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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
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Sarcopenia

« First proposed by I. H. Rosenberg in 1989

v The gradual decline in muscle mass with the aging process

v’ "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



European Working Group on Sarcopenia in Older People, EWGSOP

Table 1. Criteria for the diagnosis of sarcopenia

Diagnosis i1s based on documentation of criterion 1 plus (criterion 2 or
criterion  3)

llllllllllllllllllllllllllllllllllllllllllllllllllllll

| 1. Low muscle mass |

2. Low muscle strength

3. Low physical performance

Age Ageing 2010, 39, 412-423.

Several consensus definitions for sarcopenia have been developed...



2014

People aged 60 or 65 years and older according to
the definition of elderly in each individual country

Asian Working
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Handgrip strength (HS) and gait speed (GS)
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Muscle mass measurement
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K. Chen et al. / JAMDA 15 (2014) 95e101
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Revised EWGSOP 2018

Revised AWGS 2020

SARC-F
or clinical
suspicion

dilltd | NO sarcopenia;
rescreen later

POSITIVE
OR PRESENT

Muscle strength JUsIITETRE o sarcopenia;

Grip strength,
Chair stand tesl rescreen later

In clinical practice,
this is enough to
trigger assessment of
causes and start
intervention

Sarcopenia
probable*

Muscle quantity [
or quality
DXA; BIA, CT, MRI

Sarcopenia
confirmed

5 I:fhysical Sarcopenia
erformance

Gait speed, SPPB, severe
TUG, 400m walk

Acute to chronic health care or clinical research settings

Presence of any of the following clinical conditions:

» Functional decline or limitation; unintentional weight loss;
depressive mood; cognitive impairment; repeated falls; malnutrition

» Chronic conditions (heart failure, chronic obstructive pulmonary

Case disease, diabetes mellitus, chronic kidney disease, etc)

Finding

If no clinical conditions above are present:

» Calf circumference (M: <34 cm, F: <33 ¢cm)
or » SARC-F =4
or » SARC-CalF 211

-
Muscle strength
» Handgrip strength (M: <28 kg, F: <18 kg)

|

Physical performance
» G-metre walk: <1.0 m/s

Diagnosis ,< or > 5-time chair stand test: 212 s
or > Short Physical Performance Battery: £9

Appendicular skeletal muscle mass (ASM)
» Dual-energy X-ray absorptiometry (M: <7.0 kg/m?, F: <5.4 kg/m?)
or » Bioelectrical impedance analysis (M: <7.0 kg/m?, F: <5.7 kg/m?)

.
Sarcopenia Severe sarcopenia
Low ASM + low muscle strength Low ASM + low muscle strength
OR Low physical performance AND Low physical performance

Age and Ageing 2018; 0: 1-16

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




Table 2. Sarcopenia categories by cause

Primary sarcopenia
Ag{:—rclatcd No other cause evident except ageing
sarcopenia

Secondary sarcopenia

Activity-related Can result from bed rest, sedentary lifestyle,

sarcopenia deconditioning or zero-gravity conditions

Disease-related Assoclated with advanced organ tailure

sarcopenia (heart, lung, liver, kidney, brain), inflammatory
disease, malignancy or endocrine disease

Nutrition-related Results from inadequate dietary intake of energy

sarcopenia and/or protein, as with malabsorption, gastrointestinal

disorders or use of medications that cause anorexia

Age Ageing 2010, 39,412-423. 7/



The Prevalence of Sarcopenia

CKD patients

?
3.9-73 % C

2867 community-dwelling older adults
(Geriatrics & Gerontology International 2014; 14: 52-60)



A Recent Global Systematic Review and Meta-
analysis in CKD

¢ Includes 140 studies (42,041 patients) across 25 countries
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AWGS2

Non-dialysis

Haemodialysis

Peritoneal
dialysis

Kidney
transplant

Meta-analysis

No. of
studies

10

26

O

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

No. of
patients

2680

6356

186

300

Heterogeneity

Prevalence
(95% CI)

17.7% 94.8%
31.6% 96.3%

38.2%
19.1%
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Tzu-Chi PD Cohort
Baseline 2020/2-2021/5, N=216
Enrollment during the pandemic of COVID-19



Definition of Sarcopenia

Table 1. Classifications and cut-off values to define sarcopenia in this study.

