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TR{CHBH ofjchst S S
TECietn et thot EY
A A\}S . . . . Sy
| AL | Aging results in a progressive loss of muscle mass and strength called "sarcopenia', which is Greek
BLk=E el N, m s for ‘poverty of flesh’. Furthermore, the prevalence of obesity and osteoporosis in the elderly has
SHHEH[EHS] 0 . . . L
Chet b [ere] A0lAY markedly increased in advanced economy countries. A combination of excess body fat, and reduced
CHEME = ots] T=X|HOA . . .
N L muscle mass and/or strength, and osteoporosis is defined as "osteosarcopenic obesity". Muscle, bone,
CHOH|2HSS] HEOIA
CHSHR| R S0 2431 518| SHS0| AL and fat mass are strongly inter-connected based on shared mechanism. Excess energy intake, physical

inactivity, insulin resistance, hormonal changes, low-grade inflammation, oxidative stress, and impaired
mitochondrial function may lead to the development of osteosarcopenic obesity. Recently, myokines,
adipokines, and osteokines have been established as pivotal mediators to modulate cross-talk between
muscle, adipose tissue, and bone.

We have performed a prospective cohort study named "Korean Sarcopenic Obesity Study (KSOS)"
in Korean population. The purpose of KSOS was to examine the prevalence of sarcopenic obesity in
Korean adults and to evaluate the effects of sarcopenic obesity on metabolic disorders. Moreover, our
group have participated in the “Korean Frailty and Aging Cohort Study (KFACS)”, which is a national
multicenter cohort study. KFACS have recruited community-dwelling adults aged 70-84 years from
10 medical centers nationwide. These efforts may support research to explore the pathophysiological
mechanism and impact of sarcopenia and frailty in Korean population.

In this lecture, I would like to briefly summarize previous studies about mechanism of

osteosarcopenic obesity and its implication with chronic metabolic diseases.
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Measurement of Skeletal Muscle Mass

HICHARLHZ} 7| 25

\_ _ J

In the last years, there is an increasing interest in body composition assessment in the clinical

practice as it can improve the clinical assessment of the patient and their impact on health. In this
lecture, I intend to review to various method to measure skeletal muscle mass.

First, anthropometric measures are not body composition techniques; they could be considered
as a marker of adiposity and muscularity. Mid-arm muscular circumference (MAMC) and calf
circumference have shown to be correlated with muscle mass, and other anthropometric measures, as
skinfold thickness, which can be used as a surrogate to estimate body fat through predictive equations
when another body composition analysis is unavailable. Secondly, dual Energy X-ray absorptiometry
(DXA) represented a reference method for the assessment of human body composition in the research
field, considering its fast acquisition time, low radiation exposure, and relatively low cost when
compared with other available techniques. However, DXA does not measure muscle mass specifically
[19], and there is not acceptable evidence reporting the validity of DXA for lean mass assessment in any
clinical population. Another doubly indirect method to estimate body compartments is the bioelectrical
impedance analysis (BIA). BIA is based on the conductivity of the tissues according to their hydration
and it estimates total body water volume and several other body compartments related to muscle mass
(fat-free mass — FFM, skeletal muscle mass, and lean mass) through predictive equations. Ultrasound
is a practical, noninvasive, and readily available method that has gained attention in recent years as a
portable technique to assess body composition, especially muscle mass. Computed tomography (CT)
is another image technique used for the body composition assessment. The muscle mass assessment

by CT can be obtained by measuring the total area of skeletal muscle or psoas muscle at the level of
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the third lumbar vertebra (L3), adjusted for the squared height (skeletal muscle index — SMI), through
specific software. In regard to the magnetic resonance imaging (MRI), it is considered the gold
standard for muscle mass and other body compartment evaluation but this method is too cumbersome
and expensive for clinical practice, being restricted to research settings, and it is even rarely used in
studies with large sample sizes. Biological methods, as the 24-h urinary creatinine excretion and D3-
creatinine dilution in a single urine sample, can provide direct information about the muscle mass.

There are various approaches to accurately detect muscle mass. More research is needed.
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Measurement of Muscle Strength, Power and
Physical Performance
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| stiAt | SEER
Az
M.S University of Tsukuba, Japan Graduated School of Comprehensive Human sciences
Ph.D University of Tsukuba, Japan Graduated School of Comprehensive Human Sciences

| BEAR | THATY A Hole 28 Hae tlEo] 29 o) B B¥&Eot 4SS 35

- National Research Foundation of Korea (NRF) grant-Sejong Science Fellowship (2023) Role: Supervisor == AA 759 Aot RtE & 748 enlgch JA AFE I Qe 24 AT 7hol=afel

- National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) [grant S5 ol¢ol, & L AlA7 5 BT 24 S 2Tl i Festche As7F -Alsick
numbers 2022R1A2C1012305]- Identification of circulating microRNA as novel early diagnostic and predictive 20183 7NAH S o 23AS &%) 15 (European Working Group on Sarcopenia in Older
biomarkers for aging-related sarcopenia People, EWGSOP 2)-& & 7kA=0] 12} Atk #48 e Z#(muscle strength)S Z£35)o] “Probable

[e]
sarcopenia”g ERQITH 4= glom, FH & FHo g oy} oz} okttt Qojaf7|(chair stand test)E

- The Research Program funded by the National Institute of Health, Korea Disease Control and Prevention o]
AN
sk ok TSk =55 AA(severity determination)of] AF8-SF 4= Q1= A 1] E(clinical algorithm)

Agency (2021-ER0605-00)- Korean Frailty and Aging Cohort Study (KFACS)
- Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the

M= AAI7|E Ao A9e 4= 9]l JalE T 2 15kslo] A7) 3 (short physical performance
Korea Ministry of Education [grant numbers 2017R1D1A1B03035192]~ Elucidation of the Role and Digonosis of °IA R s =T~ e = arotel AA7Ts T Py P

battery [SPPB], Timed-up-and-go test, 400-meter walk) 52 SA5I== Hsk ok T35k 7= of

Ao} 2HAZS 917]) 15 (Asian Working Group for Sarcopenia, AWGS 2019)& A1 7|5 %5} (5-time

Ectopic Fat derived from Magnetic Resonance Imaging in Age-related Sarcopenia

chair stand test 212 seconds) T+ W& Z&H(handgrip strength <28 kg for men and <18 kg for women)
© 2 #OJ=] &= "possible sarcopenia " 7Nd& AZNSHITE ERL, ST AL = A (oFF), 2eaL Al
Al 715 AstE7HA] ST SollA shtete 7|l sigE 7% gait speed <0.1m/s, SPPB < 9
scores, chair stand test =12 seconds)E 5% 717 $x}E "severe sarcopenia"© 2 A olslick 2020
u|=- Sarcopenia Diagnostic and Outcomes Consortium (SDOC) T1Eo|A= oty »ajLw o] Irlg
T A SS Xesal Qlot 2] Global Leadership in Sarcopenia (GLIS) ZLg-of| A YAY 2 A&l
A S o7 445 Aol KTk tigh shute] o5 AFE-sh] siAl TefilS At = Folu,
GLISS] Rz A2 L5 Lo] Aelsl= ZHjol|A] A7) % E71E “objective physical performance”=,
8] 9l Aakel= “muscle function”® B-55)37 ¢tk

wHEbA], & ZHolofl M= 241 2as AT 7ol =akele] 4459 TS 919t 2 715 R 4AAI7) s
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| A2IARSH | Recent Consensus Paper

Biochemical Markers of Musculoskeletal Health and Aging to be
o APEQ] A Assessed in Clinical Trials of Drugs Aiming at the Treatment

}‘ IEH *-I gOl‘ t of Sarcopenia: Consensus Paper from an Expert Group Meeting

. . Organized by the European Society for Clinical and Economic Aspects
Medical Coll ege of Georg la tcl;ﬂE—m—ﬁ\— of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO)
and the Centre Académique de Recherche et d'Expérimentation
en Santé (CARES SPRL), Under the Auspices of the World Health
Organization Collaborating Center for the Epidemiology

E-’nl'i% %OH HI-OI gul-a-l Present of Musculoskeletal Conditions and Aging

Aurélie Ladang' © - Charlotte Beaudart® - Jean-Yves Reginster®* - Nasser Al-Daghri* ouvlevemyeref-
Nansa Burlet? - Matteo Cesari** - Antonio Cherubini® - Mario Coelho da Silva’ - Cyrus Coo

Alfonso J. Cruz-Jentoft’ - Francesco Landi"® - Andrea Laslop - Stefania Maggi™ - All Mobasheri 31415

Sif Ormarsdottir'® . Régis Radermecker'” - Marjolein Visser'® . Maria Concepcion Prieto Yerro'® - René Rizzoli?® -
Etlenne Cavaller'

Abstract
In clinical trials, biochemical markers provide useful information on the drug’s mode of action, therapeutic response and
side effect monitoring and can act as surrogate endpoints. In pharmacological intervention development for sarcopenia
management, there is an urgent need to identify biomarkers to measure in clinical trials and that could be used in the future
in clinical practice. The objective of the current consensus paper is to provide a clear list of biochemic:

markers of muscu-
loskeletal health and aging that can be recommended to be measured in Phase Il and Phase I clinical trials evaluating new
chemical entities for sarcopenia treatment. A working group of the European Society for Clinical and Economic Aspects of

Calcif Tissue Int. 2023 Feb;112(2):197-217

Two Sets of Biochemical Markers Recommended Musculoskeletal Markers ‘

Phase IT Phase 111
* The first category: markers evaluatlng musculoskeletal status Recom- Time point assessment ~ Recom- Time point assessmen
mendation mendation

- muscle mass, neuro-muscular junction, muscle turnover and myokines

Assessment of musculoskeletal status
Muscle mass

+ The second set: markers evaluating non-muscle-specific Mm;_re“”“e Cllbtonicstty L
YOKInes
pathophysiological mechanisms, referred to as causal factors Myostatin - Follistatin M Every 3 months M* Every 3 months
Lo ) Activin A FRN FRN
- Three subclasses: adipokines, hormones, and inflammatory markers GDE-15 . Baseline . Baseline
Irisin FRN FRN
. . Neuro-muscular junction
+ At least one biochemical marker per subclass for each set , CAF N N
: : BDNF M Every 3 months M Every 3 months
except for muscle mass biochemical markers, should be selected o MR e
s
if the pharmacological trial is a phase Il or a phase Il trial PIINP M Every 3 months M Every 3 months
Sarcopenia index M Baseline M Baseline

Calcif Tissue Int. 2023 Feb;112(2):197-217 Calcif Tissue Int. 2023 Feb;112(2):197-217




o[
o
ot

20 | 20244 TfBHRZEA

| 16X} S| Blood-Based Biomarker for Sarcopenia @ ¥ & 21

olH OZFAZ S oM H} b 2k (A
Recommended Causal Factors ‘ Weakness of Musculoskeletal Factors ARHHQI 2ZAF HW Hio| 201 E= HE (A
e T p— - Weakoess prr— Mechansn . .
ey - o Based on Pathophysiology of Sarcopenia
Phase II Phase 11l Huems — . .
- — xogenous iomarer
s (5] cohon [155] N T
Recom- Time point assessment ~ Recom- Time point assessmen! o sipulaoll | junction 1 g
mendation mendation 1 MYO, FST,ActA-B, '
roscons | Longiudioa sdics oly ani GDF-15, TGFB, BMPs, Testosterone, DHEA,
N ©of causal factors o, e s 17 CAF IR, BONF GH, IGF’
ssessmen ausal Ia S N h
Adipokines e e e 126,158, 1591 26,1601 | PROTEIN-SYNTHESIS
Adiponectin o* Every 3 months 0% Every 6 months et e ey et H in®
Lepiin 0 Eveydmoms  O°  EveryGmonhs s e fiapopTosiS| N s-=coreNiA N VAUTOPHAGY. Biomarkers Only for Sarcopenia?
Hormones Fotisain crsed = rusenss  Criing s v ik Muscle prtinturmver 1 PROTEIN-LYSIS
IGF-1 M Every 3 months M Every 6 months ncrstsed 1 ong erm g
* " . % AdivinA Unkoown Turptsome eporsss it munberof sdies 163 Unkaown Muscle protinturover C1q, Hb. ALB. Se, LEP, Creatinine IL-6, IL1, TNFa,
EHEASI ::* Evexy : mnm:“ g Every Z mo""}:‘ ors — g Uricac., Mg, D Vit P3NP 3MH,sTnT b-CHE, oxLDL, CEvit
ortisol very 3 months * very 6 months ; e ey 9 1 1 1
Testoster: o* Eve: ' 3 h o Eve ’ 6 hs " Behavior-mediated Muscle protein Inflammation-
estosterone very 3 months very 6 months pathways turnover mediated pathways
Inflammatory markers rsin Decrsed Noinkerventora sudis (8] Unkrown Mosceprtcinursover
CRP M Every 3 months M Every 6 months e s ption = o o i .
L6 M Every 3 months ° Every 6 months P f— e e e — UAZ 7|1ME 2tHg| o|65HX| 25t QICH
TNF-« M Every 3 months [} Every 6 months i =
BONE Decressed Aot s f Limited number ofstudies [80]  Unkrown R;:m:wmmmw N Untargeted approach 2' ‘é Rg
ol Wik CAF (68, 6]
Calcif Tissue Int. 2023 Feb;112(2):197-217 Calcif Tissue Int. 2023 Febi112(2):197-217 Curico F et al,, Experimental Gerontology 85 (2016)

