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Sarcopenia burden in CKD and ESRD

Applying diagnostic criteria and screening tools derived 
from geriatric population into ESRD patients

Etiologies of uremic sarcopenia, focusing on vascular 
burden and dysfunction 

Combating sarcopenia at Hualien Tzu-Chi Hospital



• First proposed by I. H. Rosenberg in 1989

✓ The gradual decline in muscle mass with the aging process

✓“Sarx (flesh)”+“penia (loss)”

• Highly predicts falls, hospitalization and mortality rate in elderly patients

(Arango-Lopera et al., 2013; Landi et al., 2013; J. H. Kim et al., 2014)

• Becomes a popular research issue due to the accelerating global aging 

and increasing disease burdens 

Sarcopenia
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Age Ageing 2010, 39, 412-423.

European Working Group on Sarcopenia in Older People, EWGSOP
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Several consensus definitions for sarcopenia have been developed…
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2014
Asian Working 

Group for 
Sarcopenia

K. Chen et al. / JAMDA 15 (2014) 95e101



Revised EWGSOP 2018

Age and Ageing 2018; 0: 1–16

Revised AWGS 2020

J Am Med Dir Assoc. 2020 Mar;21(3):300-307.e2. 6



Age Ageing 2010, 39, 412-423. 7



The Prevalence of Sarcopenia  
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3.9-7.3 %
2867 community-dwelling older adults
(Geriatrics & Gerontology International 2014; 14: 52-60)

CKD patients

?



A Recent Global Systematic Review and Meta-
analysis in CKD

• Includes 140 studies (42,041 patients) across 25 countries
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J Cachexia Sarcopenia Muscle. 2024 Apr;15(2):501-512.

15.2%
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J Cachexia Sarcopenia Muscle. 2024 Apr;15(2):501-512.

17.7%

31.6%

38.2%

19.1%



Tzu-Chi PD Cohort
Baseline 2020/2-2021/5, N=216

Enrollment during the pandemic of COVID-19
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Definition of Sarcopenia

12Lin et al., Nutrients 2022; 14: 923



Lin et al., Nutrients 2022; 14: 923

N=186 (mean age 57.5 ± 14.1 years)
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Applying the diagnostic criteria for 
geriatric sarcopenia in ESRD patients 

• Facilitate direct comparisons of prevalence among elderly, 
non-dialysis CKD, and ESRD population 
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1. How well do these criteria predict 
clinical outcomes in ESRD ?  

2. Is there a difference in the clinical 
relevance of muscle mass, strength, 
and physical performance?



Poor muscle quality in ESRD patients
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Nephrol Dial Transplant 2014, 29, 1655-1665

ESRD patients

normal control subjects



16Isoyama N, et al. Clin J Am Soc Nephrol 9: 1720–1728, October, 2014

Comparative Associations of Muscle Mass and 

Strength with Mortality in Dialysis Patients

N=330



17

Association of 2-yr body composition changes and all-

cause mortality in 160 PD patients

Kim et al., Clinical Nutrition 40 (2021) 120-126

2-year



Asian Working Group for Sarcopenia 2019

J Am Med Dir Assoc. 2020 Mar;21(3):300-307.e2.

Applicability of 
Screening tools in ESRD 

patients ? 
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JAMDA 14 (2013) 531e532



Lin et al., Diagnostics (Basel). 2020 Oct 31;10(11):890.

Hualien Tzu-Chi HD patients

N= 271 (mean age 64.4 ± 14.3 years)
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Higher SARC-F scores are associated 
with increased mortality in HD
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Lin et al., Diagnostics (Basel). 2020 Oct 31;10(11):890.

Clinical application: 

➢ SARC-F ≥ 4:

• Low sensitivity in the prediction of sarcopenia or mortality

• Hinder its use in clinical practice to early detection of mild to moderate 

sarcopenia

➢ Lower the cut-off value to ≥ 1 could improve sensitivity and better identify each 

patients at sarcopenia risk. 



SARC-F score + 10 

if calf circumference 

< 34 cm (male)

< 33 cm (female)

SARC-CalF
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Lin et al., Nutrients 2022; 14: 923

Calf circumference (CC) 
outperformed both 
SARC-F and SARC-CalF.

N=186 
PD patients

AWGS, 
Asian Working Group for Sarcopenia; 
EWGSOP, 
European Working Group on Sarcopenia in Older 
People; 
FNIH, 
Foundation for the National Institutes of Health; 
IWGS, International Working Group on Sarcopenia



24Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2898–2907

CC is a strong 
predictor of 
sarcopenia and 
outperforms other 
screening tools.

Chronic HD 
patients in 

Japan (n=356)



The thinner the calves, the higher the risk of 

sarcopenia.

For ESRD population:

Male ≤ 34 cm (PPV 64%, NPV 93%)

Female ≤ 33 cm (PPV 59%, NPV 84%)

Lin et al., Nutrients 2022; 14: 923 25
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Log-rank P = 0.001*

4-year follow-up of Tzu-Chi PD cohort

Calf circumference is a  
powerful predictor for 
overall mortality.

