In 2009, Cash et al. reported the crystal structure of 

MSTN-FST288, and in 2012 they published the MSTN-FSTL3 complexes, 

indicating that the N-terminal domains of FST-type molecules interact with 

the type I receptor binding site of MSTN. In particular, Cash and colleagues 

demonstrated that Phe47, Ile51, and Phe52 are involved in effective 
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MSTN-binding and inhibition.22 

Although several studies investigated the association of myokine with 

sarcopenia in elderly patients, only a few have demonstrated an association 

between myokine and sarcopenia in patients with ESRD.  

Thus, the aim of this study was to determine an appropriate method for 

normalizing skeletal muscle mass for defining low muscle mass and to 

investigate myokines as potential biomarkers for sarcopenia in Korean HD 

patients. 

 

II. METHODS 

    

 1. Study population 

 

This cross-sectional observational study enrolled 139 clinically stable patients 

receiving HD for at least three months at two dialysis units between June 2019 

and September 2019. Patients with complete or partial amputation of one or 

more limbs, indwelling electrical devices such as pacemakers, acute illness 

within the previous three months, a history of malignancy, pulmonary edema, 

liver cirrhosis with ascites, or severe congestive heart failure (New York Heart 

Association class Ⅲ and Ⅳ) were excluded.  

This study was approved by the Institutional Review Board (#3-2016-0342) of 

Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, 

South Korea. Written informed consent was obtained from all participants. 

The study was performed in accordance with the principles of the Declaration 

of Helsinki. 

 

 2. Clinical and laboratory data 

 

Medical records were reviewed to gather clinical information including age, 
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gender, presence of hypertension or diabetes mellitus, and duration of dialysis. 

Body weight was assessed using a mechanical scale with the patient wearing 

light clothes and no shoes. Height was measured with a stadiometer. BMI was 

calculated as body weight(kg)/height2(m2). Body surface area (BSA) was 

calculated using DuBois formula (0.007184 x height(m)0.725 x weight(kg)0.425). 

Blood was drawn to determine hemoglobin, CRP, creatinine, albumin, and total 

cholesterol levels on the day of assessment. 

 

 3. Measurement of muscle mass by BIA 

 

Body composition was assessed using BIA. Multifrequency BIA (InBody S10, 

Biospace, Seoul, South Korea) measurements were performed approximately 

30 minutes after midweek dialysis session using a direct segmental 

multifrequency BIA method with tetrapolar eight-point surface electrodes 

placed on patient's thumbs and middle fingers and both sides of each ankle. 

Briefly, patients adopted a supine position with arms spread away from the 

body and legs separated. Pairs of electrodes were placed on the surface of the 

thumbs, fingers, balls of the feet, and heels. Then, microprocessor-controlled 

switches and an impedance analyzer were operated, and resistance was 

measured at six frequencies (1, 5, 50, 250, 500, and 1,000 kHz) at each of five 

segments of the body (right arm, left arm, trunk, right leg, and left leg). Thus, 

a set of 30 segmental resistance measures was obtained for each individual.  

ASM was indexed to height-squared, body weight (percentage), BSA, and BMI. 

For the cutoff value of low muscle mass, the muscle mass indexed to 

height-squared was based on the AWGS criteria (7.0 kg/m2 for men and 5.7 

kg/m2 for women). Based on the literature, the cutoff values of low muscle 

mass for males and females were set to 27.4% and 23.9% for body weight, 

11.40 m2 and 8.91 m2 for BSA, and 0.76 kg/m2 and 0.53 kg/m2 for BMI, 

respectively.23, 24 
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4. Assessment of muscle strength and physical performance 

 

Handgrip strength (HGS), was measured as an index of muscle strength, using a 

digital handgrip dynamometer (TKK 5401, Takei Scientific Instruments Co., 

Tokyo, Japan) on the non-fistula side hand. The handle of the dynamometer 

was adjusted to fit comfortably in the subject’s hand with allowance for a 

good grip. The arm was held to the side, away from the body with the elbow 

bent at a ninety-degree angle. The patient was told, “squeeze as hard as you 

can” for maximum effect. Three trials were performed with a pause of 10 to 

20 seconds between each trial to avoid excessive fatigue. The highest score 

was recorded and used for analysis. Low muscle strength was defined as an 

HGS of less than 26 kg in men and less than 18 kg in women, as proposed by 

AWGS.4 

Muscle function was evaluated by using gait speed. For the gait speed test, 

participants were requested to walk six meters at their usual speed. Slow gait 

speed was defined as a gait speed of less than 0.8 m/s, according to AWGS 

criteria.4 

 

 5. Measurement of myokine 

 

A blood sample was drawn from a forearm vein and collected in an EDTA tube. 