No Optimal Biomarkers for Sarcopenia Bone-Muscle Interaction & Frailty Effects of Lumican on Muscle & Bone

Weaknews Avocited dseise [

T [Muscle: Animal and In Vitro research]
Same-aged individuals e
el T ) ; . . .
o o g e PRSI Lumican, an Exerkine, Protects against Skeletal Muscle Loss
Dundinshosy iy ELSEVIER | e Para”el |OSS
[ BRI 1oty sty ] Mt otk Han Jin Cho '®, Young-Sun Lee !, Da Ae Kim !, Sung Ah Moon !, Seung Eun Lee 2@, Seung Hun Lee 3
ottt feiew e » and Jung-Min Koh **

Mty g | gy v inopetic - Blood biomarkers for sarcopenia: A systematic review and meta-analysis of |55
1]

. rvenions 106,161 diagnostic test accuracy studies
[ TR — . " Ao
= T

s e e —— - ABSTRACT Osteoporosis Sarcopenia

[Bone: Animal and In Vitro research]

Muscle-Derived Lumican Stimulates

‘bined with exercise [134] H
i by o phamacolgia Biomarkers are emerging as a potential tool for screening or diagnosi We aimed to ize the (low bone mass) Osteo-sarcopen 1a  (low muscle mass) B F . ial . 281 d
R o] . . o current evidence on the diagnostic test accuracy of bi for ia. We ively searched one Formation via Integrin «281 an
7 i sysem 171 Ovid MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials up to January 2023 and only H
; included diagnostic test accuracy studies. We identified 32 studies with 23,840 participants (women, 58.26%) \ / the Downstream ERK Slgnal
Testosterone e [ —— ";m’im:zmm“ Ansbolic that assessed a total of 30 biomarkers. The serum creatinine to cystatin C ratio (Cr/CysC) demonstrated a pooled 4 Jin Young Lee't, So Jeong Park™, Da Ae Kim, Seung Hun Lee?, Jung-Min Koh? and
(] sensitivity ranging from 51% (95% confidence interval [CI] 44-59%) to 86% (95% CI 70-95%) and a pooled Beom-Jun Kim?

Inlammtory maskers

specificity ranged from 55% (95% CI 38-70%) to 76% (95% CI 63-86%) for diagnosing sarcopenia defined by

Insed

[ prm i five different diagnostic criteria (11 studies, 7240 participants). The aspartate aminotransferase to alanine Aride s . .
T aminotransferase ratio demonstrated a pooled sensitivity of 62% (95% CI 56-67%) and a pooled specificity of Lumican Inhibits Osteoclastogenesis and Bone Resorption by
e g 141,172 66% (95% CI 60-72%) (3 studies, 11,146 participants). The other 28 blood biomarkers exhibited low-to- . s
Moty s gl
P on s moderate diagnostic accuracy for sarcopenia regardless of the reference standards. In conclusion, none of Suppressmg Akt AChVIty
e piboatsirmsirymticigll = oy Lo g choni these biomarkers are optimal for screening or diagnosing sarcopenia. Well-designed studies are needed to explore

mass [139] and validate novel biomarkers for sarcopenia.

Jin-Young Lee !, Da-Ae Kim ', Eun-Young Kim 2, Eun-Ju Chang %, So-Jeong Park "* and Beom-Jun Kim 3*

Calcif Tissue Int. 2023 Feb;112(2):197-217 J Bone Miner Res 2013, 1857-65

Circulating Biomarker for Frailty

5 "o Hjo| 0t U2 B (A

Contents lsts available at ScieaceDirect

Bone www.aging-us.com AGING 2020, Vol. 12, No. 21

ELSEVIER journal homepage: www.slsavier.comocat/bon E Research Paper
The association of circulating kynurenine, a tryptophan metabolite,
with frailty in older adults

Based on Pathophysiology of Sarcopenia

Full Length Article )
Circulating lumican as a potential biomarker for osteosarcopenia in s
older adults

10 24 .2 : 2 " 1. 3
= = II-Young Jang™", Jin Hoon Park™, Jeoung Hee Kim®, Seungjoo Lee’, Eunju Lee’, Jin Young Lee’,
7 I -I.__ E- 7=" Al 3 H 0 2 u Sen a5 and A s So Jeong Park®, Da Ae Kim®, Mark W. Hamrick®, Beom-Jun Kim®

Jney PR g P o, oo SN
UEROTEINSYNTHESIS B B B E S s, o .
o ?. OI = I-" A o o ?. HISE § o o f o fum T N . x e v BMC Geriatrics
DT —M%S& x 2 Too 1 APOPTOSIS SARCOPENIA | AUTOPHAGY 3 i 3w i 3 oo a L ﬁ ﬁ
PO w2 o T imm S l
1 PROTEIN-LYSIS MM 6o ECENCHINE A ST . L ®
e e Pl Lack of association between circulating S
. h - =)
Risk of astepoross, sarcopenia, and osteosareapenia according o decrease in serum lumican evel by logisti regression anlysis, apelin level and frailty-related functional
Adpsnent [— Swcopan f—— parameters in older adults: a cross-sectional
OR (95 %Cls) per serum lumican 18D P 0 1 1 P Cls) per serum lumican 15D P
Py study
g g P gl el et el poriytt oo 1Young Jang'", Seungico Lee?",Jeoung Hee K, Eunju Lee', Jin Young Lee’, So Jeong Park’, Da Ae Kim?’,

Mark W. Hamrick’, Jin Hoon Pari?” and Beom-Jun Kim*®

Curico F et al., Experimental Gerontology 85 (2016)
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Suggested biochemical markers for musculoskeletal health
+ No definite serologic biomarkers for sarcopenia
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Sarcopenia and its Related Diseases
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DOE: 10.1016j0cd 2009.06.004 Age-elated Loss  Age-related Loss
‘of Bone Mass of Muscle Mass

o Sarcopenia and Osteoporosis

Qualty& Stongh  Qualty & Srengh

Editorial * *

‘Osteopoosis Sa1co-05teopo )
Beyond FRAX": It's Time to Consider ~

Neil Binkley* and Bjoern Bu Falss.
Fractures
st Ottt Copter and R with Atiendant
Moy, Recuced
QuatyofLfe
and Mortalty

Two chronic musculoskeletal condition
Harzardous duet in pathogenesis

With an ageing population, both conditions

1) increasingly prevalent in future

2) increasing the incidence of fragility fractures
3) leading to greater morbidity and mortality

4) increase socioeconomic costs

Universtyof Wisca=*

Fig. 2. We propase tha paiets with both low bone
mass and low muscle mass andlor performance be dag-
nosed with “sarco-ostcopenia” o, iftere i  linical o
densitometric diagnosis of osteoporosis, wilh “sarco-
osteoporosis” This combination could be expected 10
identify individuals s being at higher fracture i than
cumently appreciated. Identifcaton of s higheisk
group could lead 1o nonpharmacologie and ulimately
10 use of pharmacologic treatments that enbance bone
and muscle funcion.
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o Definition of osteosarcopenia

* Sarco-ostepenia
* Osteosarcopenia
* Controversial of definition of osteosarcopenia
* T-score < -1 and sarcopenia
Huo et al JAMDA 2015
Drey etal ACER 2016
¢ T-score < -2.5 and sarcopenia
Yoshimura et al 01 2017
Yoo & Ha JKMS 2018

* Dr. Gustavo Duque

o Qsteosarcopenia Prevalence Varies by Definition and Population

+ Cohort of 680 Australian + Osteopenia/Osteoporosis prevalence
older adults (65% women) (T-score < 1.0) was 65%
referred to a falls and fracture + Sarcopenia prevalence using the

clinic ,
EWGSOP was 51%
+ Needed to have fall, low BMD st

or [ragility fracture history (o be )
included Osteosarcopenia prevalence

* Mean age : 79 years 40%

Huo. JAMDA 2015. 16(4): 290-5

REVIEW -
Joumal of Cochena, Sorcopenia and Musce 2024 16: 8-20
Pblshed rl 5 10100em 1382

Global epidemiological features and impact of
osteosarcopenia: A comprehensive meta-analysis and
systematic review

Shanping Chen**”, Xiao Yu***, Huping Gong’, Ruzhao Chen***, Ljuan Guan'*?, Xuedan Yan*”, Uinua zhou'”,
Yongrue Yang“, liang Wang***, lianghua Zhou®, Chuan Z0u**** & Pan Huang'** @

vods o Choa:

e, G i
i, Clee of i, G el

+ Osteosarcopenia is defined as the concurrent occurrence
of osteopenia/osteoporosis and sarcopenia.

2. Prevalence

o (Qsteosarcopenia Prevalence in Korea

+ Patients > 50 years admitted
following hip [ractures
* 83 men and 259 women
+ Sarcopenia prevalence was defined
using AWGS N b
(grip strength cut offs, ALM/height2,
and no gait speed)
+ Osteoporosis : T-score < -2.5

Osteosarcopenia prevalence

37%in men, 24% in women

Yoo and Ha. JKMS. 2018

* Epidemiology of Osteosarcopenia

Table 1. Epidemiological studies of the osteosarcopenia

Prevalence of
osteosarcopenia

Yooetal[15] ~ Korea 2018 Hipfracture patients  27.2%

Huoetal[16] Australia 2015 Community dwelling ~ 40.0%
older people

Wangetal[17] China 2015 Community dwelling 10.4% in men,
older people 15.1% in women

Dreyetal (18]  Germany 2016 Pre-frail elderly 28.0%

References ~ Country Year Subjects

Yoo and Ha. JBM. 2018

o Relationship with osteoporosis and sarcopenia
Relationship between postmenopausal osteoporosis and the components of
clinical sarcopenia

Samu Sjoblom*, Juha Suuronen, Toni Rikkonen, Risto Honkanen, Heikki Kroger, Joonas Sirola

Tabes
Rkl ctopres et 1 srcopei s components sconding gt
regesion N+520,

-
wEnE
o o
s . ‘
[t o Sarcopenic women had a 12.9 times
Bt higher odds of having ostcoporosis
mmm L s :
EemoEwy B when compared to non-sarcopenic
T g omw wommen.
How bhens e
e IS
e
e swne  suaw
[

it o age. body s e (ML physecal ity ormane ey (7).
ot ol ot o sk,

§peaor,
W p<omi i compron o refrece rcp.

* Relationship with osteoporosis and sarcopenia

Sarcopenia and its relationship with bone mineral density
in middle-aged and elderly European

Sarcopenia (RASM<7.26 kg/m?) was
3-fold higher risk of osteoporosis.

Sarcopenia (by EWGSOP) was
twice as likely to have osteoporosis.

Osteosarcopenia ® & I

o Epidemiology of Osteosarcopenia

Table 3
Binary loistic regresson anlysis: fctors asscited wih the presence of
osteoporusis,

B OR(%%0) ]
Age 007 LOB(1L013-1085) 008
Presenceof sarcopenia s (18)o3-308) 00

Intenval fracture-DXAsan ~ -0.027 U973 (0.943-1005) 0,097

Note: The dependent varabe was the presence ofoseoporasis (comventonaly
atributed 2 value of 1, whereas the absenceof eseoporusis was comventonally

arelsted inthe Table, The presence of sarcopenia was conventionaly atributed a
value of 1 (the absence of sarcopenia was attributed a value of 0).

Hana Choi, and Jun-II Yoo™*

! Department of Universty Hospital,Ch

o Relationship with osteoporosis and sarcopenia

o Relationship with osteoporosis and sarcopenia
Sarcopenia and Hip-Structure Analysis Variables in Korean
Elderly Population

+ 18.5% (63 articles, 63369 subjects)
¢ 15%~643%

* Female, hospital cohort, Oceania,
retrospective study

Chen et al. JCSM. 2024

Hip fracture women with sarcopenia
have higher risk of osteoporosis than
hip fx. women without sarcopenia
(adjusted OR=1.8)

2

Sugery, Gyeongsang National University Hospital Jinu, South Korea

[ eee—"

Choi and Yoo. JCD. 2018
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o Relationship with osteoporosis and sarcopenia in Korea
@ owime: JKMS,

oy 0o 601+ Ml 01631 184

High Prevalence of Sarcopenia in Korean Patients after Iip
Fracture: A Case-Control Study
Jun-ll Yoo,' Yong-Chan Ha? ‘Sarcopenia-rlated fall and fractures are increasing wordwide due to the aging. »

HyeoeBi Koo’ Yougekpu e
Ky Koo, ad Moon- b Yoo

Table 4. Stepwise logstc regression analysisfor ip fracture

Variables B R B%0 Puake
Age 0.14 113447 <0001
Presence of sarcopenia 187 652 | 467009 <0001
Presence of osteoporosis 0,62 187 | 136288 <0001
OR, odds ratio; CI, confidence intervl.

