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Characteristics of Cardiorespiratory Fitness and Physical Performance According to Sarcopenia-related Phenotypes
in Patients with Cardiovascular Disease: A Case Series
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Hyeon-Jae Woo PT, PhD.*

'Cardiac Rehabilitation center, Bucheon Sejong Hospital
2Independem‘ Researcher, Daegu, Republic of Korea
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Purpose: This study investigated the prevalence of sarcopenia-related phenotypes in patients with cardiovascular diseases
and examined the associations between these phenotypes and cardiorespiratory fitness and physical performance.
Methods: This retrospective observational study examined electronic medical records of patients who underwent
cardiopulmonary exercise testing(CPET), body composition assessment, handgrip strength, Short Physical Performance
Battery(SPPB), 6-m gait speed, and echocardiography on the same day at a cardiac rehabilitation center of a tertiary
hospital. Sarcopenia, functional sarcopenia, and sarcopenic obesity were identified using the AWGS 2019, KWGS 2023, and
JWGSO 2024 definitions, respectively. We used group comparisons and minimally adjusted multiple linear regression
analyses to assess functional differences and independent associations between sarcopenia status and major physical
performance outcomes. Results: Among 61 patients with cardiovascular disease, 19.7% had sarcopenia-related
phenotypes(sarcopenia 3.3%, functional sarcopenia 9.8%, sarcopenic obesity 6.6%). Compared with the non-sarcopenia
group, those with sarcopenia-related phenotypes showed significantly lower VO,peak, peak METs, handgrip strength, tidal
volume at peak exercise, and 6-m gait speed, with large effect sizes(Cohen’s d=0.80). Multiple regression analysis
revealed that sarcopenia status was independently associated with slower 6-m gait speed(3=-0.18 m/s, p=.021), whereas
VO,peak and SPPB scores were more strongly influenced by age, sex, and BMI than by sarcopenia itself. Left ventricular
ejection fraction had no significant association with functional outcomes. Conclusion: Sarcopenia-related phenotypes
are relatively common in patients with cardiovascular disease and are associated with clinically meaningful impairments
in exercise capacity and physical performance, particularly gait speed and respiratory muscle-related ventilatory response.
These findings highlight the significance of phenotype-based assessment in cardiac rehabilitation and support the need
for individualized rehabilitation strategies incorporating muscle strength, gait function, body composition, and respiratory
muscle performance.
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] |7t By o g 2esk= Agto R o]—(‘;H a9l
o, of2|3k M3}t 2Rpe] IEAA FelE FaFe nxith
o] ojg] AtofA Hiix|o] Yri(Silveira Ros51 =, 2022).
E3), A82g shol A= IL-1B, IL-6, TNF-a9} 22 g%
g AtelE7IRI9] Akso]l E4AI vHY dF AEE fetH,
olgfgt A W} tlEo] VM Akt AE A0} A 75
o7t B o Agstel 2% il o] 2t 2ol
okl fuFst = Q= Zloz HuEI Qlti(Hamjane %,
2020). 71 A3}, 282k 7haet 28 As}, Al 28 Ast
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Uelh, o= 55 Asth 49 A o3l A AE 57t
T =53t oot U JEh(Fiilster 5, 2013; Kim
S, 2021; Silveira Rossi &, 2022).

2 AZ(sarcopenia)S o|H3t ZEEA 7|5 S UE5t
L fdos w3l abgo] AHAee W} Wk oha}l vl At
T} AW 23 ¥ Jﬂmoﬂﬁg 53] WEE= A o]ti(Cruz-Jentoft
3} Sayer 2019). TUAZE Thegh 28 7t o}
) Ajsjel A1) S AT Tl E0 ol
ATERAS 0] ool Bl Gk VX SdAel ¢)
Feeolog HIEI %E]'(Damlup 5= 2023 Chin 5, 2013;
Gao Z, 2022; Shakuta 5, 2024). 3], L74aZo] Sulg
AETAgA A= At FTH(VO2peak) ] 4, 27]E
S(VE/VCO?2 slope)?] 213}, 25 UA(exercise intolerance)
a5 Alges59(Cardiopulmonary Exercise Test,
CPET) A3l7} HIHs] 3 H(Bispo 5, 2024; Takeda 5,
2024), o= AFEE S7F E AU A1 DHsHA HRE
AtHHe &, 2021). webs, AEEgAolN 2aasS B7t
She A et B Gt oyl A% o&at A& A
FHo| F83 a4 QIAEI Stk

