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Objectives
• Review the scope of sarcopenia, frailty, and malnutrition-protein 

energy wasting (PEW) in CKD.
Nomenclature and definitions.
Epidemiology across spectrum of CKD.

• Discuss commonalities in risk factors and underlying mechanisms.
Overlapping adverse sequelae of sarcopenia, frailty, and PEW.

• Multi-modal treatment interventions to reduce complications.
Screening tools for early detection and intervention.



SCOPE OF DISEASE



Each year over ~130,000 patients in the US
transition to ESKD

USRDS Annual Data Report 2024.



International comparisons of incident ESKD

Mexico: 443
per million

Taiwan: 536
per million

Brunei: 424 
per million

US: 394
per million

USRDS Annual Data Report 2024.

Canada: 200
per million



CKD disproportionately affects patients of elder age

USRDS Annual Data Report 2020.



The global incident ESKD population is aging

USRDS Annual Data Report 2024.
“Transition of Care in CKD” Special Study, USRDS Annual Data Report 2017.

Across Western developed countries, highest incidence of treated ESRD in those 75+ years old



Aging and ailing incident ESKD population

“Transition of Care in CKD” Special Study, USRDS Annual Data Report 2017.

N=102,477 N=90,676



Sarcopenia, Frailty, & Malnutrition-PEW

FRAILTY
 Physiologic decline

 Vulnerability to adverse 
health outcomes

SARCOPENIA
 Loss of muscle mass, 

strength, and/of 
performance

 Does not require underlying 
illness

MALNUTRITON & 
PROTEIN ENERGY 

WASTING
 Insufficient dietary intake
 Increased protein catabolism



SARCOPENIA



Origins of sarcopenia

• Coined by Dr. Irwin Rosenberg in 1988
• Greek roots:
 “Sarx” = flesh + “Penia” = loss

• Recognition of sarcopenia as a public health 
concern Dr. Irwin Rosenberg,

Director, Jean Mayer 
USDA Human Nutrition 

Research Center on Aging, 
Tufts University“No decline with age is more dramatic or 

potentially more functionally significant than the 
decline in lean body mass.” OLDER

YOUNGER



High burden of sarcopenia in CKD worldwide

Duarte et al.  JCSM 2024.



Duarte et al.  JCSM 2024.



Varying prevalences of sarcopenia by definition

Duarte et al.  JCSM 2024.

European Working Group 
on Sarcopenia in Older 

People 

Asian Working Group for 
Sarcopenia 

Foundation for the 
National Institutes of 

Health

International Working 
Group on Sarcopenia 



Definitions of sarcopenia across international groups
Sarcopenia = Presence of low appendicular lean skeletal muscle mass

with low muscle strength and/or low physical performance (EWGSOP)
EWGSOP (2010) EWGSOP2 (2018) FNIH (2014) AWGS (2014) AWGS (2019)

Muscle mass

DXA <7.26 kg/m2 (M)
<5.5 kg/m2 (F)

<7.0 kg/m2 (M)
<5.5 kg/m2 (F)

<0.789 m2 (M)
<0.512 m2 (F)

<7.0 kg/m2 (M)
<5.4 kg/m2 (F)

<7.0 kg/m2 (M)
<5.4 kg/m2 (F)

BIA <8.87 kg/m2 (M)
<6.42 kg/m2 (F)

<7.0 kg/m2 (M)
<5.7 kg/m2 (F)

<7.0 kg/m2 (M)
<5.7 kg/m2 (F)

Muscle strength

Handgrip <30 kg (M)
<20 kg (F)

<27 kg (M)
<16 kg (F)

<26 kg (M)
<16 kg (F)

<26 kg (M)
<18 kg (F)

<28 kg (M)
<18 kg (F)

Chair stand $15 s

Muscle performance

Gait speed <0.8 m/s ≤0.8 m/s <0.8 m/s <0.8 m/s <1.0 m/s

400-m walk test Non-completion
or ≥6 min for
completion

Chair stand ≥12 s



CKD-related vs. aging-related sarcopenia

Sabatino et al. Jl Nephrology 2021.

Treatment goals may differ from CKD- vs. aging-related sarcopenia.

SECONDARY 
SARCOPENIA

PRIMARY
SARCOPENIA



Unique risk factors for muscle wasting in CKD

Rhee, Kalantar-Zadeh. JCSM 2014.



Molecular mechanisms of muscle atrophy in CKD

Tsai et al. Biomedicines 2025.