Yoo and Ha. JKMS. 2016,

* Osteosarcopenia is associated with poor health outcomes

+ Compared to patients without osteosarcopenia

+ Patients with osteosarcopenia reported impaired
mobility more frequently (Huo, JAMDA, 2015)

* Paticnts with hip fracturc and sarcopenia and
have decreased ability to perform ADL(Di Monaco 2015)

o Frailty is more common in patients with osteosarcopenia

250 women from the Women’s Health and Aging Studies IT

Mean age : 79.6 (76-86)

Frailty (defined by Fried/Cardiovascular Health Study criteria)
prevalence was 0.8%

Sarcopenia(defined by ALM/height? only)prevalence was 42.4% in the
cntire cohort and 52.9% in frail adults

Osteoporosis (defined by WHO T-score < -2.5) prevalence was 18.4%
Osteosarcopenia prevalence was 10.7%

Frailty odds ratio was 6.4 for thosc with ostcosarcopenia.

Frisoli Bone. 2011 48(2011) 952-957.

3. Clinical significance

* Prevalence of osteosarcopenia and 1- year mortality

Women (n = 246) Men (n=78)
W Normal
W Osteoporosis only
M Sarcopenia only
W Osteosarcopenia
31,39.7% (Mortality)
(10.3%)
16,20.5%
(0%)
15,19.9%
(0%)

Yoo and Ha. JKMS. 2018

o Phenotype in patients with osteosarcopenia
+ 68 prefrail adults between 65 and 94 years
Hand grip strength J}, Chair rsing time
Drey M. Aging Clin Exp Res. 2016
+ Total of 680 people (mean age; 79 year)
Older, mostly women, are at high risk for depression and
malnutrition, have body mass index lower than 25, and
showed a higher prevalence of peptic disease, inflammatory

arthritis, hip fracture, history of atraumatic fracture,

and impaired mobility. TIuoYR. J Am Med Dir Assoc. 2015

Comprehensive nutritional status in sarco-osteoporotic older
* fallrs

Cross-sectional study.

Falls and Fractures Clinic, Nepean Hospital (Penrith, Australia).

680 subjects (mean age=79, 65% female) assessed between 2008-2013.
Sarcopenia was present in 47.4% of those with osteopenia (167/352) and
62.7% in those with osteoporosis (91/145).

-

-

BMI< 25, MNA score <12, serum folate <20 nmol/L, hemoglobin
<120¢/L, Hypoalbuminemia (<35 g/L)

J Nutr Health Aging. 2015

4. Treatment

* Protein rich foods intakes are known to dedline with age

* Food preference in older people

* Poor chewing ability

* More concerned about food texture
compared to younger adults

* The loss of chemosensory acuity due

to medications and aging

Osteosarcopenia ® & I

* The relationship between sarcopenia and fragility fracture

+ The prevalence of sarcopenia after fracture
12410 95% in males and 18.3 t0 64% in females.

* Higher prevalence of sarcopenia in clderly men with fragility fracture

* Increased risk of fragility fracture in man with sarcopenia and low BMD

Wong et al. Osteopros Int, 2019

PROTEIN INTAKE VITAMIND
*Imparant fo musdl mass, skength,funcion nd +Impostant formusclomass, siengh, funchion and
bonehealh bonehealth

+Reducedwith agingdueto chewingand +Reducedwith agingdueto nsuffiientintake,

swallowingdifficulves reduced sunshine exposure, decreased kidney
+RDA 08 gigldie (FA) absorption andexpression ofvit. D receptors

1215 gKgldie (perspective studies). *recommended daily intake > 20 mcg possibly in

inconsistentresultsromRCTs addton tocalcum

CALCIUM
+Importantfor bone health OCTEQSACOPERA
«Calcium supplements indicatedin major |
‘melebsorption or abnormalites of Ca metebolism
sk FALLS
osteoporosis
FRACTURES
MAGNESIUM BCAAandleucine

*Importent for bone health and neuro-muscular * Modulate muscle metebolism
function + Withleucineintakes >S50ma kg day,
+Recommendsdintake 320 moday in women, ammonia concantatons <nomalrange
420mg/dayin men +HMB (leucine-derivate) improves body

compositon andstengh
* improvementin muscle stengh and perfomance
after HMB supplementation in healthy older women

Marina De Rui et al. ACER, 2019

o Protein rich foods intakes are known to decline with age

* RDA for protein, as promulgated by the Food and
Nutrition Board of the United States National Academy
of Science, is 0.8 g protein/kg body weight/day for
adults, regardless of age.

* Prospective studies showed that intake of up to at least
1.2-15 g protein/kg body weight/day seems to be
safe in old people.

Wolfe RR et al. Clin Nutr, 2008

Pedersen AN et al. Food Nutr Res, 2014
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Osteosarcopenia ® -5 I-

* Calcium o Pharmacological Tx for Osteosarcopenia

o Protein rich foods intakes are known to decline with age

+ Vitamin D deficiency is a very common condition in old people
caused by reduced sunshine exposure, kidney hydroxylation,
vitamin D receptors’ expression and insufficient vitamin D
intake.

- muscle atrophy, reduced muscular strength and power,
impaired balance and consequent increased risk of recurrent
[alls and [ractures.
- 800 IU (20 ug) of vitamin D from all sources should be
consumed every day Lo prevent [alls in men and women older
than 60 years.

](l The Journal of Clinical Investigation

Low-dose leptin reverses skeletal muscle, autonomic, and
neuroendoctine adaptations to maintenance of reduced weight

+ The “bone nutrient”, because nearly 99% of the Ca in the adult human
body is contained in bones as hydroxyapatite.

Michael Rosenbaum, ..., Ellen Murphy, Rudolph L. Leibel

J Clin Invest. 2005;115(12):3579-3566. https./idol.org/10.1172/JCI25977.

- The current recommendations for Ca intakes are 1000-1200 mg/day
in older people.

- Considering that calcium intake in elderly men and women is lower than
recommended (approximately 750 mg/day), a supplementation of ahout

500 mg calcium per day could be sufficient, avoiding side effects that could
impair pharmacological compliance.

Lee and Yoo etal. JRM, 2022

Cramer JT, et al. ] Am Med Dir Assoc, 2016 Inclmen EM, et al. ] Nutr Health Aging, 2000

* Magnesium * Branched-chain amino acids (BCAAs)

+ Mg is located approximately at 60% in bone and is essential * The BCAAs are quite popular among
bodybuilders to promote skeletal muscle

for organic bone matrix synthesis.
hypertrophy.

* Mg is essential [or normal neurological and muscular function. . .
+ Leucine 2 muscle metabolism,

> 550 mg/kg/day

* Supplementation of beta-hydroxy-beta-
methylbutyrate (HMB)

positive elfect on body composition and body

+ The recommended daily intake of Mg necessary for bone health in

older age is 320 mg in women and 420 mg in men.

- Although Mg deficiency can affect the quality of bone, the relationship

between Mg and fractures is uncertain and results are conflicting. reneth in the clder]
strength in the clderly.

Veronese N,, ctal. BrJ Nutr, 2017 Tuckose F,, ct al. Crit Rev Food Sei Nutr, 2015

, Daily Walking Accompanied with Intermittent Resistance
Exercise Prevents Osteosarcopenia

o Pharmacological T for Osteosarcopenia

JEl The Joural of Clic

inevreveny
 Crwim ey

RANKL inhibition improves muscle strength and insulin
sensitivity and restores bone mass

Nicoas Bome, .., Elni Doun, Serge Foar

0 s 208 298528 s A A

»

Bl v

e
Pt oty oy s Pt o ey o o s
In conclusion, RANKL deteriorates while its inhibitors
improve muscle strength and insulin sensitivity in
osteoporotic mice and humans. Hence, denosumab could
represent a novel therapeutic approach for sarcopenia.

5 days a week and resitance exrcis formore than 2 days a week wil belp to maintan
el 3 the cortexaround the fenur ck, toprevent older faghtyFactures

Lee and Yoo etal. JM, 2022 Lee and Yoo et al. JBM, 2022
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Cancer Cachexia:
Targeting Pathophysiological Mechanisms

Tl

A9

\_ J

Cancer cachexia is a complex systemic syndrome marked by muscle wasting, characterized by a state of

catabolism. It impacts various remote organs, and their interactions with cancer cells collectively create the
cancer cachexia environment. During the development and progression of cancer cachexia, the interactions
between dysfunctional organs and cancer cells, or other organs within the cancer cachexia environment,
trigger a series of stress responses, leading to the deterioration of several organs such as the liver, heart,
pancreas, intestines, brain, bones, and spleen. These effects disrupt the balance of metabolism, neural
activity, and immune function. The roles of these organs shift from inhibiting tumor growth to promoting
cancer cachexia as cancer advances. This presentation provides an overview of recent advancements
in treatment and delves into the molecular mechanisms and clinical studies related to cancer cachexia,
focusing on metabolic, neurological, and immunological irregularities across various organs. Updated
understanding of cancer cachexia might facilitate the exploration of biomarkers and novel therapeutic

targets of cancer cachexia.
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e Nutritional Approaches to Treat Sarcopenia
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Sarcopenia and Aging
| ZABIARSH | Contents ) :
~15 o
c 2 e
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SIQFCSHy © St LHEZARI A 2. Energy 305l > O o o EJ
stostifstm ofmftst LR ma , T o, O Eed _
S 3. Protein oo + oot o
Korean Food and Drug Administraion Consultant . $ -
P | otorst 4. Vitamin D 1 o l
SIOIHSHTT AIZZOIOKSHIF 1A 2 0 60 C I S SR S 3 K
SHATHSt W Al Fdet 5 -3 PUFA —_— Follow-up duration cvear)
_._I_ kS A-A-l_al_?_J . I‘l:‘_ 9—_] ; - Male Female
ottty | =0t (The Korean Academy of Science and Technology, KAST) H2|& 6. Other nutrients :
7. Dietary pattern § N
8. Summary HE
HANYANG UNIVERSITY e HANYANG UNIVERSITY

Bauer et al, JAMDA 2013; Moon et al. PlosOne 2016; Musumeci, J Funct Morphol Kinesiol 2017

Sarcopenia and Nutrition

+ Inadequate nutrient intake secondary to the “anorexia of
aging” is considered an important risk factor in the + Participant with > 65 y (n=3656) from KNHANES 2008, 2009, 2010,
development and progression of sarcopenia and 2011

+ Sarcopenia was defined in accordance with the criteria of the Asia
Working Group for Sarcopenia (SMI <5.4 kg/m? in women and
<7.0 kg/m?in men)

Sarcopenia and Dietary Intake

Endocrine
corticosteroids, GH, IGF-1
abnormal thyroid function

insulin resistance

NN
Age-related (Primary)
sex hormones
apoptosis
mitochondrial dysfunction

Inadequate
nutrition /

SARCOPENIA

Variables Nen Wonen

Nomal Swopria Pl omal Suoptc e
=t =t (=) ()

Neuro-degenerative
diseases
motor neuron loss

oo Malabsorption A\~ - Ty L 1T T T 1 T
el 3 Tt TS 3 T 5 TR 1
Broteln Vi D5 WU W5 W 0
Antioxidants Rty 13 5 5 TR T

Cruz-Jentoft et al. Age and Ageing 2010;39:412-423 HANYANG UNIVERSITY Yoo et al, Nutrition 2018:53:38-42 HANYANG UNIVERSITY




I 20241 CHBHE

25| M16X SHaLl2]

l.