Asian Working Group for Sarcopenia(AWGS) 2019+ &
Serel AR S BN Ve R EEsE AT 78S
Ao, 18t 718k A A TN 2AEE 52
oF e =T} Arizho g wishs Sojd Hoj2 ANl A
ol A A =3l E<aid uke] Hzo|ak= $147} JrHChen 5,
2020). o]= Zeke] 7-a/dxt =44 S A Aol
Glovl, AA] SO AR, SR A, e 2o
HejA e A A A7 2 AgolA] WAk A

7]8F 27AET AR o2 Rkt AR ofu)
(Rivera 5, 2023; Yin 5, 2019). wlaba Ad
B deiks, 24 B Ask 78, o AR 5
o] Bl o g7 z8sle] I7HAZS 71T ALE
g2 Uehd 4= 9o](Sasakiz} Fukumoto 2022),
Tl Al Wbt wasict

22 Aol Ms TS (sarcopenia)S T Al 7ol
oz}, B]vkA 7H4Z(sarcopenic obesity), 71524 4%
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B 4, el 14 dael el uet dhere
A AR o3 et Petnehazy 5, 2024;
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Prior 5, 2016).
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) 274Z (Sarcopenia)

LSS 24T i P 29 £ A S ol
7} B9 AEIE 9Jn)shH(El Ghoch 5, 2018), AWGS 2019
2} 2023 ‘1 3=y 4= AR A Z(Korean Working Group
on Sarcopenia, KWGS)of|A AA|sk= AE 20 Z4aZ Atk

Hazo| dgelth(Baek 5, 2023; Chen 5, 2020).

2) vy :’-7“.’-:% (Sarcopenic Obesity)

HRhg A & et njnto] FAlof EAsh= A
g2, 452 Sarcopemc Obesity Working Group(JWGSO)j|
A ofAlo} QI EAL ubdddte] ZAIRSE s o|t(Ishii,
Ogawa 5, 2024). YA 27}, uw oz ol4al A3
2 Ed Wl 75 Zofrt B or A-gstol(Gonzalez 5,
2021;, Li 5, 2022), 5U3t LgFolet stezke tiAFgol ol
oksl7l o] ==& 4 QtHong¥} Choi 2020).

3) 7158 &%
7153 IAZL 88E0 A HOlo| w28 = AlA|
TR0 AaE AR, 20239 =Y 4S5 (Korean
Working Group on Sarcopenia, KWGS) A5 Z]o]|A] Aj=&A|
TAEE AYolthBack 5, 2023). KWGSE 182 Z419]
]—i— Rk darejFo] ofAlofelat o] BMIZE Wil uiE A|go]
ok o= 715 AskE Atz whFshA] Eetthe &
AJAsaL, ek Adolet= 7154 ZIRte] Wrte] daAds
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7+4% (Functional Sarcopenia)
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2. 71 7o 3 e dEpARAele) 2as 2P0l /)15 Aolg Tt
Ttz ABTAR B 715 Asle} A djFe] g TORL TR iR A7 GA K 2abs 7R A 3

2 njH 223 SR BFShE, AApie] A A NS AR VIRARR Bgsht e

ofe] ZolA o] EAIRICE A, 24k, HNhd 2

%, 715 24a5S sl A YolA Bl vlag A

vk =80, 3 7 715H ARYS FRHoR HEd 27 I. %7 by

7} BEsl B4, AeESEAN, B ARG AL,

om HYEE S ABW 7153 A s el gy 1. A7 oY

71587F A B HER Y 24 At 79 HalEA] B AT Feb i AR, RANEE e 20249 19

FdTh AR, 754 SASS 2023 =Y AT R 195 20259 19 319712 Ad@gto 2 Aeike 3kxo

AKKWGS)ol|A =Y vlad] = 7deR, 53] Adn A2} 5 7] 2(Electronic Medical Record, EMR)S £-A13}0]