Multiple factors leading to negative protein balance

Sabatino et al.    
Jl Nephrology 2021.



Muscle wasting in CKD associated with worse 
survival, physical function, and HRQOL

Hanna, Ghobry, Wassef, Rhee, Kalantar. Blood Purif 2020.
Kalantar, Rhee, Sim, Stenvinkel, Anker, Kovesdy. JCSM 2013.

MUSCLE WASTING



In experimental models of CKD, muscle function 
declines without loss of muscle mass

Organ et al. NDT 2015.

↓’ed muscle strength (muscle torque) ↑’ed half-relaxation time



Impaired muscle quality may account for loss of 
muscle function independent of muscle mass

Sabatino et al.    
Jl Nephrology 2021.

In age- and sex-matched HD patients vs. controls:
 Total muscle cross-sectional area the same

 HD patients with less contractile tissue & more non-contractile tissue vs. controls
 HD patients had lower strength & gait speed vs. controls

Johansen et al. KI 2003.



FRAILTY



Frailty = Syndrome of multi-system impairment 
with ↑ vulnerability to stressors

• Overlap between frailty & 
sarcopenia

• But, frailty constitutes a 
broader constitutional 
spectrum than sarcopenia
 Physical, cognitive, and 

social
• Strongly associated with 

disability, hospitalization, & 
mortality

Wong et al. KI Reports 2021.
Roshanravan et al. AJKD 2017.



Two distinct models to conceptualize frailty

FRAILTY INDEX MODEL
(Rockwood)

FRAILTY PHENOTYPE 
MODEL

(Fried Phenotype)

Presence of ≥3 of 5 criteria:
• Weakness
• Slowness
• Shrinkage
• Exhaustion

• Low physical activity

Accumulation of deficits across 
multiple organ systems (i.e., 

cognition, mood)

More widely 
accepted in geriatrics 

community

Most commonly used 
frailty tool in CKD 

studies
Wong et al, KI Reports 2021.



Fried frailty phenotype tool & scoring

FRAILTY VARIABLE DIAGNOSTIC CRITERIA
Weight loss ≥5% of body weight in last year
Exhaustion Positive response to questions 

regarding effort required for activity
Weakness Decreased grip strength

Slow walking speed >6 to 7 seconds to walk 15 feet
Decreased physical 

activity
Males: <383 kcals expended/week

Females: <270 kcals expended/ week

FRAILTY = ≥3 
criteria

PRE-FRAILTY = 1-2 
criteria

NOT FRAIL = 0 
criteria

Fried et al, J Gerontol A Biol Sci Med Sci, 2001.
Roshanravan et al, AJKD 2012.

•. 

Physical inactivity most modifiable frailty component in CKD.



Fried frailty phenotype across NDD-CKD stages

Roshanravan et al, AJKD 2012.



Risk of death or dialysis in NDD-CKD:
Fried frailty phenotype & individual components

Roshanravan et al, 
AJKD 2012.



Fried frailty phenotype in ESKD patients on dialysis

McAdams-Demarco et al, JAGS 2013.

• Intermediate frailty & frailty associated with 2.6-2.7-fold higher mortality
• Frailty associated with 1.4-fold higher risk hospitalization



MALNUTRITION & 
PROTEIN ENERGY WASTING



Malnutrition vs. Protein Energy Wasting (PEW) 

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.

Induced by insufficient dietary 
intake

MALNUTRITION

• Induced by 
insufficient 

dietary intake

PEW
• Induced by ↑ body 

protein catabolism
(not just ↓ diet)

• May or may not be 
corrected by ↑ 

dietary intake alone



What is Protein Energy Wasting?

PEW is a condition of:
↓ body protein mass

↓energy/fuel reserves

“Kidney Disease 
Wasting”
CKD & AKI

“Cachexia”

Severe PEW

Biochemical 
abnormality

↓ Body 
mass

↓ Muscle 
mass

↓ Protein or  
energy intake

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.



ISRNM criteria for diagnosis of PEW

Fouque et al. KI 2008.
Rhee, Molnar, Kovesdy. Ikizler & Mitch Handbook of Nutrition & the Kidney 2017.