Tubes were centrifuged for 10 minutes at 1000 g at 4℃. Serum samples were 

collected and stored at -80℃ until analysis. A commercially available human 

myostatin and follistatin enzyme-linked immunosorbent assay kit (R&D 

Systems, Minneapolis, MN, USA) was used. To remove propeptide, 1 N HCl 

50 ul was added to 100 ul of serum sample and RT was performed for 10 

minutes. Next, 1.2 N NaOH/0.5M HEPES 50 ul was added for neutralization. 

Then, 1x Calibrator Diluent RD5-26 200 ul was added and analyzed within 

two hours. 
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6. Statistical analysis 

 

All continuous variables are described as mean ± standard deviation based on 

results from the Kolmogorov-Smirnov test and Shapiro-Wilk test which are 

used to evaluate the distribution of data. Categorical data are expressed as the 

number with percentages. Significance of difference between two groups was 

determined by t-test and chi-square test. Comparison between prevalence of 

low muscle mass and sarcopenia was evaluated by the chi-square test or 

Fisher exact test. Pearson correlation was used to determine the relationships 

between muscle mass indices and muscle strength, performance. Pearson 

correlation analysis was performed to evaluate association of myokines with 

the sarcopenic parameters and laboratory findings. The association of each 

muscle mass indices with muscle strength and performance was evaluated by 

logistic regression analysis. A p-value less than 0.05 was considered 

statistically significant. Statistical analyses were performed with the Statistical 

Package for the Social Sciences for Windows version 25 (IBM Corp., Armonk, 

NY, US). 

 

III. RESULTS 

 

The baseline characteristics of the participants are shown in Table 1. A total of 

139 HD patients (69 men and 70 women) with a mean age of 63.9 ± 13.1 

years were included in this study. Most subjects (n=132, 95%) had 

hypertension and 87 patients (62.6%) had diabetes. The presence of diabetes, 

hemoglobin, creatinine, MSTN, phase angle, and geriatric nutritional risk 

index (GNRI) were higher in men, and the total cholesterol level was higher in 

women. As expected, females showed significantly less HGS and slower gait 

speed than males (17.7 ± 5.5 kg vs. 27.8 ± 8.5 kg, 0.88 ± 0.30 m/s vs. 0.98 ± 

0.24 m/s, respectively). 
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Table 1. Baseline characteristics of participants 

 

 

Depending on the equations used to standardize ASM, the prevalence of low 

muscle mass and sarcopenia ranged from 17.3 to 29.5% and 11.5 to 20.9%, 

respectively. ASM indexed to BMI classified the smallest percentage of 

patients as having low muscle mass and sarcopenia, whereas ASM indexed to 

BSA classified the largest percentage as having low muscle mass and 

sarcopenia. Women had a higher prevalence of low muscle mass and 
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sarcopenia compared to men by most of methods of indexing, except BMI. 

The difference was most significant in muscle mass indexed to height-squared 

(Table 2). 

 

Table 2. Prevalence of low muscle mass and sarcopenia 

 

 

Characteristics of patients with normal and low muscle mass are shown in Table 

3 according to each index. The low muscle mass group had lower parathyroid 

hormone (PTH) levels, weaker HGS, and slower gait speed, and higher 

glucose and uric acid levels compared with the normal muscle mass group. 

Age was higher in the low muscle mass group, especially in subjects with 

muscle mass indexed to BSA and BMI. Albumin levels and GNRI were not 

significantly different between the two muscle mass groups.   
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Table 3. Characteristics of normal and low muscle mass groups according to 

each normalization method 

 

(1) Muscle mass/height-squared 
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(2) Muscle mass/weight 
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(3) Muscle mass/BSA 

 

 

 

 

 

 

 

 



18 

 

(4) Muscle mass/BMI 

 

 

Figure 1 shows the distribution of low muscle mass across categories of BMI 

according to the Asia-Pacific WHO recommendations. (Normal weight : < 23 

kg/m2, Overweight : 23 to 24.9 kg/m2, Obese : > 25 kg/m2). We analyzed by 

sex, considering the differences in physique between men and women. When 

classified by BMI, obese patients, especially women, had a lower prevalence 

of low muscle mass adjusted for height-squared. In contrast, obese patients 
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had a higher prevalence of low muscle mass adjusted for weight. There was 

no significant difference in prevalence of low muscle mass when indexed to 

BSA and BMI among the different BMI groups. 

