)Eﬁ_%. Buol

Tk 3%

R
R 2 FEF

2022 & 08 * 21 p

1..\. ‘:‘.\:

J.
e



CKD Stages & Protein-Energy Wasting

Stage 1 Stage 2 Stage 3 Stage 4
Kidney Damage With Kidney Damage Moderate + Severe |
Normal or T Kidney With Mild Kidney Kidney
Function + Kidney Function Function Function
>
eGFR 90 60 45 30 15 0
US Prevalence 3% 4% 7% 0.5%

Proteln-Energy 18%—48% Up to 75%
Wasting (PEW) i E z
Normal Appetite

Anorexia

-~
- o

The American Journal of Clinical Nutrition 2013, 97, 1163-1177



Comorbid conditions:
DM, cardiovascular

disease, infection, aging| | T Production of inflammatory

cytokines
Endocrine disorders, vitamin
D deficiency, TPTH, diabetes, Anorexia,
decreased insulin/IGF signaling acidosis, anemia

Nutrient loss during dialysis \ l

Dialysis treatment related factors, [~ X _--=-"7777TTTTTITTT e
AV graft, dialysis membrane R

-
-
- =

Uremic toxins

Survival
paradoxes |

Kidney International 2008, 73, 391-398

Oxidative and carbonyl
stress

/ Volume overload

-
—_‘
-~

4 Nutrient intake,
prescribed dietary
restrictions

A\

quality of life

3



el ok (Sarcopenia)

* |. H. Rosenberg =3 ! (Irwin H. Rosenberg, 1989)
v "Sarx(hep )" HL "penia(ik £)" e &

VOSEEE VAR vep R BT R R

o« TR E A AFRZE = b %

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

cFEFRE R A T et p E XIEAR

 Internal Classiciation of Disease, ICD-10-CM: M62.84 (Anker et
al. 2016)



@lﬁ‘})‘l‘l% _EE- Bm/') :}EF‘J_ T{E- /J‘ ,?iE'-

European Working Group on Sarcopenia in Older People, EWGSOP

Table |. Criteria for the diagnosis of sarcopenia

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

llllllllllllllllllllllllllllllllllllllllllllllllllllllllll

1. Low muscle mass
2. Low muscle strength

3. Low physical performance

Age Ageing 2010, 39, 412-423.

A number of consensus definitions for geriatric sarcopenia have been developed...



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 W ASMIPluslow HGS 0 o il and low Hgs FOW ASMEand low o A SMI 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.

Nutrients 2022; 14: 923 6
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Table 2. Sarcopenia categories by cause

Primary sarcopenia
Age-related
sarcopenia

Secondary sarcopenia
Activity-related
sarcopenia
Disease-related
sarcopenia

Nutrition-related

sarcopenia

No other cause evident except ageing

Can result from bed rest, sedentary lifestyle,
deconditioning or zero-gravity conditions

Associated with advanced organ failure

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

Results from inadequate dietary intake of energy
and/or protein, as with malabsorption, gastrointestinal

disorders or use of medications that cause anorexia

Age Ageing 2010, 39, 412-423.

v



Hormonal changes

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

' Comorbid Conditions

Diabetes, cardiovascular
diseases, infections, aging

Myocellular changes

v Satellite cells, apoptosis, fibre
type atrophy/transformation

Mechanical changes

Inactivity, arthropathy,
recurrent hospital admissions

ATP-dependent ubiquitin-
proteasome system

Activated by inflammation,
metabolic acidosis and others

o ¥ »

™

Uraemic
Sarcopenia

Uraemic changes

Metabolic acidosis, dialysis

related factors, dialysis nutrient

o

Immunologic changes

* Inflammatory cytokines (TNF-q,
I1-6, IL-1B, IFN-¥)

Protein energy wasting

¥ Protein intake (anorexia),
J energy intake

Renin-angiotensin system
changes

A Angiotensin |l

Muscle protein balance changes

+ Muscle protein synthesis
A Muscle proteolysis

Nephrology Dialysis Transplantation 2014; 29:1655-65



Sarcopenia Prevalence in CKD

50- Trend test for relative sarcopenia prevalence: p <0.01 T
40-
g 30~
S
»
o
20+
10-
FMIT-score |  0.69 1.06 1.19 1.30 1.80 0.27
I I I I I |
1+2 1A+2A 3a 3b 4 5
CKD Stage

ESarcopenia® Relative Sarcopenia
JCSM Clinical Reports 2018; 37 1-11
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DAA+HGS