Prevalence of Malnutrition in Korean: KFACS

Frail
(77 = 106) »
Age (vears) 75.6 = 3.8 78.9 = 3.5 <.001
Women, 7z (%) 680 (51.2) 65 (61.3) L0444
BMI (kg/m?) 24.5 =+ 3.0 24.4 = 3.9 .o46

Smoking status, 7z (%) 642
Ne 810 (60.9) 67 (63.2)
Former 439 (33.0) 31 (29.2)
Current 80 (6.0) 8 (7.5)
Alcohol, 77 (Zo)* .09
Never 1069 (80.7) s6 (S1.1)
256 (19.3) 20 (18.9)
ion (year), s (%) <.001
553 (41.6) 70 (66.0)
T76 (S8.4) 36 (34.0)
onomic status, 22 (2%)° 83 (6.3) 13 (12.4) o186
I seacus, 27 (%) _oos
Married 946 (71.2) 59 (55.7)
Divorced/separated 351 (26.4) 44 (41.5)
Widowed 30 (2.3) 3 (2.8)
Single 2 (0.2) 0 (0.0)
Comorbidity, 7z (%)* oo1
o 334 (25.1) 14 (13.2)
1 510 (38.4) 35 (33.0)
=2 485 (36.5) 57 (53.8)
Number of medications? 3.7 = 5.4 7.3 = 13.2 <.001
< it a 8 2 () 233 (1 ) 50 (47.2) 001
Nurtritional stacust <.001
1131 (85.1) 64 (60.4)
Ac risk of malnucrition 191 (14.4) 32 (30.2)
Malnucrition 7 (0.5) 10 (90.4)
he CRP ma/L, 7 (%) 605
=1 R6E2 (64.9) 63 (59.4)
1.0-3.0 345 (26.0) 23 (21.7)
=3.0 122 (9.2) 20 (18.9)
HANYANG UNIVERSITY

Kim et al, J Gerontol Med Sci 2021;78:499

Energy Intake and Sarcopenia

Sarcopenic Non-sar copenic. Mean Difference Mean Difference
Study of Subgroup Mean SO Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% CI
Backetal 2014-ASWHI2(18) 1508 67 820 1711 33 266 85% -203.001209.06,-196.94) 15
Backetal2014-ASMMI(16) 1,592 38 1496 1760 46 1987 85% -166.00(170.86,-165.14) L
Baumgariner 2006 (26) 1684 46 207 1612 585 64 63% 7200041514815 gl
Beaudartetal 2019 (13) 1506 46 51 1820 527 280 40% -224.00£361.09,-8691) —t
Chan etal 2016 (31) 1785 638 200 1840 671 3667 68% 550011196206 -1
Chaput etal 2007 (27) 215 632 122506 51 38 08% -34700(74803,5403]
Genaro etal 2015b(15) 1269 365 351355 405 165 42%  -86.001-218.86, 46.6) —1
Goltz2014 20) 1591 302 261550 432 16 17%  41.00(218.83,300.83] T =
Isanejad etal 2016 (32) 1580 34 127 1562 %3 369 64%  1800}5685,9269) e
Kim etal 2014 (21) 1736 86 1451985 42 1625 84% -240.00(26315,-23485 C
Kim et al 2017 (25) 1639 615 91 1856 647 720 41% -217.00£361.91,-8209) TR
Leeetal 2014 22 1512 66 73 1954 20 618 84% -44200[457.31,-42669] ®
Marting 2015 (16) 1373 412 5114019 414 85 36%  -46.00(197.46,105.46] —
Ohetal2015(17) 1836 72 6951980 75 738 85% -145.00415261,-137.39) ¢
Seo etal 2013 (26) 1434 638 59 1650 660 1280 39% -216.00{358.24,-73.76) =
ferBorg etal 2016 (33) 1724 61 631853 627 174 34% -12900(289.64, 3164 T
Valentim etal 2016 (34) 1222 632 181408 738 47 1.0% -186.00(546.22,17422) =]
Vertaan etal 2017 (29) 1710 418 66 1745 513 66 34%  -3500(1946512465 e TR
Yukdetal 2017 (30) 1831 91 342000 20 686 B1% -196.00£22662,-165.38) -
Total (95% CY i1 13451 1000% -156.73(-19479, -118.67) ¢
Heterogeney. Tau*= 4435.93; Ch= 1517.46, df= 18 (P <0.00001), F= 99% 0

Testfor overall eflect Z= 8,07 (P < 0.00001)

Santiago et al. Nutr Rev 2021;79:1338-1352

%0
Favours [Sarcopenic) Favours [Non-sarcopenic)

HANYANG UNIVERSITY

N
(6)

Nutritional Approaches to Treat Sarcopenia @ B}-8-%= I

Protein and Sarcopenia in Korean Elderly

Protein and Sarcopenia in Korean
Elderly: Muscle Mass

| Participants assessed for eligibility (n=355)

| D Protein intake of 0.8 g/kg/day  [l] Protein intake of 1.2 g/kg/day [l Protein intake of 1.5 g/kg/day

(A) 2 B) 25 -
Excluded (n=235): 2
Did not meet inclusion criteria (7=175) . s b ?:D b
Withdrew consent (#=60) *E‘ . . ab g,, 1.5 . ab
Randomized (n=120) | K = 1]
I 05 = 05
! ] )
Allocated to 0.8 g/kg/day Allocated to 1.2 g/kg/day Allocated to 1.5 g/kg/day o 0 -
protein group (n=40) protein group (n=40) protein group (n=40)
Withdrawn (n=6): Withdrawn (n=7): Withdrawn (n=8): ©) (D)
Had indigestion (n=2) Had indigestion (n=1) Had indigestion (n=2) 0.08 0.2 b
Lost to follow-up (n=1) Lost to follow-up (n=1) Lost to follow-up (7=1)
Violated study protocol (n=1) || Violated study protocol (n=1) || Withdrew consent (#=5) _ 006 b g !
Withdrew consent (n=2) Withdrew consent (n=4) E 0.04 a ab ; o
! ! ! z z
Included in intention-to-treat || Included in intention-to-treat || Included in intention-to- 0.02 < 0.1
analysis (n=40) analysis (n=40) treat analysis (n=40) a ab

Park et al, Am J Clin Nutr 2018;108:1026-1033

HANYANG UNIVERSITY HANYANG UNIVERSITY

Park et al, Am J Clin Nutr 2018;108:1026-1033

Nutrition Support and Handgrip Strength

Experinental ~ Contrl

Study or Subgroup  Mean  SD Total Mean SD Total Weight IV,

1.1.4 End of intervention HGS

Malafarina 2017 168 88 36 146 67 38 107%
Subtotal (95% CI) 3% B 107%
Heterogeneity. Not applicable

Testfor overall efect Z=1.21 (P=0.23)

1.1.2Change in HGS

Flodin 2015 20 47 0 22 54 U 135%
Niccoli 2017 201 384 22 067 24 25 209%

Rondaneli 2016 32223 69 047 318 61 200%
Yoshimura 2016 29 07 19 16 27 17 268%
Subtotal (95% CI) 130 127 893%

Helerogenel.Tau"= 189; Ch=12.26,df= 3 (P= 0.07);P= 6%

Testfor overall effect Z= 233 (P=0.02)
Total (95% CI) 166 165 100.0%
Heterogeneity. Tau*= 1.57, Chi*=12.29, df= 4 (P= 0.02); F= 67%

Testfor overall eflect Z=2.72 (P = 0.006)
Testfor subaroup differences: Chi*= 0.02, df=1 (P= 0.89), F= 0%

Mean Difference Mean Difference
Random, 95% CI IV, Random, 95% CI
1001.38,579 —_
220[438,578) <l
0401259339 S
1304056,324 T

-
——
3
197(055,339) >
4 2

2 ]
Favours conrol Favours ONS intenvention

Protein and Lean Mass: Health ABC

Protein 1.2g/kg/d
Quintile2  Quintile 3 Quintile le"&

Protein 0.8g/kg/d
Gl

TABLE 2

Adjusted regression coefficients (and SE) for change in total lean mass
(LM) and appendicular LM (aLM) per unit of energy-adjusted protein

FIGURE 2. Adjusted appendicular lean mass (aLM) loss by quintile of
energy-adjusted total protein intake. n = 2066. Adjusted for age, sex, race,
study site, total energy intake, baseline aLM, height, smoking, alcohol use,

hvsical activity. oral steroid. Tont disence (diabetos fschom

intake”
LM aLM
B (SE) P B (SE) P
Total protein
Model | 902(299) 0003  543(16%)  0.0009
Model 2 876(3.00) 0004  531(16%)  0.001
Model 3 638(274) 002 4.10(15h) 0007
“Animal protein’ )
Model | 898(3.00) 0003  532(165  0.001
Model 2 882(301) 0003  526(165)  0.001
Model 3 658(275) 002 413(152) 0006
SETIDIE POt
Model | 992(708) 016  824(389) 003
Model 2 723(114) 031 655392  0.10
Model 3 108(652) 087 328(361) 036

7 n = 2066. LM, aLM, and energy-adjusted protein intake were mea-
sured in grams. Multiple linear regression models. Model 1 was adjusted for

disease, congestive heart failure, cerebrovascular disease, lung disease, can-
cer), and interim hospitalizations. Tests for a linear trend quintiles of
protein intake were conducted by using the median value in each quintile as
acontinuous variable in the linear regression model; P for trend = 0.0003.
Least-squares means with different superscript letters are significantly dif-
ferent, P < 0.05 ( test). Median total protein intake as a percent of total
energy intake (g kg™ +d™") by quintile (from quintile 1 to quintile 5) was
112% (07 g+ kg™ +d7™), 127% (07 g + kg™ + d”™"), 14.1% (08
grkg™ ™), 158% (09 g-kg™"+d"), and 182% (1.1 g kg™ +d”").

tudy site, total
Model 2 was adjusted for variables in model 1 plus smoking, alcohol use,
physical activity, oral steroid use, prevalent disease (eg, diabetes, ischemic

b

line LM or aLM, and height

disease, lung disease,

or cancer), and interim hospitalizations. Model 3 was adjusted for variables
in model 2 plus change in fat mass.
Models for animal protein were also adjusted for vegetable protein

intake.

*Models for vegetable protein were also adjusted for animal protein

intake.

o « . 15 .
Protein and Sarcopenia in Korean Change of Protein and Muscle Mass
Elderly: Muscle Function
@ © s
009 W Placebo M Protein 1.2 g/kg 2 PR
~#-Placebo Protein 1.5 g/kg a1 2 S A :
-&-Protein 1.2 g/kg 25 . < 2 o %no 5 .
0os | <Protein 15 g/kg « 3. 2. e | rrEleEh
I p ] » H .t
- L 20 065 p=0613 2] womeatr-0012 p-0924 <4 an:‘n.'g;%gAgllég/d
< o 31 Mem  r=0393 p=00s8 Men: _r=0333 p=0.11 Men:" r=0483 p=0017
E A
g 0.03 <Zt 15 @10 1 ® o
2 s
2 005 F : g0z
g s o 3 £
e b 10 % 0.00 ; 0.0
0¢ : £
<005 = i 02
b 5 § 5@
0.10. & . Women: = 0242 p = 0.058 04] Women:r=0.167 p=0.198
p=0. - Men: r=D.§_5'§}l=D.086 Men:  r=0245 p=0229
) X )4 . 04 00 04 08 12 04 00 04 08 12
-0.03 - ) 0 Protein intake (¢/kg/d) Protein intake (g/kg/d) Protein intake (g/kg/d)
Baseline Week 6 Week 12 Baseline Week 12 & Women ® Men
HANYANG UNIVERSITY HANYANG UNIVERSITY

Park et al, Am J Clin Nutr 2018;108:1026-1033

Kim & Park, Nutrients 2020;12:1700

Rue et al, Nutr Dietetics 2020 DOI: 10.1111/1747-0080.12608 HANYANG UNIVERSITY Am) Clin Nutr 2008871505 HANYANG UNIVERSITY
o 11
Meat Consumption and Muscle . . .
= : Protein Recommendation for Sarcopenia
Buclie (=5 Chage(r=4)  Bacline(r=4)  Chng(r=4)  Nadfirome  Goop  Tme  GroopX time
Body composion
Tﬂ:bxrtym;a[kg) 301282 05 (-09, -0.03) 89296 -03(-07,02) -02(-04,08 0651 0002 0m . PROT—AGE Study Gl’Oup and ESPEN EXpert GrOUp
Percentage of body fat 46259 08(-13-03) 42+77 =04(-08.01) 0403 -11) 0476 0005 0073 7 . .
[l by LTV i) M3+43 06(03,08 33235 01(-04,11) 051,08 0% 000 0007 suggest that da||y protem intake should be at |least
emur musce CSA () 4047 = 835 S400.70) s en 100258 41039 056 ool 0397 R
Femur st CSA () §148 2163 02(-12,15) 81122 2045 07(-10,23) -05(-2616 0971 04l 064 10to 1.2 g/kg body WEIght for hea|thy older peop|e
Femur MD (mglen’) 0224 08(00,16) HAz3l 04(-0615) 040917 09 oo 0388 . . . A
e to maintain and regain lean body mass and function,
Teg exension (k9 0112 B(8,9) BIzr T0-1,20 150,39 W00 000 N T )
MI::I::”:::MK(J) mels 54(16,92) 17516 65(14,117) SLIET4S) 095 ool 0 * and 12t0 15 g/kg bOdy Welght for gerlatrlc patlents
oo o e R R e R with acute and chronic diseases.
Bone e densty
Femoral peck (gem’) 0815 0.107 02(-05,09) 0822010 05(-LLO0Y 070416 0205 05T 0092
Toallp genr) 0866 = 0134 02(-04,09) 01012 02(-09,04) 04-0514) 09 09 0164
Lunbar gine (gln’) W0 43(-11,04) LIS 2018 -03(-10,04) 00CI1010 0% 0wl 038

* In4-mo RCT, 100 women aged 60-90y in 15 retirement villages receive resistance
training (RT) with lean red meat (~60g) 6d/wk [RT+Meat group; n=53] or control [1
serving pasta or rice/d; control RT (CRT) group; n=47]. All undertook RT 2 times/wk

with 1000 IU vitD

+ A protein-enriched diet equivalent to ~1.3g/kg/d achieved through lean red meat
is safe and effective for enhancing the effects of RT on lean tissue mass and
muscle strength and reducing circulating IL-6 concentrations in elderly women

Daly et al. Am J Clin Nutr 2014,99:899-910

HANYANG UNIVERSITY

HANYANG UNIVERSITY

Whey Protein on Lean Mass

Whey Protein on Physical Function

Subgroup! Study. Your s )
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ol ) 221 —— j300 pesioi R D0 101n et p o by - TR
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ety e s g =] i e
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Rk B g 1458 P RE el * 10832, 8. QUO; 2248%) - o [o21am. 1
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Lot = i 1K e " e i s
Aumuuﬁzm —— 3A71% 908010778, 0597 Mg 281 o 17w Qaowa e o
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=t A T el
'RE Modelfor A Studes (0 = 309.38, 0 = 30, p<0.0001; 2290.30%) - 100.000% 0.165(-0.154, 0.484)
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Nasimi et al. Adv Nut 2023;14:762

HANYANG UNIVERSITY Nasimi et al. Adv Nut 202314762 HANYANG UNIVERSITY
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B-Hydroxy-B-Methylbutyrate (HMB) and
Muscle Strength

Std. Mean Differonce $td. Mean Difference

Study or Subgroup $td. Mean Difference sE Weight IV, Random, 95% CI IV, Random, 95% CI

HMB alone

Fitschen 2017 (39) 0263 0435 503% 0.26(:0.00,053) .