 

 

Figure 1. Prevalence of low muscle mass by BMI 

 

Patients classified as having low muscle mass exhibited significantly lower 

muscle strength than those with normal muscle mass by all methods, but the 

difference was largest in muscle mass indexed to height-squared and BSA 
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(Table 3).  

The correlation between muscle strength and the variables for skeletal muscle 

indices in the enrolled participants are shown in Figure 2. HGS was positively 

correlated with muscle mass normalized by height-squared, BSA, and BMI 

(r=0.63, 0.62 and 0.60, P<0.001, respectively) but less so with muscle mass 

indexed to percentage of body weight (r=0.49, P<0.001). 

 

 

Figure 2. Scatter plot of muscle mass indexed to (A) height-squared, (B) 

percentage of body weight, (C) BSA, and (D) BMI, and muscle strength 

 

Patients with low muscle mass, by all definitions, were more likely to have 
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muscle weakness than those with normal muscle mass. However, low muscle 

mass indexed to percentage of body weight was not significantly associated 

with higher odds of muscle weakness. The association was strongest for 

muscle mass adjusted to BSA, such that patients with low muscle mass 

adjusted to BSA were three times more likely to have muscle weakness than 

patients with normal muscle mass (OR 3.07, 95% CI 1.19 to 7.91; Table 4). 

 

Table 4. Logistic regression analysis of the association of low muscle mass 

indexed by each metric with muscle strength and physical performance 

 

 

Although the correlation between muscle mass and performance was less robust, 

there were significant direct correlations with all muscle mass indices, 

especially with BSA and BMI (Figure 3). Patients classified as having low 

muscle mass according to all indexing methods had worse performance, but 

low muscle mass was not significantly associated with higher odds of slow 

gait speed (Table 3, 4). 
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Figure 3. Scatter plot of muscle mass indexed to (A) height-squared, (B) 

percentage of body weight, (C) BSA, and (D) BMI and physical performance 

 

Serum MSTN level was positively correlated with creatinine (r=0.427, p<0.001) 

and phase angle (r=0.326, p=0.001), and inversely correlated with age 

(r=-0.384, p<0.001). Serum MSTN level was significantly lower in the low 

muscle mass group, and was positively correlated with muscle strength and 

performance (Table 3, Figure 4). When MSTN was corrected with height, 

weight, BSA, and BMI, it also showed a negative correlation with age and 

positive correlations with creatinine, phase angle, muscle strength, and 

performance. FST level tended to be higher in the low muscle mass group, and 

was negatively correlated with muscle strength and performance, even though 



23 

 

it was not significantly associated (Table 3). Log-transformed MSTN showed 

an inverse correlation wigh log-transformed FST level (Figure 4). 

 

 

Figure 4. Scatter plot of log myostatin and (A) log follistatin, (B) ASM, (C) 

muscle strength, and (D) physical performance 

 

IV. DISCUSSION 

 

In this study, the prevalence of low muscle mass and sarcopenia ranged from 

17.3 to 29.5% and 11.5 to 20.9%, respectively. When classified by BMI, 

obese patients, especially women, had lower prevalence of low muscle mass 

adjusted for height-squared. Muscle strength and performance were positively 

correlated with muscle mass normalized by all methods, but the association 
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was less robust in muscle mass indexed to weight. Serum MSTN level was 

proportional to muscle mass, and was positively correlated with muscle 

strength and performance. Log-transformed MSTN level showed an inverse 

correlation with log-transformed FST. 

Our study showed a large difference in the prevalence of low muscle mass and 

sarcopenia according to the muscle mass indices used. Interestingly, in our 

cohort of clinically stable HD patients, muscle mass normalized by BMI and 

BSA showed lowest and highest frequency of low mass, respectively. This is 

in contrast to the results of the ACTIVE/ADIPOSE study which reported that 

muscle mass indexed to height-squared and BSA classified the smallest and 

largest respective percentages of patients with low muscle mass.18 Muscle 

mass indexed to height-squared may underestimate the prevalence of low 

muscle mass in obese patients. The fact that the BMI of the subjects in the 

current study was much lower than those in the ACTIVE/ADIPOSE study 

(27.4 kg/m2 for men and 29.2 kg/m2 for women) may explain the discrepancy 

between the two studies.  

