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22 Department of Biomedical Engineering, Emory Musculoskeletal Institute

2008  Ph.D. University of Texas
Cell Biology (Biomedical Sciences)
Advisor: Holly Van Remmen

2003 M.S.  University of Florida
Applied Physiology (Minor: Gerontology)
Advisor: Christiaan Leeuwenburgh

2000 B.S.  Korea University

| ZEArE |

2022-Pres. Associate Professor (Tenured),

Department of Orthopedics, School of Medicine

Wallace H. Coulter Department of Biomedical Engineering

School of Biological Sciences

Bioengineering Graduate, Program Faculty

Emory University School of Medicine & Georgia Institute of Technology
2021-Pres. Associate Professor, School of Bio Sci (Tenured), Georgia Institute of Technology
2016-2021 Assistant Professor, School of Biological Sciences, Georgia Institute of Technology
2014-2016 Assistant Professor, School of Applied Physiology, Georgia Institute of Technology

2012-2014 Research Faculty, Harvard University

GSK Principal Investigator, Harvard Stem Cell Institute
2010-2012 Postdoctoral Fellow, Dept of Stem Cell & Regenerative Biology, Harvard University
2008-2010 Postdoctoral Fellow, Barshop Institute for Longevity and Aging Studies
2004-2008 Research Assistant, Department of Cellular and Structural Biology, UTHSCSA
2004-2005 American Heart Association Predoctoral Fellow, AHA Florida Affiliate
2002-2004 Teaching Assistant, University of Florida
2001-2004 Research Assistant, Biochemistry of Aging Laboratory, University of Florida
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Integrative Bioengineering Approaches to
Rejuvenate Aging Skeletal Muscle

Department of Biomedical Engineering, Emory Musculoskeletal Institute
43 e

\_ _

Age-related loss of muscle mass and function often referred to as sarcopenia dramatically affects the
quality of life in the elderly population and predisposes them to an increased risk of morbidity, disability,
and mortality. As the elderly population rapidly grows worldwide, the healthcare cost to treat sarcopenia
and frailty-related is projected to grow exponentially in the next decades.

Muscle stem/satellite cells (MuSCs) play a central role in muscle regeneration, but their quantity
and function decline with comorbidity of trauma, cachexia, aging, and muscle diseases. Although
transplantation of MuSCs in traumatically injured muscle in the comorbid context of aging or pathology
is a strategy to boost muscle regeneration, an effective cell delivery strategy in such contexts has not
been developed. Thus, we engineered a synthetic hydrogel-based matrix with optimal mechanical,
cell-adhesive, and protease-degradable properties that promotes MuSC survival, proliferation, and
differentiation. Furthermore, we established a biomaterial-mediated cell delivery strategy for treating
muscle trauma, where intramuscular injections may not be applicable. Delivery of MuSCs in the
engineered matrix significantly improved in vivo cell survival, proliferation, and engraftment in non-
irradiated and immunocompetent muscles of aged and dystrophic mice compared to collagen gels and
cells-only controls. This platform may be suitable for treating craniofacial and limb muscle trauma, as
well as post-operative wounds of elderly and dystrophic patients.

In the second part of the presentation, I will discuss how heterochronic parabiosis, in which young and

aged animals are surgically attached to share circulation, and how exposure of aged muscle, to a “youthful”
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systemic environment, reverse many indicators of age-related pathology and restores robust muscle
regeneration after injury. I will also describe how we can integrate the organ-on-a-chip and functional
biomaterials to mimic parabiosis and understand the systemic regulations of muscle aging and other

muscle wasting conditions.
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2000 BS in Physical Education, Sejong University in South Korea

2004 MS in Physical Education, Keimyung University in South Korea

2010 Ph.D. in Physical Education, Keimyung University in South Korea

| ZEAf |
2009 - 2012
2010 - 2012
2012 - 2016
2016 - 2018
2018 - 2021
2021 - 2022

2023 - current
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Role of Resistance Exercise-Induced PPARB on
Muscle Protein Quality Control
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Resistance exercise training (RET) is an effective countermeasure to sarcopenia, related frailty,
and metabolic disorders. Here, we show that an RET-induced increase in PGC-1a4 (an isoform of the
transcriptional co-activator PGC-1a) expression not only promotes muscle hypertrophy but also enhances
glycolysis, providing a rapid supply of ATP for muscle contractions. In human skeletal muscle, PGC-104
binds to the nuclear receptor PPARf following RET, resulting in downstream effects on the expressions
of key glycolytic genes. In myotubes, we show that PGC-104 overexpression increases anaerobic
glycolysis in a PPARP-dependent manner and promotes muscle glucose uptake. Glucose metabolism is
involved in protein quality control (PQC), moreover, RET and PGC-1a change gene expression that is
related to autophagy and PQC in muscle and myotubes, respectively. These results provide a mechanistic
link between RET and improved glucose metabolism, offering an important therapeutic target to
counteract aging and inactivity-induced poor PQC, benefitting those who cannot exercise due to many
reasons. Since PPARJ is a core factor that is induced by RET to regulate glucose metabolism, we believe
that PPARP regulates PQC in skeletal muscle. However, further studies are required to understand how

RET-induced PPARP regulates PQC in sarcopenia.
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A2 Postdoctoral Fellow, Department of Kinesiology, McMaster University

2005 - 2012 B.Sc. Health and Exercise science
Korea National Sport University, Seoul, South Korea
2012 - 2014 M.Sc. Exercise Physiology
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Korea National Sport University, Seoul, South Korea
2014 - 2108 Ph.D. Exercise Physiology

Korea National Sport University, Seoul, South Korea
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2018 - Present  Postdoctoral Research Fellow

Department of Kinesiology, McMaster University, Canada
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The Importance of Protein Ingestion and
Physical Activity to Prevent Sarcopenia

Postdoctoral Fellow, Department of Kinesiology, McMaster University
d

\_ _

Aging is characterized by a progressive loss of integrity and function across various physiological
systems, substantially increasing the risk for morbidity and mortality. A noticeable hallmark of aging
physiology is the progressive decline in the size, quality, and function of skeletal muscle, known as
sarcopenia. This decline leads to mobility limitations, chronic disease risk, and ultimately frailty.
Developing clinically viable interventions to combat sarcopenia may be a key to promoting healthy
independent aging.

Lifestyle-based interventions are among the most effective strategies to protect against the loss of
skeletal muscle with aging. Physical activity is critical for enhancing mobility and increasing muscle mass
in older adults. Typically, utilizing heavier loads (>70% of 1 repetition maximum) in resistance exercise is
thought to increase muscle mass and muscular strength. However, our research, along with other studies,
has shown that resistance exercise training with a high degree of effort that achieves, or comes close to,
volitional muscular failure is sufficient to maximize muscle protein synthesis, leading to skeletal muscle
hypertrophy or at least to mitigate of muscle loss, regardless of the load. To this end, lower-load resistance
exercise training offers a suitable and possibly safer alternative to traditional resistance exercise
training and may be preferable as it targets more of the physiological impairments in older individuals.
Additionally, I will introduce a feasible and accessible exercise regimen, stair climbing, which has shown
skeletal muscle micro-vascularization.

Dietary interventions play a crucial role in healthy aging, and protein ingestion provides the essential
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substrates (i.e., amino acids) for maintaining or growing muscle mass with aging. Importantly, not all
protein sources are equivalent in their ability to support muscle protein synthesis. Our studies revealed
that collagen protein, which has limited essential amino acid profiles, did not induce any additional
muscle protein synthesis in older adults. On the other hand, while plant-based protein is generally
considered lower quality protein, fortification with leucine significantly improved its effect on muscle
protein synthesis.

Thus, feasible physical activities (i.e., lower-load resistance exercise training and stair climbing) and
proper protein ingestion with higher essential amino acids could be viable strategies to promote wellness

at home by preserving or increasing muscle mass in aging individuals.
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Curriculum Vitae

2007 - 2013 BD, University of Ulsan Collage of Medicine, Ulsan/Seoul
2015 - 2017 Md, University of Ulsan Collage of Medicine, Seoul
2018 - 2020  Phd, University of Ulsan Collage of Medicine, Seoul

| AR |

- Clinical Assistant Professor, Department of Radiology, Asan Medical Center, Seoul, Korea
- Member of Korean Liver Cancer Study Group, Korean Radiological Society,
Korean Society of Abdominal Imaging, Korean Society of Magnetic Resonance

Imaging, Korean Society of Ultrasound in Medicine, and Radiology Society of North America
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University of Tsukuba, Japan
Graduate School of Comprehensive Human Sciences
University of Tsukuba, Japan

Graduate School of Comprehensive Human Sciences

Associate Professor

Department of Biomedical Science and Technology / East-West
Medical Research Institute, Kyung Hee University /

Kyung Hee University Medical Center

Assistant Professor

Department of Biomedical Science and Technology / East-West
Medical Research Institute, Kyung Hee University

Senior Researcher
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Metropolitan Institute of Gerontology, Japan
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The Korean Frailty and Aging Cohort Study (KFACS)
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A research project of the Construction of Frailty Cohort for Elderly and Intervention Study funded by
the Ministry of Health and Welfare has been since December 2015 (grant number: HI15C3153, principal
investigator: Chang Won Won). The main goal of this research project is as follows: to develop and track
a cohort survey of frailty; to develop outcome prediction models (disability, hospitalization, mortality,
etc.) for frailty; to develop an integrative intervention method and effectiveness verification for frail older
people; and to establish standard guidelines for the prevention and management of frailty.

The Korean Frailty and Aging Cohort Study (KFACS) is a nationwide cohort study that began in 2016
with the aims of identifying and preventing the factors that contribute to aging in community-dwelling
individuals aged 70 years or older. KFACS is a multicenter longitudinal study, and the baseline survey
was conducted in 2016—2017. Sex- and age-stratified community residents aged 70—84 years, drawn from
10 medical centers urban and rural regions nationwide, were eligible for participation in the study. Of the
3014 participants, 1559 (51.7%) joined the study in 2016 and 1455 (48.3%) joined in 2017. The mean age
was 76.0 years, and 1582 participants (52.5%) were female. In the baseline survey, face-to-face interviews,
health examinations, and laboratory tests are performed at the clinical site of the study center.

The follow-up is conducted every 2 years through a clinic visit, home visit, telephone interview, and
proxy interview. The KFACS follow-up survey (2021-2023) was funded by The National Institute of
Health and the Korea Disease Control and Prevention Agency (2021-ER0605-00, principal investigator:

Miji Kim). As of now, the six-year follow-up has been completed.
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The KFACS questionnaire core includes sections directed at demographic, socioeconomic indicators,
health status (comorbidity, polypharmacy, general healthcare and long-term care utilization, activities of
daily living, instrumental activities of daily living, health literacy, health-related quality of life, depressive
symptoms, sleep, appetite, resilience, functional constipation, and falls), lifestyle and health-related
behaviors (smoking, alcohol consumption, physical activity, nutritional assessment, dietary patterns,
and food security), social functioning (social networks, social capital, and social support), cognitive
function tests using the Korean Version of the Consortium to Establish a Registry for Alzheimer's
Disease Assessment Packet and Seoul neuropsychological screening Battery (global cognitive function,
processing speed, memory, attention, and executive function. The KFACS clinic examination included
a core of measurements of anthropometry (body weight, height, leg length, head circumference, waist
circumference, upper arm, and calf circumference), vital signs, vision and hearing assessment, blood
and urine testing, electrocardiography, chest X-ray, and physical performance tests (hand-grip strength,
gait speed, short physical performance battery, and timed up and go test). In addition, the rich datasets
included the dual energy X-ray absorptiometry (whole- and regional-body composition analysis). In
addition, we stored frozen blood and urine samples for future measurements of biomarkers.

Comprehensive information can be accessed on the KFACS website (www.kfacs.kr). At the end of
this presentation, until now, the published research findings on sarcopenia from the KFACS will also be

introduced.
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1999 Physical Education at Dong-A University, Busan, South Korea
2004 Graduate Program in the Department of Integrative Biology Exercise Physiology, University fo
California at Berkeley
2004 - 2007 M.A. in Eercise Physiology, Department of Kinesiology University of Texas at Austin
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2018 - 2021
2017 - 2017
2015 - 2017
2013 - 2015
2012 - 2012
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Department of Molecular Medicine, Lee Gil Ya Center and Diabetes Institute, Gachon
University School of Medicine, Incheon, South Korea

Assistant Professor (Tenure tract)

Department of Molecular Medicine, Lee Gil Ya Center and Diabetes Institute, Gachon
University School of Medicine, Incheon, South Korea

Senior Researcher, Korea Mouse Metabolic Phenotyping Center, Gachon University School of
Medicine, Incheon, Southe Korea

Assistant Professo r(Tenure tract) - Clinical metabolism

Center for Translational Research in Aging&Longevity, Geriatrics, University of Arkansas for
Medical Sciences, Little Rock, AR

Faculty Instructor — Clinical metabolism

Center for Translational Research in Aging&Longevity, Geriatrics, University of Arkansas for
Medical Sciences, Little Rock, AR

Post-doctoral fellow - Clinical metabolism

Center for Translational Research in Aging&Longevity, Geriatrics, University of Arkansas for
Medical Sciences, Little Rock, AR
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Dietary Essential Amino Acids Amplify Exercise-
Mode Dependent Adaptations and Beyond:
Therapeutic Implications for Aging Muscle

ekl

Bk

\_ _

Exercise is the most powerful natural muscle booster that induces beneficial physical (e.g., improved
muscle strength and endurance) and metabolic adaptations (e.g., improved insulin sensitivity), with
specific effects or adaptations of exercise training differing depending on the specific mode of exercise:
resistance exercise training (RET) for muscle mass and strength and endurance exercise training (EET)
for endurance. While achieving both aspects of adaptations being ideal, simultaneous application of
both modes of exercise training (i.e., RET+EET) may counteract adaptive responses mutually, called
“interference effects”. Balanced essential amino acids (EAAs) is an “ideal” option that bypasses the
interference effects by serving not only as potent anabolic signals for protein translation but as building
blocks for making new proteins (both contractile and mitochondrial proteins). We hypothesized that
supplementation of balanced free 9 essential amino acids (EAA) to RET or EET improves both aspects
of exercise training adaptations with associated improvements of metabolic health. Here I will discuss
general overview on beneficial physical and metabolic effects of each mode of exercise training, and
then (2) beneficial effects of addition of free balanced EAA supplementation to RET or EET that
can simultaneously enhance both muscle strength and quality and endurance capacity with improved
metabolism in muscle and other tissues in several normal and patho-physiological models of aging,
obesity, and so on. To explore these at physiological, metabolic, and molecular aspects in several mouse
models, we employed both metabolic kinetics or “dynamics” approach using various stable isotope

tracing techniques in conjunction with mass spectrometry to access cumulative synthesis rates of muscle
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proteome (“proteome kinetics) using heavy water labeling method, systemic and intracellular turnover
fluxes of various metabolites including glucose, amino acids, and fatty acids, TCA cycle fluxes as well
as whole-body and muscle insulin sensitivity using hyperinsulinemic-euglycemic clamp and traditional
“statomics” (static, snapshot) techniques such as RNA-seq to access ex vivo contractile properties, in
vitro mitochondrial function, neuromuscular junction stability, and molecular singling.