Subotal (95% CI) 503% 0.26(0.00,0.53) -
Heterogeneity Not appicable

Test for overal efect 2 = 195 (P = 0.05)

HMBIARG/GLN

Marcora 2005 (40) 04291 0337 1% 043(023,109) —
Nishizaki 2015 (38) 02017 0423 1% 020(063,103) s e
Subtotal (95% CI) 12% 0.34(0.18,086) i
Hetsrogeneity: Tau* = 0.00; CI* = 0.18,f = 1 (P = 067) = 0%

Test for overal efect 2= 1.29 (P = 0.20)

HMB in ONS

Ekinci 2016 (42) 058 026 136% 058(007,1.09) ——
Malafarna 2017 (44) 0282 0235 166% 028(0.18,074) ———
Olveira 2016 (37) 0.1307 0378 64% 0.13(061,087) —_—
Subtotal (95% CI) 36.6% 0.37(0.06, 0.68) S
Heterogenely: Tau' = 0.00; Ch = 1.19,df =2 (P = 0.55), = 0%

Test foroveral efect: 2 =231 (P = 0.02)

Total (95% C) 100.0% 0.31(0.12,050) L 2
Hetarogeneity: Tau* = 0.00; Ch* = 1.63,f = (P = 0.90) = 0%

Tostforoveral effect: 2= 325 (P = 0.001) 4 05 0 05 1
Testforsubgroup diferences: Ch = 0.6, df = 2 (P = 0.88), F = 0% Fovours coulel Fomas kierios

Bear et al. Am J Clin Nutr 2019;109:1119-1132 HANYANG UNIVERSITY

Vitamin D and Sarcopenia

StudyDesign _ Patient Charateistis N Included n Analyses Intevention Control Group_ Duration Conlusions
1000 mg caiumay + omg
. Instutonalzed 15000 1U viamin Dmonth ; improvementof ip
Rer people 0y * (afer2months: iy 51 o and ke tenersstength
90.000 [Ufmonth) Placebofmont

Musdle strength and physical

Communiy-dwelingpeope _perormance improvementof hand
RCr >70ywith S50HD < w o0 “‘{:fm“:“;z‘wm L"I‘:";‘ds Tmonths "~ gripstengthand ke sometric
8nmollL Y aldumiGay extension trength, SPPB, TUG and
imualkingspeed
Msdletengthand physial
Post menopausal women > 8001/ P S
S Syviboegosador 1D ety A s ZES et
‘vitamin D deficiency
ad UG
2 gproteinBgleucin)+ 35 so-caloriccontrol Muscl mas nd physil
rr Sacopenic keraduls » ot +9gcabobydrales+ 0 productiwice  13weoks _porormance improvementof R
1U vitamin D twice daily daily ‘and chair-stand test
Physicalperfomance: no
R Frailolder pople, after W Singledosel oI Ay mprovementof quadrieps
hospital discharge dose) resistanceexercise
Sdentarymen 6590y with
R 25(O0HD < Mgl and ™) AWOUvimnDdsy ko 9monts | Plelpedomaneino
phid improvementof SPPBor gatsped
e Lowerextremity power, strength and
Community.deling people ean mass: no improvement of Keiser
KT 26ywih 50D ma SSLUvimaDdy ooty dp RO
gl tandem valkes, SPPB,dualXray
U Mass muscl, musclstengthand

physical prfornance: no

Rer p{nv::‘;:,:ﬁ,lﬂm,:,i e » R — e ":‘::f;’ £ 2y improvementof BIA and SPPB, TUG,
vitamin D supplements 4mwalking speed and 5 times
airstand
HANYANG UNIVERSITY

Remelli et al, Nutrients 2019:11:2861

Vitamin D alone on SPPB, HS, LM, and TUG

)
Vitamin © co
Study or Subgroup _ Mean SO Total Moan SO Total Weight IV, Random, 95% C1 v, Random, 86% C1
12 o o 0w im 2 ek owziz —
Lov 2018 036 21 57 093 194 se Sow 21 —
36 054 100 00 G4 104 4eon 024104000
Shea 2010 03 075 47 05 038 50 4oi% 020044008

Total (95% C1) 222 222 100.0% 023040, -0.08]
Hotarogeneity: Tau® = 0.00; Ch* = 0,86, df = 3 (P = 0.83); = 0%

Test foroveral effact Z = 3.70 (7 = 0.007) Piacaba " viamin 0

®)
Vitamin o Piscobo

Study or Subgroup _Mean SO Total Mean SO Total Weight IV, Random, 95% CI 1v, Random, 95% c1
angussu 2015 06 281 56 B0 090 (072.252) i E—
Lovi 165 574 57 275 160 54 118%  1.10(046,266] —
Shea 2019 09 325 47 06260 50 168%  030(089. 1.49] —

y 1991 o064 1 24 48 238% 0871173001 —]
Glendonning2012 105 249 311 065 252 288 5% 040080000 —=—
Total (5% C) 545 50 1000% .07 (070,055 —~———
Hotarogenaty: Taut = 0.26; Ch = 8.12,df = 4 (° = 0.09) F = 51% S A

Tostfor averal effec. = 0.23 (7 = 0.82) Flacebo Viamin

©
Vitamin 0 Placebo Mean Difforence Mean Difference
Study or Subgroup _Mean SO Total Mean SD Total Weight IV, Random, 95% Cl w,
‘Cangussu 2015 02 1 80 05 144 80 39.0%  030[0.06,068 —
Hansen 2015 0002 03 74 01042 73 610%  -0.10[0.22.002) -
Total (95% C1) 153 100.0%  0.06[-0.32,0.44] |
Metropanely Tau = 008 G = 377, = 1 (B 0.08% Fo 73 — e
Test for overal effect: Z = 0.30 (P = 0.77)

®) Vlumlnn
stwoy or su o Totst Mesn S0 Tots: sone oo, S5 c1 . Rangom, o5 <1
roee 3075 R ] FrTR] LS
Tiser 2015 3 087 7a o3 107 73 avew  003(03s020] -+
Ghmdenming 2012 002 102 338 13 111 02 7ew  otofoor.ozn i

Total (95% C1) 388 1000%  0.07(:0.08,022)
Ptaesguny, e = 0.00; Chit = 055t 2 2P = 0775 0%
Test for overal effect: Z = 0.04 (P = 0.36)

—_—
] L]
Placebo  Vitamin O

Prokopidis et al. J Cachexia, Sarcopenia Muscle 202213:1642 HANYANG UNIVERSITY

R1

Frailty Risk and RBC n-3 PUFA : KFACS
Quintiles of Fatty Acid Levels Fatty Acid Continuous*
Q Q @ [\ Q@ plorTrend OR(O5%CI)  p
20:5n3
Fraillnonfrail,n 32266 331265 201266 12266 91266

Cutoff, % <148 148<to<l 90 190<t0<230  230<tos286  >L86

OR (95% CI) 10 134(074-242) 078 (0.40-1.50) 0.62(0.30-1.30) 033(0.14-0.77)* 002
22603

Frailinonfrail,n  35/265 201267 211265 17267 131265

Cutoff, % <830 830<t0<9.17  9.07<t0<987  9.87<to<l0.78 1078

OR (95% CI) 10 0.83(044-158) 0.58(0.30-1.10) 0.74(0.37-145) 042(0.20-0.87)* 018

0.59(0.44-0.80) 001

0.81(0.70-0.94) 006

Note: OR (Odd ratios) and 95% Cls (confidence intervals) were presented. Estimates of p for trend values for linear trends were based on linear scores derived
from the medians of quintiles of erythrocyte levels of n-3 PUFA among nonfrail participants. Logistic regression was adjusted for sex, age, body mass index, smok-
ing, alcohol drinking, medications, cognitive impairment, nutritional status, and high-sensitivity C-reactive protein. p-value of < .025 was regarded as statistically
significant by Bonferroni correction. *p < 025 compared to the first quintile by logistic regression analysis.

“Fach point corresponds to a 1-unit increment in erythrocyte levels of n-3 PUFA.

Kim et al, J Gerontol Med Sci 2021,78:499 HANYANG UNIVERSITY

Muscle Function in Frailty Criteria and n-3
PUFA : KFACS

Weight Loss/ Exhaustion/ Low PA/ Slow WS/Non-slow Low HGS/
Nonweight Loss Nonexhaustion Non-ow PA W§ Non-HGS
(n=6111,374) (n=451990) (n=126/1,309) (n=34011,095) (n=22911206)

OR(9%C) p OR(S%HCH p  ORMI%C) p ORMI%CH  p  OREWC)

20:5n3
OR(95%Cl) 105 (0.77-1.42) 669 0.89(0.77-1.03) .101] 0.78 (0.61-0.98) .036| 0.84(0.72-099) .02 0.83 (0.69-0.99) 032
2603

OR(95%CI) 0.97(081-L16) 729|089 (0.82-097) 003 1.06(0.93-1.20) 382L0.86 (0.79-0.94) 001 094 (0.85-104) 197
Note: ORs odds ratio) and 95% CIs confidence intervls) were presented. Each point coresponds to L-unit increment n rythrocytelvels of n-3 PUFA. Logistc
regresson was adjustedforsx, age, body mass index, smoking, alcohol rinking, medicaions, cognitive impairment | starus and high-sensiivity C-reactive

protein. p-value of < 025 was regarded as statisticall significant by Bonferroni correction. PA = physicalactivity; WS = walking speed; HGS = handgrip strength.

Kim et al, J Gerontol Med Sci 2021,78:499 HANYANG UNIVERSITY

Sarcopenia and n-3 PUFA Supplementation

References Year Sample size, age (years) Sarcopenia defining parameer(s) _ Methodology Findings
Dmag.xl’IJFAmpplmm.m
T Gait speed, RCT, 12,2 EPA+ DHA vsolive oil Increase in walking speed wit
64-96 years (mean 7526 years)  chaie is ime placebo daiy for 6 months R o e PUFAS
£rowp
Noghifcant bene o han grip
strengthof chai is time
Smith et 55] 2011 16 healthy olderaduls, 65 years - Musce protein synthesis RCT, 86 gEPA 150 g DHA.  Omega-3 PUFAS supplementation
(mean 7122 years) Vs com ol lacebo daly or 8 ncreased the muscle proten
weeks thesis n esponse 1o  hyperan
e Hemic pypeinslinemic
clamp
Smith etal. [56] 2015 60 healhy older aduls, “Thigh muscle volume, hand grip  RCT, 186 gEPA+1.50 g DHA  Omega-3 PUFAS supplementtion
b wen b Bt and
6947 year, omega-3group 68 mum (1-RM) sirengih months muscle srengih
+5 yean)
inska: i L os i Muscle mass, gait speed, TUG  RCT,
] adults, 265 years (mean DHA+200 mg other omega-3  mass, muscle sirength o gait
74628 years) PUFAs+10mg vimin Evs  specd

11 mg vitamin Ealone daily for
2 weeks.