Jefelek ¥l ssayslade

HASAE oz gt A A= AV ARt
A, 71E A7 A 9 A B 9 AE SHY AL 7|7k Zot AAREAIE oA Ee)x|EA}, 7FEAL TE1
w40l m=E ol ohefet AR v = 9= Vs ahge|a] oJa) A eES AL AR BA, o HAl,

ARG 7L om 2 &= HAE p3E AL, S
ole} BlEo], TS At 7% A 24 Ao T8 Aoj4 7kaAle| o3 ARz-Lul} AldETL oAle] o3 HE
gk AR AAES AWGS 2019 2450 delo] =31 Egr) mE SUG do] AR S ez itk

Aeista glck. aeu Adabash 1) 2% 7%

4
§ THtbg(diseaserelated sarcopenia)& A, AT « AFAAIHICD-10 105-109, 120-127, 130152 5)0.2 7]

oWk 27 B 7 B B e 32 7] v, G w184 o el
oMy 2T 7)e Alst A E AR ot ve « CPET, SPPB, 6m R3] &£ AR BA 2157} 2%
ATt o]HsE AWGS 7]8F ko] $HA= JWGSOo] ofAfo} 2= 3

AT S vt vekg Sgag At 715 AN olgol

t « APIZR, oF, SPPB ARE vlgoR Ia% 19
W, KWGS 21243 20230] 7154 24043 Ade 487
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3 Al oEdt duAdE HoleAl £48ke Ae + 5 oi=L up
@ BHow g, oo, I4HeR NuPHelN Arkag 2 T o=
oWBo HAET, 22K 07 BEEY I7kazo] AfoEL 2 dolre B A 97l w3d 5 A=,
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A2 Inbody 770(InBody Co., Seoul, Korea)2
o|-83t XA A7) A 3}E4(bioelectrical impedance analysis,
BIA)E &3l Al¥sH3tE BIA A 7|9he = ARAEATLE
(appendicular skeletal muscle mass, ASM), A|X|=-E(body
fat percentage), A%, BMI(body mass index)& AF=E313iT)

2) <8 g7HHandgrip Strength)

ofgle. fxjg  ofgAd  TKK-5401(Takei Scientific
Instruments Co., Niigata, Japan)E ©]&3] FFshel HH
(Waldo 1996)0]] ket =43kick. tapap ojo] glo} B
£ 90°% 73 AHleld &5 SHAMR SRS skl
o, Q% £ 77 2814 Hogk T2 A STk 7 v
Tl $He F4 S ol 7|2 oJge Fssack 3

9Z0] ofal F 4310] 2 F 7MY B P HF oo

3) A4l $38%5% (SPPB ¥ 6m 23 &%)

A 48852 H7l= SPPB(Treacy2} Hassett 2018)2} 6m
H3&r(Mehmet, Robinson 5, 2020)E o9 Ax}of| wla}
i it AAKS $UR ARl o) sk ma
B2 uje} AEzo sesdon,  AAF % shiehe 7k
Ast 7)o g A AAFYsE AokE Tdsieih

(1) SPPB &7t =it
SPPBE 3 aAk 4m ML, ojajalA] dojbr] Alglo
2 PEAE 0-127 Hwolrh
AARE the Aol wk Aldskl
» #H7ZAL side-by-side, semi-tandem, tandem ZAE Z}
ZF o 102 X3 A7k 7|25k
+ 4m BET: H)o)A 4mE A BIPLEra o533 A7k

792 A4S FASte] % SPPB 442 AHEsiglon),
SPPB < 8% AWGS 2019¢] 7|20| we}, A 71545
2 Heolsisich
(2) 6m EIEE Hrp =Rt

ks a2 oMds & BAOIA 6mo] AT
(line-to-line)E A9 HQMSE Rt g Atk A= &
HHAdollA =2R7HA] 9 e oS A 2 BRI S
F RAAUE AR Lol BASE(m/)E A&t