BIOCHEMICAL
Albumin <3.8 g/dl

Pre-albumin <30 mg/dl*
Cholesterol <100 mg/dl

ISRNM
DIAGNOSTIC 

CRITERIA:
3 out of 4 categories

*For ESRD

BODY MASS
BMI <23 kg/m2

Unintentional ↓ weight:
5% in 3 months or 
10% in 6 months
Body fat % <10%

MUSCLE MASS

Muscle wasting: 
5% in 3 months or 
10% in 6 months

↓ MAMC 
Cr appearance

DIETARY INTAKE

Unintentional ↓ DPI:
<0.8 g/kg/day ≥2 mo’s*

Unintentional ↓ DEI:
<25 kcal/kg/day ≥2 

mo’s



CAUSES OF PEW IN CKD

METABOLIC 
ACIDOSIS↓PHYSICAL 

ACTIVITY

Carrero et al. JReN 2013.

COMORBIDITIES & 
LIFESTYLE

Multifactorial causes of PEW & malnutrition

DIALYTIC 
PROCEDURE

HYPER-
METABOLISM

↓ANABOLISM

↑ energy expended

Inflammation
Insulin resistance
↑ glucocorticoid

↓ testosterone
↓ thyroid hormone

GH/IGF1 resistance

↓ nutrient intake

Nutrient losses
Dialysis-induced 

hypermetabolismDialysis-induced 
inflammation

Loss of RKF



Maladaptive response to 
↓ protein & energy intake in PEW

Carrero et al. JReN 2013.



↑ Prevalence of PEW with CKD  ESKD

Kovesdy et al. AJCN 2013.



PEW & cachexia are associated with morbidity & 
mortality in CKD

Hanna, Ghobry, Wassef, Rhee, Kalantar, Blood Purif 2020.



↓ Weight associated with ↑ mortality in HD

Kalantar-Zadeh et al. Mayo Clin Proceedings 2010.

N=21,762

Weight gain:
Better survival

Weight loss:
Worse survival



Lower serum albumin associated with ↑ mortality in HD

N=58,058
Kalantar-Zadeh et al. NDT 2005.
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Kalantar-Zadeh … Kopple, NDT 2005

Higher serum albumin associated with ↓ mortality in HD

Kalantar-Zadeh et al. NDT 2005.
Courtesy of Dr. Kamyar Kalantar-
Zadeh

N=58,058



Low & very high nPCR associated with ↑ death in HD

Shinaberger et al. AJKD 2006.
Ravel et al. Jl Nut 2013.

N=53,933

↓ Body size
Hypercatabolic



Greater skeletal mass associated with ↑ survival in HD

Noori et al.  CJASN 2010.

N=792

MAMC (cm) = mid-arm circumference (cm)  3.142  TSF (cm)



Greater body fat associated with ↑ survival in HD

Kalantar-Zadeh et al. AJCN 2006.

N=535

Total body fat <12% 
4-fold ↑ death risk 
vs. body fat 24-36%



Potential causal models of PEW/cachexia and death

Kalantar, Rhee…Kovesdy, JCSM 2013.

CAN PEW/CACHEXIA, 
FRAILTY, & SARCOPENIA 
BE REVERSED IN CKD?



SCREENING TOOLS & 
EARLY DETECTION



Gungor, Ulu, Hasbal, Anker, Kalantar. JCSM 2021.

European Working Group on 
Sarcopenia in Older People 

(2018) Algorithm

SARCOPENIA



SARC-F: Simple 5-item survey SARCOPENIA



Worthen, Tennankore. Intl Jl Neph Renovasc Disease 2019.

Other potential frailty screening tools FRAILTY



Otobe, Rhee…Kopple. Curr Opin Neph HTN 2022.

• SPPB predictive of mortality, 
hospitalization, and disability in 
elderly patients
 Validated in CKD studies. 

• Asseses 1) gait speed, 2) balance, 
and 3) chair stands
 Each component ranges from 0-4 
 Total score ranges 0-12
 Higher score indicates better 

performance)

Short Physical Performance Battery (SPPB)
FRAILTY



“Malnutrition Inflammation Score” (MIS)

SUBJECTIVE 
GLOBAL 

ASSESSMENT

BMI

LAB 
TESTS

Rambod et al. AJKD 2009.

PEW



↑ Malnutrition Inflammation Score & ↓ HRQOL in HD

Rambod et al. AJKD 2009.

N=792

PEW



↑ Malnutrition Inflammation Score & ↑ mortality in HD

Rambod et al. AJKD 2009.

N=792

PEW



TREATMENT APPROACHES



Multi-faceted treatment of sarcopenia, frailty, & PEW

Tsai et al. Biomedicines 2025.