[Omega-3 PUFAs supplementation combine ]
"Cornish and Chilibeck [S8] 2009 51 subjects, (mean RCT, 14 g/day ALA vscomoil  ALA supplementation gave a larger
bow) increase
training program (3daysiweek)  fhickness
for 12 weeks
Rodacki etal. [84] 2012 0 ) RCT.
s, dor.EPA+0 r butthe
gree UG 3
wm-um-kmwwdm srsatet improvements in myscle
ST 90 days +90 days supplemen- sty
tation vs ST 90 days + 150 days  There was no extra increase due (0
mentation 90 v 150 days)
DaBoitetal. (57) 2012 S0subjecs RCT.21 Omegar3
‘men 706445 years; women SPPB, muscle quality (strength v saflower oil placebo daily, augments increases in muscle
707233 years) per functon 35T ually T
2w for 18 weeks “women but not Inolder men afer
esistance exercise taining
Dupont et al, Aging Clin Exp Res 2019;31:825 HANYANG UNIVERSITY

Nutritional Approaches to Treat Sarcopenia @ B}-8-%= I-

Muscle Strength and Functional Food

Jlsglee  Jen =R
ﬂ

=3  0|XkFE Am J C||n Nutr
740 CHE(AFSEZ 3, 2021;113:1440; In J
E2S = Environ Res Public
s Health 2020;17:2475
A&  wmIE=S  [EAl=23 |n J Environ Res Public
ot Health 2022;19:16450
MEXS Y HEANFDE,
ZteEdi= ok
LdEFEEE CHE[AHR 2,
OI'E1
-‘?—i‘-’—".-x'lé"z'n

Timed Up & Go

https://www.foodsafetykorea.go.kr
HANYANG UNIVERSITY

Dietary Inflammation Index

Mitochondrion
Oxidative
dama;
& membnne
&
s

$
h
&

MOMP

'1”:

Kim & Park, Nutrients 2018;10;1363
Oxidative Medic Cell Longevity 2012

. . . . R5
Antioxidant with Handgrip Strength and e
. grip 9 Lean Mass and Carnitine
Time to Complete 5 Stands
1) 900 mg/d of Mg for 12 wks; 2) 218 mg/d of vitamin E + 1404 1U/d of b

vitamin D + 44 g/d of protein for 6 mon; 3) 540 mg/d of catechin for 3 mon; Authors/Titl/Year ~ Type of Study . Smple Duration Results
4) 5 portions/d of fruit and vegetable consumption for 16 wks Supplementafion

Experimental Control Mean Difference Mean Difforence Sawicka Yes Fridentbeter presevatonof
Study or Subgroup___Mean__SD Total Mean _SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI ; . - :
BoY, tal; 2019 191 420 % 08 32 B 49 279089469 — AngelikaKet  Randomizedstudy ~ 10mgonea B Uweeks  leanmassinthosetaking
Kim H, et al; 2013 07 08105 20 01102 28 T07% 080[032128) —— "
NeviloCE,otal; 2013 204 516 41 011 326 39 50% 1.93(0.05,381] e al 018 dﬂ)‘ -<amitine.
VeneseN.etal;2014 152 35 53 019328 71 123% 133[0.12,254) _— - — —
Total (95% CI) 153 168 100.0% 1.02(0.60, 1.44) - Mahguamm R‘indomd’ Yes . Pa&nbhh’\g[:ﬂmm
Heterogeneity: Chi* = 5.29, df =3 (P = 0.15), = 43% 3 H : double-blind, ) 4 fcentenarians  fmonths  hadaeductonin fat mass
Testfor overal effect Z = 473 (P < 0.00001) Favours contl] Favours experimental] ' plaeboontroled study goneady and an increase n lean mass.

Experimental Control Mean Difference Mean Difference
Study or Subgroup __ Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
BoY, etal; 2019 279373 3 421628 3 51% 8419103
Nevile CE,etal; 2013 056 401 41 035 39 127% 056[2221.10] —
VeroneseN,etal; 2014 -121 186 53 005 18 71 822% -116[-181,-051) —
Total (95% C1) 14 140 100.0% 1.1 [-1.70, 0.51) -
Heterogeneity: Chi*= 0.57, i =2 (P = 0.75); = 0%
Test for overal effect: Z = 3.66 (P = 0.0003) Favou;s [exper;memall Favours [wntwf] Rondanelli et al, Nutrients 2020:12:307

Besora-Moreno et al. Clin Nutr 2022,41:2308¢2324 HANYANG UNIVERSITY HANYANG UNIVERSITY
R7

(DII)

Dietary Parameters

Inflammatory Effect Score ©

Carbohydrate (g) 0097
Total fat () 0298
Protein (g) 001
~0.663
Vitamin A (g RE) ~0401
Vitamin D (g) ~0446
Vitamin E (mg) -0419
Vitamin C (mg) —0424
Beta carotene (g) ~0584
‘Thiamin (mg) ~0.09%
Riboflavin (mg) ~0.068
Niacin (mg) ~0246
Vitamin By (mg) ~0365
Folate (ug) ~0.1%
Vitamin By (mg) 0106
Magnesium (mg) ~0484
Iron (mg) 0032
Zinc (mg) -0313
Selenium (yig) ~0191
-3 fatty acids (g) -0,
-6 fatty acids (g) ~0.159
Cholesterol (mg) 0110
Saturated fat (g) 0373
Polyunsaturated fatty acids (g) 0337
Monounsaturated fatty acids (g) ~0.009
Garlic () ~0412
Ginger () -0453
Onion (g) -0301
Turmeric (mg) ~0785
Green/black tea (g) ~053%
Pepper (£) -0131
Alcohol (g) 0278
Caffeine (g) ~0.110
HANYANG UNIVERSITY

P8

DIl and Frailty Risk

Total (1=321)  Good Nutritional Status (1=103)  Poor Nutritional Status (1 = 218)

Non-rai/pre-fai,n /18 B4 ¥/
Crude OR (95% CI) LI5(102-1.29) 101(083-123) LIT(094-130)
AdustedOREHCDT 1010851 086065114 110081
Non-frail/frail, n 92/8 /3 /%9
Crude OR (9% CT) 189 (155-231)* 215(116-397) 173 (138219
[ AdusedREHC) 140B20¢ 3B0sn) 168(12139" |

" Adjstd forage, chewing ailty,and enengy itake; OR, ods et C, confdence ntervl. *palue < 005, pale <001,

Kim & Park, Nutrients 2018;10,1363 HANYANG UNIVERSITY

R9

DIl and Muscle Function in Frailty Criteria

Total r=321) Good Nutritional Status (1 = 103)

Poor Nutritional Status (1= 218)

Weight loss/non-weight loss, 1 328 49 /18
Crude OR (9% CI) 115(10-129) 126(082-194) 109(093-128)
Adjusted OR (95% C1)! 129 (103-160)* 150 (082-274) 126 (0.99-1.60)
Exhaustion/non-exhaustion, i 184137 3m 153/65
Crude OR (5% Cl) 11610127 09 (078-117) 111(0%8-126)
Adjusted OR (45% CI) ! 104(090-120) 089(067-119) 108(08-13)
Low physical acivity/non+-low physical activity, n B/ 6/97 3781
Crude OR (95% Cl) 141(1.21-163) 150 (104-218)* 133 (113-158)*
Adjusted OR (95%C1) 116 (0.94-1.45) 152(0.90-257) 1.08(0.85-137)
Low walking speed /non-low walking speed, 1 65/2% /2 34/164
Crude OR (95% C1) 14(125-16) 145(1.08-195)* 137 (L18-159)
Adjusted OR (93% CI) L 133(L10-161)* 135(090-202) 133(107-165)*
Low grip strength/non-low grip strength, 1 " /8 52/166
Crude OR (45% C)) 18 (L1444 125 (L00-155) 138 (L1154
Adjusted OR (95% CI) ! 134(113-160)* 128 (094-174) 137 (L11-170)*
" Adjustefor age, chewing i, and enrgy nake; R, odds rati;C|, confidenceinterval,*pvalue 005, palue < 1.

Kim & Park, Nutrients 2018;10;1363

HANYANG UNIVERSITY
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Sarcopenia Risk in Subjects with a High

vs Low DII

Study %
-] OR (85% CI) Weight
Lingzhi Chen et al.(2022) 1.12(1.01,1.25) 15.18
Ying Huang et al.(2022) 1.17(1.06,129) 1565
‘Amir Bagheri et al.(2022) 218(1.01,474) 1.3
Dongsheng Bian et al (2022) : ——) 9.50 (169, 54.42) 0.28
Tatsuro Incue et al (2022) 3.40(1.11,1039) 065
Bo-Kyung Son et al.(1)(2021) 289(1.04,804) 077
Bo-Kyung Son et al.(2)(2021) 154 (069, 3.44) 122
Guo-Qiang Chen et al.(2022) 1.17(1.00, 1.37) 12221

Yi Su et al (1)2022)

Yi Su et al (2)(2022)

Yi Su et al.(3)2022)

¥i Su et al.(442022)

Susan Park et al (2018)

Marlene Gojanovic et al.(2021)

Overall (I-squared = §3.4%, P = 0.009)

115(099,133) 1276
106(094,1.19) 1450
1.09(086,1.40) 813
082(063,1.08) 753
197(095,407) 147
133(105,169) 835
1.16(1.06.1.27)  100.00

NOTE: Weights are from random effects analysis
T

0184

Diao et al. Nutrients 2023;15:219 HANYANG UNIVERSITY

Mediterranean Diet with Walking
Speed (a) and Knee Extensor Muscle
Strength (b)

High MED Low MED §1d. Mean Difference §td. Mean Difference
) _Studyor Subgroup Mean SO Total Mean SO Total Weight IV Random, 95% CI IV, Random, 95% CI

Isanejad 2017 178 038 79 150 027 160 37.0%  061(033,089
Shahar 2016 119049 113 115 019 809 436%  021(001,041)
Tepper 2018 177037 31 154 081 24 194%  05240.02,1.06]

Total (95% Cl) 2 993 1000%  042(042,072)
Heterogenefty. Tau*= 0.04; Ch'= 5,72, df= 2 (P = 0.06), P= 65%

Testfor overall efect Z= 2.74 (P = 0.006) .ngn MED LowMED

WAMD  LowkeD i Mo fference 1 Mo fference
b) _StdyorSubyrosp__eon S0 Tol_Meon_ SO Toal Weght_ . Randon, 9540 W fadon, 954
W0 A8 L8 T A2 12 180 2% 0008081
Milaneschi 2011 1769 24 151 61 283 316% 0.32(0.14,049) —_—r
DO WES 260 G 6 200 BTS2 7% 020100 -
Toul 954 C) ) % 100 08(017,0) >
Helsugeely T 000 AP 074, 20009, =0% —t———t——
Testororalefect 2253 P <0001 e
Coelho-Junior et al. Ageing Res Rev 2021; 101395 HANYANG UNIVERSITY

B2
Summary

+ Malnutrition and energy intake are associated with risk
of sarcopenia, and nutrition support can improve
sarcopenia.

+ Supplementation of protein, vitamin D, and n-3 PUFA
can have beneficial effect on sarcopenia, based on
clinical trials.

+ There are some clinical trials suggesting that
supplementation of carnitine and antioxidants improve
sarcopenia.

« Dietary patterns such as DIl and Mediterranean Diet
are associated with risk of sarcopenia, based on

epidemiological studies.
HANYANG UNIVERSITY
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Review: Exercise Interventions to Prevent and Improve Sarcopenia e 0]A}+7] I

== T
Review: Exercise Interventions to Prevent and
Improve Sarcopenia

\_ ° J

The Purpose of this study is to analyze the details of the exercises/exercise program prescribed for

prevention and improvement of muscle mass/muscle strength/physical performance among sarcopenic
older adults. A systematic literature search was conducted in three electronic databases and the details
of exercises such as single component or multicomponent exercise program, frequency/week, intensity,
duration of the exercise program, type of exercises, progression, adverse events reported, outcome
measures used, and whether technology or other educational aids were used to deliver the program were
extracted. In summary, we recommend multimodal training (RE+AE, RE+Balance) and resistance
training for old adults with sarcopenia. Aerobic training (walking, bicycle ergometer ex, and aquatic ex)
should be performed with moderate (5~6 CR10/RPE, 30~60 m/day, 5 days/week) to high intensity (7~8
CRI10/RPE, 30 m/day, 3 days/week), and 500 MET-min/week. RE training is included with large muscle
groups (performing activities of daily living; lower-walking, rising from a chair and climbing stairs, upper-
dressing, self-care) with progressive intensity (70~80% RM or 7~8 CR10/RPE), 1~3 sets of 8~12 repetitions,

2 times per week, and at least 12 weeks.
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Rehabilitation Approaches in Patients with
Sarcopenia

ME2rH
k Y )
Z '3} Healthy aging Loss of Muscle Mass over Time

Per decade
after age 70

100% of Muscle Mass.
1

0%
<70%: Zone where
tisk of death s high

0%

o P ] P ]
Age ———> 25yr1s 40yrs 70yrs 80yrs

Baier S, et al. JPEN J Parenter Enteral Nutr. 2009;33(1):71-82.
Flakoll P, et al. Nutrition. 2004;20(5):445-451.

Grimby G, et al. Acta Physiol Scand. 1982;115(1):125-134.
Janssen |, et al.J Appl Physiol. 2000;89(1):81-88.