Unpublished data
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Sarcopenia burden in CKD and ESRD

Applying diagnostic criteria and screening tools derived 
from geriatric population into ESRD patients

Etiologies of uremic sarcopenia, focusing on vascular 
burden and dysfunction 

Combating sarcopenia at Hualien Tzu-Chi Hospital



Nephrology Dialysis Transplantation 
2014; 29:1655–65

Compared to sarcopenia 

resulting from aging alone, the 

mechanisms behind sarcopenia 

in dialysis patients are far more 

complex.

28



29



CKD Cohort, stage 3-5 (2018-2023, n=420)

ICAM-1, VCAM-1, 

ADMA, endothelin-1, 

IL-6

30

Ankle-Brachial 

index (ABI)

Vascular reactivity Index 

(VRI)
Hsu et al., Journal of Cachexia, Sarcopenia and Muscle 
2024; 15: 1199–1208
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Combined effects of poor VRI and ABI on the risk of sarcopenia. 

Fully adjusted for age, gender, DM, BMI, eGFR, albumin, UPCR, and pulse pressure

Hsu et al., Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 1199–1208
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Associations of endothelial biomarkers (per 1-SD increase) with sarcopenia, low 

SMI, HGS, and slow GS in a subgroup of 262 patients with CKD

Adjust for age, 

gender, DM, BMI, 

eGFR, albumin, 

UPCR, pulse 

pressure, and IL-6

Hsu et al., Journal of Cachexia, 
Sarcopenia and Muscle 2024; 15: 
1199–1208



33Hsu et al. Front. Med. 2024; 11:1487449

Tzu-Chi PD Cohort



Independent  

variable 

Linear regression 

Dependent  

variable 
ꞵ (95% CI) p value 

Aortic PWV 

(m/s) 

ASMI (kg/m2) -0.04 (-0.07–-0.00) 0.044* 

HGS (kg) -0.59 (-0.95–-0.22) 0.002* 

GS (m/s) -0.02 (-0.04–-0.00) 0.018* 

CC (cm) -0.22 (-0.40–-0.04) 0.020* 

— — — 

ABI, 

average 

ASMI (kg/m2) -0.11 (-0.65–0.42) 0.677 

HGS (kg) 4.39 (-1.34–10.12) 0.135 

GS (m/s) 0.35 (0.09–0.60) 0.008* 

CC (cm) 1.22 (-1.74–4.18) 0.421 

— — — 

CAVI, 

average 

ASMI (kg/m2) 0.01 (-0.02–0.04) 0.556 

HGS (kg) 0.20 (-0.12–0.52) 0.214 

GS (m/s) 0.01 (-0.01–0.02) 0.308 

CC (cm) 0.12 (-0.02–0.27) 0.093 

— — — 

VRIa 

ASMI (kg/m2) -0.07 (-0.26–0.12) 0.464 

HGS (kg) -0.25 (-2.29–1.78) 0.808 

GS (m/s) -0.02 (-0.12–0.07) 0.669 

CC (cm) -0.41 (-1.43–0.62) 0.437 

— — — 

 

Association of ASCVD, Vascular 
Dysfunction with Uremic 
Sarcopenia in Chronic HD Patients

34

N = 209 Unpublished data

highlights the impact of the CV burden and severity of 
vascular dysfunction on the risk of sarcopenia
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Sarcopenia burden in CKD and ESRD

Applying diagnostic criteria and screening tools derived 
from geriatric population into ESRD patients

Etiologies of uremic sarcopenia, focusing on vascular 
burden and dysfunction 

Combating sarcopenia at Hualien Tzu-Chi Hospital



Rehabilitation and 
Exercise Prescription
• Mixed Anaerobic and 

Resistance Exercise
• Rehabilitation

Dietary Assessment and 
Nutrition Support

• Adequate caloric intake and 
high-protein diet

• Higher proportion of high-
biological-value proteins

• Oral nutritional supplements or 
parenteral nutrition

• Appetite-stimulating agents

Control Underlying Disease
• DM, CV disease
• Infection/inflammation
• GI, liver disorder
• Endocrine disease
• Malignancy, organs failure, dementia, stroke, PAOD

Optimize Dialysis Parameters
• Kt/V                  Anemia management
• CKD-MBD       Avoid fluid overload

Uremic 

Sarcopenia

36
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Fall and fracture event

Body Composition Monitoring in a 59-year-old ESRD 
Woman Following a Fracture  

38

Dialysis Electronic System
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2020

Patient education

Promote health awareness, encourage healthy Lifestyles, improve dialysis self-care
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Intradialytic Cycling 
Exercise 

• Modest benefit on gait speed
• No significant benefits on muscle mass and strength
• Low intensity of the exercise and a lack of resistance training

Lai et al., Med Sci Monit. 

2025;31:e947604.



Enhance intradialytic exercise by…

41
Electronic stimulation

Resistance 
bands
彈力帶

Sandbags
砂袋

In the hope of maintaining muscle health and preventing sarcopenia



Thank you for your attention
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