HLrl 7|2 B3(Mehmet =, 2020)] w2} < 1.0 m/s
£ =9 E3(slow gait speed)o 2 AoJslal 7| 5A 510 A EZ
A-g3lsi

4) CPET

5 554H|((GE Healthcare, Chicago, IL, USA)= Ed|
Eulol HEReleE RRERg Agslel AFeidr. 5%
7} B4 Zu]COSMED Quark CPX (COSMED, Rome,
laly)& ol83lo] &5 § 23 &7| Hhe= % SAsipen,
ok AES Slslelnt

YA A HFHVO,peak, ml/kg/min)

¢ 37|FE-E(VE/VCOsslope)

* 5& 3| (Respiratory Exchange Ratio)

8 A% i
vl2s 3ol Wl F5 ukS

ZJEH T Eak(V()zpeak)Q} VE/VCOaslope=
Ao} oo} wxishl Qe Fa Amhien EAslech

.

ro
om

5) Alrzent A

Andover, MA, USA)E o|§3to] #ote ZrEFO| we}
Y= 2k

& dolldE v AES BASHIH-

o ZAA HF=E(Left Ventricular Ejection Fraction,

LVEF): Modified Simpson’s method

» 0]27] 7)%5(E/e’ ratio)

o ZHA 37] 9 ATKLeft ventricular mass index)

Ag2Eh AR e 14 A 7S slelst, 24
% Tl THE 7l £4 oIS ook o) mag wz
Wz ARSIt
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4 AR BAASM, AAE), oF AAL
SPPB 8l 6m HeJ&EE A2s B3] thg 7Ieel wet E7

(1) 2&ASB(Sarcopenia, AWGS 2019 7|&)

27F HFEA] sk, o 5 29 A5t B A4

A5t % st ool kel Aol

O 25 74 7]Z(Low muscle mass)

« 9Z1: ASM/height? < 7.0 kg/m?

+ oJz}: ASM/height? < 5.7 kg/m?

@ &3 A3 Low muscle strength)

« 7k okl < 28 ke

.« ofaf: of2] < 18 ke

@ AA|43%2 #5HLow physical performance)
5 % shiets 225 7% Aske B

*« SPPB < 84

 6m H3<&E < 1.0 m/s

(2) H|2tY Z2ZAB(Sarcopenic Obesity, JWGSO
20247|&)

ONAE 2=

AT, 5 SHRTl AP AWGS 2019 71%) +
A 7}(JWGS 2024 7125 Aol T3t 9ot
O 2garZ2 3o 22 aAppAZ oHBl(AWGS 2019 7]%)
@ ®]9F 7]&(High body fat percentage, JWGSO 2024)
U=Zb AAHE > 27%
o2 ANLE = 38%

[‘

ul

(3) 718X ZLAB(Functional Sarcopenia, KWGS
202371=)

THFS Aol o B A5 HA(SPPB)
2 7R 2 e Aslrt EAlee] (KWGS 2023
719), TEFE o, 28 Ee Y T shiRke

Astel 9ol
O AA 5K (Normal muscle mass)
Al ASM/height? = 7.0 kg/m?
oJZ}: ASM/height> > 5.7 kg/m?
@ 28 B AR A 7% B 5 shehe 553
71eA 2HaseR ERskelth
. 2t
< gk ok < 28 ke
- ofz}: of2 < 18 kg
e AR Aot
. SPPB < 8%

) HIZZAF (Non—sarcopenia)
A7) Al FdFl sfigotA] g 9ol

EH BA4L IBM SPSS Statistics for Windows, Version
24.0(IBM Corp., Armonk, NY, USA)Z A-&3lo] 43515
c}. E4of 9kA] Shapiro-Wilk @ng E3f A3 H4o] ﬂ-ﬁ’-
/HQ §]—0 ;]- a, ZLT_{-/HO u]— L uq/u: _5] HZEX
B S AR S, 159
sk s A
ATl & 1 v M