2Z44% (Sarcopenia) N
2243 (Sarcopenia)
+ 2502 o] D2 B2290| 2454 NRPISO0| Holsle 4 oIz, WiexHes 35
ot 5t 1R £t A2 H(Geriatric Giant)2 %
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Cesari M, Front Aging Neurosci 2014
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Clinical features of sarcopenia

Core evaluations Sarcopenia: wide spectrum based on functional level

- - . -1 ia - inly i _
W ’ t h s a r c o p e n l a * Cardiac = Age-related sarcopenia - mainly in the very old age or late life. O)
* Cancer-related Sarcopenia with
disability
Fragility fracture (Hip fracture) Metabolic syndrome related Cancer-related i : -

* Mobility : comprehensive geriatric performance battery (FAC, BBS, KOVAL,
HRLT 28 20, 211 ete)

* Musculoskeletal
Aging * Osteoporosis, fragility
fracture

* In chronic degenerative/geriatric disease/cancer-related sarcopenia,
acute/recovery phase due to exacerbation of the underlying disease,
injury, or disuse

/ * Arthritis
@ * Medical diseases -Conununus chmmc prngresslon of sarcopenia related to chronic

+ Lab including 25 OH vitamin D, radiologic exams of spine, knee, shoulder,
DEXA, body composition, etc)

] * Endocrine = Mai phase
How to manage older patient ot () poenis | Rty + Comprehensive geriatric assessment (C{R| 58, 4 A8 L, £, 42
c

od,

! .,,..« g
M-“

P

Steffl M et al. ) Nutr Health Aging. 2016

Potential model of age associated muscle loss (sarcopenia)

Rehabilitation approach: patients with sarcopenia Exercise interventions

* Interventions for sarcopenia

36
~ —— Gradual sarcopenia model * Exercise, nutrition, or combined interventions to prevent or treat sarcopenia o
o ——— “Catabolic Crisis" model — . A . Eaico enialit Sarcopenia at risk Robust
32 * Rehabilitation therapy and exercise for the impairment related to sarcopenia disability
2y * Pharmacologic interventions - not available yet @ L/;] @ @
4 I
§ 28 * Assistive technologies to assist gait and ADL in sarcopenia patients
Rehabilitation exercise Habitual exercise
2 26 . . . i .
3 - Functional Medical and Exercise - "F"ﬁlda"‘V'SPeC‘(fC Self-directed
il ini . . e . . - Full supervise: o
2 24| Acute ilness or injury rehabilitation nutritional interventions e e e G Community based
E 2 Ibe::lr:gstm extended Incomplete (Gait and ADL management
2 fecovery el Depending on the delivery, combined interventions if necessary
18 « Full Supervised/Semi-supervised/Self directed
16 - T - - - + Institution based/Community based/Home bound
40 B B & & %0 + Smart system, wearable, loT
Age (y)
Kirwan et al. GeroScience 1550 (2020) 42:1547-1578 Exercise intervention Nutritional intervention  sgro et al, 2019

OF

Modality-specific Exercise interventions 2743 3N
* Task specific power-oriented
* Eccentrically biased training
+ Blood flow restriction exercise: Kaatsu (J1E)
+ Computer assist devices (interactive software)

FAE 3 22{ARY

I

Management strategy to prevent and manage sarcopenia

Muscle strength

Management strategy for sarcopenia

+ Evaluation of functional decline of physical function and mental function

+ Diagnosis of secondary sarcopenia-related medical or neurologic conditions « Motor driven . 95 9 A% ZX). AAAS ofto] 28 7| 23 AN 2=7| 3 QR7[0] &
: o 5 21} 3 S0 2 AZ[ JISA54 [194 05
- + Comprehensive approach for frailty, sarcopenia, osteoporosis, and nutritional * Hybrid ( movement + electric stimulation ) o273 5
Disability « Vibration training o 2HAZOR f_ﬂél' iol SRojA &5
preblems + Exercise robotics S » ik 2 Jefpt 29 T T NS,

Minimization of Preservation or enhancement * Ambulation and ADL evaluation
functional limitation of physical function

during daily activity =Physical performance + physical activity

Nutritional/Pharmacologic intervention

o DUAS DY ST A 2 $OJOM710) 12 2747 ]6t 210 ZXjt O£}
B BN 20| tfs 2A 22 gﬁx}mﬁl [g{'
i o .
Aoz =927 |H(@0IHSt X|EHE), REHEN} U
: SAYME Bt CotR 21 2R

+ Specific management planning based on the evaluation

+ Development of effective modality specific interventions Eccentrically Hybrid (voluntary/  Blood flow
biased exercise  gloctrical stimulation) restriction
exercise exercise

Vibration exercise
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Multidisciplinary combined Exercise and
Nutrition inTervention fOR Sarcopenia,
MENTORS

Patient-Centered Clinical Research

Evidence Generation Research on Health Technologies

SNUHB &4gqtay MERNYAN

LLLEL

Objectives

= To develop standardized multidisciplinary Combined Exercise and Nutrition
Intervention for sarcopenia (MENTORS)

= To conduct multicenter clinical trial to comparative effectiveness of MENTORS in
comparison with conventional medical care in sarcopenia older patients.

= To establish the dissemination strategy to the community

= To test the feasibility of MENTORS by implementing that to the representative

community hospitals and clinics.

Korean Sarcopenic Patient Registration System
0B ystemand DM

Sub-study 1

Sarcopenia Patient
Registration System

Hospital and
ospital an : Integrated Database

community Screening &
based Diagnosis
(Awes 2019)

New participants

Mulidiscplinary

Sub-study 1 Calf circumference ercis and Nution [ '“' d
(M<3dem, F<33¢cm) W intervention for o
1 - o s o
o SARC-Calf 211 ‘adults with fragilty
E Mulidiscilinary hip fracture.
o
o
9 +
£
& Handgrip strength
b (M<28kg, F< 18kg)
0 or
c 5-time chair stand test >
125
“Data Management Pla; DMP
\—/ - 6CRF, iCReaT based daa management

= AROInSNUBH

Multidisciplinary combined Exercise and Nutrition inTervention fOR
Sarcopenia, MENTORS
* Hip fracture-related, metabolic syndrome related, cancer-related = Standard intervention method universally
applicable for sarcopenia related to major diseases.
= Initial assessment for early detection and management of sarcopenia-related comorbidities and risk factors.
* Evidence-based exercise/nutrition complex intervention method.
* Customized complex intervention based on the patient's physical function and nutritional status: goal of proper
nutrition and recovery and maintenance of optimal physical activity.
= Modular customized interventions for each patient's disease, phase, and functional status.

+ Underlying disease (hip fracture, metabolic syndrome, cancer, etc.)

+ Timing (acute, post-acute, maintenance)

+ Level of exercise and nutrition intervention (beginning, intermediate (default), advanced)

= Goal setting and selection of specific intervention protocol. q
* el ’ L"m._om»ﬂ

Discussion and consensus by gmu 9 h ""‘“':1‘.;.‘1.:“
idiscipli @ B
multidisciplinary experts o ] \cma@rnmﬂ @ ["ELER‘A‘;QW
e
e P

= Endorsed by National Academic Societies

Rehabilitation Approaches in Patients with Sarcopenia ® Q2] I

Power/eccentric exercise

Make the movement as quickly as possible (power
exercise), and slowly return while feeling the resistance

of the band (eccentric contraction)

Straighten your one leg as quickly as possible or within 1 sec.

Then, slowly return to original position for 3~ 5 sec.

Resistance exercise

Upper Trunk

(7] Biceps Curl [7] Back extension
[] pips [ ] curlup

(7] Front raise [7] Bridge (supine)
] Chest press ] Bridge (side)

Lower

["] Leglateral rotation
|| Leg extension

| Hip abduction

|| Squat

| Heel raise

Warm up & Cool down

Upper body

Multidisciplinary combined Exercise and Nutrition inTervention fOR Sarcopenia (MENTORS)

Combined exercise and nutrition intervention

Exercise intervention: Multi-component Ex

Balance exercise

Supenised/home-based (1:1)
Endurance ex

Superviscd/home based (1:1)

Nutrition intervention

High proten dietor proten supplementation
Vitamin D and minerals

: 4 A Malnourish
SR1:1 x st ] e
15ghhglday

Protein supplementation

erdse nterventon Nutrit

Phase. l
performance level

to nutritional status

Exercise intervention

Introductory(3wks) Expanded (3wks) Maintenance (6 wks)
2 visits/wk 2 visits/wk 1 visits/wk
—
Warm up / Cool down Warm up / Cool down Warm up / Cool down

Conventional resistance

bandEx)

Stationary bicycle

(RPE 911 or KRmax 0) 10 min

Stationary bicycle
(RPE 11-13 or HRmax 70) 15 min

Stationary bicycle
RPE 11-13 or HRmax 70) 20 min

1012 rep 34 sets
Inensiy 8~10rep 3 sets. e ‘mm: et ) 15rep 3+4 sets
i JE o=
Upper theraband yellow (F) Red (M) | Red~green (M) Upper theraband red (F) reen (M)
Lower loop band red (F) green (M) | Lower loop band red-green (F) Lower loop band green (F) blue (M)
I green-blue (M)

i
» Conventional resistance training : Concentric contraction
» Eccentric exercise : Eccentrically biased training

> Power/eccentric exercise: Make the movement as fast as possible (power exercise), and slowly return while feeling the resistance

of the band (eccentric contraction)
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e . . o ) -— n = HH . .
Nutrition intervention tailored to nutritional status 7|CHE 0t U &8 Bt (Utilization Planning)
(o]
W — 2% Summary
T * Protein intake assessment tool (PIAT)
utritional status A -
o Mini- = o
evaluation i e () al Practice Guideli Integrated ser . E‘aﬁs E°1A|-2|O| |]H Q?_} |‘-.|_-I1I (Gerlatrlc Glant)
© Prevention and management of N |. = pol=
sarcopenia by multidisciplinary, @ Standardized Integ.ratfed |d o IH% -f
o MNA 24-30 (wel nourish) : 1.2g/kg/day comprehensive intervention - ’“3"38""‘9“‘59”'59' or olaer . %Ot I;I oF x“ xHE}x'g I;I ;“%L?.% E%H\_% Qf%x'g_ Ea}_% ﬂx}% .?.Io H
Setadaily protein  ENSVINTRNYRENIERIIN Abasis for clinical practice adults with sarcopenia x;’l 7 =° = e ' = =
s goal « MNA <17 (malnourish) : 1.5g/ke/day guideline -
onm ﬂ omaver m s & sz o Of ﬁﬂ‘“ E3H H2
o o s - BIE, 7o 2t REY
2 = (=] 0| orx &
i) Nutritional management « DLAS OIS 258 58 BM: A71g 5520 Ut 23 H30| 5 &
el K12
H i © Intervention uilt?red to seve'rit'( Best practices in developing the
s + Nutrition intervention tailored to nutritional status and individual eating patterns and phase - Universal application specific interventions for other
= + Food intake strategy to achieve optimal nutritional status and high protein intake tovarious types of sarcopenia geriatric disorders
= * Protein supplementation
o * Monitoring to maintain dietary compliance and adherence
Mini Nutritional Assessment Nestlé
® Nutritioninstitute Protein content
on e - Ao e W Sl
b NAL A SR EARE
T S
i i, 291 st 52
e 20 AR Sorl SR o
Voo ok e T — Beef
o o it nsen 205/100g o
osngtey 2 osein
e & __an
028 w7 b o W a Mackerel Tuna
S e o emeseeE s R 288/200g 23g/lcan
Pork
Tofu
SEE S 21.5/100g 10g/0.5EA
RER
b
]
A
£
e
Chicken
23g/100g
EsE
Eggs Milk
E 6g/EA 6g/200ml
i
Multidisciplinary combined Exercise and Nutrition inTervention fOR
Sarcopenia, MENTORS Metabolic syndrome related Fragility fracture (Hip fracture) Community-based
MENTORS
et Outpatient/ Multicenter, Prospective, Randomized ? l Inciude and screen among okler patients who l H |mmwmmmm
Home
G Randomization : Enroliment and randomization M Enrollment
Sarcopeni and ol statu Bsene eiluto) | 3 § e
- o
Intervention Control Exercise and ukifon Cotriomton 2 Mg excson rteia
ntion tail sical functi I ilored to physical function/ s— nl —
Wttt ot A L q vl 84 0 Wm ert ! f"fw“"] Rordomzain |
H (084)
Phase 1: Acte (3 whs) Phase 1 introductory (3 wks) et E‘ ’ T u ‘W’ Alocaion
g o=47) Corgoup 1 47)
Phas 2:Postacte (3 ) Phase 2:xanded 3 ks < ] 1l e mesice promeepy
Outpatient vt - T | = ,_\—\_\ sqpetgren i + Hthodctin
are
[Home 5 [ Intervention for 12 weeks (Phase 1, I, Il l Intervention for 12 weeks (Phase |, I, ) ) * Imonths
§ l l * 3ot
:
e = Post nlervntion measure [BE] mmmlmmsme ]
ostinervention measurement ) [ ottt
Srcopena nd nutrtonalstts Folow evaaton 12 i) N | | | ‘ 1 | | ™ vk
Longterm F/U E— 3; § D A Aoalsis El E]
\ ETT3 / I
* Primary outcome : Handgrip strength, 5-times Chair stand test : i
+ Secondary outcomes: Isokinetic limb strength, DEXA muscle mass, Gait speed, SPPB, EQ-5D
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K e J
Introduction . Introduction I ..
Myoblasts: Activated Muscle Stem Cells Myogenic Differentiation
A
» Muscle stem cells (satellite cells) e% — %Z i Fusn il
. " PAXT
are located outside the myofiber WOy T g -
membrane and beneath the basal ’ e i | Do
amina. . Y, 5k
N

» Satellite cells remain quiescent
(inactive) under normal conditions.