BlA+ HGS SKF +HGS MAMC + HGS CC +HGS

R THRA B LY v g g (7 5 14% 3 63%

(J. K. Kim et al., 2014; Lamarca et al., 2014; Ren et al., 2016)
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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

of Health; IWGS, International Working Group on Sarcopenia.
= ’ N=186 (mean age 57.5 &= 14.1 years)

80

70 62.9 64.0 64.0

51,622 18.9 51.1
40.3
38.2
34.4 36.0 36.0 34.9
31.2
I I 25.8 I

AWGS 2019 EWGSOP2 FNIH IWGS

mlLow ASMI mLow HGS Slow GS mSarcopenia
Nutrients 2022; 14: 923

Prevalence (%)
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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 +++ Low No No No High
DEXA ++ Moderate low No No High
CT + High High Yes No Low
MRI +++ High No Yes No Low
Ultrasound ++ Low No Yes Yes High

MAMC: Mid-arm muscle circumference. BIA: Bioelectrical impedance analysis. DEXA: Dual-energy X-ray absorptiometry, CT: Computed tomography:.

MRI: Magnetic resonance imaging YL Lin and BG Hsu. Tzu Chi Medical Journal 2021; 34:182-191

Figure 1. Computed tomography (CT) images of typical sarcopenic and non-sarcopenic
cases. Skeletal muscle area is shown in red.

Sarcopenia No sarcopenia

l. /14

%w '60

Int. J. Mol. Sci. 2018, 19(10), 2999
12
European journal of radiology 85.8 (2016): 1519-1524.




How Bio-impedance Device Works?

4 > o A
Electrodes y. N
{ L4 k|
\ MM /
Electric current - \ % /
\ Y v /
: / ;
\ B8 B A High Frequency (N4 A
\ Y ¥ / 4 :‘:
Low Frequency A .
Electrodes t_'_b FPASE) s : A
| ' A | A
i\ /A i
Extracellular faa N A‘A
Not suitable for bio-impedance \
measurement: Intracellular ; f ) 4

v' Amputation
v’ Pacemaker

https://www.tanita.com/
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Fat

81%

Other
organs

) 53%
tissue Total [ S
mass body
v LSMM
Total body Lean body Lean soft Total body ‘Appendicular’ Leg muscle
Mass (=body mass (= tissue mass muscle mass muscle mass mass
weigth) fat-free
mass)

Journal of Cachexia, Sarcopenia and Muscle 2018, 9: 269—- 278.



Single- vs Multi-frequency BIA ?

InBody

15



204

3

Difference of fat-free mass (kg)
" (FFM_DXA - FFM_SF-BIA)
|

A Comparison among PD patients

Single-frequency

Peritoneal dialysis (DXA and SF-BlA)
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. . P
.
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" Py *e . . .
e N . ‘. [ o ® -0.5249 (p=0,506)
L L ] L ] ™
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e 1
p=0,455
) 1 L ] I I
30 40 50 60 70 80
hhanoffat—fmenussikg}
{FFM_DXA + FFM_SF-BIA)/

~ FFM_MF-BIA)

(FFM_DXA

Difference of fat-free mass (kg)

Multi-frequency

Peritoneal dialysis (DXA and MF-BIA)

20
___________________________________ 133
-
10 e ®©
. L
o o ®
. LI ° o
* oo ¢ °
. @ ® ° 2,5+5,4 (p=0,002)
'o'. - . hd
04 . o . - .
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10
°
-20 D‘O.‘OB
T 1 LJ 1 L) L
30 40 50 60 70 80

Mean of fat-free mass Skg)
(FFM_DXA + FFM_MF-BIA)/

Front Nutr. 2021 May 31;8:686513. 16



Longitudinal changes in LTI and FTI were more strongly
associated with all-cause mortality than single values

A : - S
B —
0.5 | 160 PD patients p— 2-year
z g 0.4
g 0.4 A g
2 0 LTl loss E
]
§ E..............".. g 0.3 -
Log-rank: p = 0.013 ]
$ s o oo i Log-rank: p = 0.004 e
= = = ‘g gain
2 " Nochange in LTI 9 .2 .
Q - ' c
§ 02 - 2
= ’ e
c .-
= g 0.1 1
2 01 7 =
= m No FTI gain
E LTI gain z e BB v emeerrs
= '
a 0 - e om0 om0 e e e o 0 - et
' 0 1 2 3 4 5 6
0 1 2 3 4 5 6

Follow-up (years) Follow-up (years)

Fig. 3. Kaplan—Meier estimates of survival according to longitudinal changes in the LTI (A) or FTI (B).

