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Age-dependent change of the appendicular skeletal
muscle index of Japanese men and women

Men N=35,359 Women N=41,793
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Age-dependent change of grip strength of Japanese
men and women

Men N=4,874 Women N=5,885
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Age-dependent change of max and usual gait speed

Men N=572 Women N=688
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Modern approach of sarcopenia

Pathophysiology:
Aging, diet, disuse and « Combination »

V

Loss of skeletal muscle mass

SARCOPENIA

Loss of strength and/or physical function

T

CONSEQUENCES:
Falls, functional decline, disability,
loss of independence and mortality




Summary of risk factors and consequences
of sarcopenia

Global prevalence
* Differing between definitions
*  Around 10% to 16% in the elderly

M * Higher among patient groups
== = = 18%indiabetes to 66% in unresectable esophageal cancer

w & Risk factor
4

*’__E-l. Consequence

= =

Among patients

* " Short- and long-term mortality

*+ P Overall and severe complications
* " Postoperative infection

* I Prolonged hospitalization

* | Survival rate

Lifestyle factor
*  QObesity, in particular visceral fat

*  Physical inactivity

*  Malnutrition

* Cigarette smoking

*  Extreme sleep duration

Health status Sa rco pe n i d

* Diabetes and its complications
* Osteoporosis

*  Heart disease

*  Cognitive impairment

Among non-patients

* 1 Mortality

*  Cognitive impairment

* 1 Osteoporosis, falls, and fracture

* Respiratory disease " * ‘P Functional decline

*» Depression and anorexia * I Hospitalization rate

*  Parkinson’s disease H Future directions * " Metabolic syndrome and diabetes
e * ‘I Nonalcoholic liver disease

Biomarkers . * P Liver fibrosis

Multi-omics study - Hypertension
* Inflammatory markers *  High-quality cohort study vP

) Bl"-‘de fatty acids and vitamin D * Mendelian randomization study "1 DEWESSIF}“
* Adiponectin * I Dysphagia

) * Therapeutic development
*«  Pulse wave velocity

*  Gut microbiota Metabolism 144 (2023) 155533



10-year risk of ASCVD (%)

Sarcopeniaincreases the cardiometabolic risk

CKD patients
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P<0.001

Sarcopenia (-)

OR 2.12

(95%Cl 1.73-2.60)
n=§2

Sarcopenia (+)
OR 4.13

(95%CI 1.83-3.60)
n=19

NON-sarcopenia Sarcopenia
ASCVD risk factors N =282 N=19
Obesity 1.00 (ref.) 436
3.48-5.50
P < .001
Hypertension 1.00 (ref.) 3.88
2.67-4.42
P< .001
Diabetes 1.00 (ref.) 3.62
4.47-7.28
P < .001
Hypercholesterolemia 1.00 (ref.) 3.15
2.45-3.54
P < .001
Xuan et al. Medicine (2023) 102:45



Association between sarcopenia and incidence of CVD,
stroke, myocardial infarction, and heart failure in T2D

N

Cardiovascular disease
Model 1

Model 2

Model 3

Stroke

Model 1

Model 2

Model 3

Heart failure

Model 1

Model 2

Model 3

Myocardial infarction
Model 1
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0.5

Lower hazard

Higher hazard

HR [95% CI]

2.04 [1.76;2.37]
1.89 [1.61;2.21]
1.77 [1.51; 2.07]

1.93 [1.42; 2.61]

1.90 [1.38;2.63]
1.89 [1.36;2.61]

3.03 [2.51: 3.65]
2.59 [2.12; 3.18]
2.28 [1.86; 2.8]

1.82[1.24; 2.67]
1.56 [1.04; 2.33]
1.49 [0.99; 2.24]

Diabetes Obes Metab. 2024:26:524-531
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Pathophysiologic mechanisms for the development of
sarcopeniain patients with cardiovascular disease

Loss of type 2
fibers, imbalance
in protein metabolism

Mitochondrial
dysfunction

Inflammation,
oxidative stress |
~ +—Motor neuron loss,
neural plague changes,
¥ satellite cell dysfunction
.7 Microvascular
changes, changes in
hormones/
growth factors

Inactivity, disuse

Circulation. 2023;147:1534-1553






Primary healthcare or community preventive services settings
(AWGS 2019)

Case * Calf circumference (Men<34 cm, Women<33 cm)
*SARC-CalF 211

Muscle strength OF Physical performance
* Handgrip strength * 5-time chair stand test (> 12 s)

(M<28 Tg, F<18 Kg) |

U ERUELED«—  “possible sarcopenia”--------- gl Referral

Chen LK, et al. JAMDA 2020




Healthcare or clinical research settings (AWGS 2019)

* Functional decline or limitation; Unintentional weight loss

* Depressive mood; Cognitive impairment

* Repeated falls; Malnutrition

Ca se * Chronic conditions (heart failure, chronic obstructive pulmonary disease,
diabetes mellitus, chronic kidney disease, etc.)