Classification AWGS 2019 EWGSOP2 FNIH IWGS
Low ASMI
Male ASM/height?’< 7.0 kg/m? ASM/height’<7.0 kg/m?>  ASM/BMI<0.789 ASM/height? <7.23 kg/m?
Female ASM/height? <5.7 kg/m?> ASM/height? < 6.0 kg/m?>  ASM/BMI<0.512 ASM/height? <5.67 kg/m?
Low HGS
Male <28 kg <27 kg <26 kg —
Female <18 kg <16 kg <16 kg —
Slow GS <1.0 m/s <0.8 m/s <0.8 m/s <1.0 m/s
Diagnosis O ASMIPuslowHGS 0o and low s FOW ASMIandlow (0 A SMT and slow GS
or slow GS HGS

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 Work-
ing Group on Sarcopenia; ASMI, appendicular skeletal muscle index; BMI, body mass index; HGS,
handgrip strength; GS, gait speed.

Lin et al., Nutrients 2022; 14: 923 12
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N=186 (mean age 57.5 = 14.1 years)

70 629 64.0 64.0
60
—~ 51.6°%/ 489 51.1
X 50 :
g 40 34.4 36.0 36.0 34.9
o 31.2
g 30 25.8
o
o 20
10
0
AWGS 2019 EWGSOP2 FNIH IWGS

mlLow ASMI mLow HGS Slow GS mSarcopenia

Figure 1. The prevalence of low ASMI, low HGS, slow GS, and sarcopenia across
four sarcopenia criteria among PD patients. ASMI, appendicular skeletal muscle index;
HGS, handgrip strength; GS, gait speed; AWGS, Asian Working Group for Sarcopenia; EWGSOP,

European Working Group on Sarcopenia in Older People; FNIH, Foundation for the National Institutes

13

of Health; TWGS, International Working Group on Sarcopenia. ) )
& P P Lin et al., Nutrients 2022; 14: 923



Applying the diagnostic criteria for
geriatric sarcopenia in ESRD patients

* Facilitate direct comparisons of prevalence among elderly,
non-dialysis CKD, and ESRD population

Q ? ) 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

Maximal isometric force (N)
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Comparative Associations of Muscle Mass and
Strength with Mortality in Dialysis Patients

N=330

Percent survival

100

Appropiate muscle
'+, mass and strength
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Isoyama N, et al. Clin J Am Soc Nephrol 9: 1720-1728, October, 2014
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Association of 2-yr body composition changes and all-
cause mortality in 160 PD patients

A - = f,/’
0.5 . B - ’/ T
2 £ 04 .
E £ 2-year
o
2 04 LTl loss £
@
§ ;u."..".u.".. g n.3 el
Log-rank: p=0.013 m
S 4 el : ks Log-rank: p = 0.004 ]
= 03 ra— = FTI gain
o H =
— - o
- i" No change in LTI v 0.2 4
Q i jresend 2
S 02 £
g G
) c
c £
o o 0.1 A
Z 01 7 =
© = No FTI gain
= wed ]
E : LTI gain g e T s S STTTTLE SELIEEDRETS T P
S 0 = Ty o 0 - e ey
T - T T r - - L I L] L] I L L]
0 1 2 3 4 S5 6
0 1 2 3 4 5 6

Follow-up (years)

Kim et al., Clinical Nutrition 40 (2021) 120-126 1/

Follow-up (years)



Asian Working Group for Sarcopenia 2019

Primary health care or community preventive services settings

» Calf circumference (M: <34 cm, F: <33 cm)

Case or » SARC-F =4

Finding
or » SARC-CalF 211

Applicability of
Screening tools in ESRD
patients ?