Clinical Nutrition 40 (2021) 120-126 7



Clinical Biomarkers Useful for
Skeletal Muscle Assessment ?



All-cause mortality hazard ratio

“Low” pre-HD Serum Creatinine Increases
Mortality Risk in HD

N

e
o

-
N

[N

o
00

o
o

0.4

oooooooooooooooooooooo

Small muscle mass

------ Qpreeer Unadjusted
—P— Case-mix
— A— Case-mix & MICS

Reference

Moderate muscle mass

N=121,762

6 to <8 8 to <10 10to <12 12to <14 =14

Serum creatinine (mg/dL)

Mayo Clin Proc 2010;85(11):991-1001
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“Low” serum creatinine increases mortality risk in PD

N=10,896

Proportion died

Years since the entry

Serum Cr (mg/dL)
<4.0
-—==-40-59

—— 8.0-9.9

All-cause mortality hazard ratio

0.7

0.5 1

0.3 -

==0== Unadjusted &
— e CASR=ITIX
—8— Case-Mix + MICS

Baseline serum creatinine (mg/dL)

Nephrol Dial Transplant (2013) 28: 21462155



TABLE 1.|Creatinine kinetics® |

In the steady state, production (mg/day) = excretion + metabolic degradation (urinary + dialysate)
Excretion (mg/day) =V,-Cy + V4-Cyq

Metabolic degradation (mg/day) = 0.38 X Sca (M@/dL) X body wt (kg) (14)

LBM (kg) = (0.029 x production) (mg/day) + 7.38 (15)

9V,. volume of urine (MmLf24 h); V4. volume of effluent dialysate (mL/24 h). C,. creatinine concentration in urine (mg/mL); C,. creatinine
concentration in effluent dialysate (mg/mL); Scs. S€rUM creatinine (mg/dL).

Am Soc Nephrol 1994, 4, 1475-1485.

| Noori formula |

84 B
LBMgc, = 0.34 X SCr (mg/dL) + 5.58 X {1 iffemale; Oif male} + =
0.30 x weight (in kg) + 0.67 X< height (ininches) — 0.23 X
URR — 5.75 3-

Noori et al. Am J Kidney Dis. 2011;57:130-9

|Simp|ified creatinine index |

NIR estimated LBM. kg
60
1

40
L

SCI (mg/kg/day) = 16.21 + 1.12 % [1 if male; 0 if female] - 0.06
= age (years) — 0.08 x spKt/V urea + 0.009 x* pre

— dialysis SCr (umol/L) r=0.93, P<0.001
Estimated LTI (mg/m?) = (SCI « Post — HD weight (kg) = 0.029 & - z
2 ] ] Ll L] )
+ 7‘38)/(Body height (m)) 20 40 80 100

60
Estimated LBM(SCr). kg

Canaud et al., Nephrol Dial Transplant (2020) 35: 2161-2171 21



Monitoring Skeletal Muscle Mass
Alone may not be Adequate...



Mitochondrial Dysfunction in CKD

CKD 5/MHD
Mitochondria swellling

@  Mitochondrial volume density
(%)

Frequency distribution
(%)

154

10 1

P < 0.001

L) L
Control CKD 5/MHD

 Control
CKD 5/MHD

5 10
Mitochondrial volumen density (%)

Physiol Rep 2016, 4(9):e12780
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Poor muscle quality in ESRD patients

Normal range
X 28D n=145

Edwards et al. [11]

800

700+

600
z
8

500
2 -
Q2
<
7]
E 400 -
o
2
g
‘% 300+
©
=

200

100 4

o ® CAPD group
m Haemodialysis group
A Nommal control subjects 2 4
0 T T T T - T
40 50 60 70 80 90

Body weight (kg) Nephrol Dial Transplant 2014, 29, 1655-1665



Comparative Associations of Muscle Mass and
Strength with Mortality in Dialysis Patients

N=330

Percent survival

100

80
60 LT . |
40

20

Appropiate muscle
s, “+,  mass and strength

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

Sarcopenia

| | | | | | | | | |

0 5 10 15 20 25 30 35 40 45 50
Months

Clin J Am Soc Nephrol 9: 1720-1728, October, 2014 25



Table 5. HRs and 95% Cls associated with muscle strength and mass together as continuous variables and after categorization
regarding the presence of low muscle mass alone, low muscle strength alone, or both in incident dialysis patients

