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37L-2 FE (Sarcopenia)

o |. H. Rosenberg F# J! (Irwin H. Rosenberg, 1989)
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(Arango-Lopera et al., 2013; Landi et al., 2013; J. H. Kim et al., 2014)
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 Internal Classification of Disease, ICD-10-CM: M62.84 (Anker et al., 2016)



2010 gr¥ = Eyelogp 1 ') B
European Working Group on Sarcopenia in Older People, EWGSOP

Table I. Criteria for the diagnosis of sarcopenia

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

criterion 3)

2. Low muscle strength

3. Low physical performance

Age and Ageing 2010; 39: 412-423



Available clinical tools for skeletal muscle
mass measurement

Tools Accuracy Cost Radiation Fat infiltration assessment Operator-dependent Clinical feasibility
MAMC ++ Low No No Yes High
BIA +HH+ Low No No No High
DEXA ++ Moderate low No No High
CT +++ High High Yes No Low
MEI ++ High No Yes No Low
Ultrasound ++ Low No Yes Yes High

MAMC: Mid-arm muscle circumference. BIA - Bioelectrical impedance analysis. DEXA: Dual-energy X-rav absorptiometry, CT: Computed tomography.
MEI: Magnetic resonance imaging

(Lin et al., 2021)



Consensus definitions for geriatric sarcopenia

Measures

EWGSOF 2019 [78]

AWGS 2019 [9]

FNIH 2014 [37] IWGS 2011 [36]

Skeletal muscle mass

Muscle strength

Usual gait speed (m/s)
Other physical
performances

Screening tools

ASM:

Male =20 kg
Female <15 kg
ASMI:

Male <7.0 kg/m’

Female <6.0 kg/m*
HGS:

Male =27 kg

Female <16 kg

=08

SPPB <8

J-tume STS =15 ¢
TUG=20s

400 m walk test =6 min or

non-completion

SARC-F=4

ASMI (BIA):
Male <7.0 kg/m?
Female <37 kg/m’
ASMI (DEXA):
Male <7.0 kg/m’
Female <5 4 kg/'m’
HGS:
Male =28 kg
Female <18 kg

=1.0
SPPB =9

5-time STS =12 =

Calf circumference:
Male <34 cm
Female <33 cm

SARC-F =4

SARC-CalF =11

ASM: ASMI (DEXA):
Male <1975 kg
Female <15.02 kg

ASNM/BMI:

Male <0.789
Female <0512

HGS:

Male =26 kg —
Female <16 kg

HGS/BMIL

Male <1.0

Female <0.56
=08 =1.0

Male =7 23 kg/m’

Female <5.67 kg/m*

EWGSOP, European Working
Group on Sarcopenia in Older
People;

AWGS, Asian Working Group
for Sarcopenia;

FNIH, Foundation for the
National Institutes of Health;
IWGS, International Working
Group on Sarcopenia;

ASM, appendicular skeletal
muscle;

ASMI, appendicular skeletal
muscle index;

BMI, body mass index;

HGS, handgrip strength;
SPPB, Short Physical
Performance Battery;

STS, sit-to-stand test;

TUG, time Up and Go test.

(Lin et al., 2021)



Revised European consensus on definition and diagnosis
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SARC-F
or clinical
suspicion

sl No sarcopenia;

rescreen later

POSITIVE
OR PRESENT

Muscle strength NN o sarcopenia;

Grip strength,
Chair stand test rescreen later

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

Sarcopenia
probable*

Muscle quantity i

or quality
DXA; BIA, CT, MRI

Sarcopenia
confirmed

Physical Sarcopenia
Performance

severe

Gait speed, SPPB,

TUG, 400m walk

Age and Ageing 2018; 0: 1-16
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Table 2. Sarcopenia categories by cause

Primary sarcopenia
Age-related 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 Associated with advanced organ failure