' '

Muscle strength or  Physical performance

» Handgrip strength » S-time chair stand test (=12 s)
(M: <28 kg, F: <18 kg)

l Refer to confirm
diagnosis
“Possible sarcopenia” ------ -+

J Am Med Dir Assoc. 2020 Mar;21(3):300-307.e2. 18



SARC-F: A Simple Questionnaire to Rapidly Diagnose Sarcopenia

Theodore K. Malmstrom PhD ®P, John E. Morley MB, BCh*

Table 1
SARC-F Screen for Sarcopenia
Component Question Scoring
Strength How much difficulty do you None = 0
have in lifting and Some = 1
carrying 10 pounds? A lot or unable = 2
Assistance in How much difficulty do you None =0
walking have walking across a room?  Some =1
A lot, use aids, or
unable = 2
Rise from a chair  How much difficulty do you None = 0
have transferring from Some =1
a chair or bed? A lot or unable without
help = 2
Climb stairs How much difficulty do you None =0
have climbing a flight Some = 1
of 10 stairs? A lot or unable = 2
Falls How many times have you None = 0
fallen in the past year? 1-3falls =1

4 or more falls = 2

JAMDA 14 (2013) 531e532
19



Hualien Tzu-Chi HD patients Higher SARC-F scores are associated
N= 271 (mean age 64.4 T 14.3 years) with increased mortality in HD

S
O

35.7

, 222

15 12.8

-

2-year mortality rate (%)

Il SARC-F 0-1 SARC-F 2-3 g SARC-F4-6 pgSARC-F7-10 B SARC-F 0-1 SARC-F 2-3 g SARC-F 4-6 g SARC-F 7-10

Lin et al., Diagnostics (Basel). 2020 Oct 31;10(11):890. 20



Table 3. The best cut-offs of SARC-F score on low skeletal muscle index, handgrip strength weakness,
poor physical performance, possible, and definite sarcopenia among 100 hemodialysis patients.

AUC (95% CI) [ Cut-Off ) Sen (%) Spe (%) PPV (%) NPV (%)
Low skeletal muscle index 2 0.658 (0.556-0.750) >1 66.7 65.9 16.2 95.2
Handgrip strength weakness ®  0.651 (0.549-0.744) >2 36.6 91.5 75.0 67.5
Slow gait speed © 0.685 (0.584-0.774) >1 56.1 76.3 62.2 71.4
Poor sit-to-stand test >12s9  0.656 (0.554-0.748) >1 49.1 77.8 73.0 55.6
Possible sarcopenia © 0.671 (0.570-0.762) >1 47.7 82.9 83.8 46.0
Sarcopenia t 0.694 (0.593-0.782) \ =1 ) 714 65.6 13.5 96.8

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.

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



SARC-CalF

Table 1
SARC-F Screen for Sarcopenia
Component Question Scoring
Strength How much difficulty do you None = 0
have in lifting and Some = 1
carrying 10 pounds? A lot or unable = 2
Assistance in How much difficulty do you None = 0
walking have walking across a room?  Some = 1
A lot, use aids, or
unable = 2
Rise from a chair  How much difficulty do you None = 0
have transferring from Some = 1
a chair or bed? A lot or unable without
help = 2
Climb stairs How much difficulty do you None = 0
have climbing a flight Some =1
of 10 stairs? A lot or unable = 2
Falls How many times have you None = 0
fallen in the past year? 1-3 falls = 1

4 or more falls = 2

SARC-F score + 10

if calf circumference

< 34 cm (male)

< 33 cm (female)

22
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N=186
PD patients

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

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

23
Lin et al., Nutrients 2022; 14: 923



Chronic HD
patients in
Japan (n=356)

CCis a strong
predictor of
sarcopenia and
outperforms other
screening tools.
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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



Survival probability
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4-year follow-up of Tzu-Chi PD cohort
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Calf circumference is a
powerful predictor for

Log-rank P = 0.001* overall mortality.
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QOutline

Etiologies of uremic sarcopenia, focusing on vascular
burden and dysfunction

27



Table 1. Aetiology of muscle wasting in

sarcopenia and CKD

Sarcopenia

CKD

Increase in
proinflammatory

cytokines

Increase in
proinflammatory
cytokines

Decreased protein
intake

Muscle protein
imbalance

Decline in exercise

Inactivity

Decrease sex

Decrease sex

hormones hormones
« Decreased Growth « Growth hormone
hormone resistance

Decreased insulin

Insulin resistance

Decrease vitamin D

Vitamin D
abnormalities

Decline in satellite
cells

Decline in satellite
cells

Metabolic acidosis

Angiotensin II

PEW

Myostatin
overexpression

Compared to sarcopenia
resulting from aging alone, the
mechanisms behind sarcopenia
in dialysis patients are far more
complex.