Kim et al. reported a high prevalence (33.7%) of sarcopenia in elderly Korean 

HD patients using the EWGSOP criteria. In that study, low muscle mass was 

defined as lean tissue index 2 standard deviation or lower than the normal 

gender-specific means for young persons, and the low HGS criteria was set at 

less than 30 kg for men and less than 20 kg for women.25 The use of the 

EWGSOP criteria, especially the larger cutoff value of HGS in elderly Asian 

HD patients, may have increased the prevalence of sarcopenia reported in the 

other study compared to the current study. In addition, their study used 

different devices to quantitate muscle mass and the fact that they performed 

muscle mass evaluation before HD treatment lead to different levels of 

extracellular fluid accumulation which make it difficult to compare between 

studies.  

Interestingly, when using the same criteria of low muscle mass indices which 
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were used in the ACTIVE/ADIPOSE study, we found that the prevalence 

more than doubled for low muscle mass (17.3 to 29.5% vs 29.5 to 82.0%) and 

sarcopenia (11.5 to 20.9% vs 19.4 to 44.6%). This indicates that it is important 

to set an appropriate cutoff value for defining low muscle mass in different 

ethnic population. 

Although recent evidence suggests that low muscle mass indexed to body size 

has more robust associations with low muscle strength and poor physical 

performance than low muscle mass adjusted for height or body weight alone, 

the most appropriate method of indexing muscle mass remains unknown.26  

Because having low muscle mass is a fundamental component of sarcopenia, 

we investigated which muscle mass index is most suitable based on the 

relationship between each muscle mass index and muscle strength, 

performance. The height-squared adjustment method for assessing muscle 

mass in previous studies failed to recognize sarcopenia in obese patients, a 

condition recently identified as sarcopenic obesity.27 Therefore, we 

hypothesized that muscle mass indexed to height-squared may not be 

appropriate for HD patients, particularly among obese individuals who have 

low muscle mass relative to their body size. As expected, muscle mass 

indexed to height-squared classified lowest number of subjects as having low 

muscle mass, especially in obese subjects. In contrast, indexing by body 

weight, BMI or BSA increased the prevalence of low muscle by two-folds in 

obese subjects. A study among healthy individuals also reported that use of 

body weight-adjusted muscle mass criteria resulted in a higher prevalence of 

sarcopenia and sarcopenic obesity than when a height-based criteria was 

used.28 While muscle mass indexed to height-squared may underestimate low 

muscle mass in obese subjects, our findings also demonstrate that muscle 

mass adjusted to percentage of body weight may overestimate low muscle 

mass among obese patients. Therefore, the use of muscle mass adjusted to 

BSA and BMI, which consider both height and body weight, appears superior 
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to using an index adjusted to height or weight alone. 

Sarcopenia is more frequent in old age, and in patients with diabetes, lower 

BMI, and lower creatinine levels, as well as those with higher PTH, 

cholesterol, and uric acid levels.29, 30 In this study, participants were older in 

the low muscle mass group by all adjustment methods, especially when 

indexed to BSA and BMI. BMI was higher in the low muscle mass group 

except for muscle mass indexed to height-squared. Muscle mass is generally 

proportional to BMI. However, because BMI does not distinguish between 

muscle mass and fat, elderly patients who generally have a high fat percentage, 

may show different results due to sarcopenic obesity.  

Uric acid level was significantly higher in all indices in the low muscle mass 

group. Serum uric acid serves as a neutral proxy for increased reactive oxygen 

species (ROS) production via xanthine oxidase. It has been proposed that 

increases in ROS may contribute to the aging process. Hyperuricemia itself 

may also increase sarcopenic risk by stimulating systemic inflammatory 

conditions. The main mechanism by which uric acid causes activation of 

systemic inflammatory conditions involves inhibition of endothelial nitric 

oxide bioavailability, activation of the renin-angiotensin system, and direct 

actions on endothelial cells and vascular smooth muscle cells. The low muscle 

mass group showed higher glucose levels than the normal muscle mass group. 