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

Nutrition-related Results from inadequate dictary intake of energy

sarcopenia and/or protein, as with malabsorption, gastrointestinal

disorders or use of medications that cause anorexia

Age and Ageing 2010; 39: 412-423



28~75% of CKD Patients are Affected b; PEW

Stage 1 Stage 2 Stage 3 Stage 4
Kidney damage with Kidney damage with Moderate | Severe|
normal or 1 Kidney mild kidney kidney
function | kidney function function function
GRF 130 90 60 30
— 3.1% 4.1% 7.6% 0.5%
Prevalence

Malinutrition
28%~48% Up to 75%
(PEW) —
Normal Appetite
Appetite derangement \\

Anorexia
>

PEW: Protein-energy wasting Kovesdy CP et al. Am J Clin Nutr 2013; 97:1163-77.



ATP-dependent ubiquitin-
proteasome system

Hormonal changes

Activated by inflammation, 1mr2unobglc changgs

metabolic acidosis and others A Inflammatory cytokines (TNF-q,

116, IL-1B, IFN-¥)

Growth hormone, vitamin D
PTH, insulin, IGF-1

e o ¥ »

Protein energy wasting

Comorbid conditions ﬁ '

d[i)si::::s'l rc‘:faergiig:zsc:;;rg V¥ Protein intake (anorexia),
: ; . v energy intake
Uraemic

Sarcopenia

Myocellular changes Renin-angiotensin system

changes
v Satellite cells, apoptosis, fibre
type atrophy/transformation ‘ # Angiotensin I
Mechanical changes I Muscle protein balance changes
Inactivity, arthropathy, Uraemic changes  Muscle protein synthesis
recurrent hospital admissions A Muscle proteolysis
Metabolic acidosis, dialysis 12

related factors, dialysis nutrient  Nephrology Dialysis Transplantation 2014; 29:1655-65



Table 1. Aetiology of muscle wasting

sarcopenia and CKD

Sarcopenia CKD

+ Increase in « Increase in
proinflammatory proinflammatory
cytokines cytokines

« Decreased protein » Muscle protein
intake 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

Angiﬂtensin I1

PEW

Myostatin
overexpression

Nephrology Dialysis Transplantation 2014; 29:1655—-65
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(J. K. Kim et al., 2014; Lamarca et al., 2014; Ren et al., 2016)
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All-cause mortality + CV event
log hazard ratio
o
|

T T T

5 10 15
LTI (kg/m2)

Kidney International (2018) 93, 733740



s i % 475 & SARC-F& 7 = 5 4p B

35.7

15 12.8
10 8.2

2T HE )
S

Il SARC-F 0-1 SARC-F 2-3 g SARC-F4-6 g SARC-F7-10 B SARC-F 0-1 SARC-F2-3 | SARC-F4-6 g SARC-F 7-10

(2018 HD cohort in Hualien Tzu-Chi Hospital, N=272) 17



Overall survival

1.0~

0.4+

-

MNon-sarcopenia

Sarcopenia

Log-rank P=0.037*

1 I I I
10 20 30 40

Time (months) (N=126)

J Formos Med Assoc. 2020 Jul;119(7):1219-1229.
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Muscle strength

Early life Adult life ; Older life

Maximize peak Maintain peak I Minimize loss
I I
I

Threshold of low physical performance

Threshold of disability
|

Age

Range of
strength in
individuals

20



Table 1. Established, emerging and potential novel future treatment
strategies for uremic muscle loss

A. Established treatment strategies of muscle loss
Nutritional supplementation [36]
Correction of acidosis with sodium bicarbonate [37]
Physical exercise [19-21]
Treatment of comorbidities that promote muscle mass loss, such as
CHF, malignancies, depression and infections [7]

Avoid glucocorticoid treatment [38]

B. Emerging treatment strategies of muscle loss
Testosterone, androgens [7, 39]

Vitamin D [40]
GH (rhGH) [41, 42]

C. Potential future treatment strategies of muscle loss
Stimulation of mitochondrial biogenesis (sirtuins) [43]
miRNAs [6, 44]

Myogenic stem (satellite) cells [45]

Manipulation of TGF-B superfamily members, such as inhibition of
GDF8 and stimulation of GDF11 [46, 47]