Multi-faceted management approaches

NUTRITIONAL 
SUPPORT

EXERCISE

PHARMACO-
THERAPIES

• Interventions that 
increase physical activity

Avoid excess 
restriction

Meals w/ 
dialysis

• Oral nutrional supplement
• IDPN
• TPN

• Vitamin D
• Oral alkali
• Testosterone



Dialysis patients are in negative nitrogen balance during HD
↓ Dietary intake +  HD-associated catabolism 

Inflammation + Insulin resistance  +
Significant LOSS of Amino Acids into Dialysate

0

2

4

6

8

10

12

CU PMMA PS PD/Day

tot
al 

g/d
ial

ys
is

Ikizler, Hakim. KI 1994.
Courtesy of Dr. Kamyar Kalantar-Zadeh.



Low dietary protein intake is common in HD

N=53,933

Shinaberger et al. AJKD 2006.



Loss of appetite with CKD progression

Carrero et al. JReN 2009.



Shinaberger…Kalantar-Zadeh, AJCN 2008.

Dietary protein & phosphorus intake closely correlated

↑ Protein  ↑ Phosphorus intake

N=30,075



Shinaberger…Kalantar-Zadeh, AJCN 2008.

Risk of restricting phosphorus intake 
by protein restriction may outweigh the benefit

N=30,075



Kalantar, Ikizler, Journal of Renal Nutrition 2013.
Kalantar…Rhee…Kovesdy, Seminars in Dialysis 2015.

Avoid excessive dietary restriction



63



Rhee et al. NDT 2016.



High-Protein Meal

8-Week Study Period
Dietary counseling:

↑ Protein intake
Dietary counseling:
↑ Protein intake +

Low phosphorus:protein ratio

Continuation of 
Non-Lanthanum 

Phosphorus Binders
Low-Protein Meal

Lanthanum 
Phosphorus Binders Follow-Up Visit

4 patients excluded due to:
   ·  Serum albumin ≥4.0 g/dL on 
      2nd test ~2 months later (n=2)
   ·  Left study before any post-
      randomization data (n=2)

High-Protein Hemodialysis Meal
N=55

Low-Protein Hemodialysis Meal
N=55

Randomization

110 hemodialysis patients met eligibility criteria:
·  Hypoalbuminemic (serum albumin <4.0 g/dL) 

at study entry (1st laboratory test).

234 hemodialysis patients screened across 8 Southern 
California outpatient dialysis units.

178 hemodialysis patients signed consent forms.

Study Flow Diagram

Rhee … Kalantar-Zadeh, Nephol Dial Transplant 2016 [epub] 

Rhee et al. NDT 2016.
Courtesy of Ms. Amy You.



HIGH PROTEIN 
HEMODIALYSIS MEAL (N=55)

Albumin 
≥0.2 g/dL

N=28

Phosphorus 
3.5-<5.5 
mg/dL

N=31

LOW PROTEIN 
HEMODIALYSIS MEAL (N=51)

Albumin 
≥0.2 g/dL

N=15

Phosphorus 
3.5-<5.5 
mg/dL

N=19

27% of high-protein and 12% of low-protein hemodialysis meal groups 
achieved the primary outcome (chi-square p-value = 0.045).

Increase in Serum Albumin ≥0.2 g/dL, while 
Serum Phosphorus remains in 3.5-<5.5 mg/dL range

BOTH
N=15
27%

BOTH
N=6
12%

Rhee et al. NDT 2016.
Courtesy of Ms. Amy You.



Improvement in patient-centered outcomes & HRQOL

Okazaki, Rhee, Narasaki, Shen, Shah, Dukkipati, Dai, Tong, Adler, Kopple, Kalantar. 2023 ASN Kidney Week abstract.



Monitored intradialytic 
ONS associated with     
↑ survival in patients 
with serum albumin 

≤3.5g/dl.

Lacson et al. AJKD 2012.

Oral nutritional supplementation during dialysis



My dialysis clinic



Eating during HD: 
ISRNM recommendations

Kistler…Rhee et al.  JReN 2018.



Kistler…Rhee et al.  JReN 2018.



Individualized approach to eating during HD

Kistler…Rhee et al.  JReN 2018.