Model 1 Model 2
Exposures
HR (95% CI) P Value HR (95% CI) P Value

Together as continuous variables in the

same model

Muscle mass, per SD increase 0.58 (0.20 to 1.70) 0.32 0.43 (0.12 to 1.52) 0.19

Muscle strength, per SD increase 0.26 (0.16 to 0.43) <0.001 0.34 (0.18 to 0.61) <0.001
Crosscombined as categories according to

young reference populations

Group 1: Appropriate muscle mass and 1.00 1.00

strength (n=134)

Group 2: Low muscle strength alone (n=50) 2.82 (1.57 t0 5.21) 0.001 1.98 (1.01 to 3.87) 0.04

Group 3: Low muscle mass alone (n=78) 1.35 (0.67 to 2.68) 0.39 1.23 (0.56 to 2.67) 0.59

Group 4: Low muscle mass and strength 2.94 (1.64 to 5.27) <0.001 1.93 (1.01 to 3.71) 0.04

(sarcopenia) (n=68)

Clin J Am Soc Nephrol 9: 1720-1728, October, 2014 °°




Sarcopenia and mortality in hemodialysis

Adjusted HR (95% Cl)

N=645

0.81 (0.61-1.08)!
+I

1.06 (0.67-1.68) E

0.74 (0.50-1.10) !

Height squared

Percentage of body weight

Body surface area

Body mass index

1.29 (0.79-2.10) !
, %

0.67 (0.47-0.94) !
.

0.74 (0.54-1.03)
-

Hand grip strength

Gait speed

Muscle strength and gait
speed may be more relevant
predictors of survival than
muscle size.

Kidney International (2017) 92, 238-247
27



Muscle strength loss > Muscle mass loss

White Black White Black
men men women women

0 - . ERh—

®

@

-

— Jq .

a2

w

@

= -2
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@

e

o

g8 3

©

=

E 4

g R
_5 ................................................................................................

Figure 1. Annualized rates for declines in leg lean mass (hatched bar) and
muscle strength (black bar) by gender and race. Gender difference within race,
p < .01. Racial difference within gender, p < .05.

Sarcopenia may indicate

the late stage of
muscle wasting.

Journal of Gerontology: MEDICAL SCIENCES; 2006, Vol. 61A, No. 10, 1059-1064 28






Physical Performance Tests

* 4—6 m usual gait speed test
* The simplest method strongly predicts clinical outcomes

100 —

| HLlw_ H 752 prevalent hemodialysis patients
o0 [
; T Gait Speed Performance | pogel 12 Model 27 Model 3¢
. = (0.6 m's 1.00 (Reference) | 1.00 (Reference) 1.00 (Reference)
g < 0.6 m/'s 246 (1.45-4.15) | 2.39(1.35-4.25) 2.17(1.19-3.98)
fe " Unable to perform walk 5.84 (3.84-8.89) | 6.93(4.25-11.29) | 6.93 (4.01-11.96)
— >=0o6ms
T i o perom wa

Log-rank P < 0.001

: 2 s s a Am J Kidney Dis. 2015 August ; 66(2): 297-304. *°

Months from baseline



- —

EWGSOP?2 sarcopenia cut-off points for low performance
Gait speed <0.8m/s

SPPB <8 point score

TUG 220s
400 m walk test Non-completion or 26 min for completion

Age Ageing. 2019 Jan 1;48(1):16-31.

Physical Performance Tests

Balance Tests

Side-by-Side Stand
Feet together side-by-side for 10 sec

l 10 sec (1 pt)

Semi-Tandem Stand
Heel of one foot against side of big toe of the
other for 10 sec

1 10 sec (+1 pt)

Tandem Stand
Feet aligned heel to toe for 10 sec

l 10 sec (+2 pt)
3-9.99 sec (+1 pt)
<3 sec (+0 pt)