Targeting pro-inflammatory cytokines, such as IL-1, IL-6 and
TNF [7, 48]

Targeting the epigenome [49]

21
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PATIENT CHARACTERISTICS EXPERT-RECOMMENDED DPI

Patients with severe CKD1:2 0.6-0.8 g/kg BW + DEI of 30 kcal/kg BW

CKD patients on dialysis?-2 > 1.2 g/kg BW

CKD patients with multiple morbidities'2 Unrestricted intake of dietary protein

Acute kidney injury patients? 1.5-2.5 g/kg BW

> > 00% h3-v FH#P-F Kk p 3y 245 % ko (high biological value protein)
> XA E PSR R o F 4 R 4

1. Ikizler et al. Kidney Int 2013; 84:1096-107.
2. Deutz NE et al. Clin Nutr 2014; 33:929-36.
3. Wolfe RR et al. Clin Nutr 2008; 27:675-84.

4. Cano NJ et al. Clin Nutr 2009; 28:401-14.
5. Li Y et al. Cochrane Database Syst Rev 2010; (1):CD005426.
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PREGLOMERULAR i GLOMERULUS i POSTGLOMERULAR
EFFECTS ' EFFECTS
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Low-protein
diet

Angiotensin-
pathway modulation

> 1 Intraglomerular '
pressure

/l/ /

1 Glomerular
filtration rate

S

Vasoconstriction - » | Mesangial-cell
| f signaling

Afferent
arteriole

.R')

==
AR
—\
|
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ot
Ll
2
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N

Vasodilation

; Efferent
arteriole

N
1 Interstitial Slowed
fibrosis progression

to CKD

Kalantar et al., N Engl J Med 2017; 377:1765-1776 26



Favors High Favors Low

Protein Protein
Jungers et al{'! 14 T
Brouhard and LaGrone(18) 15 =
Bergstrom et al 13 16 YA
Raal et al(2% 22 -
Dullaart et al (??) 30 .
Zeller et al'® 35 .
Williams et al?" 60 ———
Ihle et al{'¥ 64 .
D'Amico et al(?®) 128 B
Rosman et al('® 239 sl
Klahr et al{23) 255 o
Locatelli et al(2? 456 ———
Kiahr et al@3) 585 Hill
Total 1919 - 0.53 mL/min/yr (95% Cl, 0.08 to 0.98)

-10 -5 0 5 10 15 20 25
Difference in GFR (ml/min/y)

American Journal of Kidney Diseases, Vol 31, No 6 (June), 1998: pp 954-961
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KDOQI GUIDELINE FOR NUTRITION IN CKD:
2020 UPDATE

3.0 Statements on Protein Amount

Protein Restriction, CKD Patients Not on Dialysis and Without Diabetes

3.0.1 In adults with CKD 3-5 who ard metabolically stable| we recommend,{under close clinical supervisioni protein restriction
with or without keto acid analogs, to reduce risk for'end-stage kidney disease (ESKD)/death (74) and improve quality of
life (Qol) (20C):

e a low-protein diet providing 0.55-0.60 g dietary protein/kg body weight/day, or

e a very low-protein diet providing 0.28-0.43 g dietary protein/kg body weight/day with additional keto acid/amino acid analogs to meet
protein requirements (0.55-0.60 g/kg body weight/day)

Protein Restriction, CKD Patients Not on Dialysis and With Diabetes

3.0.2 In the adult with CKD 3-5 and who has diabetes, it is reasonable to prescribe, under close clinical supervision, a dietary

protein intake of 0.6-0.8 g/kg body weight per day to maintain a stable nutritional status and optimize glycemic control
(OPINION).

L Fov
1. £ %8 % 545 ik 42 T (metabolically stable)

3 2 ok X o2 2L N
2. By =i 2 E R 29
AJKD Vol 76 | Iss 3 | Suppl 1 | September 2020
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Mood + cognitive function
N,

Hyperinflation
Immune modulation

Protein balance

Bone mass

Mitochondrial
metabolism

Gut function
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