Insulin resistance is involved in one of several underlying mechanism of 

sarcopenia induction. Insulin is an anabolic hormone, which stimulates protein 

synthesis including the synthesis of muscle. The process of protein 

degradation and synthesis constantly repeats in skeletal muscle. Defects in 

insulin signaling can lead to reduced muscle synthesis. In this study, the low 

muscle mass group showed lower PTH levels, which contradicted the results 

of a previous study.31 In HD patients, the routine treatment of secondary 

hyperparathyroidism may have caused discrepancy in the results between the 

current study and earlier publications. BMI, creatinine, and cholesterol levels 
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did not show significant differences according to muscle mass. 

Low muscle mass was associated with low muscle strength and poor 

performance, but was more closely related to muscle strength than physical 

performance, regardless of the method of normalization. Our findings are 

similar to a previous report in the elderly population which reported that 

muscle mass is more associated with HGS than gait speed.32  

In the present study, the likelihood and degree of muscle weakness were 

associated with low muscle mass by most criteria, but the relationship was 

weakest for muscle mass indexed to weight and strongest for muscle mass 

normalized to BSA and BMI. Low muscle mass normalized to BSA and BMI 

was more closely associated with muscle strength and physical performance; 

with BSA performing slightly better than BMI. This is in agreeance with a 

report from the FNIH Sarcopenia Project which also reported that muscle 

mass indexed to BMI, but not height or weight, is a potential discriminator of 

muscle weakness.32 Similarly, a recent study in an elderly population 

concluded that low muscle mass adjusted for both height and weight is more 

associated with muscle weakness as well as poor physical performance than 

methods using either height or weight alone.26 When considering these results 

and the fact that muscle mass indices adjusted to BSA and BMI are less 

affected by the degree of obesity, they are more appropriate method of 

normalizing muscle mass. 

In this study, serum MSTN level was correlated with muscle mass and was 

significantly lower in the low muscle mass group. MSTN level was negatively 

correlated with age, but positively correlated with HGS and gait speed. These 

findings are inconsistent with previous studies33 and suggest that circulating 

MSTN may reflect muscle mass and function rather than muscle wasting. 

Indeed, while there is evidence of an inverse correlation between serum 

MSTN and skeletal muscle mass in the elderly as well as patients affected by 

chronic diseases34, 35, it has also been reported that low serum MSTN levels 
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are associated with low skeletal muscle mass in HD patients.19 The findings of 

the current study could be explained by the fact that MSTN is produced within 

the skeletal muscles. There are several factors that increase MSTN production 

in uremic conditions: low physical activity, acute or chronic inflammation, 

oxidative stress, uremic toxins, angiotension II, and metabolic acidosis. This 

could explain why HD patients show different results for MSTN compared to 

the general population.  

Serum FST is associated with muscle growth and increased renal dysfunction, 

and its levels are correlated with inflammation and reduced muscle strength. 

This suggests the involvement of mechanisms which includes FST in the 

uremic wasting process.36 In this study, FST level was negatively correlated 

with muscle strength and performance, but this correlation was not significant. 

Moreover, log-transformed MSTN showed an inverse correlation with 

log-transformed FST, which is consistent with the results of previous study 

which reported that FST is an inhibitor of TGF-β superfamily ligands 

including MSTN.22 However, several factors increase MSTN production 

under uremic conditions in HD patients, so it is difficult to elucidate a direct 

association between MSTN and FST. 

There were several limitations to our study that need to be acknowledged. First, 

because it was an observational cross-sectional study, causal relationships 

between low muscle mass and risk factors could not be determined. Second, 

the number of patients enrolled in this study was relatively small and 

enrollment was limited to patients from two HD centers. However, according 

to the recent registry report from the Korean Renal Dialysis System committee, 

the average age (65 years), prevalence of diabetes mellitus (around 50%), use 

of erythropoietin stimulating agents (95.5%), Hb (10.4 g/dL), calcium (8.8 

mg/dL), phosphorus (5.0 mg/dL), PTH level (240 pg/mL), and urea reduction 

rate (70.2% for men, 76.4% for women) among Korean HD patients are 

similar to those of this study.36 Therefore, the results of this study may be 
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considered to be representative of Korean HD patients.  