< 10 sec (0 pt)

~~~~~~~~~~~~~~~ * Go to 4-Meter

< 10 sec (+0 pt)

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

| Gait Speed Test

| Go to 4-Meter
i Gait Speed Test

Figure 1. Activities performed in the 3-m TU & Go test. 1 = standing, 2 = first walk, 3 = 3- 2
m turning, 4 = second walk, 5 = pre-sitting turning, and 6 = sitting.

Gait Speed Test

Measures the time required to walk
4 meters at a normal pace (use best of 2 times)

|
im n

| <482 sec 4pt
| 4.82-6.20 sec Ipt
| 6.21-8.70 sec 2pt
4 »8.7 sec 1pt

Unable 0pt

an

4 L. L .00 L AL ) LU L

|

Sensors 2019, 19(7), 1647

Chair Stand Test

Pre-test
Participants fold their amms across their chest
and try to stand up once from a chair

able

5 repeats
Measures the time required to perform five rises
from a chair to an upnght position as fast as
possible without the use of the arms

................ -

Stop (0 pt)

<11.19 sec 4pt
11.20-13.69 sec 3 pt
13.70-16.69 sec 2 pt
>16.7 sec 1pt
»60 sec¢ or unable O pt

31



Proposed Algorithm for the Evaluation of
Uremic Sarcopenia

Muscle strength:
» Handgrip strength:

<28 kg in male, < 18 kg in female
Physical performance: l—p{ Normal

» Gait speed < 1.0 m/s

7 5-time STS >12s
» SPPB <9 Re-evaluate

lr regularly

Abnormal

v

Skeletal muscle mass®

» BIA
» DEXA
Normal Low
Poor muscle quality Sarcopenia

' ! 5

Nutritional intervention, lifestyle modification, and exercise

YL Lin and BG Hsu. Tzu Chi Medical Journal 2021; 34:182-191



Screening Uremic Sarcopenia



SARC-F %

hE
Strength
TE
Assistance in
walking

s

Rise from a
chair

B

Clime stairs

735

Falls

R10BEEMHE S HH ?
EB—EEMEZEEH# 2
WHFNER LS B S EH 2

TE10FE1E4EH 5 3 2

BE—FIREXE R 2
4 U ERTEIRERALDE

SR =0 AEi=1
IR =2

REEH#=0 B=1
FE. BiGBHNMEE=2

BER%=-0 BEi=1
;Fl‘l%s Emﬂh =2
A= 0 A= 1
EEHmEE=2

#E=013XR=1
4RAL =2

SARC-CalF

+ 10 if calf circumference

<34 cm (male)

<33 cm (female)

B SARC-F 0-1

SARC-F 2-3

B SARC-F 4-6

i SARC-F 7-10

Diagnostics (Basel). 2020 Oct 31;10(11):890.



40
35 35.7
30
S 25
fj 20
R 15 12.8
& 10
5
0
B SARC-F 0-1 SARC-F 2-3 g SARC-F 4-6 g SARC-F 7-10

Diagnostics (Basel). 2020 Oct 31;10(11):890.



Comparison of SARC-F, SARC-CalF, and Calf

Circumference

(A) AWGS 2019 (B) EWGSOP2
100 100 |
80 — 80 —
= 2
s 60 — = 60 —
i 3
c _ & —
g 40 g 40
—_ cC — CC
20 --- SARC-CalF 20 --- SARC-CalF
—— SARC-F —— SARC-F
0— 0 —
| | | | | | | I | | ] I
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
(C) FNIH (D) IWGS
100 — 100 —
80 — 80 —
= =
£ 60— £ 60
= @
5 40 G 40 —
(7] w
— CC — CC
205 --- SARC-CalF 20 — -=-=- SARC-CalF
—— SARC-F — SARC-F
0o 0
|

I [ [ 1 |
20 40 60 80 100

100-Specificity

| | I I | |
0 20 40 60 80 100

100-Specificity

Nutrients 2022; 14: 923
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Comparison of SARC-F, SARC-CalF, and Calf
Circumference

Table 3. The correlations of SARC-F, SARC-CalF, and CC with anthropometric

and skeletal muscle measures.

Variables SARC-F SARC-CalF CC
r L r p r p
Anthropometric measures
Weight (kg) —0.029 0.692 —0.435 <0.001* 0.721 < 0.001%*
BMI (kg/m?) —0.009 0.900 —0.382 <0.001* 0.625 < 0.001*
WC (cm) 0.120 0.104 —0.224  0.002% 0436 <0.001*
MAMC (cm) —0.056 0.451 —0.395 <0.001* 0.617 <0.001%*
Skeletal muscle measures
ASMI (kg/m?) —0.125 0.090 —0.421 <0.001* 0.683 <0.001*
HGS (kg) —0.363 <0.001%* —0.445 <0.001* 0.522 <0.001*
GS (m/s)? —0.452 <0.001%* —0.293 <0.001* 0.181 0.019%

Nutrients 2022; 14: 923



For ESRD population:

)
/J\H‘i%@*_ﬁ@ﬁ? > AV E R b -

F < 34 cm (PPV 64% - NPV 93%)

2 < 3 3 cm (PPV 59% - NPV 84%)

Nutrients 2022; 14: 923
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Early Detection of Sarcopenia is Vital.

Physiological reserve

Age (years)

Journal of Cachexia, Sarcopenia and Muscle 2015; 6: 278—-286
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