Intradialytic eating
Eating outside of HD 

treatment

• Hemodynamically unstable
• Have low blood pressure during treatment
• Frequently coughing or at risk of choking
• Undergoing current bout of diarrhea that can be aggravated by eating
• Prone to stomach pain, indigestion, nausea, or vomiting during treatment
• Diagnosed autonomic dysfunction that may be precipitated by eating

NO YES

Checklist

Courtesy of Dr. Yoko Narasaki.



Multi-faceted management approaches

NUTRITIONAL 
SUPPORT

EXERCISE

PHARMACO-
THERAPIES

• Interventions that 
increase physical activity

Avoid excess 
restriction

Meals w/ 
dialysis

• Oral nutrional supplement
• IDPN
• TPN

• Vitamin D
• Oral alkali
• Testosterone

Aerobic, 
resistance, yoga



Manfredini et al.  JASN 2017.



Benefits of simple, personalized, home-based, 
low-intensity exercise program

• Exercise intervention improved physical performance, quality of life, 
& survival in dialysis patients.

Manfredini et al.  JASN 2017.



• Exercise training improved physical fitness, cardiovascular parameters, 
serum albumin, and HRQOL.



Multi-faceted management approaches

NUTRITIONAL 
SUPPORT

EXERCISE

PHARMACO-
THERAPIES

• Interventions that 
increase physical activity

Avoid excess 
restriction

Meals w/ 
dialysis

• Oral nutrional supplement
• IDPN
• TPN

• Vitamin D
• Oral alkali
• Testosterone

Aerobic, 
resistance, yoga

Anti-catabolic 
therapy



Growth differentiation factor 15 (GDF15)
• Protein in the TGF-β family
 Acts directly on hypothalamus
 ↓’s food intake & energy expenditure

• In cancer-associated cachexia,                    
↑ GDF15 associated with
 Satiety
 Weight loss 
 Death

 ↑ Circulating GDF15 levels in kidney 
dysfunction.

Wang et al, Nat Rev Endo 2021.
Mulderrig et al, Nature 2021.

Emerging data suggest that injured proximal tubule cells produce GDF15 as a link 
between the kidney and cachexia.

Puelles, Huber, Nat Rev Neph 2022.



Characteristics associated with ↑ GDF15 in ESKD

You, Kalantar…Rhee, Cardiorenal Medicine 2017.



You, Kalantar…Rhee, Cardiorenal Medicine 2017.

N=203

Ms. Amy You



↑ GDF15 associated with worse 
Malnutrition Inflammation Score

2.87 
(1.22-6.74)

N=186

↑ GDF15 levels associated with higher (worse) Malnutrition Inflammation Score.

Malnutrition Inflammation Score
 Validated and quantitative nutritional 

assessment tool used to estimate PEW.
 Subjective Global Assessment, BMI, 

serum albumin, and TIBC.
 Scored from 0 (normal) to 30 (severely 

malnourished).

You, Kalantar…Rhee, SCWD abstract 2019.



↑ GDF15 linked with worse body anthropometry
Low Biceps Low Triceps Low MAC

Low BMILow NIR Body Fat % Low Waist Circumference

Higher GDF15 levels associated with lower mid-arm 
circumference, near infrared body fat %, and BMI.

1.72
(0.75-3.95)

0.85
(0.36-1.97)

2.51
(1.06-5.94)

3.33
(1.10-10.09)

1.15
(0.48-3.79)

2.71
(1.12-6.53)

You, Kalantar…Rhee, SCWD abstract 2019.



Anti-GDF-15 monoclonal antibody increased body 
weight, increased physical activity, and decreased 

cachexia symptoms.



Conclusions
• The pathogenesis of CKD-associated sarcopenia is complex and multifactorial.
 In progressive CKD, loss of muscle strength is independent of muscle wasting.

• While there is overlap between frailty & sarcopenia, frailty constitutes a broader 
constitutional spectrum than sarcopenia.
 Physical inactivity most modifiable frailty component in CKD.

• Protein-energy wasting is a highly prevalent condition associated with 
substantial morbidity & mortality in CKD patients.
 Characterized by a maladaptie response to decreased protein & energy intake.
 Dialysis patients are in negative nitrogen balance due to decreased dietary intake, increased 

catabolism, inflammation, insulin resistance, & loss of AA’s in the dialysate.
• Screening tools for sarcopenia, frailty, & PEW can facilitate early identification 

& intervention.
• Further research is needed to evaluate the efficacy & safety of multi-disciplinary 

interventions that mitigate the complicatons of sarcopenia, frailty, & PEW.
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