Keywords: Metabolic dysregulation, muscle mass, muscle function, physical performance, muscle

protein synthesis rate, in vivo metabolite flux, stable isotope tracer methodology.
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1995 - 1999 B.A. Seoul National University, Seoul, Republic of Korea (Physical Education)
1999 - 2001 M.A. Seoul National University, Seoul, Republic of Korea (Clinical Exercise Physiology)
2006 - 2007 Texas A&M University, College Station TX, USA

| ZAR |

2014 - Present

Assistant/Associate Professor, Division of Sport Scinece Incheon National University

2012 - 2014 Post-Doctoral Fellow, Dalton Cardiovascular Research Center University of Missouri, Columbia, MO
2008 - 20M Graduate Research Assistant, Department of Medical Pharmacology & Physiology
2009 - 2010 Teaching Assistant, MPP 3202 Elements of Physiology, Department of Medical Pharmacology
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+ Introduction
« Anatomical and cellular, molecular changes in sarcopenia
« Prevalence of sarcopenia
+ Exercise intervention in sarcopenia
« Clinical practice guidelines
« Effective resistant exercise prescription and delivery
« Effects of other types of exercise
+ Comprehensive geriatric assessment

« Importance of indivisualized approach
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Introduction
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; Anatomical and cellular, molecular changes in sarcopenia

i Anatomical and cellular, molecular changes in sarcopenia

Anatomical changes Cellular and molecular changes

Neurodegeneration Anabolic resistance

Muscle atrophy Altered proteostasis
Myosteatosis Low-grade inflammation
Reduction in type Il muscle fibres Mitochondrial dysfunction

(oxidative stress)
Hormonal changes

Altered satellite cell number/ function

Edwards et al., Physical and OT in geriatics (2023).
&y zaezy € gy

« Changes in muscle strength and muscle mass along lifespan

Muscle strenght

Muscle Mass
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4’ Anatomical and cellular, molecular changes in sarcopenia

- Main changes in muscle tissue with aging

Structural changes in MyHC ()% of type II fibers)

Lossof | 4 muscle fber's density
musd:? | protein synthesis

Changes in

5 Alterations \ | number of motor units
muscle tissue | —— 1 contraction duration

Q‘;ﬁﬁ@ Mitochondrial dysfunction
U | caplarization
capacity

Arc-Chagnaud et al., Sports Medicine and Health Science (2019).
Y 35300y

with aging

2

d’ Anatomical and cellular, molecular changes in sarcopenia

» Myostasis : process of increased uptake of lipids into the muscle adipocytes

Healthy (45,F) Moderate (60 M) Severe (83, M)

Farrow et al., Frontiers in Medicine (2020).

€y BEYe

nges in sarcopenia

é‘, Anatomical and cellular, molecular ¢

« Cc etiologies of sarci

9 L

usion/Fissi
m.-mwuJ

Colleluori et al., Experimental Gerontology 155 (2021).

Y 352y

é%? Prevalence of sarcopenia

1. Community-dwelling elderlies

Definition Data from Carvalho do Nascimento PR (13 Data from Petermann-Rocha F (1)

No. of studies N Prevalence (%) No. of studies N Prevalence (%)
EWGSOP 3 36811 110-14) 8 200590 22(20-25)
EWGSOP2 4 6624 5(1-10) 3 5720 10(2-17)
AWGS 13 17,070 8(3-15) [ 2,940 15(13-17)
WGS 5 6993 17 (11-23) 12 11,89 14(9-18)
NI 5 13,338 15 (5-28) 2 27,864 11(9-14)
Allabove 58 80,836 10 (7-12) 129 274,004 16(15-17)

AWGS, Asian it EWGSOP, European

in Older People 2; FNIH, Foundation for the National hmlnue of Healh; WGS,Interational orking Group o Sarcopenia.

- EWGSOP - defined sarcopenia : 7- 25%
- EWGSOP2- defined sarcopenia : 1-17%
- AWGS - defined sarcopenia : 3-17%

Yuan et al,, Metabolism (2023).

¢y 353anaayn
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4}; Prevalence of sarcopenia

2. Different medical situation elderlies 3. Mortailty with different medical conditions
o oy o ~ e . . o : .
g 5 e e : increased mortality and complication rates of various diseases
s M ot ey
o .‘I S200 s
et ¢ Tssson
Ty » = reid
Taotal X 2 7. A Odds ratio 0Odds ratio
Xie W 19 15,889 120-682% (95% CI) (95% C1)
aa “ e 5
L. L o 4 498 Development of hepatic encephalopathy [18] 225 —_—
Shu X 30 162 8% Mortality rates for cirrhosis [1 323 B
o [ £l nasmew Complications after gastic cancer surgery [19] 312 —
e » Cognitive decline [23] 224 —
e 2 o Swsow Depression [24] T8 |—e—
feri H 44 et —
[ — * [ 0123456
oy u p e orn
Soer 7 " e
Wang PY " 361-853% B Hazard ratio  Hazard ratio
et i s precen (@5%Cl)  (85%Cl)
it » 7o oo
-t » nwm PRl Mortality after AAA repair surgery [15] 166 |o—
e 4 * byt - Complications of cirthosis of the liver [17) 281 |———
it b prd o Mortaliy rates for cirthosis [17) 2 |-
Hua X 1 2483 66-64.6% Overall survival rate of renal cell carcinoma [20] 176 -—
fori ; i o b el
ms 7 m a5 90% Overall survival for urological cancer [21) 173 |-
Zhang 32 23 2535 26% Cancer-specific survival period of urothelial carcinoma [21] 185 -
Kim G 2 4037 2570% Overall survival rates for head and neck cancer [22] 197 -
belred d ool fropedad Recurrence-free survival in head and neck cancer [22] 174 ol
Vgt i o
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Takenaa ¥ Pt i pacts it e d ek anes 1 3 To7ers Kakehi et al., Rehabilitation Nutrition (2020).
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§ Anatomical and cellular, molecular changes in sarcopenia
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+ Purpose of exercise intervention

» Improve muscle quality

* Increase the number of mSCs (Improved muscle regeneration)
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Fujimaki et al., BioMed Research International (2015).
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Exercise intervention in sarcopenia patients

ﬁ Exercise intervention for eldery

4%? Clinical practice guidelines for older people with sarcopenia

- 1635 patients (70-89 yrs) ~ ralinesiston ) » .
Effect of Structured Physical Activity on Prevention
- SPPB<9,

of Major Mobility Disability in Older Adults
- able to walk 400m

+ Participants

The LIFE Study Randomized Clinical Trial

Marco Pabo D ckM.Gurdk, MO, PHO: Wates T Amtr aond D, PP WP
sk A Espl25, PAD- Roger . ieiag. PAD:Thoms M.GIL O vk L Groesl,PO; by C_Kig. PRO: tephen B Kitchevs, RO,

Tk M. Manie, PR May b \eDerot, MO: Niche £ ik, PO Arne . Newar, M. MPH.W. i e, PO, Kaycee M Sk, MO, MAS
1D iamsor, MO, S for he FE sty vestigatos

- flu 2.6 years

* Interventions
- structured, moderate-intensity physical activity program (n = 818)

- health education program (n = 817)

Pahor et al,, JAMA network. (2014).
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« Singapore CPG

ACHIEVING MUSCLE AND METABOLIC HEALTH
hecpsi//dol.org/ 1033591 /stp49.3.ul

Unit No. |
SINGAPORE CLINICAL PRAC E GUIDELINES FOR SARCOPENIA:
SCREENING, DIAGNOSIS, MANAGEMENT, AND PREVENTION

AlProf Lim Wee Shiong
C. Treatment | 1. Older persons with sarcopenia should be encouraged to participate

in resistance-based exercises to improve muscle strength and physical
performance.

2. Clinicians should advise older persons with sarcopenia on the importance of | Conditional
a quality dict with adequate caloric and protein intake.

3. Clinicians should consider nutritional intervention with protein Conditional
supplementation for older persons with sarcopenia.

4. Nuwritional intervention should be combined with physical exercise to Conditional
improve muscle strength and physical performance in older persons with
sarcopenia.

5. Wedo not d prescription of ph herapy for the specific | Conditional
management of sarcopenia in older adults.

Lim SW, ACHIEVING MUSCLE AND METABOLIC HEALTH (2023).
¢y 353y

g)‘; Clinical practice guidelines for older people with sarcopenia

+ Australia and New Zealand CPG

Consensus guidelines for sarcopenia prevention,
diagnosis and management in Australia and New

Zealand
Number Statement Agreement (%)
Management

12 Accredited healthcare professionals (or degreed, N2) should provide an 89.6
accessible explanation of sarcopenia, including provision of informative
material, to those diagnosed with sarcopenia to support engagement
in self-determined health behaviours.

13 All persons with sarcopenia should be offered resistance-based training [o2s |

by an accredited healthcare professional (or degreed, NZ), tailored to the
individuals' abilities and preferences.

14 ‘Optimisation of enaray and. proteh intake is likey to be benefical
for all persons with sarcopenia, but benefits may be greatest when
combined with a physical activity intervention, such as resistance

exercise.
15 Clinicians should consider referring persons with sarcopenia to a 90.9
dietitian for the development of a dietary and protein optimization plan.

16 Total protein intake of 1-1.5 g/kg/day should be considered for older 86.7
adults with sarcopenia, excepting those with significant kidney disease
defined by an eGFR of <30 mU/min/1.73 m*.

Zanker et al., J Cachexia, Sarcopenia and Muscle. (2023).

%%’? Clinical practice guidelines for older people with sarcopenia

+ Canada CPG

.. Y

Are Canadian protein and physical activity guidelines optimal
for sarcopenia prevention in older adults?
Camila L.P. Oliveira, Isabelle ]. Dionne, and Carla M. Prado

Table 2. Key opportunities for improving Canadian Physical Activity Guidelines for Older Adults.

Canadian Physical for Older
Guidelines for older adults should emphasize the importance of RET and how it should be implemented
Guidelines should provide detailed information on which RET should be how. how and how to as

Information on the context in which physical activity should occur should be added to the guidelines as it may increase
participation rates and would help older adults explore new individualized strategies
Note: RET, resistance exercise training.

Oliveira et al,, Appl. Physiol. Nutr. Metab. (2018).
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Effective resistant exercise prescription and delivery

Effective resistant exercise prescription and delivery

+ How? Resistant exercise variables

1 exercise selection, intensity, volume, frequency, resting period (Exercise Dose)

CHRONIC TRAINING
ADAPTATION

‘exercise sessions

« Proposed Ex prescription for older adults with sarcopenia

I

Traning frequency Two sessions per week

Exercise selection Lower body Upper body
Squat Chest press
Leg press Seated row

Knee extension Pull down

Leg curl Dips
Calf raise

Exercise intensity 40-60% 1RM RPE 3-5

-> 70-85% 1RM > RPE6-8

Exercise volume 1-3 sets of 6-12 repetitions

60-120 s between sets
3-5 min between exercises

I '

Rest periods

Hurst et al,, Age and Ageing. (2022).
Y 353y

Effects of other types of exercise?

Effects of other types of exercise?

+ Resistive exercise training (RET) ‘o BMEGenatics
[RESEARCH ________________________ OpenAccess]
Effects of different exercise training modes 2
on muscle strength and physical performance
in older people with sarcopenia: a systematic
review and meta-analysis

Lingian Lu'2, Lin Mao", Yuwei Feng™, Barbara . Answorth?,Yu Liu' and Nan Chen'?"

« Aerobic exercise training (AET)
« Balance training

« Flexibility training

1) RET, Mixed training (RET+AET
: knee extension strength, TUG, gait speed

2) WBVT: only TUG

Lu et al,, BMC Geriatrics. (2021)

€ g zunzyn

Exercise for sarcopenia in older people: A systematic
review and network meta-analysis

Yanjo Shex’, Qingyang S, Kok Noni?, Sheyu L, rong Yue’, in Huang’, rong Don’, Ml Sesuchamp” &
Ok oo™ ©

st sy

Quality of ife | Muscle strength ‘

. [— [——
Participants vty W e, Vantrty s | U 3 et | T w0 ] ok st ot 4.
- 3728 patients with ) wcr | wmomch |
Resistance st
42 RCTs s
- Resistant ex. e
- Balance
- Aerobic O e
e s Ao
- Nutrition e [rse
e
bt s
| Renmance sad Acrobue and
== 058006012
lenss Malance

Shen et al., J Cachexia, Sarcopenia and Muscle (2023)
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Effects of other types of exercise?

' Effects of other types of exercise?

= =
FLSEVIER Jamemal hamepeg st Jamdasoam: = 3

Review Artcle

Network M lysis of LY

of A
Randomized Controlled Trials

Ahmed M. Negm MD. MSc. PhD', Jeremy Lee MD". Radmehr Hamidian 8c°,
C. Allyson Jones PT, PhD". MD, PhD'

=ns — Sandardied Mea Difrences 0% )

Vibraion . 026(0001,080)
Resvtancex - 005006,016)
Phys Act Natr e 016001031
Pharmacaterpy —_—t 015¢€020,051)
Noir_prot . 0140002,028)
Nutr_sther - . “001 (024,02)
e 0 ] 0.46(025,067)
Baanee < 026077,026)
Aeraicex . 005 017,026
Acupuncture - . 038 014,090

5 s o os 7 s

Mixed training (RET+AET) with

nutritional supplementation are the
most effective sarcopenia

Negm et al.,, JAMDA (2022)
Oy 352y

« Proposed Ex prescription for older adults with sarcopenia (1)

Froquency Intensity Duration (min)* Type Progression
Resistance excrcise 1-5 sessionweck 20-80% of | Repeition Maximum ~~ 20-75 Upper limb: biceps curl riceps curs, 3 ways:
(1RM) or 6-14 Rating of shoulder

20-30% of 70-79%

Perceived Exerion (RPE) abduction/fxion, bench pres, mili-1RM

Volume o the exercise: 1-3 sets, tary press, sested row,bentrow over Body weight 0 theraband t0 ankle
10-15 reps Lower limt

e Changing
squating, calf rises, Kick back,
un

ges
Trunk: abdominal crunch and back
extension
Walking,slow runing, ied cycle 3 ways:
enpometer, aneriorposterorfteral R . from 5010 55% progressing 10
repeiiv siepping sationary bicycle _65-70%
RPE from 7 points progressing 1o 17
Varying the exercise durtion keeping
itensit constantecreasingfncress-
ing

Acrobic exercise  2-5 session/week 50-70% of HR 08 7-17 pointon  6-30
RPE

et together, Landem stand, weight

shift, becl-up tand,one-leg stand base o from statics o dynamic
Dynamic balance:heel e, oe raise,

heelftoe waling. vibraton pltiorm,

stepping (nteior-postrior and

Tateal), quick directional change,

complex coss over sepping actviy,

reaching

Stretching exercise - Static stretching exercise:
during warm-up and cool
down

@ 2oz

Kumar et al., Eur Geriatr Med (2022).
Y ey
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Effects of other types of exercise?
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» Proposed Ex prescription for older adults with sarcopenia (2)

+ BALANCE(B) + FLEXIBILITY (F) E + 20min B+ 10minF
Frai:

scale)

Table 1
General recommendations on exercise-based interventions to treat age-associated sarcopenia and fraity.
Exercise modality Dunation Volume Intensity Frequency Indication
RESISTANCE Variable (10-60min) 810 exercies Progressive (untl 80%  2-3 times/week  SARCOPENIA (+ ++)
involving major muscle  1RM) (nge16)  FRALTY (++4)
froups.
'3 months (range 2-12 months) | Progressive (1-3 sets,
612 repeitons)
ENDURANCE 20-60min Progresive Progresive (modenate o 3-5 days/week  SARCOPENIA (++)
'3 months (range 2-12 months) high; 6-8 points on a RPE FRAILTY (+ 4)
scale)
MULTICOMPONENT: 45-60min Progresive (modenateto  2-3 times/week  SARCOPENIA (++ +)
RESITANCE (R) + ENDURANCE () Prefai: 20minR+ 10min high; 6-8 points on a RPE  (range 1-7)  FRALLTY (++4)

Comprehensive geriatric assessment

10minR+
minE+
8SminB+

3 months (range 1-18 months)

Nascimento et al., Free Radical Biology and Medicine. (2019).
€y B5pasmyn

€y BE3Ye

Comprehensive geriatric assessment

+ Mechanisms of sarcopenia.

SARCOPENIA

Endocrine
corticosteroids, GH, IGF-1
abnormal thyroid function

insulin resistance

physical inactivity
zero gravity

@ 2z

ro-degenerative
diseases
motor neuron loss

Aging + Age-associted musce loss
. ‘condions (eg. organ faure,
Disease . cuveen
Neurgeal dsardors
» +Sodontry bohavir (0.9, it mobty
Inactivity orbedrest)
Prysical mctey
N Undorutbon o maltsopion
Malnutrition  +Medeaton-elstedarorexa

+ Oveenuironobesty

Cruz-Jentoft et al,, Age and Ageing. (2010, 2019).