:,L( Tz u]u}/ﬂ Az

ESY

L E

-

jm g
Hehct. AL WESH A4y W SYRE 7

n
2
> o Az rH

%]
AgBIon, BT BES RO T 4] b Hhe
= Mann-Whitney U # j% 2935l MEE Wil 2jg
=3zof| whe} 7jo| Al A7 H+= Fisherd] 4 A4S ARSI
ok E=3F A4 FA0p Value)EE} QAR o= 723}

£J3ll Cohen’s d& AbEsto] aul=7](effect size)E THA AA|
st

FHHOE, TghF BYIRUAT UL 0 2
WhF 7153 24T 719 Aol FAIZ] L4 (exploratory
analysis) 0.2 485} 0n, HE 7} o - 2RS HLS- 185l
Knskab Walls 332 $41 s4gich of 42 ¢7e) 4

£ EZRcHs Ro) 43S ls] 5 B0 Aa
oz Baa.

2% o} 20 Tl AR VAL G Slsp) 9
3f Z|4 A (minimally adjusted) tF5AE 3] A2 H S :[L_q’a‘}
k. F4et AL VOpeak), B EEAE
(VE/NCO; slope), 7h1IAl352(SPPB) & < 6m Eﬁl&
SE2 AAoIRon, £ SUNSE 24T SReITIE
i, 2k T Aol B S 40 AT
st A= (Age), A4HE(Sex), BMI ore
Fetaem, sAAB), 95% lﬂ:,w}(c} AAFR)E
A l’fﬂoi 2Ee siAsti

A A RO pe00sE Ao, 2
T5 I3 p-valueE A4 7|Fo &
OH’%*OW %, Eﬁiﬂ(cohen s )2} 95% Al=|H7He] /A
oulg FHom AnE s

H~l tlo r
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1739] AIERAS S} T

H| L7 4~ (non-sarcopenia)

4975(80.3%), LA-Z(sarcopenia) 25(3.3%), BT 204

Z(sarcopenic  obesity)

479(6.6%), 715H THET

(functional sarcopenia) 678(9.8%)0|it}. =, AA| AR
19.7%7} 2% T Edde] sk 02 epton)

715 A Szt uuky g

oct.

B 1. tie] Ay Sy

B R L

1S 2 A7 ool Qb B4S e, dRe)
Bt TS 61548 41N F S S2H(85.2%), 014 9
(148%)0l2leh. AAAS 9 A4 B4 2T B BMIE
25.2+4.0 kg/m?, Bt AALEE 26.6646.91%, ASME H
7.50+1.05 kgolQich o2 Wt 32.7+8.9 kg O & eI
MRS ARoie HdA SR AE(E/E' ratio)7}
8.10+2.16, Al gk X4~(LV mass index)7} 163.7+40.5
gm*2 Stk

At Aok F25 AR, AR (heart failure)o] 42
H(68.9%) 2 TF w2 Hse AAEAL, AL
(myocardial infarction)0] 34%(55.7%), E+1ZF(angina
pectoris)©| 287H(45.9%), 4L 35(cardiomyopathy)©o] 207

e Tl (N=61) HIZZAZ (n=49) Z2A 22 (n=12)

A (years)
(%)
AlP(cm)
AE(ke)
BMlI(kg/m?)
AAE(%)
ASM(kg)
°fH(kg)

AU S AT

61.5+8.41
52 (85.2%)
166.0+7.77
69.6+13.37
25.244.0
26.66+6.91
7.50+1.05
32.7+8.9
8.1042.16
163.7+40.5
42 (68.9%)
20 (32.8%)
28 (45.9%)
34 (55.7%)
1 (1.6%)
1 (1.6%)
3 (4.9%)
3 (4.9%)
2 (3.3%)
2 (3.3%)
16 (26.2%)
4 (6.6%)
4 (6.6%)
2 (3.3%)
1 (1.6%)
25 (41.0%)
26 (42.6%)

60.1+7.61 67.3+9.36
43 (87.8%) 9 (75.0%)
168.1+6.14 157.3+7.89
71.35+13.30 66.3+12.0
24.843.7 27.1+4.2
26.746.9 32,9473
7.67+0.90 6.64%1.26
35.2046.38 20.78+7.31
7.98+1.95 8.5942.94
168.37+40.92 144.5+33.86
34 (69.4%) 8 (66.7%)
15 (30.6%) 5 (41.7%)
21 (42.9%) 7 (58.3%)
29 (59.2%) 5 (41.7%)
0 1
1 0
1 2
3 0
2 0
1 1
11 5
2 2
3 1
1 1
1 0
18 7
21 5