Finding

* Calf circumference (Men<34 cm, Women<33 cm)
*SARC-F=4
* SARC-CalF > 11

!

Muscle strength
* Handgrip strength (M<28 kg, F<18 Kg)

!

Physical performance

6-metre walk (1 m/s)
D|agn05|s — or 5-time chair stand test (212 s)
or Short Physical Performance Battery (< 9)

Skeletal muscle mass

* Dual-energy X-ray absorptiometry (M< 7.0 kg/m?, F< 5.4 kg/m?)
* Bioelectrical impedance analysis (M< 7.0 kg/m?, F< 5.7 kg/m?)

v '

Sarcopenia Severe sarcopenia
Low skeletal muscle mass + low muscle strength Low skeletal muscle mass + low muscle strength
OR Low physical performance AND Low physical performance

Chen LK, et al. JAMDA 2020



AWGS 2019 identifies more cases

26.8
25.7 ® Overall mMen = Women
25.0
22.8
21.3 21.0
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Sarcopenia Severe Sarcopenia Severe Sarcopenia Sarccpcma Severe Sarcopenia Severe Sarcopenia Severe Sarcopenia Sarcopenia Sarcopenia
(ASM+GSor sarcopenia (ASM+GSor sarcopenia (ASM +GS (ASM+GS) sarcopenia  (ASM+MS)  sarcopenia  (ASM +GS sarcopenia  (ASM + UGS) (ASM + GS) (ASM +GS +
ASM +UGS) (ASM+GS+ ASM+PP) (ASM+GS + and/or ASM + (ASM + GS + (ASM + MS + andf/or ASM + (ASM+GS + UGS)
UGS) PP) UGS) UGS) PP) UGS) UGS)
AWGS 2019 AWGS 2014 EWGSOP2 EWGSOPI IWGS FNIH

Kim M, et al., J Am Med Dir Assoc 2020:21:752-758



EWGSOP2 criteria >

Low muscle strength
By handgrip
< 27 kg for men

< 16 kg for women
By chair stand test:

= 155 for five rises

+

ASM i ASM /height?

<20kg o <7.0Kg/m?
e

FOR
SEVERITY

<15kg o <55Kg/m?

for wormen

Update of the sarcopenia diagnostic criteria

One of the following criteria:

Gait speed: < 0.8 m/s

SPPB: £ Bpoint score

TUG: 2 20s

400m walk test: = 6min /NC

Low usual gait speed
SDOC criteria Muscle weakness: by handgrip
- Slowness:
< 35.5 kg in men
< 20 kg in women <0.8m/s

ASHA/Tveteint by CINA aindd WA strength One of the following criteria:
AWGS criteria \ <7.0 Kg/m* for men + By handgrip OR 6-meter walk < 1.0 m/s
/ :SE?EI::‘ '[i:[;-}ll::!! <28 kg for men 5-time chair stand test z 12s
‘ for women <18 kg for women SPPE<9
— & i o

FOR SEVERITY _,.-'""--

The presence of all three criteria: severe sarcopenia

Nutrients 2021, 13, 761.



Global Leadership Initiative in Sarcopenia (GLIS)

 GLIS Is an international initiative aiming to produce an
Inclusive definition of sarcopenia that can be widely
accepted by all the current consensus groups that have
proposed the definitions that are used currently.

 Launched by consensus groups from America, Asia,
Europe and Oceania, GLIS intends to involve experts
from all fields related to sarcopenia and to produce a
definition that can be used widely both in clinical practice
and In research.



SARCOPENIA GLOBAL DEFINITION
Workflow

1. Informal meeting of members from former sarcopenia consensus group
(ANZSSFR, AWGS, EWGSOP, SDOC) 2019~2021
2. Constitution as initial steering committee: Sep. 2021
ANZSSFR - G Duque
AWGS - H Arai, LK Chen, J Woo
EWGSOP - AJ Cruz-Jentoft, F Landi, A Sayer, M Visser
SDOC - P Cawthon, R Fielding, S Bhasin
3. Involvement of organizations
Agreed to participate with different levels of involvement:
AAFS, AGS, ANZSFR, ESCEO, ESPEN, EuGMS, ICFSR, GSA, SCWD

Contacted: WHO. Not involved, but willing to promote an updated definition in
future ICDs if suggested by a global group