Y 353

Comprehensive geriatric assessment

« Disease related sarcopenia in eldery

Malignancy

Hearing, visual impairment
- Hip Fx
- Cancer

Muskuloskeletal (OA, RA, osteoporosis)

Psychiatric issues: delirium, depression,

Neurologic disorders

Inactvity

Malnutrition

congnitive impairment

¢y 353adaRyn

Comprehensive geriatric assessment

Comprehensive geriatric assessment

Original article

Laure M.G. Versts

Sarcopenia, malnutrition and cognition affect physiotherapy frequency
during geriatric rehabilitation: RESORT cohort

n’, Federica Sacchi’, Janneke P. van Wijngaarden®, Carel G.M. Meskers¢,

Difference in prevalence %

o

o @ o o
Quartles PT frequency

o @ @ o
Quartles PT frequency

Andrea B, Maier™
® Danone Murico Research, Uppslloan 12, Ureche 3584 CT the Ntherlands
erdam,he Necheknds
. ‘engehitbou Porkille, Vitoria Ausral
a_ Cognitive impairment b Deliium ¢ Malnutition d sarcopenia
2 « . 2

2
a @ a o
Quarties PT frequency

o
a @ o o
Quartiles PT frequency

Fig 1. el
(number ofsesions per week) during geriatric rehabltation.

)

Qs the refer-

70PT

Verstraeten et al.,, Annals of PMR (2023).

Comprehensive geriatric assessment:

ersonalized, multi-disciplinary approach

Activities of daily living, ADL

should be considered

Baek et al., Ann Geriatr Med Res 2023;27(1):9-21
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Proposed rehab nutrition with iatrogenic sarcopenia

stage

48 A|ZF | Hyperacute care  Intake: less than 70% of the target imi loss of ly i
energy goal e " i Seal stmudaie e

Protein: 1.3 g/kg/day for protein

Acute care” Intake: not to exceed To maintain musde  Gait ps per day
20-25 keal/kg/day ‘mass and physical function Using a pedometer and setting a target
step count
Subacute care® Intake: 25-35 keal/kg/day T muscle exercise
Protein: 1.2-1.5 g/kg/day ‘mass and physi i i d loss of

motor function, so an exercise program
needs tobe svumned to avoid injury®

>43= | Convalescent care® getenergy Toi muscle ic exercise
h the activity level ‘mass and physic i

°Hy : within 48 h ‘admission or I *Acute care: within 2 weeks after admission or onset disease. Sub-
acute care:2t0 4 weeks akev admlsslon or onset disease. ‘Convalescent care: more than 4 weeks after admission or onset disease.
“This is an example. Its d ds on the level of invasion, i ion, and severity of the disease.

Kakehi et al., World J Mens Health, (2021).
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Gender Differences for Sarcopenia in Patients Undergoing Total Knee
Arthroplasty for Advanced Knee Osteoarthritis

2718 &

o
(=] ' '-'-T;ﬂ
PSS

—_
SECHSL Fyeldt

Background: Most studies related to sarcopenia have focused on elderly women, and their outcomes
have mostly addressed them. However, with the gradual increase in total knee arthroplasty (TKA) volume,
since the number of elderly men who underwent TKA also increased, it is necessary to pay attention
to the results of the elderly men group. However, few studies have been conducted on the comparison
of outcomes after TKA in elderly men and women with sarcopenia and risk factors in elderly men with
sarcopenia in these patients. The purpose of this study was to compare gender differences in the
incidence of sarcopenia, demographic characteristics, and preoperative sarcopenic parameters in patients
undergoing TKA for advanced knee osteoarthritis (OA). Moreover, we also sought to compare patient-
reported outcome measures (PROMs) and the predisposing factors after TKA in patients with sarcopenia
by gender through subgroup analysis.

Methods: From May 2020 to September 2022, a total of 892 patients whose body composition, muscle
strength, and physical performance could be measured before primary TKA were enrolled. Sarcopenia
was defined according to the Asian Working Group for Sarcopenia 2019 criteria. Patients were assessed
according to the presence or absence of sarcopenia. After a two-to-one matched pair analysis for
subgroup analysis, twenty—one knees in male were matched with a corresponding number of knees
in female (42), resulting in a total of 63 knees. PROMs were investigated using the Knee Injury and
Osteoarthritis Outcome Score, Western Ontario and McMaster Universities Osteoarthritis Index, and the
Short Form-12 physical and mental component summary scores. Additionally, postoperative complications
and predisposing factors for sarcopenia were evaluated.

Results: The prevalence of sarcopenia was 10.9%, and the prevalence was higher in men (19.6%) than in
women (9.7%). At the six-month follow-up, patients with sarcopenia showed significantly inferior PROMs
than non-sarcopenia patients, except for the pain score; However, from the 12-months follow-up, there
was no significant difference between the groups. In subgroup analyses, male patients had significantly
inferior PROMs up to 12 months after surgery. Moreover, there was no significant difference in systemic
complications between the two groups. Multivariate binary logistic regression analysis indicated that
smoking and higher mCCl were predisposing factors factors for male patients with sarcopenia.

Conclusions: The prevalence of sarcopenia was high in male patients undergoing primary TKA. Male
patients had inferior PROMs compared to female patients up to 12 months postoperatively. Smoking and
higher mCCl were predisposing factors for sarcopenia in male patients with advanced knee OA.

Keywords: Advanced knee osteoarthritis, Total knee arthroplasty, Sarcopenia, Patient-reported outcome
measures, Male patients
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Differences in Sarcopenia Status and Mortality According to Physical
Activity: Results from the Korean Longitudinal Study on Health and Aging
(KLoSHA)

1 St=d2 4
M7t FEH, 27187, A
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‘REMSUEuy e Mokt

Purpose: There is increasing evidence that promoting physical activity (PA) can prevent sarcopenia.
However, PA decreases with age, and the impact of PA intensity on health is unclear. This study investigated
the relationship between the level of PA and sarcopenia, and the association between PA levels and
mortality in patients with and without sarcopenia.

Methods: Data were derived from the Korean Longitudinal Study on Health and Aging. PA was classified
as sedentary behavior (SB), light physical activity (LPA), or moderate-to-vigorous physical activity (MVPA).
Each PA level was subdivided based on the median time spent engaged in that activity, yielding eight PA
profiles. Logistic regression and Cox proportional hazard models were used to investigate the association
between PA level and sarcopenia, and between PA profiles and mortality.

Results: This study included 620 participants. During follow-up, 264 (42.6%) participants died. Overall,
sarcopenic participants were less physically active than non-sarcopenic participants. After multivariate
adjustment, more SB and less MVPA were associated with sarcopenia and all related variables, except
muscle mass. Compared with the reference, non-sarcopenic participants with lower SB and concomitantly
higher MVPA had significantly lower hazard ratios for mortality, while higher LPA reduced mortality in
sarcopenic participants regardless of time spent engaged in SB or MVPA,

Conclusions: PA, especially SB and MVPA, was associated with sarcopenia and related variables, but the
level of PA that prevented death differed according to sarcopenia status. Our findings may help determine
the optimal intensity and amount of PA.

Keywords: Sarcopenia, Mortality, Physical activity, AWGS 2019, KLoSHA
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Probiotic-diet Rescues AD-related Sarcopenia via the Gut-muscle Axis in
APP/PS/Tau Mice

Yu Mi Kim*®, Mi Rae Lee*®, Sang Tae Kim*®*

’Neuroscience Research Institute, Healthcare Innovation Park, Seoul National University Bundang
Hospital, Seongnam, 13605, Republic of Korea

®JnPharma Ltd, Juam Research Institute, 6, Wangsimni-ro 10-gil, Seongdong-gu, Seoul, 04778,
Republic of Korea

AD-related muscle dysfunctions are common degenerative brain disorders resulting in poor quality of
life in the elderly. Probiotic diet is a potential strategy for preventing AD-related sarcopenia as evidence
suggests that probiotics can enhance muscle function via the gut-muscle axis. However, the effects and
mechanisms of probiotics in AD-related sarcopenia are currently unknown. In this study, we examined the
effects of Lactobacillus sp. UBC23, a probiotic previously reported to improve muscle function in AD-old
adult mice,

We administered Lactobacillus sp. UBC23 (1 x 108 or 1 x 109 CFU/mouse/day) by oral gavage to AD-
accelerated mouse 3xAD mice for 8 weeks (8- to 32-week-old). Sixteen-week-old and 32-week-old AD
mice were included as non-aged and aged controls, respectively. Muscle condition was evaluated using
CONFOCAL analysis and H/E for muscle morphology, gene expressions for muscle function. Inflammatory
cytokines were determined using ICC assay. The gut microbiota was analysed based on the data of 16S
rRNA gene sequencing of mouse stool.

The Lactobacillus sp. UBC23 diet reduced AD-related declines in muscle mass and molecular function.
The high dose of Lactobacillus sp. UBC23 diet was also associated with distinct microbiota composition as
indicated by the separation of groups in the beta—diversity analysis (P = 0.027). Lactobacillus sp. UBC23
diet altered predicted bacterial functions based on the gut microbiota. Finally, the genera enriched by
probiotics combination-dose were positively correlated with healthy muscle and physiological condition
(P < 0.05), while the genera enriched in AD control mice were negatively associated with healthy muscle
and physiological condition. Lactobacillus sp. UBC23 diet represents an active modulator that regulates the
onset and progression of AD-related muscle impairment potentially via the gut-muscle axis.

Keywords: Probiotics, Gut-muscle axis, AD-related sarcopenia, Gut microbiota, Short-chain fatty acid
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The Association of Periarticular Skeleltal Muscle Weakness and the
Progression of Joint Damage and Pain in OA

2434"?, Thi Hong Nhung Pham', Zi3iot"

2ot Yayel ROME|A Lot *7HE2] Chstn Ao| A|AR- ofst g1ta

E:

Although osteoarthritis (OA) is regarded as a disease of the articular cartilage, recent research has
demonstrated alterations in periarticular muscles that surround the affected joint. Here, we investigated
changes in periarticular muscle during the progression of OA, as well as the cause-and-effect relationship
between muscle weakness and OA, in a mouse model of OA by destabilization of the medial meniscus
(DMM). Pathological phenotypes in the periarticular muscles were assessed in the early and late stages
of OA by DMM. OA pathology and pain behavior in the mice after DMM induction were examined in
response to periarticular muscle weakness induced by multiple rounds of barium chloride injections. The
examinations were also performed in myostatin knockout mice with strengthened muscle phenotypes by
muscle hypertrophy. Morphological alterations in the TA and quadriceps muscles in DMM mice included
variations in muscle-fiber size, aberrant ECM deposition, inflammatory cell infiltration, and decreased
muscle mass. Periarticular muscle fibers isolated from DMM mice showed reductions in the number of
satellite cells and myogenic capacity of primary myoblast, as well as proliferation. DMM+muscle injury mice
also showed exacerbated joint degeneration compared to the DMM vehicles. Myostatin knockout mice
were characterized by attenuated OA and the complete abrogation of pain behavior after DMM. Our results
suggest an association between muscle weakness and OA progression and pain.

Keywords: Osteoarthritis, Periarticular muscle weakness, Muscle atrophy, Fibrosis, Myostatin
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Comparative Analysis between Bioelectrical Impedance Analysis (BIA) and
Dual-Energy X-ray Absorptiometry (DXA) in the Diagnosis of Sarcopenia
in the Geriatric Population with Metabolic Syndrome: Equipment-Specific
Equation Development

Youniji Kim, Jaewon Beom, and Jae-Young Lim

Department of Rehabilitation Medicine, Seoul National University Bundang Hospital

Objective: The interaction between metabolic syndrome and sarcopenia presents a serious health
challenge for the aging population. It is increasingly recognized that metabolic syndrome, which can lead
to a variety of complications, is closely linked to sarcopenia, which increases physical frailty and increases
the risk of falls and fractures. The goal of this study was to compare muscle mass measurements using two
different DXA machines and BIA and evaluate the accuracy of muscle mass measurements in this elderly
population.

Methods: This prospective multicenter cohort study was conducted on patients with metabolic syndrome
aged 60 years or older who visited a general hospital. Muscle mass was measured using BIA and two DXA
devices (Hologic, GE lunar), and statistical analysis was performed for comparative validation.

Results: A cohort of 234 individuals with metabolic syndrome (average age 73.2+5.3 years) participated,
with 112 using Hologic and 122 using GE lunar. Mean appendicular skeletal muscle mass (ASM) by BIA and
DXA were 19.7£3.1 and 18.1¥29kg for males, and 13.7+2.2 and 12.6+1.8kg for females, respectively. Multiple
regression analyses yielded equipment-specific equations for calculating DXA-measured ASM based
on BIA measurements: for total participants, DXA-ASM = 13.669 + 0.830BIA-ASM -0.072Ht - 1.349sex
(R2=0.853); for Hologic, DXA-ASM = 10.869 + 1.073BIA-ASM - 0.089Ht (R2=0.912); and for GE lunar, DXA-
ASM = 2772 + 0.626BIA-ASM + 0.161BMI - 1.869sex (R2=0.895). Sarcopenia diagnosis equations using ASM/
Weight, ASM/height"2, and ASM/BMI were also derived, with the most reliable being: DXA-ASM/BMI =
0.736 + 0.027BIA-ASM - 0.021BMI - 0.069sex (R2=0.827, p<0.001); for Hologic DXA-ASM/BMI = -0.005 +
0.878*BIA-ASM/BMI (R2=0.896), and for GE lunar DXA-ASM/BMI = 0.259 + 0.655*BIA-ASM/BMI - 0.076*sex
(male=0, female=1) (R2=0.872). The study also found differences in prediction models between DXA
machines.

Conclusion: This study significantly contributes by developing device-specific equations for sarcopenia
diagnosis in the geriatric population with metabolic syndrome. The equation shows that in cases where
DXA is difficult to apply, BIA can be utilized as it is a faster and more clinically accessible method. However,
this study highlights the necessity for standardized equipment, given the variation in prediction formulas
across different DXA devices.
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Keywords: Sarcopenia, Metabolic syndrome, Bioelectrical impedance analysis, Dual-energy X-ray
absorptiometry, Body composition

W 2023 17—t toALx—0 X{15%X}F LHX |.indd 61 $ 2023. 11. 14. 2—?—4:L



| T T | —— (. [ |

| 20234 CfshaZtAZSLS| H15K} BHALH3]

0-06

Comparison between Muscle Ultrasound and Bioelectrical Impedance
Analysis for Evaluating Muscle Mass in Geriatric Population.

Jongbum Kim', Jaewon Beom', Jae-young Lim'-?

'Department of Rehabilitation Medicine, Seoul National University College of medicine, Seoul
National University Bundang Hospital

’Institute on Ageing, Seoul National University

Objective: Sarcopenia is an important public health problem of geriatric population. Dual energy X-ray
absorptiometry (DXA) is used for golden standard of diagnosis for sarcopenia, but It is not portable and
patient hydration status may affect the result. So, bioelectrical impedance analysis (BIA) is widely used
techniques for such evaluations. Muscle ultrasound (US) is also widely used to assess both muscle quantity
and quality. The validity and reliability of US to assess muscle mass in older adults has been examined in a
recent systematic review. The objective of this study is to compare the body composition measurements
obtained through BIA and US in the geriatric population and assess the agreement and correlation
between the two methods.

Methods: A total of 166 geriatric outpatients (age =60 y) were enrolled in the study, retrospectively. After
a comprehensive geriatric assessment, bioelectrical impedance analysis (BIA) and muscle ultrasound (US)
was performed at same day. Vastus lateralis (VL), rectus femoris (RF) muscle thickness as well as the cross-
sectional area (CSA), echogenicity were measured by US.

Results: A total 166 patients (66 males and 100 females; average age, 77.2 + 10.7 years) were included in the
analysis. The mean skeletal muscle index (SMI) by BIA was 6.08 + 1.1 kg/m”. The results revealed a moderate
correlation only between SMI from BIA and CSA of RF (r=0.536), weak correlation between SMI from BIA
and VL/RF thickness, CSA of VL. We tried to derive equation using simple linear regression analysis to
calculate the values of skeletal muscle index (SMI) based on cross-sectional area (CSA) of rectus femoris by
US. But, the R2 value was low as 0.287 (p<0.001).