7= Values are presented as mean =+ standard deviation or number(%).
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7, ueg, e

(32.8%)019ic}. olafst AEWABY] Brl i 7bAdy} 17
& BT ol A= AR e 2odch

ERt, FHHESE EAolA= 18 Y(hypertension)o] 257
(41.0%), oA AEZ(dyslipidemia)o] 26%8(42.6%)2.2 7}
A sslglon, e 164(26.2%), WA AIRAHLS 41
(6 6%), v gjzlgke 3\:1(4 9%)0] ek tjEE o] ZukzAse

T oA BTt E2E B, #1257 AR Ao
S 54 Aol

%HFM AATHGE 1),

A58 AsoA= A HRTo] HubEog vk
P HAh R FTHVOspeak)S BT Aol
28.29+3.34 mL/kg/min, FHLANA] 25.09+3.66
mL/kg/min® & Yelton, B4t xjol= 3.20 mL/kg/min®]$}
ot EAXOE {5l He L (p=.014), &1}=7] Cohen’s
d=0.94(HEIHE F 7t 2o)7} YA o7 ou] 9= _,_E%;
golgt 4= itk HNAFGZHMETs at peak) ESH &
Lol A 7143k thd=0.92).

o ZAY T Aol ME fARE Aaprh ERlEd A 5
Al S & FH|(RER at peak)= 4tA THATZOA o Wokor
(d=0.64), o= | F&74e = BHol|AY 7] B2 E=
AGA} 7% Aet 7S SEEYETHp=.010). 37| T8 E
(VE/VCO, slope)= I 7+ ol7} Zx] Qgrom(d=-0.21), &
2 7h Atk Ae aEste] 'HE oA sfjAske Zlo]
A p=.657).

e, 35 Ve FeS Byt A &% Al
AT TFHVT at peak)> A TELo] 1.47+0.34 Li H|

_171—/\

F> ﬂllo

24 AH2.02+0.43 L)EE} &3] o m, Cohen’s d=1.33
(M- & adh= et %?i FHAYoM 23 75
Algto] FEHME E@l?‘iiﬂ(p 001

e AFANA= 7P &+ 2 X}Olﬂ k] Qi) ofg
35.22+6.38 kg, 27 A4Z T 20.78+7.31 kgl
2 Yelton, Cohen’s d=2.20(2tg1h 2 J-2ujst TAE

HYAtHp<.001). o]i= o] TATF o fiE Rhdsh= 34
ol AEYUS AERINAF= Aifolrh

AR o E A TS| 7 sASE dEEA Y
gyitt. SPPB F42 FAFCE {osiAl= dodt
(p=-057), iﬂlﬂﬂ% d=127(JBaIH=E 7|54 ol5sg Aol
7b EEsiglon, 6m  HPEEOAE A T
1.06£0.26 m/s& H]Z7AT(1.30£0.20 m/s) Tt L8] 1, )
7] d=1.18(axh= YeRFTHp=.007)(E 2).

JEEe

ol
2 ru

3. dgazst iU‘H)ﬂ)\ AT oF7} HH2SSH - MA|

(1) 2ac3 oAnet AdeEse L AR $5e
Ay
Zh A FEHVOpeak) & B4R 3 chi 819184
oM mye] AEe R=024gich. 274G oy B=-1.78

mL/kg/min(95% CI -4.17 ~ 0.61, p=. 141)E 29] Ao
TE|ol oL}, Algairto] 02 E3tele] ol gdgro s 4]
sl7|olli= Algte] et ¥hd AJEe (=2 76(95% CI 0.24 ~
5.27, p=.034)0. 2 e}, FAo] oHT} B =2 VO,peak
£ moli= ol SlE g,