Nephrology Dialysis Transplantation
2014; 29:1655—-65 28



Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 114-127

The contributory role of vascular health in age-related
anabolic resistance
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CKD Cohort, stage 3-5 (2018-2023, n=420)

“\U U!(‘

— %,
BIA 450 bioimpedance analyzer i -
- ~

e USA &
o ~
T

ADMA, endothelin-1,
L = IL-6

127/ B7 (986) W 98/ 55 (85)

l ICAM-1, VCAM-I,

Ankle-Brachial Vascular reactivity Index _ _
) Hsu et al., Journal of Cachexia, Sarcopenia and Muscle
index (ABI) (VRI) 2024; 15: 1199-1208 0



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

Combined effects of poor VRI and ABI on the risk of sarcopenia.

Adjusted odds ratio for sarcopenia

Normal VRI and ABI I OR = 1.00 (Reference)

(n=205)
Poor VRI but normal ABI I OR = 1.81, 95% Cl = 0.96-3.41
(n=150)
Poor ABl but normal VR memes  or - 0,61, 95% c1=0.14-2.72
(n=19)
oo R g A N ... x oo
(n=46) 95% Cl = 1.69-10.49

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

31




Associations of endothelial biomarkers (per 1-SD increase) with sarcopenia, low
SMI, HGS, and slow GS in a subgroup of 262 patients with CKD

ICAM-1  2.47 (1.62-3.75)

Sarcopenia
OR (95% CI)

2.26 (1.51-3.36)

Low SMI
OR (95% ClI)

VCAM-1 1.91 (1.27-2.87)

ADMA  1.18 (0.85-1.62)
ET-1 1.30 (0.93-1.83)

IL-6 1.03 (0.77-1.39)

0.0

ICAM-1  1.37 (1.04-1.81)

VCAM-1 1.47 (1.11-1.96)

ADMA  1.07 (0.80-1.44)
ET-1 1.23 (0.93-1.63)

IL-6 0.88 (0.66-1.16)

0.0

Low HGS
OR (95% CI)

1.79 (1.21-2.65)
1.17 (0.85-1.60)

1.29 (0.92-1.81)

1.06 (0.79-1.41)

0.0

1.28 (0.94-1.74)

1.21 (0.90-1.63)

0.72 (0.44-1.16) ——

1.28 (0.92-1.78)

0.89 (0.69-1.15)

0.0

2.0

Slow GS
OR (95% CI)

2.0

Adjust for age,
gender, DM, BMI,
eGFR, albumin,
UPCR, pulse
pressure, and IL-6

4.0

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

1199-1208
40 32



Tzu-Chi PD Cohort

TABLE 2 Univariate and multivariate factors associated with sarcopenia among PD patients.

Variables Univariate Multivariate
OR (95% CI) OR (95% CI)

Age (years) 1.04 (1.01-1.06) 0.002% 1.04 (1.00-1.08) 0.035%
Gender (female) 1.158 (0.65-2.14) 0.580 — —
PD duration (months) 1.00 (0.99-1.01) 0.467 — —
DM 0.58 (0.31-1.08) 0.085 — —
ASCVD 2.42 (1.16-5.08) 0.019# 4.12 (1.34-12.65) 0.014%
BMI (kg/m?) 0.64 (0.55-0.73) <0.001* 0.51 (0.41-0.64) <0.001*