Conclusion: This study demonstrates that although there is a moderate correlation between the results
of BIA and CSA of RF measured by US, there are more further differences in the measurement values. The
result show that US, which is clinically convenient and allows for repeated measurements, can be used for
exact measurement for muscle thickness, CSA of leg muscles, but further study is needed for analyzing
relationship with skeletal muscle index (SMI) by BIA.

Keywords: Sarcopenia, Ultrasound, Bioelectrical impedance analysis
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Development of a Sarcopenia Classification Model Utilizing Smart Insole
and Artificial Intelligence Pose Estimation

Short title: Artificial Intelligence Gait Analysis and Smart Insole for
Sarcopenia

Shinjune Kim'?, Hyeon Su Kim?, and Jun-Il Yoo**

'Department of Education and Research, Seoul Bumin Hospital, Seoul, South Korea
’Department of Biomedical Research Institute, Inha University Hospital, Incheon, South Korea
*Department of Orthopaedic Surgery, Inha University Hospital, Incheon, South Korea

Background: The relationship between physical function, musculoskeletal disorders and sarcopenia
is intricate. Current physical function tests, such as the gait speed test and the chair stand test, have
limitations in eliminating subjective influences. To overcome this, smart devices utilizing inertial
measurement unit sensors and artificial intelligence (Al)-based methods are being developed.

Methods: We employed cutting-edge technologies, including the smart insole device and pose estimation
based on Al along with three classification models: random forest (RF), support vector machine and
artificial neural network, to classify control and sarcopenia groups. Patient data of 83 individuals were
divided into train and test sets, with approximately 67% allocated for training. Classification models were
implemented using RStudio, considering individual and combined variables obtained through pose
estimation and smart insole measurements.

Results: Performance evaluation of the classification models utilized accuracy, precision, recall and F1-
score indicators. Using only pose estimation variables, accuracy ranged from 0.92 to 0.96, with F1-scores of
0.94-0.97. Key variables identified by the RF model were ‘Hip_dif’, ‘Ankle_dif” and ‘Hipankle_dif’. Combining
variables from both methods increased accuracy to 0.80-1.00, with F1-scores of 0.73-1.00.

Conclusions: In our study, a classification model that integrates smart insole and pose estimation
technology was assessed. The RF model showed impressive results, particularly in the case of the Hip
and Ankle variables. The growth of advanced measurement technologies suggests a promising avenue
for identifying and utilizing additional digital biomarkers in the management of various disorders. The
convergence of Al technologies with diagnostics and treatment approaches a promising future for
enhanced interventions in conditions like sarcopenia.

Keywords: Sarcopenia, Physical function, Classification model, Pose estimation, Smart insole
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Effect of Leucine-rich Protein in Parallel with Resistance Exercise on the
Body Composition and Function of Elderly in Korea
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The standardized guidelines for preventing sarcopenia due to increased life expectancy are still insufficient.
Therefore, this study evaluated the effects on body composition and physical function of healthy adults
aged >50 years living in Korea with combined daily resistance exercise and daily intake of accessible
protein supplements for 12 weeks. All subjects in this study were randomly assigned to 2 groups taking
either protein powder[carbohydrate 12g, fat 3g, protein 20g, fructooligosaccharides 3g], or placebo powder
[carbohydrate 38g] twice a day for 12weeks. Until the first 4 weeks, resistance exercises using the bare body
were performed, and thereafter, a total of 3 sets of resistance exercises at a level that could be repeated 8-12
times were performed using a Thera-Band. Body composition analysis was measured using bio impedance
analysis (BIA) and dual-energy X-ray absorptiometry (DXA). When measured by BIA, body fat mass (kg)
and body fat (%) were significantly decreased and lean body mass (LBM) (kg) and skeletal muscle mass
(SMM) (kg) were significantly increased in both groups, but when measured by DXA, LBM were significantly
increased only in the protein powder group. In addition, the amount of LBM and SMM change measured
by BIA was significantly greater in protein power group than that in the placebo powder group (LBM 095 +
0.91 kg in the protein power group vs 0.38 + 1.06 kg in the placebo powder group, p = 0.043 ; SMM 0.69 +
0.58 kg in the protein power group vs 0.29 + 0.65kg in the placebo powder group, p = 0.039, respectively).
We conclude that older people who engage in exercises should have proper intake of protein supplements,
which are effective in preventing weight loss and sarcopenia and helps improve muscle mass.

Keywords: Sarcopenia, Lean body mass, Skeletal muscle mass, Elderly
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Sex Differences in Effect of Vitamin B12 Insufficiency on Sarcopenia:
A Longitudinal Study
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Background: Sarcopenia, defined as loss of muscle mass and either low muscle strength or low physical
function, is associated with complications such as falls, fractures, frailty, and mortality in the elderly. Vitamin
B12 (B12), also known as cobalamin, a water-soluble vitamin, plays an essential role in synthesizing myelin
in the nervous system. Previous studies have reported that B12 insufficiency with significant nerve fiber
damage often causes muscle weakness, impaired balance, gait ataxia and even is related to sarcopenia in
the elderly. However, the longitudinal effect of B12 insufficiency on sarcopenia has not been performed
yet. We aimed to investigate the impact of B12 levels on alterations in muscle mass, strength and physical
function over two years. Method: In this two-year longitudinal study, we used data from the Korean Frailty
and Aging Cohort Study; Of 3,014 aged 70-84 community—dwelling participants, 844 non-sarcopenic older
adults (382 men and 462 women) who did not meet any diagnostic criteria parameters based on Asian
Working Group for Sarcopenia (AWGS) were recruited (figure 1). The participants were divided into 2 groups
by initial serum B12 concentration: the insufficiency group (< 350 pg/mL) and the sufficiency group (= 350
pg/mL). Generalized linear model analysis and logistic regression analysis were performed to evaluate the
effect of initial B12 concentration on alterations of muscle mass, strength and physical function over a two-
year period according to sex. Results: Baseline characteristics of non-sarcopenic participants by initial B12
level are presented in table 1. Initial short physical performance battery (SPPB) was significantly lower in the
B12 insufficiency group in women. Initial handgrip strength (HGS), appendicular skeletal muscle mass index
(ASMI) were not significantly different between the groups. Multivariable generalized linear model analysis
showed that SPPB significantly more decreased (B estimate= -4.85, confidence interval [Cl]=-9.11—-0.59)
in the B12 insufficiency group than in the B12 sufficiency group. In multivariable logistic regression analysis,
the B12 insufficiency was associated with significantly higher incidence of low SPPB (odds ratio [OR]=4.38,
95% [Cl]=2.01-9.55) and sarcopenia (OR=5.90, 95% [Cl]=1.55-22.43). However, in men, the B12 insufficiency
was not significantly related to the incidence of sarcopenia (table 2). Conclusion: We found that B12
insufficiency negatively impacts physical function measured by SPPB and increases the incidence of
sarcopenia only in women. However, B12 insufficiency was not associated with sarcopenia in men. Further
studies are needed to confirm these findings.

Keywords: Sarcopenia, Vitamin B12
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Table 1. Baseline Characteristics of Participants by Vitamin B12 Level according to Sex

Male Fernale
Characteristics B12 (pg/ml) B12 (pg/ml)
Suﬂ'icien? Insuﬂ'mieniyo P-value Sufﬁcien% Ensufﬁcien? P-value
(2 350, n=366) (< 350, n=40) (2 350, n=478) (< 350, n=41)

Age, mean (SD) 75.28 (3.56) 7549 (3.73) 072 7469 (3.53) 7646 (3.60) < 001"
BMI (SD) 2515 (2.40) 2590 (2.62) 006 25.26 (2.70) 2622 (3.34) < 0.05*
Education years (n, %)

<6 91 (26.7) 11 (26.8) 240 (56.7) 16 (41.0)

7-12 152 (44.6) 20 (48.8) 0.82 150 (35.5) 18 (46.2) 0.15
> 13 98 (28.7) 10 (24.4) 33 (78) 5 (12.8)

Marriage (n, %)

Married 314 (92.1) 38 (92.7) 0.80 213 (50.4) 20 (51.3) 0.1
Mot married 27 (79) 3(73) ) 210 (49.6) 19 (48.7) -
Income per month

(Korean million won) (n, %)

>3 93 (27.3) 12 (29.3) 54 (12.8) 4 (10.3)

1-3 144 (42.2) 12 (29.3) 0.23 126 (36.9) 15 (38.5) 0.90
<1 104 (30.5) 17 (41.5) 213 (50.4) 20 (51.3)
Current smoker {n, %) 31 (9.9) 5 (12.2) 052 1(02) 0 (0.0 0.76
Alcohol use (n, %) 241 (70.7) 28 (68.3) 075 268 (63.4) 32 (82.1) < 0.05*
Hypertension (n, %) 172 (50.4) 25 (61.0) 020 256 (60.5) 27 (69.2) 0.29
Dyslipidemia (n, %) 93 (27.3) 13 31.7) 055 168 (39.7) 18 (46.2) 043
Diabetes mellitus (n, %) 70 {20.5) 13 317) 010 69 (16.2) 12 (30.8) < 0.05*
Depression (n, %) 4(1.2) 1(24) 050 3 07 0 (0.0) 0.60
OA (n, %) 36 {10.6) 8 (19.5) 009 136 (32.2) 10 (25.6) 0.40
Osteoporosis (n, %) 5 (1.5 4 (9.8) < 0.01* 89 (21.0) 10 (25.6) 0.50
Hb (g/dL, SD) 14.33 (1.33) 14.15 (1.09) 041 12.93 (1.02) 12,68 (1.37) 0.27
MMSE-KC (SD) 26.86 (2.18) 2671 (2.41) 068 26.10 (2.53) 26.54 (2.29) 0.30
HGS (kg, SD) 35.58 (4.63) 35.03 (5.71) 048 2296 (2.95) 2242 (3.11) 0.28
ASMI (kg/m?, SD) 7.71 (0.55) 7.69 (0.69) 084 6.16 (0.59) 6.25 (0.63) 0.35
SFPB (5D) 11.56 (0.69) 11.61 (0.70) 0.66 11.37 (0.7T7) 11.10 (0.85) < 0.05*

Abbreviations: B12, vitamin b12; BM|, body mass index; OA, osteoarthritis; Hb, hemoglobin;

MMSE-KC, Mini-Mental Status Examination in the

Korean version of the CERAD assessment packet HGS, handgrip strength; ASMI, appendicular skeletal muscle mass index; SPPB, short physical

performance battery.
* 1 million Korean won = approximately 900 USD

Table 2. Logistic Regression Analysis of Vitamin B12 Insufficiency (< 350 pg/ml} Predicting Sarcopenia and its Parameters

according to Sex

Unadjusted model

Fully adjusted model

Characteristics Male Fermale Female
OR (95% CI) OR (95% CI) OR {95% CI) OR (95% CI)

Muscle strength
Low HGST 2.26 (0.87-5.92) 1.84 (0.73-4.68) 1.87 (0.64-543) 1.72 (0.63-4.70)
Muscle mass
Low ASMIt 0.58 (0.27-1.26) 1.23 (0.56-2.69) 051 (0.22-1.22) 167 (0.56-3.34)
Physical performance
Low SPPBt 0.50 (0.11-2.15) 436 (2.15-8.84)* 0.38 (0.07-194) 438 (2.01-9.55)**
Sarcopeniatt 1.27 (0.36-4.46) 296 (1.05-8.39)* 0.81 (0.18-3.73) 5.90 (1.55-22.43)*

Abbreviations: OR, odds ratio; Cl, confidence interval; HGS, handgrip strength; ASMI, appendicular skeletal muscle mass index;

SPPB, short physical performance battery.

The fully adjusted model was adjusted for age, body mass index, hypertension, dyslipidemia, osteoarthritis, osteoporosis, diabetes

mellitus, depression, smoking history, alcohel histery, number of medications, MMSE-KC score and hemoglobin.
* Low HGS, < 28 kg for men and < 18 kg for women; low ASMI, < 7.0 kg/m’ for men and < 54 kg/m2 for women; low SPPB,

score £ 9 for both sexes.

t Sarcopenia: low ASMI (< 7.0 kg/m® for men and < 54 kg/m’ for women) and either a low HGS (< 28 kg for men and < 18
kg for women) or low physical performance (SPPB score £ 9 for both sexes).

*P < 0.05
P < 0.01
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Baseline KFACS survey (2016-2017)+
(n=3,014)~

2-year followed survey (2018-2019)+
(n=2,539).

Excludedif they fulfill the following criteria: -
Lack of dual-energy X-ray absorptiometry data
(=533}
History of stroke or hemiplegia (n=55).
Dementia or cognitive impairment (< 20 points on the
—* MMSE-KC_n=45).
Incomplete physical function test data (n=23).
Traumatic fracture within one year (n=20) »
Artificial jointreplacement (n=21)
Malignancy (n=15)-
Dependence in ADL (n=81).

Sarisfied with any sarcopenia parameterst -
based on AWGS 2019 (n=901)+

844 older adults.
(382 men and 462 women}).

Figure 1. Flow chart of the participant recruitment process.

t Sarcopenia parameters: Low Appendicular skeletal muscle mass index (ASMI) (< 7.0 kg/m® for men and < 5.4 kg/m® for women), low handgrip

strength (HGS) (< 28 kg for men and < 18 kg for women) and low short physical performance battery score (SPPB) (< 9 for both sexes).

Abbreviations: KFACS, Korean Frailty and Aging Cohort Study; MMSE-KC, Mini-Mental Status Examination in the Korean wversion of the CERAD

assessment packet; ADL, Activities of daily living; AWGS, Asian Working Group for Sarcopenia.
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Association of Physical Activity with Sarcopenic Obesity in Community-
dwelling Older
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Introduction: Sarcopenic obesity (SO) is clinical condition characterized by the coexistence of obesity
and sarcopenia, which increases the risk of synergistic complications such as frailty, disability and mortality.
Previous studies have reported that overall levels of physical activity (PA) are associated with a reduced risk
of developing of SO. However, the association between specific intensity of PA and SO, and the association
of PA with the individual components of SO have not been well investigated. The European Society for
clinical Nutrition and Metabolism (ESPEN) and the European Association for the Study of Obesity (EASO)
have developed a diagnostic criteria provided a consensus definition of SO in 2022, In this study, we aimed
to investigate the association between PA and the individual components of SO.

Method: In this study, we used data from the Korean Frailty and Aging Cohort Study; A total of 2,071 older
adults (1,030 men and 1,041 women, aged 70-84 years) were recruited. SO was defined according to the
criteria of ESPEN and EASO. Total PA per week was expressed as metabolic equivalents (METs), and three
levels of PA were used to classify the participants based on the International Physical Activity Questionnaire
(IPAQ). Multilogistic regression analysis was used to investigate the association between physical activity
and SO.

Results: The prevalence of SO was 8.7% in men and 10.4% in women. In the multivariate analysis, high-
intensity physical activity was associated with a lower risk of SO (odds ratio [OR], 0.53; 95% confidence
interval [Cl], 0.33-0.87 in men; OR, 0.39; 95% Cl, 0.24-0.62 in women) (Table 1). Moderate-intensity
physical activity was associated with a lower prevalence of SO (4.0 MET, OR=0.68; 95% Cl, 0.51-0.91 in men;
OR=0.83, 95% Cl, 0.70-0.98 in women and 3.3 MET; OR=0.74; 95% Cl, 0.58-0.95 in men; OR=0.66; 95%
Cl, 0.51-0.87 in women)(Table 1). High physical activity was also associated with a lower risk of low muscle
mass, skeletal muscle function, and fat mass, all of which are included in the diagnostic criteria for SO (Table
2). ROC analysis revealed that energy expenditures of >3,032 kcal/week (433 kcal/day) in men and =2,730
kcal/week (390 kcal/day) in women yielded optimal results (Figure 1).

Conclusion: We found that high PA was associated with a lower risk of SO. Moderate-intensity physical
activity and total physical energy expenditures of more than 3,032 kcal/week (433 kcal/day) in men and 2,730
kcal/week (390 kcal/day) in women were associated with a lower risk of SO.