6m HPLLS FEHPE T BYP M= THET AF7L

VOspeak (mL/kg/min) 28.29+3.34 25.09+3.66 0.014* 0.94
METs at peak 8.06+0.96 7.1741.03 0.015% 0.92
RER at peak 1.10£0.06 1.06+0.03 0.010% 0.64

VE/VCO2 slope 29.88+4.73 30.94+6.66 0.657 -0.21
VT at peak(L) 2.02+0.43 1.4740.34 <0.001%* 1.33
o2 (kg) 35.2246.38 20.78+7.31 <0.001%* 2.20
SPPB %4 (point) 11.94+0.24 11.33+0.98 0.057 127
6m H3 &(m/s) 1.300.20 1.06+0.26 0.007* 1.18

Z= Values are presented as mean * standard deviation,

*p{0.05, **p(0.01, Cohen’s d: 0.20: small, 0.50: medium, 0.80: large, =120: very large effect size.

HgZAR OZAZS 2 BSiS0| gl= CHAKL

[ ey

TZtA BT AR J|SX OZAZ e H|ORY OZAS CHAIKRE

[y =N

VO,peak: peak oxygen uptake: METs: metabolic equivalents; RER: respiratory exchange ratio; VE/VCO?2 slope: ventilatory efficienc

slope; VT:tidal volume

Az #loly 2

1A B BHH0| 02 AHRSS2 o ARl S

AL« 53



g s a2 X wsl3|A] A|14E A)23, 2026.07.

[3=-0.18 m/s(95% CI -0.33 ~ -0.03, p=.021)2 e}, oI
49, BMIZ 2A3H o| 7ol hago] Ha%E Aslot 53
How duE wWeE BAHUL A 2y dyeEe
R?=0.230]%]{t}.

3, SPPB FHS FHUSE T BAoIAL g off
7} B=-0.25(95% CI -0.55 ~ 0.04, p=.092)2 ZHA A0 2
QAgbio] PAEIGLOL, Al T7to] 0 Zste] B £
Az sAsllole ARkl gt Tl Ase B=-0.0295%
CI -0.04 ~ -0.01, p=.006), BMI+= (3=-0.03(95% CI -0.06
~ -0.00, p=.026)2. }El}, = #olo] SPPB H4> A3}et
Egz0m Aol otk EFF AWS B=-0.62(95% CI
-1.02 ~ -0.22, p=.003)2 oAJo A o W&o SPPB Hsv)
Holck. s mae] MEee R:=0.260]9IckE 3).

2 0 T

1o

2 2#H23F =¥ AYE 54

AV XLLOM% AT Yl vt i Jort
Ze|Qleh. AMAYES v AT 26.7£6.9%, 7164 AT
T 34.0+6.3%, HRH THAZT 35.7+4.7% 5 ZTVeke e
& HYon, IPaZFIME 32.0£5.7%2 YER} 3 7
B3 ztol7t vlma ®akelgrip=.017).

AAEATEHASM)E vt A 7.67+0.90kg 0.2 7}
A =okar, uluby 2SS A 5.63+£0.26kg O.2 71 W
WHEo, 2T Bl met I A Fol A
L a7taz g3 e sz}

e THp=003). olejdt Aaks Tihd EAY B

FLI

-

AL gt CHS

3 HE 7le

g Al SHA HEELVERS S9 ks
LVEF+= B4 55.246.6%, 4425w 52.3+7.4%, 7|5

2 DAZ 57.9+6.8%, u]uw a7t
Helo] FAY 7
Agtoz ol =

5& 60.0+0.0% %
5 ]@_i —ﬁ—.ﬁﬂ— x}o]% —iﬂl'?_lﬂxl %1;%}1:}

ST, HVH 2RSS °1+§—P0}°%
LVEF+= ZHZ} 55.246.6%%} 57.7£5.8%% 2 2fo|& Ho|X]
aoren, FAA fo4 Al TEEA dthp=215,
Cohen’s d=0.38)(&% 4).