European Geriatric Medicine (2022) 13:1239-1244
httpsyfdoi.org/10.1007/541999-022-00706-5
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Defining terms commonly used in sarcopenia research: a glossary
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Committee
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The Conceptual Definition of Sarcopenia: Delphi

Consensus from the Global Leadership Initiative
in Sarcopenia (GLIS)

Ben Kirk'™f, Pecay M. CawTHon™*T, HIDENORI ARAP, JosE A. AviLa-FUNEs®’, Rocco BARAZZONF,
SHALENDER BHasIN', ELLEN F BiNDer'”, Ouivier BrRuvere''", ToMMy CEDERHOLM'™',

LianGg-Kung CHEN"™', Cyrus Cooprer'""*, GusTavo Duque™*’, RoGer A. FIELDING”', Jack GURALNIK™,
DoucLas P KieL”, FRANCEsCO LANDF",JE&N—WES REGINSTER™ ", AvaN A. Saver?’, MARJOLEIN VISSER™,
STEPHAN VON HAEHLING™', JeAN WO0O™, ALFONsO |. Cruz-JenToFT™, The Global Leadership Initiative

in Sarcopenia (GLIS) group*



Graphical representation of the conceptual definition
of sarcopenia

Outcome of Sarcopenia

B Impaired physical performance

General Aspects of Sarcopenia

B Disease of skeleta!l muscle B Mobility limitations
¢ 1 _ 1] M . F, |
B Increase with ags Sarcopenia AN (walking, transfer chair or bed)
g »
B Potentially reversible l B Falls, fractures, hospitalizations, admissions to
W Definition does not depend on age, setting of {

nursing homes

care, or clinical condition B [nability to perform instrumental and basic ADLs

Is the same for dinical practice and research Muscle-specific strength

Poor quality of life
B Mortality

(muscle strength/ muscle size)

Kirk B, et al. Age and Ageing, 2024



Ectopic Adiposity Phenotype

Body Composition, Inflammation % Multiorgan Involvement

and Insulin Resistance
(W) Neurodegenerative Diseases

(A
——, Arthythmogenic Myocardium (AF),

Accelerated Coronary Atherosclerosis
Left Ventricular Diastolic Dysfunction (HFpEF)

‘ > Ectopic Fat (»)
< ' Intrapericardial Fat (A

» NAFLD, Atherogenic Dyslipidemia (1 DNL)
M SFA-Synthesis [C 16:0]
A TAG, \V HOL-C, PsdLOL, PLOL-P
/™ TAG/HDL-C Ratio

Intrahepatic Fat
Intrapancreatic Fat
Visceral fat

® R
==+ Hyperinsulinemia,

} l Hyperglycemia [ AGEs)
Non-resolving Inflammation (¢)

Insulin Resistance (o) —9
= () Thin-cap fibroatheroma @

4

(F) Thrombogenic Blood ( ¥ Fibrinolysis)
(6) Endothelial Dysfunction ({ eN0S)
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Sarcopenia (8)
Intramuscular Fa




Overweight-related low mortality
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Winter JE, et al. Am J Clin Nutr. 2014:99(4):875-890.
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Dose-response relationships
between body composition indices
and mortality in older men

JAMDA 21 (2020) 726e733
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Dose-response relationships
between body composition indices
and mortality in older women

JAMDA 21 (2020) 726e733
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. St percentile = 5.9 (ref)

W percentile = 6.7 (0.77: 0.61-0.96)
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Conseguences of sarcopenic obesity in older people
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Prevalence of Sarcopenic Obesity in Selected
Large Epidemiologic Community-Based Cohorts
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Kaplan-Meier survival curve for time to drop in IADL
by body composition type
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Increased risk of death by Sarcopenic obesity
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Mechanisms involved in sarcopenic obesity pathogenesis

Adipose tissue dysfunction:
Adipocyte hyperplasia and
hypertrophy, excessive
production, and diminished
capacity to store lipids

Insulin resistance:

Intramuscular
mitochondrial dysfunction,
diminished fatty acid
uptake and oxidation, and
enhanced ROS production

Adipose tissue inflammation:
Accumulation of M1 macrophages, Thl, and
other pro-inflammatory immune cells as
well as adipokines and cytokines, enhanced
secretion of chemokines, and accumulation
of senescent cells

Sarcopenic obesity:
Co-presence of Sarcopenia
(skeletal muscle mass

loss and dysfunction)
and obesity
(accumulation of excessive
fat mass)

Lipotoxicity:
Elevated intramuscular
levels of perilipins, lipids,
and their derivatives,
as well as inflamed muscle

Systemic chronic
sterile low-grade
inflammation
(inflammaging)

Kalinkovich A and Livshits G, Ageing Research Reviews




Diagnostic procedure for the assessment of
sarcopenic obesity (ESPEN and EASO)

* High BMI or WC (based on ethnic cut-points)

* Surrogate parameters for sarcopenia [clinical symptoms, clinical suspicion or
questionnaires (e.g. SARC-F in older subjects)]

Both conditions must be present to proceed with the diagnostic process.