Keywords: Sarcopenic obesity, Physical activity
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Can We Predict Muscle Changes after 2 Years Using Gait Speed A
Longitudinal Study?
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Objective: Decline of physical functions and muscle loss occur with aging. Gait speed is used as an index
to assess frailty or sarcopenia. Slow gait speed is associated with higher rates of disability, hospitalization
and mortality. Cut-off value of slow gait is decided as less than 1.0 m/s as suggested in Asian Working
Group for Sarcopenia (AWGS) and a previous study conducted with Korean Frailty and Aging Cohort Study
(KFACS). As far as we know, there was no longitudinal study that predicted muscle change after 2 years
with gait speed. The objective of this study is to assess whether it is predictable that the slower gait speed,
the more muscle loss occurs.

Method: This longitudinal study analyzed data from the KFACS. Among total 3,014 older people aged 70~
84 years, 1,861 elderly who can walk independently were included. All participants measured the physical
function of baseline and dual-energy X-ray (DEXA) to estimate changes of muscle mass over 2 years. Gait
speed was obtained as a sub—parameter of short physical performance battery (SPPB), recorded time to
the nearest 0.01s using laser sensor. The participants were divided into two groups, slower group (gait
speed < 1m/s) and faster group (gait speed = 1m/s). Generalized linear model analysis was used to evaluate
the difference in percent between two groups in change of the lean mass of limbs, trunk and appendicular
skeletal muscle mass index (ASMI) over 2 years.

Results: Characteristics of participants at baseline are shown in table 1. ASMI decreased by 2.73% overall
after 2 years and statistically significantly decreased in slower group than in faster group (-3.41% vs. -2.48%,
p=0.016). Lean mass of legs also significantly decreased in slower group (-3.98% vs. -2.84%, p=0.008).
There was no significant difference between the two groups in changes of lean mass in arm, trunk and
whole body (table 2).

Conclusion: In this study, the overall lean mass decreased after 2 years in the elderly. The lean muscle
mass of whole body, limbs and trunk showed a tendency to decrease more in slower group (gait speed <
1m/s) than in faster group (gait speed = 1m/s). The difference was significant in lower limb, ASMI and whole
body. Considering that ASMI and whole body included lower limb, the present gait speed is a parameter
that can predict change of muscle mass of lower extremity in 2 years.

Keywords: Gait speed, Sarcopenia
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Sarcopenia Detection Technique Based on Stimulated Muscle Contraction
Signal Using Wearable Device

||:|_|.

Object: To detect a sarcopenia, measurements of skeletal muscle index, muscle strength, and gait speed
are typically required. However, there are situations where assessing muscle strength and gait speed is
not feasible due to the patient's condition. To address this issue, we propose a classification technique for
the sarcopenia based on stimulated muscle contraction signals (SMCS) using wearable devices. Muscle
fiber atrophy occurs due to the degeneration of the motor neurons caused by muscle atrophy [1]. For
this reason, during muscle stimulation using electrical stimulation, we collect neuromuscular response
signals through surface electromyography (EMG) sensors installed in the wearable devices [2], [3]. Since
the collected SMCS represents the response signals of motor neurons and muscle fibers, it allows us to
analyze the weakened state of the neuromuscular system due to the sarcopenia. Therefore, we propose an
artificial intelligence technique using feature vectors extracted from SMCS as input for the detection of the
sarcopenia.

Methods: The SMCS collected through wearable devices is composed of signals obtained by increasing
the electrical stimulation frequency from 5Hz to 30Hz in 5Hz increments. Furthermore, SMCS consists of
data collected for each electrical stimulation frequency over an 8-second period. Subsequently, feature
vectors were extracted from each segment of SMCS through frequency transformation, and an input vector
for the support vector machine (SVM) was constructed via feature selection. To validate the proposed
technique, SMCS data from 133 Alzheimer's patients were collected, and labels were assigned based on
Asian sarcopenia diagnostic criteria. Finally, the algorithm's performance was assessed through leave-one-
out cross-validation (LOOCV).

Results: Using a database of 133 Alzheimer's patients, the results showed a model sensitivity of 86.7% and
specificity of 91.1%, with an area under the receiver operating characteristic (ROC) curve of 0.92.

Conclusions: Since the SMCS proposed in this paper includes response signals of motor neurons
and muscle fibers, it was possible to extract the features for bioinformation about the neuromuscular
system. Moreover, experimental results showed meaningful outcomes from a detection of sarcopenia
when constructing an SVM model with feature vectors extracted from SMCS. Therefore, based on the
experimental findings, it is deemed feasible to diagnose muscle atrophy using SMCS.

Reference
[11 M. Fogarty and G. C. Sieck, “Aging affects the number and morphological heterogeneity of rat phrenic
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motor neurons and phrenic motor axons,” Physiological Report, vol.11, iss.2, 15587, Jan. 2023.

[2] S. Nakajima and H. Yuminaga, “Approximation of F-wave from evoked electromyography to poisson
distribution and normal distribution,” Glob. Conf. Life Sci. Technol., Mar. 2020, pp.251-252.

[3] K. Nakagawa, K. L. Fok, and K. Masani, “Neuromuscular recruitment pattern in motor point stimulation,”
Artif. Organs, vol .47, iss.3, pp.537-546, Mar, 2023,
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UPT-01 Suppresses Cisplatin-induced Sarcopenia via Downregulation of
Proinflammatory Cytokines and Muscle-specific Ubiquitin E3 Ligases

Hyeon-Yeong Lee', Hye-Young Kim', Yeon-Su Koo', Ji-Su Lim', Oheok Kwon?, Yoosik Yoon'

'Department of Microbiology, Chung-Ang University College of Medicine, Seoul 06974, Korea
’New Drug Development, UMT, Seoul 08381, Korea

Background: Cisplatin is a broad-spectrum chemotherapeutic agent used in diverse types of cancer.
However, one of the common side effects of cisplatin chemotherapy is sarcopenia which is associated
with decreased patient’s quality of life as well as increased morbidity and mortality. This study aimed to
elucidate the protective effects of the compound UPT-01 on cisplatin-induced sarcopenia.

Methods: Male C57BL/6 mice received intraperitoneal injection of cisplatin (3 mg/kg/day, 4 times) and
oral administration of UPT-01 (5-20 mg/kg/day, every day). Megestrol acetate (160 mg/kg/day, every
day) was used as a comparator drug. Skeletal muscle function (strength and endurance), was measured
by grip strength and treadmill running distance, respectively. At the end of the study, the weight of the
gastrocnemius and quadriceps muscles was measured, and gastrocnemius were analyzed using RT-gPCR,
ELISA and western blot.

Results: Grip strength and treadmill running distance were decreased in the cisplatin group compared to
control group, which was significantly ameliorated in the UPT-01 group. Gastrocnemius and quadriceps
weights were reduced by cisplatin, which significantly was improved by UPT-01 treatment. UPT-01
suppressed cisplatin-induced elevations in TNF-a, IL-1B and IL-6 as well as the DNA binding of NF-kB in
muscle. UPT-01 also reduced the skeletal muscle expression of muscle-specific ubiquitin E3 ligases, muscle
ring-finger-1 (MuRF1) and muscle atrophy F-Box (MAFbx), resulting in elevations of myosin heavy chain
and myoblast determination protein-1, which play crucial roles in muscle contraction and exercise-induced
muscle regeneration. UPT-01 suppressed cisplatin-induced atrophy of C2C12 myotubes in vitro, which
was accompanied by reductions of proinflammatory cytokines and NF-kB signaling as well as ubiquitin E3
ligase expression.

Conclusion: UPT-01 ameliorates cisplatin-induced sarcopenia via downregulation of proinflammatory
cytokines, NF-kB signaling and muscle-specific ubiquitin E3 ligases, MuRF1 and MAFbx, in skeletal muscle.

Keywords: Sarcopenia,cisplatin, NF-kB, Muscle-Specific Ubiquitin E3 ligases
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The Inhibition of FOXO1 Alleviates Primary Sclerosing Cholangitis (PSC)-
Induced Sarcopenia
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Primary Sclerosing Cholangitis (PSC) is a cholestatic liver disease that affects the hepatic bile ducts, leading
to fibrosis, inflammation, and eventual liver damage. PSC can also impact skeletal muscle through the
muscle-liver axis, resulting in sarcopenia, a syndrome characterized by a generalized loss of muscle mass
and strength. The underlying mechanisms of PSC-induced sarcopenia are not well understood, but one
potential regulator is the transcription factor FOXO1, which is involved in the ubiquitin proteasome system.
Thus, the aim of this study was to assess the pharmacological potential of FOXO1 inhibition for treating PSC-
induced sarcopenia. To establish diet-induced PSC model, we provided mice with a 3,5-diethoxycarbonyl-
1,4-dihydrocollidine (DDC) diet for 4 weeks. Mice were intramuscularly injected with AS1842856 (AS),
a FOXO1 inhibitor, at a dose of 3.5 mg/kg twice a week. To mimic the PSC environment in vitro, C2C12
myotubes with cholic acid (CA) or deoxycholic acid (DCA) were treated with AS. We observed that DDC-
fed mice were decreased in muscle size and performance, which is attenuated by administration of AS. In
addition, AS improved myotube diameter and MHC protein level decreased by CA or DCA treatment, and
diminished protein and mRNA expression including Atrogin-1 and MuRF1. Our study suggests that FOXO1
inhibition effectively mitigates DDC diet-induced sarcopenia in a rodent PSC model.

Keywords: Primary sclerosing cholangitis, Sarcopenia, FOXO1
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Stroke-related Functional Sarcopenia is Associated with Age

Woon-Su Cho', Jong-Yun Chun?, Chi-Bok Park’, Byeong-Geun Kim'*

'Department of Physical Therapy, Nambu University, “Department of Physical Therapy, Graduate
School, Nambu University, *Korean Research Council of Physical Therapy for Sarcopenia

Background: "Sarcopenia" was introduced as a term to describe the age related loss of skeletal muscle. It
is known that sarcopenia can occur in the presence of a stroke, with a pooled prevalence of 42% according
to a previous study of stroke related sarcopenia. The prevalence of sarcopenia after stroke is high, and
a previous study reported a multifactorial process that is not solely age related, as different risk factors
contribute to muscle loss in the upper and lower limbs after stroke. "Functional sarcopenia" has been
defined in the 2023 Korean Working Group on Sarcopenia Guideline. However, there is a lack of research
on functional sarcopenia in stroke patients. Therefore, the purpose of this study is to identify functional
sarcopenia in stroke patients and determine the association between stroke patients and functional
sarcopenia.

Methods: This study included a total of 70 stroke patients who were hospitalized at W Rehabilitation
Hospital in Gwangju. To diagnose functional sarcopenia, muscle strength was assessed using handgrip
strength, and physical performance was measured using the Timed Up and Go (TUG) test. Only subjects
who met the criteria of the two evaluation measures were classified as having functional sarcopenia.
General characteristics of stroke patients, including Manual Muscle Test (MMT) total score, Berg Balance
Scale (BBS), 10-Meter Walk (10MW) test, Functional Ambulation Category (FAC), and Modified Barthel Index
(MBI), were assessed through a cross—sectional survey. The collected data in this study were analyzed using
independent t-tests, chi-square analysis, and logistic regression analysis.

Results: Among the 70 stroke patients, 31 (44%) had stroke-related functional sarcopenia. When
comparing the stroke group with the stroke-related functional sarcopenia group, significant differences
were found in Type of stroke, Onset of stroke, Age, Weight, BBS, 10MW, FAC, and MBI (p<0.05). According
to the logistic regression analysis, for every 1-year increase in age, the probability of belonging to the
stroke-related functional sarcopenia group increased by 1.078 times (p<0.05).

Conclusion: The results of this study showed that functional sarcopenia in stroke patients was related to
age. Previous studies have reported that stroke-related sarcopenia is not related to age. The findings of
this study contradict the previous research, indicating that stroke-related sarcopenia is not related to age.
Further research is needed on stroke-related functional sarcopenia.

Keywords: Sarcopenia, Functional sarcopenia, Stroke, Rehabilitation
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The Prevalence and Relationship of Sarcopenia in Middle-aged Adults
Undergoing THA

So-Yeong Kim'2, Woon-Su Cho?, Chi-Bok Park?, Byeong-Geun Kim?**

'Department of Physical Therapy, Graduate School, Nambu University, ‘Gwangju 365 Rehabilitation
Hospital, *Department of Physical Therapy, Nambu University, “Korean Research Council of Physical
Therapy for Sarcopenia

Background: Most middle-aged adults with hip fractures (FX), hip osteoarthritis (OA), or hip avascular
necrosis (AVN) typically undergo total hip arthroplasty (THA). Sarcopenia is not only a condition that results
in a decline in physical function but also a serious pathological condition that can affect the postoperative
outcomes of orthopedic surgeries. Both sarcopenia and hip disorders are associated with age-related
decline in physical function. However, there is a lack of research investigating the relationship between
these two conditions. Therefore, this study aimed to investigate differences in physical function among
middle—-aged adults with and without sarcopenia after THA.,

Methods: This study included 79 middle-aged adult patients admitted to G Rehabilitation Hospital for
postoperative rehabilitation after THA. Sarcopenia was diagnosed by a rehabilitation specialist (MD)
based on the AWGS 2019 guidelines. Physical therapists evaluated and collected data on the general
characteristics of middle-aged adults who underwent THA, as well as their MMT (Manual Muscle Test) total
score, ROM (Range of Motion) total score, BBS (Berg Balance Scale), FAC (Functional Ambulation Category),
and MBI (Modified Barthel Index). The data collected in this study were analyzed using independent t-tests,
chi-square analysis, and logistic regression analysis.

Results: Among the 79 middle-aged adults undergoing THA, 34 (43%) had sarcopenia. The results of the
comparison between the sarcopenia and non-sarcopenia groups showed significant differences in sex,
reason for surgery, MMT total score, and MBI (p<0.05). In the logistic regression analysis, it was found that
females were 4.994 times more likely to belong to the sarcopenia group compared to males in terms of
sex, and the probability of belonging to the sarcopenia group was 5.090 times higher when the reason for
surgery was FX compared to OA (p<0.05).

Conclusion: Sarcopenia exhibited a high prevalence among middle-aged adults who underwent THA.
There was an association between sarcopenia and females, as well as fractures. Further research is needed
to address sarcopenia in middle-aged adults who have undergone THA.

Keywords: Sarcopenia, Total Hip Arthroplasty, Middle Aged, Rehabilitation
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Association of Hemodialysis and Sarcopenia: A Systematic Review
2|4, 0|3H7?

'CChetn o2 HEZA Y B, et YA S E2X| 23| 1R

This study aimed to investigate the relationship between the characteristics of hemodialysis patients and
the occurrence of sarcopenia through a comprehensive literature review. A systematic literature search was
conducted to identify eligible studies in the Cochrane library, PubMed and Embase. Ultimately, 16 studies
met our selection criteria. Fourteen of the sixteen studies (88 %) reported that significant association
between sarcopenia diagnosis and hemodialysis patients. However, two studies reported no association
between sarcopenia diagnosis and hemodialysis patients. As a factor statistically related to sarcopenia
in hemodialysis patients, Mortality (38 %), age (31 %), body composition(5 %), physical activity (13 %),
diabetes (13 %), cardiovascular abnormalities (6 %), nutritional status (19 %), and gender (19 %). Our findings
highlight the necessity of developing a physical therapy program that accurately reflects the health status
of hemodialysis patients. To further investigate the association between the diagnosis of sarcopenia and
hemodialysis patients. This study emphasizes the importance and potential of developing physical therapy
programs that effectively address the health consequences associated with hemodialysis. The significance
of this research lies in its ability to provide valuable insights and lay the foundation for future studies
focused on developing preventive and therapeutic interventions targeting muscle wasting syndrome
resulting from hemodialysis.