Relative OH (%) 1.03 (1.00-1.05) 0.042% 1.04 (1.00-1.07) 0.029*

SGA score 1.24 (1.09-1.43) 0.002* 1.21 (0.98-1.52) 0.080

Albumin (g/dL) 0.37 (0.16-0.89) 0.027+ 1.07 (0.27-4.35) 0.921

Creatinine (mg/dL) 0.84 (0.75-0.93) 0.001% 0.89 (0.73-1.08) 0.236

Phosphorus (mg/dL) 0.78 (0.61-0.98) 0.036* 0.81 (0.53-1.25) 0.340

Intact PTH (pg/mL)* 1.85 (1.02-3.35) 0.041% 3.72 (1.51-9.14) 0.004*

FGF-23 (pg/mL)* 0.73 (0.48-1.11) 0.139 — —

a-Klotho (pg/mL)* 1.14 (0.30-4.33) 0.850 — —

Active vitamin D user 1.50 (0.75-3.00) 0.250 Hsu et al. Front. Meld- 2024; 11:1487449 |




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

Linear regression

OR (95% Cl)

0 1 2 3 4 5 6 7 8
DM 5.50 (1.97-15.37)
CAD 2.19 (0.90-5.32)

CVA 7.34 (1.77-30.45)
PAOD 1.42 (0.55-3.68)
ASCVD 2.98 (1.21-7.32)

Unpublished data

N =209

highlights the impact of the CV burden and severity of

vascular dysfunction on the risk of sarcopenia

Independent
] Dependent
variable B (95% CI) p value
variable
ASMI (kg/m?)  -0.04 (-0.07—0.00) 0.044*
HGS (kg) -0.59 (-0.95—0.22) 0.002*
Aortic PWV
GS (m/s) -0.02 (-0.04—0.00) 0.018*
(m/s)
CC (cm) -0.22 (-0.40—0.04) 0.020*
ASMI (kg/m?) -0.11 (-0.65-0.42) 0.677
HGS (kg) 4.39 (-1.34-10.12) 0.135
ABI,
GS (m/s) 0.35 (0.09-0.60) 0.008*
average
CC (cm) 1.22 (-1.74-4.18) 0.421
ASMI (kg/m?) 0.01 (-0.02-0.04) 0.556
HGS (kg) 0.20 (-0.12-0.52) 0.214
CAVI,
GS (m/s) 0.01 (-0.01-0.02) 0.308
average
CC (cm) 0.12 (-0.02-0.27) 0.093
ASMI (kg/m?) -0.07 (-0.26-0.12) 0.464
HGS (kg) -0.25 (-2.29-1.78) 0.808
VRI? GS (m/s) -0.02 (-0.12-0.07) 0.669
CC (cm) -0.41 (-1.43-0.62) 0.437
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QOutline

Combating sarcopenia at Hualien Tzu-Chi Hospital
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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

‘.

Uremic
DAL'CC !'1

sis Parameters
Anemia management
Avoid fluid overload

. DM, CV disea ‘
. Infection/inflammatic
. Gl, liver disorder
. Endocrine disease
. Malignancy, organs fail

Rehabilitation and

Exercise Prescription
Mixed Anaerobic and

Resistance Exercise
. Rehabilitation

derlying Disease

e, dementia, stroke, PAOD
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3. BElEEE<10%
(Fougue et al. Kidney Int. 2008; 73:351-8)
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Body Composition Monitoring in a 59-year-old ESRD
Woman Following a Fracture

BCM-FTI BCM-LTI

Fall and fracture event

Dialysis Electronic System
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Patient education
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Promote health awareness, encourage healthy Lifestyles, improve dialysis self-care



Intradialytic Cycling

]
Exercise |
I 3% 3 4 P Ball B2 B2 38 8) 77 A\ U= 2D Al B =
Z R
EETAANERERRRALERAFKT B E
SRS BHAE (p=0.007)
(N=114, Exercise: 75, Control: 39)
e Changes in PWV from baseline to 6 months
Between-grap compartson
11.01 *EaTnt by GEE
. £ Grp N Basehme fmecth PTG
8 a{i 9.54 § montts
Vasabr inaion
PV (m'y Bwdg T SN0 0l
Comrdl 30 8EI524 10012471
" B Time * F value < 0.05, between-groups comparisons.

* Modest benefit on gait speed

T . Lai et al., Med Sci Monit.
* No significant benefits on muscle mass and strength 2025:31:0947604.

* Low intensity of the exercise and a lack of resistance training
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Sandbags
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In the hope of maintaining muscle health and preventing sarcopenia

Resistance
bands

i
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Thank you for your attention
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