SCREENING

It will be performed in two steps:
1. ALTERED SKELETAL MUSCLE FUNCTIONAL PARAMETERS considering strength
(HGS, chair stand test)
If muscle functional parameters suggest the presence of SO, the diagnostic
DIAGNOSIS % process will continue considering body composition.

2. ALTERED BODY COMPOSITION: increased FM (FM%) and reduced muscle mass
assessed as ALM/W by DXA or as SMM/W by BIA
Both altered body composition and altered skeletal muscle functional
parameters should be present to assess the presence of SO.

A two-level STAGING should be performed, based on the presence of
complications resulting from high FM and low ASMM, to better mirror the
progression/severity of SO:
*STAGE I: NO complications
*STAGE II: presence of at least one complication attributable to SO (e.g.
metabolic diseases, functional disabilities, cardiovascular and respiratory
diseases).

|

Obes Facts 2022:15:321-335



Working Group on Sarcopenic Obesity

Japanese Association
on Sarcopenia and Frailty
(JASF)

Japan Society
for the Study of Obesity
(JASSO)

Chairman: Kojiro Ishii

Members: Hidenori Aral, Kojiro Ueki, Hidetaka Wakabayashi, Minoru Yamada,
Yutaka Kimura, Yoshifumi Tamura, Wataru Ogawa, Toru Kusakabe, Kiyoshi
Sanada, Ryo Miyazaki, Yuya Watanabe, Yuki Someya



Evaluation of Sarcopenia (A) Evaluation of Obesity (B)

Screening | fRecommended] [Required]
Calf circumference (M<34cm, F<33cm) Waist circumference (WC),
@ or S'A_‘RC'F > 4 SARC-CaIE =11 BMI (based on ethnic cut-points)
or “Finger Ring test” (Yubi-Wakka test) WC™ (M85 F>90cm)
or Clinical Symptoms or Suspicion * e - cm, F=s0cm
or BMI*™ (=25kg/m?2)
*EAPEN & EASCQ’s criteria **JASSO'’s criteria

Probability of sarcopenic obesity

— v

Evaluation of Sarcopenia (C)

Evaluation of Obesity (D)

Hand Grip (M<28kg, F<18kg) £5
Diagnosis or 25 Visceral Fat Area (=100cm?)
5 Times Sit-to-Stand Test S or
<= and 3 % Body Fat Percentage
E_Q? 3£ (M>20%, F>30%)
o= Limb Skeletal Muscle Mass Corrected~ ©
for BMI } 2 @
(M: <0.789kg/BMI, F: <0.512kg/BMI) ==

This algorithm applies to those aged 40 to75

Stage I Sarcopenic Obesity : Low muscle strength/Low physical function + Low muscle mass + Obesity

Stage II Sarcopenic Obesity :Low muscle strength /Low physical function + Low muscle mass +0besity+ Comorbidities (e.g.
metabolic diseases, disabilities resulting from high FM and-or low muscle mass, cardiovascular and respiratory diseases)

Diagnostic Algorithm for Sarcopenic Obesity in Japan

By Joint Committee of the Japan Society for the Study of Obesity (JASSO) and the Japanese Association on Sarcopenia and Frailty (JASF)



Sarcopenic obesity

|

Sarcopenia + obesity

Osteosarcopenia

|

Osteoporosis or osteopenia + sarcopenia



Sarcopenia vs. Sarcopenic obesity

Etiology: aging, physical inactivity, low nutritional intake,

chronic inflammation
Insulin resistance

Intramuscular
fat infiltration A
Outcomes: disability, falls, fractures, mortality

CVD ]
Interventions: diet and exercise

Weight reduction ‘

CVD prevention A




Take home message

Sarcopeniais one of the important geriatric diseases that need
to be addressed for healthy longevity.

Sarcopeniais commonly accompanied by cardiometabolic
diseases and Is associated with several clinical outcomes
such as cardiovascular diseases, falls, fractures, disability,
and mortality.

The diagnostic algorithm has been established by the Asian
Working Group for Sarcopenia (AWGS) in Asia, and GLIS has
now developed the global consensus.

Sarcopenic obesity Is also associated with cardiovascular
outcomes, and a consensus needs to be developed for the
diagnosis.
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