Keywords: Hemodialysis, Sarcopenia, Systematic review
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Distribution of Bioelectrical Impedance Vector Analysis and Phase Angle in
Korean Elderly and Sarcopenia

Seon-Ho Eom', Sochung Chung?, Soojung Choi’, Hyeoijin Kim*, Jaeyoung Lee',
Mengyuan Shu', Hyeongseok Oh', Chul-Hyun Kim'*

'Department of Sports Medicine, Soonchunhyang University, Asan, Korea

’Department of Pediatric, Konkuk University Medical Center, Seoul, Korea

*Department of Renal Medicine, Soonchunhyang University Medical Center, Bucheon, Korea
*Department of Physical Education, Korean National University of Education, Cheongju, Korea

This study aimed to verify whether bioelectrical impedance vector analysis (BIVA) can support the clinical
evaluation of sarcopenia in elderly individuals and evaluate the relationships between phase angle (PhA),
physical performance, and muscle mass. The sample comprised 134 free-living elderly individuals of both
sexes aged 69-91 years. Anthropometric parameters, grip strength, dual-energy X-ray absorptiometry
findings, bioimpedance analysis results, and physical performance were also measured. The impedance
vector distributions were evaluated in elderly individuals using BIVA. BIVA revealed significant differences
between the sarcopenia and non-sarcopenia groups (both sexes). The sarcopenia group had a significantly
lower PhA than the non-sarcopenia group in both sexes (p < 0.05). PhA was significantly correlated with
age, appendicular skeletal muscle (ASM), handgrip strength (HGS), and muscle quality in both sexes and
significantly correlated with ASM/Height2 and physical performance in males. BIVA can be used as a
field assessment method in elderly Koreans with sarcopenia. PhA is a good indicator of muscle strength,
muscle quality, and physical performance in males. These methods can help diagnose sarcopenia in elderly
individuals with reduced mobility.

Keywords: Aging, Bioelectrical impedance vector analysis, Diagnosis, Noninvasive, Phase angle

- This research was supported by ' regional innovation mega project' program through the Korea
Innovation Foundation funded by Ministry of Science and ICT

- This work was supported by the National Research Foundation of Korea(NRF) grant funded by the korea
government(MSIT) (No. 2022H1D8A3038040)
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Oxymetholone Administration Combined with Treadmill Exercise Improves
Sarcopenia in Aged Rats

Sung-Min Kim', Jong-Yeon Kim', Eun-Min Jun?, Shivam Bhola®, Eun-Jung Park**,

Hae-Jeung Lee***

'Department of Food Science and Biotechnology, Gachon University, Gyeonggi-do 13120, Korea
’Department of Food and Nutrition, College of BioNano technology, Gachon University, Gyeonggi-
do 13120, Korea

*Department of Health Sciences and Technology, GAIHST, Gachon University, Incheon 21999, Korea
*Institute for Aging and Clinical Nutrition research, Gachon University, Gyeonggi-do 13120, Korea

Sarcopenia, characterized by the progressive loss of muscle mass and function with aging, significantly
decrease life quality especially in elderly. Insufficient exercise, protein imbalance, chronic inflammation,
mitochondrial dysfunction, and apoptosis are all factors that contribute to sarcopenia. Exercise and
physical activity are the most effective interventions to treat sarcopenia, and sometimes drug treatment
may be helpful. Oxymetholone, one of the anabolicrandrogenic steroids, promotes muscle growth by
stimulating protein synthesis. Recently published papers showed that oral administration of oxymetholone
increased muscle mass in a dexamethasone-induced muscle atrophy mouse model. The aim of this study
is to investigate the effects of oxymetholone administration combined with treadmill exercise on sarcopenia
in aged rats. SD rats aged 5 months (young) and 20 months (old) were used and divided into four groups
as follows: (i) YC, young control group; (ii) OC, old control group; (iii) EX, old-exercise group; (iv) OXM, old-
exercise-oxymetholone group. Exercise intervention and oxymetholone treatment resulted in significant
increases in grip strength, quadriceps muscle weight, thickness, and fiber size. Additionally, it also reduced
the mRNA expression levels of MuRF1 and atrogin-1, two key regulators of muscle atrophy. These findings
imply that a combination of oxymetholone treatment and treadmill exercise may be effective in alleviating
sarcopenia during aging. [This work was supported by the Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture and Forestry (IPET) through the High Value-Added Food Technology
Development Program, funded by the Ministry of Agriculture, Food and Rural Affairs (MAFRA) (grant
number 321024-04-1-HD020)]

Keywords: Aging, Sarcopenia, Oxymetholone, Treadmill exercise
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Quercetin Ameliorates Obesity-induced Muscle Atrophy in High-fat
Diet-fed Mice

Jong-Yeon Kim', Sung-Min Kim', Hae-Sun Park?, Dan-Bi Ki?>, Eun-Jung Park??,
Hae-Jeung Lee'*?

'Department of Food Science and Biotechnology, Gachon University, Seongnam, Gyeonggi-do
13120, Korea

’Department of Food and Nutrition, Gachon University, Seongnam, Gyeonggi-do 13120, Korea
’Institute for Aging and Clinical Nutrition research, Gachon University, Seongnam, Gyeonggi-do
13120, Korea

Quercetin, a polyphenolic flavonoid found in edible plant such as apples, onions, and broccoli, has been
reported to ameliorate various diseases, including cancer, obesity, and non-alcoholic fatty liver disease.
Skeletal muscle atrophy, which is characterized by muscle tissue loss and wasting, is closely associated with
chronic diseases such as obesity. In this study, we aimed to investigate the effect of quercetin on muscle
atrophy induced by a high-fat diet (HFD) in C57BL/6 mice. The mice were either fed a normal diet (ND)
or a HFD for 8 weeks, followed by a 6-week oral administration of quercetin or saline while maintaining
to be fed the HFD. As a result, quercetin significantly reduced body weight gain, improved grip strength,
and increased the weight of four specific muscles (quadriceps femoris, gastrocnemius, tibialis anterior,
and extensor digitorum longus) in mice induced by the HFD. Quercetin also altered muscle morphology
affected by the HFD, including the alleviation of muscle atrophy, improved structural arrangement, and
reduced interfibrous area. Additionally, quercetin decreased the mRNA expression levels of MuRF1 and
Atrogin-1, both known muscle atrophy genes, in the quadriceps femoris and gastrocnemius muscles of
HFD-fed mice. These findings suggest that quercetin has the potential to ameliorates HFD-induced muscle
atrophy. [This research was supported by Korea Institute of Marine Science & Technology Promotion (KIMST)
funded by the Ministry of Oceans and Fisheries, Republic of Korea (20220027)]

Keywords: Quercetin, Obesity, Muscle atrophy
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Evaluation of Exercise and Dietary Compliance in Patients with Sarcopenia
Undergoing Exercise and Dietary Intervention
Jee-Hyun Noh, RN, Bo-Ram Kim, RN, Jae-Young Lim, MD, PhD.

Department of Rehabilitation Medicine Seoul National University Bundang Hospital, Korea Seoul
National University College of Medicine

Introduction: Sarcopenia is an age-related disease in which the muscle mass and strength decreases,
and it is associated with various chronic and age-related diseases, including fractures and falls. Currently,
exercise and diet are the only proven interventions for sarcopenia. Therefore, for these interventions to
be effective, compliance is crucial. This study evaluates exercise and dietary compliance in patients with
sarcopenia undergoing a 12-week exercise and dietary intervention program.

Methods: A total of 121 participants with sarcopenia were included in this study. Participants were over
65 and less than 90 years old (42 men, 79 women, age= 74.60+5.63 years). They were randomized into
intervention and a control group. Interventions included nutrition education, 12-weeks of supervised
exercise training and keeping an exercise and nutrition diary. Control group only received an exercise
pamphlet and were asked to keep an exercise diary. Telemonitoring was done for both groups. Changes
in compliance over time was evaluated by the days of exercises per week and average compliance was
also compared. Nutritional compliance was evaluated by giving scores according to the amount of protein
consumed per day and the scores were summed up and converted into percentage.

Results: Throughout the intervention, both groups showed no significant difference in days of aerobic
exercises per week. 92% of patients in intervention group and 75% of patients in control group had
compliance of over 50%. The days of resistance exercise per week was higher for intervention group
throughout the 12-week intervention period compared to the control group, but both groups showed
a decline in number of resistance exercises over time. For resistance exercise compliance, 83% of the
intervention group and 49% of the control group had compliance over 50%. There was no significant
difference in nutrition compliance for intervention group over time.

Conclusion: A 12-week exercise and dietary intervention enables patients to have higher compliance
and continue resistance exercises at home, which is important for patients with sarcopenia to gain muscle
strength and muscle mass. Keeping a food diary and checking compliance help patients to maintain
dietary compliance.

Keywords: Sarcopenia, Resistance training, Compliance
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The process of cellular senescence occurs due to various causes and mechanisms. Aging-related
sarcopenia is caused by multiple risk factors acting on skeletal muscles over an extended period, and
the accumulated cellular senescence over time can trigger and worsen muscle atrophy. In fact, when
we applied anti-aging substance melatonin and/or exercise intervention to accelerated senesence mouse
(SAMPS strain) model, these interventions were shown to inhibit senescence in satellite cells and
maintain their proliferation ability. These results were also confirmed in an oxidative stress-induced
myoblast senescence model. Furthermore, transcriptional analysis of skeletal muscles in aged rats
revealed an increased expression of various genes associated with cellular senescence. In particular, the
CDKNIA gene, closely linked to aging and encoding the p21 protein, was highly upregulated in aged
rats. We evaluated the effects of CDKNIA knockdown in a myoblast senescence model using ceramide
to elucidate the role of CDKNIA in development of aging-related sarcopenia. Myoblast senescence
was induced by ceramide, and knockdown of CDKI1NA led to an increase in cell death. Interestingly,
the analysis of the apoptotic cells revealed that only the senescent cells were selectively eliminated by
CDKI1NA knockdown. Additionally, the reduced differentiation ability of myoblasts caused by ceramide
was restored by CDKI1NA knockdown. These results suggest that satellite cell senescence, which plays a
crucial role in the continuous regeneration of muscles, is induced by an increase in CDKINA expression
and can be a mechanism for age-related muscle atrophy. Furthermore, inhibiting CDKINA implies the

selective elimination of senescent cells and activation of muscle regeneration
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Bone and Muscle Interaction
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1. Introduction

5 =5 9 oH A E Tl AYAJFUrh Al adhesion moleculeS F35l 7|4 M3S A|slaL o] & AY
glekA Hbk-g- o 2 Hiskslo] lineage commitment, tissue formation 2 maturationy} 78 A3 A ESHe] 7] E

S|
HAYSE -3t} o] & 2l1s]] bone formation, muscle hypertrophy, extracellular matrix constituents,
adhesion molecule 2! cytoskeletal elements2] AJAFo]| SFAFE 4= Q)& T} w ol L-8-=F resistance to strain,
stiffness of matrix, cells, and tissues7} SFAYE|0] & 233} d&dof &3S n|RUct o|7Le Ea)s)st
A A 280l AFAo|a A&H2Q oS Auketyct. &l gt 73] 1AbE A4S 2H-g-(mutual
interactions) ] F-Q3+ e QQIUYUTE 259 94 Bih= &5, ], {7|A] Abolo] YZH] S wizh

21+ cargo moleculeS 711 A F (exosome) 2] #H|E Lttt Z7|7ke] ¥Hsh= HA5 AT S 74
FH|A|(secretome) 2] A28 8- =3} Unloading, u|A|%2 (microgravity), &-8(disuse)2] 1.

|

Z]
b _'l
£ Q X XZ|(gratuitous tissue)o| | A= AL} reorganize== B, immobility2} inflammation2 -8
AN
ES
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Hypertrophy mUSC|e Sarcopenia

Amino acid reservoir Fatty degeneration
Physical forces v Unloading
Locomotion small molecules Immobilisation
Exercise hormones Disuse
Adaptive regeneration "::* Exercise resistance
Regenerative inflammation Chronic inflammaging
Insulin sensitizing CNS Insulin resistance
Glucose uptake metabolism Diabetes
Endothelial function strain Atherosclerosis
CNS regeneration fluid flow Neurodegenerative disease
hormones
smal molecules
cytokines
vesicles
High bone mass Osteoporosis
Bone formation bone Bone resorption
Mineral reservoir Bone marrow adiposity

2. Interaction between Muscle and Bone?2| &%l

1) 22|13 & (Physical Forces)
(1) Forces Generated by Exercise, Locomotion, and External Vibration

(2) Mechanosensing and Mechanotransduction

2. 2E4A 21} | MA Q! 4= EE
(1) Secretion and Autocrine/Paracrine/Endocrine Communication
(2) Bone Secretory Products with Endocrine Functions

(3) Muscle Secretory Products with Endocrine Functions
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Definition and Pathophysiology of
Sarco-osteoporosis

S Atofch LjH|Lhat
A7

\_ ) Yy

Sarco-osteoporosis is a newly described, aging-associated condition. Social frailty is an important
condition whose prevalence may have risen by aging. Osteoporosis and sarcopenia are two chronic
musculoskeletal conditions that can have devastating impacts both on individuals and wider society. With
an ageing population, both conditions are likely to become increasingly prevalent in future, increasing
the incidence of fragility fractures, and leading to greater morbidity, mortality and socioeconomic costs

Osteoporosis is defined as a ‘systemic skeletal disease characterized by low bone mass and micro-
architectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility
to fracture’ (Consensus Development Conference, 1993). In 1994, the World Health Organization
developed specific criteria to define osteoporosis in postmenopausal women, based on bone mineral

density (World Health Organization, 1994)[1]
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Table 1, World Health Organization classification of osteopenia and osteoporosis [1]

Table 1. World Health Organization classification of osteopenia
and osteoporosis

Normal Bone mineral density no greater than 1 standard deviation

below the reference mean (T-score =-1)
Osteopenia Bone mineral density between 1 and 2.5 standard deviation
below the reference mean (T-score <-1 but >-2.5)
Osteoporosis Bone mineral density 2.5 standard deviation or more below the

reference mean (T-score <-2.5)

Severe osteoporosis Bone mineral density 2.5 standard deviation or more below
the reference mean (T-score =-2.5) plus one or more fragility
fractures

Bone mineral densify is expressed in standard deviations relative fo a sex-specific, young-adulf
mean (known as the T-score). From World Health Organization (1994).

Sarcopenia is an age-related condition characterized by decreased muscle mass and impaired muscle
strength or physical performance[2]. There were lots of studies about sarcopenia, but the exact cut off
value of muscle strength or performance were not suggested. In 2010, the original European Working
Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia using muscle mass and function[3],
and subsequently published consensus guidelines, including the Foundation for the National Institutes
of Health (FNIH)[4], Asian working group for sarcopenia (AWGS) in 2014 [5], and in 2019[6], and

EWGSOP2, which generally followed a similar approach to operationalization.

Table 2. Main consensus criteria for Sarcopenia. [7]

Low muscle mass Low muscle strength P
i rip strength
Main consensus DXA BIA (orip strength) performance
Men Women Men Women Men Women
EWGOP alM/H?<7.26 kg/m?  aLM/HY* <5.5 kg/m’ SM/HP=  SM/HP< <30kg <20kg SPPB=8
8.87 kg/m’  6.42 kg/m’ Gait speed<0.8 m/s
IWGS alMHt?<7.23kg/m*  aLM/HE*<5.67 kg/m’ Gait speed<1.0 m/s
AWGS alMHP<7.0kg/m’ alM/HP<54kg/m’  SMMHP< SM/HP'< <26kg <18kg  Gait speed<0.8 m/s
70 5.7 kg/m’
FINH sarcopenia project aLM/BMI<0.789 alM/BMI=0.512 <26kg <16kg Gait speed<0.8m/s

DXA, dual energy X-ray absorptiometry; BIA, bioelectrical impedance analysis; EWGSOP, European Working Group on Sarcopenia in Older People;
IWGS, International Working Group on Sarcopenia; AWGS, Asian Working Group for Sarcopenia; FNIH, Foundation for the National Institutes of Health;
alM, appendicular lean mass; Ht?, height; SM, skeletal muscle; BMI, body mass index; SPPB, short physical performance battery.

In 2022, Korean Working Group on Sarcopenia Guideline were published in annals of Geriatric

Medicine and Research[8]. Korean working group suggested the optimal cut off value of muscle mass,
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physical performance and muscle strength with concept of functional sarcopenia according to the

algorithm [Fig.1] [8].