» Myofiber damage - Activation of
satellite cells into myoblasts
(PAXT7+, MYOD+) - Proliferation >
Fusion into new myotubes or with host
myofibers for regeneration.

5/ Connective
tissue cell
Mesenchymal

progenitor

Pannerec et al. Trends Mol Med. 2012

Abmayr et al. Development. 2012

+ dispase (fast-adhering)

Part I
Protocols for Isolation of Muscle Stem Cells Pre-plating Method: An Overview
Purification through
pre-plating
| 5 pre-plating steps
EEN ;.. icocton by mincing the muscle 77N e o
irect isolation by mincing the muscle tissue _ B
KZo%) mumm W sy
» Pre-plating technique 2
» Fluorescence-activated cell sorting (FACS Heterogeneous Purified
9 ( ) s Mincing population @ myoblasts
biopsy & digestion v
~4l|)0rng : ~1 hourin "
muscle tissue collagenase type f
m Isolation by culturing myofibers e

» Requires purification (pre-plating) steps to remove fast-adhering fibroblasts.

» Pre-plating: the transfer of supematant to a fresh culture dish after 1 hour (supernatant
contains myoblasts that take longer to adhere to the dish).
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Part I . . L. Part I . .
Expansion & Differentiation Isolation by FACS: An Overview Summa
p y ry Acknowledgements
Positive markers: - P - ;
»Expansion: Whom|i :c\'?:slimb /g?atiimdgy VCAN:I‘ESéF&T;rfEiSn.wgrin Isolation by mincing the muscle Culturing myofibers :
+ Expansion Medium: F-10 with 20% HI-HS,  Scat oot v onts . L
1% P/S, and 2.5 ng/mL final concentration of mic';:f iﬁﬁ"sﬁfmng e A [ Mincing (5 min) ] Enzyme digestion (1 ) i Seoul National University
basic FGF. (FACS) A : .
—— @ 0.1% gelatin- ‘ ‘ a Prof. Yun-Sil Lee
. : : coated dish { ) .
Replenish half the medium every 2 days. [ FR—— ] T 1“:)3390‘3““ a1 | Na-Kyung Kim
) L Purified min, “ ol 5
»Fusion: Se(r)L‘JNm Muscle Mincing myoblasts ‘ ‘ ‘ 1 Wonn Shlm
+ Fusion Medium: DMEM with 5% HIHS and biopsy & digeston P 2 Prel Fiber transh 117 Jongmin Baik
1% P/S. [ tibody staining J { re-plating J [ iber transfer J
FACS (3 hrs) & seeding (5 hrs) & seeding (10 min)
+ Start differentiation when the cells reach 70% Seohyun Yu
confluence. Purity High Medium High
» Yields highly pure muscle stem cell populations. Yield Medium High Low
* Replenish hak the medum avery 2 days. » Requires FACS device and specific antibodies for positive and negative selection. Difficulty Medium Easy Herd
Part I Part I
Important Notes for Part I Myofiber Culture: An Overview
1. Older mice yield less muscle stem cells with lower purity and higher S
fibroblast content (neonatal mice give the greatest yield of myogenic E0L )
muscle ~1 hourin Myoblast
Ce"S). collagenase type | Transfer Myofiber
myofibers
2. Do not grow myoblasts at less than 10% confluence, but also do not - 6 - - e"’ g
allow them to become too crowded, or they may differentiate or die. v w
Recommended seeding density: 5,000-10,000 myoblasts/cm?. Enzyme digestion Trituration to Satellte cell
Muscle dissociate egression
biopsy myofibers & proliferation

3. Pre-plating steps can be repeated after trypsinization for passaging.
Using diluted trypsin (1:5-1:10) will detach myoblasts while leaving » Yields a highly pure, but relatively small satellte cell population.
many fibroblasts attached to the dish.

4 hours \'\\19 hours

N\

» More difficult compared to other methods (myofibers must be very
carefully manipulated while observing under a stereo microscope.

4. Avoid overcrowding the well with cells when plating for differentiation » Long EDL mvofibers are qenerally cultred
(the cells still proliferate a bit after differentiation induction). 7 Long =tk my generally cufrec. .

., D
Keire et al. Methods Mol. Biol. 2013

Part IT Part I

Myofiber Culture Important Notes for Part IT

EDL fiber culture (Lee lab data)
1. After transferring myofibers to a o7) DT
matrigel-coated dish (fibers are :
submerged in a small drop of pure
DMEM), incubate at 37°C, 5% CO,
for at least 1 hr to allow the fibers to

attach.

1. Avoid over-digestion of myofibers. Generally, 1 hour digestion works
well.

2. Myofibers must be very carefully manipulated, or they will hyper-contract
or die. Sudden changes in temperature may also result in hypercontraction.

s e~ Always use pre-warmed media.
, 120 Th » Hypercontracted Fibers
2. When the fibers attach, slowly add § | ovedat oy
warm culture medium (DMEM with % 1| tis pont 3. If examining satellite cell behavior under quiescence | T 4%
20% HS and 1% P/S). £ am conditions, too much agitation/shaking during digestion w ¥ N
j o may activate satellite cells. N\ QAN
€ 3000 A\ S\
2 2 ¥ -~ =
3. Change medium every 2-3 days. | P v Ay
R Y
Agoclaum(days)  Rosenblattet al.In Vito Gallot et al. BioProtoc. 2016

Cell. Dev. Biol. 1995
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HRALAF Dept.Geriatrics, UAMS Medical Center
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Assessments of Muscle Performance, Functional Muscle Mass and Muscle Protein Dynamics ® % Im
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Assessments of Muscle Performance, Functional
Muscle Mass and Muscle Protein Dynamics

JpMo|Th

\_ “ J

ABSTRACT

Sarcopenia, the loss of muscle mass and strength that occur with aging, results from rates of protein
breakdown exceeding synthesis in skeletal muscle over an extended period, thereby worsening other
clinical conditions such as type 2 diabetes mellitus, obesity, osteoporosis, and cancer and ultimately
the quality of life in older adults. Despite significant research efforts, effective therapeutics have not
been successfully developed and/or discovered yet. In this regards, accurate assessments of changes
in muscle function or performance and dynamic nature of muscle are crucial in understanding
aging muscle and evaluations of efficacy of potential therapeutics, thus facilitating the discovery and
development of effective therapeutics for reversing sarcopenia. Herein, I will discuss experimental
methods that deals with 1) muscle performance, i.e., strength (grip strength, ladder climbing, and weight
pulling) and endurance (treadmill running), 2) functional muscle mass (using D3 creatine dilution) and
3) muscle protein turnover (protein synthesis and breakdown) using stable isotope tracers with its effect
on other tissues, all being currently used in my lab.

Keywords: Heavy water labelling, D3-creatine dilution, Skeletal muscle, Stable isotope tracers
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Strategies for the Prevention of Sarcopenia and
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Digital Healthcare and Sarcopenia:

Focusing on Community-Based Exercise and
Digital Health Technologies
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Sarcopenia is a major problem in the older population and is caused by a variety of factors.
Zd2d At
| ZEA | These include physical aging, lack of exercise, chronic disease, nutritional imbalances, fractures,
QI SAHAL AkSE 2| KT 0 10 2IXFAO|Z O TIMIE] HER BF . . o . . . . .
22 2dd ol =g dT AdE, ZRgls A dlE Y2 ok neurodegenerative diseases, arthritis, and internal medical conditions. Despite the importance of early
SOttietul HAZafettor ARt [etnt 4 5l Forgf . . . . . . .. .
. o detection and management, it can be difficult to effectively intervene with nutrition or exercise therapy
SOfHetn M fsttyst oFy
SOFCHSHT CHOIZR|IA AR in cases of excessive loss of muscle mass, joint deterioration due to muscle weakness, decreased general
CHet2 S ote] SRAOIA/EYAIRTY well-being, and reduced ability to maintain activities of daily living.
CHSER=010F51S| H|Xf . .
Het2SSers] 2 Over the past 20 years, there have been nearly 14,000 research papers on sarcopenia, of which
CHRFAZ X NISHR FZO[SS] ZHHO|A

randomized controlled trial (RCT) interventions and clinical trial studies, including exercise and
nutrition, account for about 11%. Nevertheless, there are still many challenges in managing sarcopenia
early and providing sustainable community-based solutions, which require further discussion and
research and development in this area. In 2021, Korea recognized sarcopenia as a disease by assigning
it a disease code (M62.5) for the first time in the 8th revision of the Korean Standard Diagnostic
Classification of Diseases. However, no treatment has been developed yet.

Advances in digital health technologies and digital therapies have the potential to provide innovative
approaches to sarcopenia management. Wearable sensors and mobile applications can enable early
detection, diagnosis, and personalized interventions, and can provide personalized exercise programs
and nutritional guidance to optimize muscle health. Digital health technologies also have the potential
to improve access to sarcopenia management through remote monitoring and intervention, and to
increase patient engagement and adherence to treatment regimens.

Our research team is conducting studies of digital healthcare-based living lab-based and wearable
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sensor and virtual reality-based interventions, as well as traditional exercise-based interventions for
sarcopenia prevention, and we have found evidence that digital healthcare-based interventions are
more effective than traditional interventions in improving muscle function and cognitive function
over a shorter period of time, and are more effective in terms of subject motivation and sustainability,
suggesting that digital healthcare technologies may play an important role in creating new challenges
in sarcopenia management.

Major countries around the world, including the U.S., have recognized the potential of digital
healthcare early on and have been implementing policies to foster the industry, and Korea has been
working to create an ecosystem by quickly preparing related policies such as the Biohealth Industry
Innovation Strategy. Of course, like any other innovative technology or industry, there is a debate about
the appropriate line of regulation, but as digital healthcare is directly related to human health and life,
the world is making every effort to find a balance. In addition, the first digital cure was announced in
Korea in early 2023.

Therefore, integrating digital healthcare into sarcopenia management has the potential to enhance
patient-centered care and improve outcomes, but there are many challenges to digital healthcare-based
sarcopenia prevention. These include lack of digital literacy, usability issues for professionals, lack of
scientific evidence based on real-world evidence (RWE), and regulatory approval. Nevertheless, as one
of the countries with the fastest growing aging population and digital technology use, there is promise
that Korea can overcome these challenges and create a new paradigm that can play a leading role in
digital healthcare-based sarcopenia prevention and management. In this lecture, we will discuss our
challenges and future for the fighting of sarcopenia based on digital healthcare technology for healthy

community.
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The Future of Drug Discovery for the Treatment of
Sarcopenia

\_ J

Sarcopenia, or age-related decline in muscle mass and function, has a variety of drug targets. The

etiologies of sarcopenia are not fully understood. An imbalance between muscle protein synthesis
(anabolism) and degradation (catabolism) may cause the onset of the sarcopenia. Both intrinsic factors
within skeletal muscle (e.g., inflammation, apoptosis, autophagy, mitochondria, neuromuscular junction,
and calcium metabolism) and extrinsic factors in systemic environments (e.g., endocrine, nutrition,
immobility) contribute to defective satellite cell maintenance, myogenesis, and myotube atrophy as well
as neuromuscular coordination. Understanding the mechanisms in sarcopenia is essential to identify a
variety of molecular targets for pharmacological treatment.

The integrity and function of the neuromuscular junction (NMJ), the junction between the nervous
and muscular systems, is important for neural control of muscle strength production. Although aged
rodents have consistently shown features of NMJ endplate fragmentation and denervation, the existence
of NMJ changes in aged humans remains controversial. Evidences support failure of NMJ transmission
as a possible causal factor for sarcopenia. Morphometric studies showed a weak association between
nerve terminals and motor units in the elderly NMJ. Additionally, in vivo assessment of single muscle
fiber action potentials using single-fiber electromyography and nerve stimulation muscle strength
measurements revealed NMJ failure in aged mice and rats. Possible mechanisms for this failure include
simplification of postsynaptic folding and altered AchR clustering and their function. Although clinical
data investigating single synaptic function in the context of aging are limited in humans, these NMJ
transmission defects offer a well-defined pathway for clinical implementation. Investigation of small
molecules that are currently clinically available or being clinically tested for other muscle degenerative

disorders may provide a rapid pathway for the development of interventions for sarcopenia.
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