Despite its limitations, this study also has several strengths. First, we used ASM 

which is generally used for the skeletal muscle mass index to measure muscle 

mass. Second, we evaluated muscle mass by BIA around 30 minutes 

following a dialysis session. ESRD patients are easy to be in a state of 

overhydration before dialysis session. Overestimation of muscle mass by 

hydration status is a well-known confounding factor in the diagnosis of 

muscle mass using DXA or BIA.38 Therefore, the postdialysis measurement of 

muscle mass using BIA helps to prevent overestimation of muscle mass due to 

overhydration in HD patients. 

 

V. CONCLUSION 

 

In conclusion, skeletal muscle mass normalized to height-squared 

underestimated the prevalence of low muscle mass, particularly among 

overweight and obese HD patients. In contrast, muscle mass indexed to weight 

overestimated the prevalence of low muscle mass. Moreover, muscle mass 

indexed to BSA and BMI was more closely associated with muscle strength 

and physical performance. Therefore, the use of muscle mass index adjusted 

to BSA and BMI, considering both height and body weight rather than height 

or weight alone, is an appropriate method for assessing relative muscle mass 

in HD patients. MSTN reflects muscle mass and was shown to be related to 

muscle strength and performance in HD patients. Therefore, the measurement 

of serum MSTN levels may be helpful as an adjunct biomarker for predicting 

sarcopenia in HD patients. Furthermore, screening for sarcopenia through 

measurement of muscle mass, muscle strength, performance and MSTN levels 

will facilitate early detection and treatment leading to improved prognosis of 

HD patients. 
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ABSTRACT(IN KOREAN) 

 

혈액투석 환자에서의 근감소증 유병률 연구: 다양한 근육량 

보정 지표 및 마이오카인의 영향 

 

<지도교수 박 형 천> 

 

연세대학교 대학원 의학과 

 

박 해 열 

 

배경: 근감소증은 근력 또는 기능이 떨어지면서 근육량이 

감소하는 경우를 말한다. 근감소증의 정확한 진단을 위해서는 

근육량의 정확한 평가가 필수적이지만, 아직까지 근감소증 

진단을 위한 적절한 근육량 보정 방법과 기준값이 확립되지 

않았다. 따라서 본 연구에서는 국내 혈액투석 환자에서 근육량 

감소를 정의하는데 있어 어떠한 근육량 보정 방법이 더 

유용한지 확인하고, 근감소증의 잠재적 생체표지자로써 

마이오카인을 연구하려고 한다.   

방법: 본 연구에서는 139명의 혈액투석 환자를 대상으로 횡단면 

관찰 연구를 진행하였다. 환자들은 근육량 측정을 위해 

혈액투석 종료 30분 후에 생체 전기저항 분석법으로 근육량을 

측정하였다. 근력을 평가하기 위해 악력계를 이용하여 악력을 

측정하였다. 근육 기능은 보행 속도 검사를 통하여 평가하였다. 

마이오카인 농도는 human myostatin and follistatin enzyme-linked 

immunosorbent assay kit 를 통해 측정하였다. 

결과: 본 연구는 평균 연령이 63.9±13.1세인 139명의 혈액투석 

환자를 대상으로 진행하였다. 골격근량을 표준화하는 방법에 

따라 근육량 감소의 유병률은 17.3 에서 29.5%, 근감소증의 

유병률은 11.5 에서 20.9% 로 나타났다. 비만 환자 (BMI > 25 

kg/m2) 에서는 BMI 로 근육량을 보정하였을 때 근육량 감소의 
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유병률이 낮았고, BSA 로 보정하였을 때 근육량 감소의 

유병률이 높았다. 근력과 수행능력은 모든 근육량 보정 

지표에서 근육량과 양의 상관관계가 있었으나, 체중으로 보정한 

지표에서는 그 연관성이 낮았다. 모든 근육량 보정 지표에서 

근육량이 적은 환자들이 근력이 약할 위험성이 높았는데, 특히 

BSA 로 보정한 지표에서 그 위험성이 높았다. Myostatin 수치는 

근육량에 비례하였고, 악력 및 보행속도와 양의 상관관계를 

보였다. 

결론: 혈액투석 환자에서 근감소증을 진단하기 위해 상대적인 

근육량을 평가할 때는 키나 체중만으로 보정하는 것 보다 키와 

체중을 모두 고려하는 BSA 와 BMI 로 보정한 근육량 보정 

지표를 사용하는 것이 좋겠다. 그리고 혈청 myostatin 은 

혈액투석 환자에서 근감소증을 예측하는 보조적인 

생체표지자로써 도움이 될 수 있겠다. 
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