Screening test

SARC-F 24

Calf circumference: M <34 ecm, F <33 cm

Finger ring test

Chair stand test: >10 s (5-time, standing position)
>11 s (5-time, sitting position)
M <17, F <15 (30-sec)

Handgrip strength: M <28 kg, F <18 kg

Gait speed (4-m or 6-m) <1.0 m/s

Timed up and go 212 s

Possible sarcopenia

|

Physical performance Muscle mass (ASM)
SPPB < 9 points DEXA: M <7.0 kg/m?, F <5.4 kg/m’
.................................. Mmh mass BIA: M <7.0 kglm" F<5.7 kglm'
Gait speed (4-m or 6-m) <1.0 m/s
Timed up and go 212 s
Chair stand test (5-time) >10 s (standing position)

>11 s (sitting position)

Chair stand (30-sec): M <17, F <15

400-m walk test: non-completion
or 26 min

Muscle strength

Handgrip strength: M <28 kg, F <18 kg

Physical
performance

A: Severe sarcopenia
B: Sarcopenia
C: Functional sarcopenia

lAmBmC

Comprehensive geriatric assessment

Figure 1. Algorithm for sarcopenia evaluation[8].

SARC-F, strength, assistance with walking, rising from a chair, climbing stairs, and falls; SPPB, short physical
performance battery; ASM, appendicular skeletal muscle mass; BIA, bioimpedance analysis; DEXA, dual-energy
X-ray absorptiometry.

To explain common pathophysiology of osteosarcopenia, various causal factors including cellular and
tissue interconnection, genetic, and environment have been suggested.
Bone and muscles have an intensive and complex interaction with mechanical loading

(mechanotransduction mechanism) and biochemical signaling pathways[9]. The traditional view of
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the prominent mechanical interactions between muscle and bone is emphasized by the mechanostat
hypothesis. This theory states that muscle imposes mechanical forces on bone, with a certain threshold
dictating whether bone is formed or resorbed[10]. An increase in muscle mass leads to stretching
of collagen fibers and periosteum, leading to stimulation of bone growth[11] . Bone and muscle are
similarly originated from the paraxial mesoderm during embryonic development and are influenced
by similar genetic factors. they share a common mesenchymal precursor and synchronously develop
based on perceived mechanical stimuli.[20] Of possible genetic factors, genetic polymorphisms of
angiotensin 1 converting enzyme 1, a-actinin 3 (ACTN3), myostatin, ciliary neurotrophic factor, ACTN3
polymorphism, and vitamin D receptor influence sarcopenia and osteoporosis [12,13]. Additionally, these
pleiotropic regulation of genes from multiple pathways, including inflammatory, growth hormone, and
steroid metabolism, leptin, transcription factor sex determining region Y-box 17, pleiotrophin, vascular
endothelial growth factor, and glucocorticoid receptor are associated with muscle and bone loss [12].
Genetic factors including various gene polymorphisms have influence on susceptibility to sarcopenia
and osteoporotic status [14,15]. Possible causal factors of osteosarcopenia are related with endocrine
metabolism abnormality including diabetes, vitamin D deficiency, cachexia, obesity, and malnutrition
[11,16].

Osteoporosis and Sarcopenia share common factors and are increasingly recognized as a ‘hazardous
duet’ in the pathogenesis of fragility fractures, with the sarcopenic propensity for falls acting
synergistically with the osteoporotic vulnerability of bones to increase fracture risk. More attend is need

for new concept of disease entity.
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Changes in Body Composition with Aging: Visceral
Fat Obesity, Low Muscle Mass, and Myosteatosis

_ Yy
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32572369; PMCID: PMC7297622.

W 2023 17—t btoALx—0 x{15%}F LH X |.indd 109 $ 2023. 11. 14. 2?—4:L



Curriculum Vitae I

A7g 71

of/

oUCHetm Sk ekt St}

2023. 11. 14. 2= 4:L

2023 1—LatoALx—0 x{15X%} LH X |.indd 110

|




(T

ETUERCREL TN | 111 )

\_

LH|=BZI| 2|
(Physical Performance Test)

_

Contents

1. Short Physical Performance Battery test
2. Timed up and go test

3. 400m Walk Test

1. Short Physical Performance Test (SPPB)

+ The Short Physical Performance Battery (SPPB) test is designed to
measure functional status and physical performance.
- It is a composite measure assessing gait speed, standing balance, and
sit-to-stand performance.

- It has primarily been used to assess elderly both in the hospital and
community setting.

+ The SPPB is calculated from three components:
- the ability to stand for up to 10 seconds with feet positioned in three
ways (side-by-side, semi-tandem, and tandem)
- time to complete a 4m walk
- time to rise from a chair five times.

1. Short Physical Performance Test (SPPB)

* For the standing balance tests, a score is given depending on the ability to
maintain balance in each of these positions.
For the other two tests, scores are given firstly on the ability to complete
the tasks and secondly the time taken to complete each task.

+ Each task is scored out of 4, with the scores from the three tests summed
to give a total, with a maximum of 12 and a minimum of 0.

* The time taken to perform this test is quick; in terms of equipment it only
requires the use of a standard height chair (43-45 cm, 17-18 inch high)
with straight back and a stopwatch

\ SHORT PHYSICAL PERFORMANCE BATTERY (SPPB)

[ BALANCE TESTS [ GAIT SPEED TEST [ CHAIR STAND TEST

R
n el )

[ S—
W 9 0

+ 1 point; feet together side-by side for 10 sec Measures the time requird to wak 4 meters at
pls normal pace (use best of times)
+ 1 point: heel of one foot aginst side ofbig toe of | | + 4 polnts: <4.82 sec

the other for 10 sec + 3 points: 4.82:6.20 sec
plus + 2 polnts: 6.21-8.70 sec
+ 2 polats: feet aligned heel o toefor 10 sec

* 1 poiat; feet alined heelto oe for 3-0.99 sec
+ 0 point: feet aligned heel to toe <3 sec

Measures the time required to perform S rises from a
chai to an upright posiion s fast a5 possile vithout
ams

L J\ J \

T T T
0-4 points 0-4 points 0-4 points
| + + ]

DN | s [ - |7 [+ [ [wlul=

\ Il | J
T T

+ Worst physica performance + Reduced physical performance + Best physial performance

~ Poor probabty of recovery ~ High probabilty of recovery « Good qualty of fe

« Poor probablty of improvement + Qualty of ife and mortaty related to « Very low mortaly

« High mortalty physical performance improvement

Description and interpretation of SPPB scale. (Tonet, et al. 2023)
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- an increased risk of falling,

- decreased mobility,

1. Short Physical Performance Test (SPPB)

+ Lower scores on the SPPB have been shown to be predictive of

- loss of independence in activities of daily living,

1. Short Physical Performance Test (SPPB)

+ The SPPB has been shown to have a high level of validity and reliability in
measuring physical function within an older community-dwelling

population. (Freiberger, et al. 2012)

A. Side-by-side-stand

Held for 10 sec 01 point

If participant did not attempt test or failed, circle why:

If 0 points, end Balance Tests

Number of seconds held if less than 10 sec: _._ _sec
C. Tandem Stand
Held for 10 sec 02 points

Not held for 10 sec 0 0 points Tried but unable 1

Not attempted 00 points Participant could not hold position unassisted 2

If 0 points, end Balance Tests Not attempted, you felt unsafe 3
Not attempted, participant felt unsafe 4
Participant unable to understand

Number of seconds held if instructions 5

less than 10 sec: __._ _sec Other (specify) 6
Participant refused 7

B. Semi-Tandem Stand

Held for 10 sec 0 1 point

Not held for 10 sec O 0 points

Not attempted 0 0 points (circe reason above)

Z,

Cut-offs for ; .

- dlsablhty, sarcopenia SPPB Gait speed Chair stand test
) deC“ne !n heal.th' AWG§ < 9points <1.0m/s > 12seconds
- re-hospitalization, (e =)
- increased hospital length of stay, e WGSOP2 | < apoints <08ms >15s800nds

pecple?)
- and death.

KWGS < 9points <1.0m/s >11seconds

Kerean workiog goup on scopers)
Chen, et al. 2020, Cruz-Jentoft, et al. 2019, Beak, et al. 2023

SCORING:

GAIT SPEED TEST SCORING:
Length of walk test course:  Four meters O Three meters O
A. Time for First Gait Speed Test (uc)
Time for 3 or 4 meters __
If participant did not mempt tcs! or fuled circle why:
Tried but unable 1
Participant could not walk unassisted 2
Not attempted, you felt unsafe 3

3

Not attempted, participant felt unsafe 4
Participant unable to understand instructions 5

Other (Specify) 6
Participant refused 7
Complete score sheet and go to chair stand test
Aids for first walk...............None 3 Cane ) Other O
What is the time for the faster of the two walks?
Record the shorter of the two times _ _.__ __ sec
[1f only 1 walk done, record that time] _ _._ _ sec

If the participant was unable to do the walk: 0 0 points

https://geriatrictoolkit.missouri.edu/

Held for 3 to 9.99 sec 01 point For 4-Meter Walk: For 3-Meter Walk:
Held for < than 3 sec (30 points If time is more than 8.70 sec: 01 point If time is more than 6.52sec: 01 point
ot Do e o o) TimbiRuia Dl Himbspoia 03
Number of seconds held if less than 10 sec: __._ _sec 1f time is less than 4.82 sec: 04 points If time is less than 3.62 sec: 04 points
0. Total Balance Tests score {sum points) https://geriatrictoolkit.missouri.edu/ https://geriatrictoolkit.missouri.edu/
SCORING .
Single Chair Stand Test 2 T d d t t U G
YES NO
A, Safe to stand without help a a L} Ime up an go es
B. Results:
Participant stood without using arms O - Go to Repeated Chair Stand Test
TR L ¢ The Timed Up and Go (TUG) test is a physical performance-based
measure that identify mobility and balance impairments in older adults.
Test not completed O - End test; score as 0 points
st + This test requires balance, sit to stand, walking, and turning.
Participant could not stand unassisted 2 . : .
sty ok wh 3 Subjects are asked to rise frpm a standgrd armchair, walk to a marker 3m
lot attempted, participant felt unsaf 4
e : away, turn, walk back, and sit down again.
Other (Specify) 6
Participant refused 17 . . .
+ The test's score is the time it takes to complete the test.
Scoring the Repeated Chair Test
Participant unable to complete 5 chair stands or completes stands in >60 sec: 00 points
If chair stand time is 16.70 sec or more: 01 points q ity Iin T inat i
i oy Hers + The advantlages of the TUG test are the simplicity in its application and its
1 chair stand time is 11.20 to 13.69 sec: 03 points short duration.
1f chair stand time is 11.19 sec or less: 0 4 points
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2. Timed up and go test (TUG)

* Materials and Methods
- a standard arm chair (seat height of 46 cm, arm height 65 cm)
- walk a distance of 3 meters
- The subject wears their regular footwear and uses their usual walking aid
(none, cane, walker).
- No physical assistance is given.
- They start with their back against the chair, their arms resting on the
armrests, and their walking aid at hand.
- They are instructed that, on the word “go” they are to get up and walk at
normal pace to a line on the floor 3 meters away, turn, return to the chair
and sit down again.

2. Timed up and go test (TUG)

+ If the SPPB is not executable, TUG test can be used as an alternative.

+ Since sarcopenia is a complex system in line with the concept of frailty, the
TUG can be a good marker of physical performance.

Cut-offs for sarcopenia Timed up and Go (TUG) test

EWGSOP2 > 20 seconds

Esopan woking goup o sacperain ks peoie )

> 11.8 seconds for men
mwﬁﬂegmm > 12.5 seconds for women
2 12 seconds for both sexes

Cruz-Jentoft, et al. 2019, Beak, et al. 2023

SAMPLE TEST FORM
TIMED UP AND GO/TUG TEST TO PREDICT RISK OF FALLS
DATE.
NAME: GENDER: DATE OF BIRTH: AGE:
NORMATIVE DATA' Instructions to patient: “On the word ‘g0’ you are to get
up and walk at a comfortable and safe pace to the
AGE GENDER | MEAN NORMAL line/cones 3 meters away, tur, return to the chair, and sit
(seconds) | RANGE down again.”
| (seconds)
60-69 MALE X Observations may include (but are not limited to): qualty
| 60-89 FEMALE a2 of sitting and standing balance, safety during transfers,
7 MALE qualit of gait, use of assistive device, abily to tum and
k[ FEMALE change direction, activity tolerance, functional visual
80-8 MALE deficits, cognition: memory and safety awareness,
Y FEMALE 1 footwear, any loss of balance episodes
TRIAL 1: seconds (OBSERVATIONS:
Sensitivity and Specificity’:
If score < 14 seconds: 87% not a high risk of falls
If score 2 14 seconds; 87% high risk of falls TRIALZ: ___seconds OBSERVATIONS
AVERAGE: seconds

Jacobs and Tim. 2008

3. 400m walk test

+ The 400m walk test with usual pace is to measure mobility limitations.
Usual gait speed is recognized as a vital sign.
Mobility limitation can be defined as inability to walk 400 m.

+ The mobility outcome based on the 400 m walk test is an objective,
reliable, well-validated and important clinical and public health outcome in
older people. (Pahor, et al. 2014)

+ The 400m walk test has the advantage of evaluating endurance and
walking ability. Assessing how far individuals can walk outdoor is critical
as it is directly related to individual quality of life.

3. 400m walk test

+ This test consists of 10 laps over a 20 m course marked by two cones,
placed 18.5 m apart, as an average turning distance 1.5m was assumed.

6
Em( E A i Y

+ The objective is to complete the 400m at a usual pace without overexertion.

+ The instruction: “This is not a fitness test. Please walk at a speed as if you
were taking a stroll in the park”
Participants is asked to wear their own habitual outdoor shoes and use their
assistive devices. (Lindemann, et al. 2021)

3. 400m walk test

+ Participant can pause to rest whenever necessary and the number of
rests, taken while standing without touching the walls, is recorded.

+ The test is aborted at any time if requested or at signs of overexertion.

+ Total time of the 400MWT and each individual lap is assessed by
stopwatch and mean gait speed is calculated.
In the case of non-completion, gait speed is obtained from the distance
and time walked until drop-out.
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3. 400m walk test p——
1) 4PEES @) AR NEE
+ Completing the walk in > 6 minutes would be in an extremely slow pace 2) d0om 27] S0 Yes  ONo
(<0.45 m/sec), which is of little utility in daily life. (The inability to complete 3) T AN A sec
a 400 m walk test within 6 min. without sitting rest or assistance of 4 BFAC [ m/sec
another person) (Newman, et al. 2006)
5) ZA MBSHA| RE Al BT AIBMXQ A2 m
Cut-offs for sarcopenia 400m walk test 6) HAH S A 048 18] No rest Failed
m_ﬂ%‘ﬁf_{ﬁ_ﬂ Non-completion or > 6 min for completion ® Comment
KWGS Non-completion or > 6 min for completion
Koo wereng o on g
Cruz-Jentoft, et al. 2019, Beak, et al. 2023
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Acute to chronic health care or clinical research settings

Presenceofan o thefolowing cinical conditios:
> Functona decine o mitton; unintentona weghtos;

depresive mood; copnitive impaiementrepeted fall; malntrinon
» Chronic condiions (heartabure, chonic obstructive pukmonary
dsease, dabetes melitus, o Kidney dsese,ec)
0o cinical condions above are present:
> Calfcreumference M: 4 om F- Q3 om)
o » W2
or » SRCCIF21L

» Handgr strengh (M- OBl F: <18 )

|

Physical performance
> Gmetre walk: LOMYs
or > Sitime char standtest: 2125
or > Short Physical Performance Battry: <9

|

‘Appendicular skeletal muscle mass (ASM)
> Dualenergy X-ray absorptiometry (M: <70 kg/n?, F: <5 4 kg/m’)
o » Boslectricalimpedance analysis (M: <7.0 g/, F.<5.7 /)

I—I—l

Sarcopenia Severe sarcopenia

ORLow physicalperormance AND Low physclperformance

Skeletal Muscle Mass Measurement

The special interest group review on muscle mass measurement
focused on techniques, body-size adjustment methods, and deter-
mining cutoff values. Although magnetic resonance imaging,
computed hy, dual-energy X-ray absorpti (DXA), and
BIA have all been used to estimate skeletal muscle mass, DXA and BIA
were the most commonly used modalities in Asia, and the AWGS 2014
cutoffs were widely adopted. BIA measurement with a multifrequency
device correlated more closely with DXA-measured ASM than did BIA
measured with other devices.' AWGS 2019 does not recommend BIA
devices designed for home use because of suboptimal diagnostic ac-
curacy.”® Although some studies report ultrasonographic assessment
of lower leg muscle to estimate muscle mass,”** the AWGS does not
recommend ultrasonography until more data become available.
Hence, AWGS 2019 recommends using either DXA or multifrequency
BIA, both height-adjusted, for measuring muscle mass in sarcopenia
diagnosis.

Chen et al, JAMDA (2020)
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Bioclectrical impedance analysis (BLA) [62] has been
explored for estimation of tonl o ASM. BIA equipment
does not measure muscle mass dircctly; but instead derives
an estimate of muscle mass based on whole-body electrical
conductivity. BIA uses a conversion equation that is cali-
brated with a reference of DXA-measured lean mass in a
specific population [49, 73-75]. BIA equipment is affordable,
widely available and portable, especially single-frequency
instruments. Since estimates of muscle mass differ when dif-
ferent instrument brands and reference populations are used,
we advise use of raw measures produced by the different
devices along with the cross-validated Sergl equation for
standardisation [74, 76]. BIA prediction models are most
televant to the populations in which they have been derived,
and the Sergi equation is based on older European popula- @
tions. Age, ethnicity and other related discrepancies between
those populations and patients should be considered in the
clinic. In addition, BIA measutements can also be influenced
by hydration status of the patient. For affordability and port-
ability, BIA-based determinations of muscle mass may be
preferable to DXA; however, more study is necessary to val-
idate prediction equations for specific populations (75, 77.
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‘mass :

o 8006050

§ Extracellular water, "
Normally o proteins, and minerals
hydrated
adipose tissue Adipose water, Fat
proteins, and minerals

mass
(Moo ur)

Chamney et o, Am J Clin Notr (2007)
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* Muscle strength - Hand grip strength

+ Physical performance test

+ Short Physical Performance Battery (SPPB)
+ Balance
+ Short distance gait (4m)
+ 5x chair stand

+ Timed up and go

* Long distance gait (400m)

Hand grip strength (HGS, %&)

> Hydraulic type
Spré?gi ‘X”‘}ﬂike') ) oR e

B3N H o BEX 90 B8
A 2 T°r1| oleig Al 871
58

2y

o e + Diagnostic cutoffs

c Y82 Q4 202 2 + 28.0kg 0|2t (1K)
+ 18.0kg 0|2t (014)
238 3% 21 3 A0 g3 (EGCE AE * 3] cutoff valuese #MM| TR %S

(34 23)) (lamar?t M2 27 5HE)
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Hand grip strength (HGS, %)

Mg B X (@3 Y HE, TakeiZ )

Table 3. The Normative Value of Grip Strength Adjusted for All Covariates in Male.  Table 4. The Normative Value of Grip Strength Adjusted for All Covariates in Female.

AgelLevel RightGrip LektGrip AgeLovel RightGrip Teftrp

(year) ) ™ year) () 2
He12l 3452105 2461205 1710
- (337 3814 (237 363 119 (2293268) @557

8 BA02 B3E048 05
il TR #5 @BU N
o 20108 16207 . BEE0R UH08
I ) Q) GBS
167 £075 409 =067 2598 £044 253204
b w1515 @507 R (5 1-2684) (446-262)
[T BR6206 BRe0R unsen
5 (83 4169) B3 4113 aad (489-2655) (BB
88407 38312065 2456£042 B804
i 594 il BRBY) @
2195105 2051054
>
= = QSR Bl
) ro—y— - i TR

(Lim SH, Kim YH and Lee JS. 2019)

YT

Short physical performance battery  SNUH

+ Training videos (sppbgquide.com)

| BALANCETESTS |

w v EEER
+ 1 polnt:feet together Sde-by sid for 10 sec
pls

+ 1 point: heel of one foot against side of big toe of
the other for 10 sec

8 B

A THA 08, 18 (10%)

0%, 18 (10%)

RN 0, 18(3-999%), 28 (10%

+ 2 points: feetakgned heelto toe for 10 sec "
+ 1 point: feet aligned heel to toe for 3-9.99 sec =8 48
+ 0 point: feetaigned heelto toe <3 sec

Short physical performance battery SNUH® exiszne

‘Table 3 Mean (50) characteristics of sarcopenic and severe sarcopenic men and women aged 260 years according to exch

for sarcopeni 9 Speed (GS, 5 tepeateccha Sitto-Sand (STS) and
x} —I X] ‘Short Physical Pedformance Battery (SPPE)
‘oL Sacapuria Sevre Swcopnia
AWGSISGS  AWGSISSTS  AWGSIOSPP  AWGSIOGS  AWGSIOSTS  AWGSISPPB
Males
n » u E 7 n 8
Age ) um %0 %0 L1 L1} 0
Height(m) wew 1000 181 007 wem 18500 1010
Weght bg) e 8507) 59069 6@ “iay i
™ 200 210 2801 1409 2807 w0
AN a0 59005) 5909 6003 6009 5908
and Grp ) 162 20(68 09 R 0801 0063
Gagpeedoming 0501 09302 001 wey s 5014
S 1409 1018 0 0309 9000 8007
Females
" P » » » n 2
Age o) L1 %6 L] ne L) o
Heght(md 15000 15100 151 00) 100 15200 154004
Wegt hg) 2668 51605 51708 2360 4@ 23(64)
Y 2507 1509 way n208 niay 1507
AW 90 4804 4804 4803 4804 a0
Hand G Og) 25042 16502 16105 155019 15308 8@y
Gitsdéning  0BOI 00019 e w00 065001)
PP score 1307 110015 1090149 0715 9702 6507 (Lee et al, 2021)
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Short physical performance battery SNUH? #a:taazee

[ SHORT PHYSICAL PERFORMANCE BATTERY (SPPB) |
[ BALANCE TESTS [ ‘GAIT SPEED TEST |

—_— =
e

rl

1 poln: oet together side-by sde for 105ec
-
1 point: heeofone foo agant side of b oe of | [ + 4 pots: <482 sac e use of e arms.
‘the other for 10 sec + 3points: 4.82:6.20 sec. * 4 polats: S11.19 sec
s + 2points: 621470 3ponts: 11201369 s
2 polnts: feet akned heel 1 toe for 10 e 1pont: 367 s8¢ + 2poiats: M8 sec
1 point: oetagped heelt toe for 39,9 sac Opoint: + 1 palt: 2167 ¢
= .
L JL )
T T T
0-4 points 0-4 points 0-4 points
L + l + )
B+ [ 5 [ [ [+ 5 [wlula]
L \ [l J
T T \f
‘ L] ‘ ’ et sl pfoms ’ s s s
Poar prodabity of recovery Hgh probadity o recovery * Good qualty of e
“Poor probabity of mprovement Qualty of e and mortalty related to * Very low mortaty
oty (Tonet et al, 2023)

Short physical performance battery SNUHY exsiizse

- TR EYAR @¥UN

1. oHIetHe, M= 000dY 2 538 2T saKEAE2 Y BF) 000 Yuict

2 HtEOcEe§

ic4 (25 20 AN

3
o0 32 AL £88 A4d02 MY + o)

AR Q00 M Gt Basitit BYUES Ao, BET}

4 UM EY SEASUL ¢ S R0IFMQ. FY|, AR, 1027 U g

5. R OHRSUL, ORIALMR? Bl SE71R2, HYOAIR T &% SASUICH /107 28 271 A 01% #A 08, 2% AN 1Y
6. UM &N HuEUC ¢ T HENS Hof ¥ AN o) 52 HHR 32 ME SR YS Y o Fuick FH| AT
7. R SRSUD ORMR? TN SR, HYOAR O S SZBLICH /102 £ 271 A 01F FA 0T, BY AN 1Y

8. XtOIM OfR|%f SHQYLICk 3 w3 if o B2 Qo) £1 AR N B2t 20| Folo} 4R, FH| A"

9. FopHaUc AR L7 BAl X2nter. B SREIEU. /102 +4 271 A 0F, 28 BN 1Y

SNUHY £axgagasy

Gait speed test

(Karpman et al, 2014)
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Gait speed test SNUH? #2:azse
) -
« H3 A EHE?
o M7 od’ Sydep g dmyal
Perbou Sarting Usualor. Walk Cutof, mjs
i, R
JHIL AT
[e) = 50 8 e mamn’
L3 Usual 60 (7] 20197, 2hal,
» ] 08 Yang 2018°; mmr Yang,
2018*; Zeng, 201
100 08 Yanishi, 2017°
‘Galt speed and SPP8. L Usual 0 08
ol W I
one-leg standing
Retrospective Gaitspeed only Moving. Usual 100 038
R
Gaitspeed and SPPR. Moving. Usual 4@ »
@
e B
=~z 3 3
e o & [3 E
o gmam e B O[3
amm L [T B
=
o
—

H
: SNUHY #31eqeasy
INESY N S
A% BIA Btg K& & NH AHE)
b Table 1 Summary of demographic
- Stata Sex Ao,y Usual aitSpeed Maximum Gait Speed
(e goup ) 0 Hean +50 Men £50,95% 0L Mean £50, 95% 1
Syt ——_ ™ Men (18-29), 80 29436 118:0.20, 11312 1.85£031, 1.78-1.92
[ Y “ Men (30-39), 76 U0 1214021, 1161426 1752030, 168182
R Y Men (40-49), 87 W0£29 1212024, 116126 1752044, 166185
- Men (50-59), 74 537426 L] 1.63£0.30, 1.56-1.70
e e 0 [ Men (60-69), 62 642428 1. 1674037, 157176
ot - Men (10-9), 61 B89 1 157:042, 141168
S - Men (80-85), 40 818418 0971020 MIHG! 1.39:0.33, 129150
g - Women (18-29), 179 B4230 1112020, 1.09-1.14 1574029, 152161
fos— = Wonen (1039, 23 42429 1182020, 112418 166035, 16171
S = Women (4049), 153 9529 1142023, 110418 164035, 156169
Women (50-59), 100 536527 1152022, 1.10-1.09 1.60£0.29, 1.54-165
sl Women (60-69), 82 637427 1052022, 1.04-1.02 1512043, 141-1.60
P Ml—— Women (70-79), 61 132527 0892022, 096105 1292028, 122136
y f——. Women (80-85), 42 819415 0.95+0.24, 0.88-1.02 1284024, 120-1.35
[a——— = Abbreviation: C, confidence ntenal.
" -
- e -
s ey .
. b g
i et v o ke 2
mmmiss,. (HOI7IE 65K|Roh and Kim, 2021) (Bohannon and Wang, 2019)

Chair stand test SNUH® :gu2es

* End with sit or stand?

1004 Lk 100

(B) Sitting

m\
= 9 1
i
RRTES L L.
|
e Tz 242 ¥
Cotofvaue 1093
7|_§ A|BO| Et% w2 £ B0 80 L;l
1-Specifiity
ERRAYBY i
respectively. AUC, CL,9%5% sundard error.
(Yamada et al, 2021
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SNUHY eargagasy

Gait speed test

S ELE
1. ohdeiNR, He

(4m 23)
000El2] 24

2 90 =0lE Mg et & 23] Mo 2ol

455 23 2ANEMG2 Y 53) 000 Aurh

202 oY,

3. NBOJL BUKES B0 ABSHICIH ABSME MROLL BBRLE A7 HOE2|N gLk
4 REEBLZE L0 MY T Y 202N/ 0 | 2 NE AXE SAN7|L S22 RRNY

5. EHAL 2t Ho| Y2ne?
6. Kt OIR| 0171 SOl MM RI7E ", A Ol2h et

T CEH, AR

Ltk

8 EOMEUC oA ¢ W o

sy FH|, AT

9. Hohiglch 2Y 4k FAH BELQSU

10 B2 0F ZAS AR TA SO HUCHE 20192 (Blke 231 3 #E o)

Chair stand test SNUH?® #24gaasn

v ————

gAY 28 e

Tabe 1 Clincs and DeogaphicsDescrptve Satistic.

cC =} A
TS TS, N, 108 29 0 e
i =
EE %} T T A
T
e
SHOI, AIE 0] 45cm, & 0] 0] : 65m B o
—
+ 1219 FOl : BatAl S i T T
e
ANE = o2 THA| = o2 oS wo  mone
L _ oo 2 M )
- PX\_ X}Hl S" J X}Ml Lateal Step-Down 10221 181226 o w1123
gomn e L
R

[ m——ry

ARE

TYFAL.
Hrjet we sce

(Lein et al,, 2022)
L EEEEEEEEE————
[ |
SNUHY e3xgagasy

Chair stand test

< TF Y UE (53 B2 A7)
1. oHStNR, HE 00089 A +8 542 £3% 2
2. ATUIM GEOICH AOIZIE 53] B 00|, M} = 210] 121Uk

3. OAR7HRE QAL & W2 s Fo[or ot & H2 71 YA

Rz A& o1 &%) 000 YUt
% 742,

B2 HEA 22 KA YL
6. X OF) HAS ARBIASLICH &3 A MY %D M7IS 2k W2 53] SAELICH

7. UEH, NE O O ANRE 2

E
Hu
=
¥
iy
rx
=]

8 EoMEUC dAt BREYELC

9. HE OF AME ATENR? X EA Bene?
e
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Chair stand test SNUHB #asauase
:
B -
Sex/age goup. " Mesn 0 s " ) s s
(sec) (sec) (sec) (sec) (sec) (sec) (sec)
-
Women n = 6,641)
8= =

Timed-up and go

+ 75 B 0E (Timed up and go)
1. s

2.
3

Gait speed test (400m)

% B3 012 (400m &)
1.

(Gao et al, 2021

s, A= 000 MA 8 5YS 8% 2NEME2 HE KT) 000 YLt
IRt0f 2 SEHOIA LOfLE o 0= 22 F0F CrAl AR b= AIZHS BYSHASLICE
¢ 22 M u2 90 "Ll 1 A0 HorFAL.

o ¢ ASSHEASLICE FH] AT (ZOILENR, 20| 20 EAQ, 22 EHQ, TAl AR
HolgHe, oHg)

B SHISLCL XEHE A 22 HEA 2 I YLICH

T O[H FAE ARstEL B2

!
rir

S22 4FHR.

“EH, AE 70l i ZARLE B

HE|
(=

o

& SHISLCH BAt SREYEL

B2 O3 ZAE A ENR? oXIE| ok e

L

oISt R, M 00059 Y X TES BI1R SN 2AE2 HYUE HF) 000

400mE ZOEAELICE 0 BO[= HE Wt 106 ZASLIC,
8
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Timed-up and go

45E0|

SNUH® t2iTiash

Take-home message

*HGS + SPPBE 7|2 H7tZ HA[SHLL,
«KWGSO| H10f wet MK 7|5 HIE 1-27HK|
+ (TUG, 30s CST, 22 400m walking)

o 2H AN

: B} eangauzy
Gait speed test (400m) SNUH sz
+Long distance test 32| 0JA]
LSmC i "::fzm i)um
e Fig. 1 4 Startfinishatthe
leftcone
- S8 718215 2200 )
+ 81 218 28 20m 0[8el 34 320 Basi,

200, gael H2lkg =0)7|

(Lindermann et al, 2021)

o 4801}
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Take-home message

FIMEHY R

et

Hand grip strength
o B &0 FH|of 12 A cck
+ A8 qEAL FHE ChyRe SA FEICH
+ BEY U A5 B, A0 2 >> HYE AT ¢

SPPB
© TE AN EHLE THE T I F22 LoE U2 YT 4 FOIE Y ¥2 BiCk
o UF 3O HY U2 Fosi,

2% &5 HAf (short, long)
A

« BAS ORI 5 2 OH4/24 T2 e, D02 2 32, 959 32
- N BS B ¥ 4 As40 HSaE DS A8

ARIA §2 M7| UG Z8)
« OR A, T4 B2
+ 139] OIS BIEA) Yot ot ARt oA Bk,
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