4, Z2ALZT 20| ME HH2SSH H MA| +AUSH

LT A T AHEsEH Al # Sseel At
ol5 Hjwd A= 3 591 Itk o, Ao S 4 839
F2 7 o Aol ER, SAA °4*ﬂ%ﬂ}‘- 7} 2|39
WA waret Hate] Hiefdol Sl ol skt ZthAt
2AFFE 2 AaETo)A 29.4+1.5mL/kg/mine & 7Y =
goul, 7152 EAZEH(24.843.7mL/kg/min)T} BT

A (23.4+2. 9mL/kg/m1n)0ﬂ/\1 Lzl gAasige
(p=-015), HHHAFFEHMETs at peak)o] A= S35t Helo

=

ez -1.78 1.192 -4.169 0.607 0.141
B s A S %1E(Age) -0.04 0.058 -0.153 0.080 0.536
(VO,peak) AJ(Sex) 2.76 1.260 0.236 5.274 0.034* 0.238
(mL/kg/min)  ZR=EA]2YBMI
e H2 ) -0.09 0.130 -0.354 0.166 0.474
(kg/m?)
ez -0.18 0.074 -0.326 -0.030 0.021*
] 21Z(Age) -0.00 0.004 -0.011 0.005 0.454
6m HPEE
) AJE(Sex) 0.05 0.079 -0.106 0.209 0.516 0.229
AREERZBMI
B HZ ) -0.01 0.008 -0.025 0.007 0.270
(kg/m?)
aztaz -0.25 0.148 -0.550 0.043 0.092
olz(Age) -0.02 0.009 -0.041 -0.007 0.006*
SPPB %4 AJE(Sex) 0.62 0.199 0.223 1.020 0.003* 0.262
(points) ARIZEA] 2 BMI
143 HZ ) -0.03 0.015 -0.064 -0.004 0.026*
(kg/m?)
7= *p(0.05, **p(0.01, B = 3P, SE: HERXL Cl: ART7! Res 57|@8o| M2
HOZAR: JZAS Bt H5I50] Gl thAXL 224 Woi JZAS 7|55 JZAS E= HIPHY JUAS ARG
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7I5H 2A=S H[Zk TS
(n=6) (n=4)
AT (age) 60.1+£7.6 70.5+9.2 65.3+10.1 68.5+10.4 0.19
A=A g (kg/m?) 24.8+3.7 20.7+1.6 27.3£1.9 28.1£2.6 0.062
AR E(%) 26.7+6.9 32.0+5.7 34.0+6.3 35.7+4.7 0.017*
ASM(kg) 7.67+0.90 6.25+0.78 6.80+1.10 5.63+0.26 0.003*
LVEF(%) 55.2+6.6 52.3+£7.4 57.9+6.8 60.0+0.0 0.052

Z= *p ( 0.05, **p ( 0.01, Values are mean = SD. p—values were calculated using the Kruskal—-Wallis test,
ASM=appendicularskeletalmusclemass;LVEF=leftventricularejectionfraction,

2225 (n=2) 7IS3 22AS(n=6) HIPHY ZZAS(n=4) p-value
VO,peak
. 29.4+1.5 24.8+3.7 23.4+2.9 0.015*
(mL/kg/min)
METs at peak 8.4+0.5 7.1£0.8 6.840.7 0.021*
RER at peak 1.06£0.00 1.05+0.04 1.08+0.02 0.659
VE/VCO2 slope 42.240.8 32.7£5.0 34.1£6.5 0.198
VT at peak (L) 1.60+0.10 1.51£0.22 1.47+0.20 0.041*
o}g(kg) 27.0+5.7 28.3+7.4 29.146.2 0.033*
SPPB total score 11.50+0.71 11.33+1.03 11.00+1.15 0.009*
6m XYL (m/s) 1.07+0.14 1.02+0.34 1.11+0.18 0.031*

7= *p{0.05, **p{0.01, Values are mean = SD. p—values were calculated using the Kruskal—Wallis test,
VO,peak: peak oxygen uptake; METs: metabolic equivalents; RER: respiratory exchange ratio; VE/VCO?2 slope: ventilatory efficiency
slope; VT: Tidal Volume threshold; SPPB: Short Physical Performance Battery,

=TT At 8.4+0.5 METs, 7|53 s Asl7F WL O™ (p=.009), 6m HPL Lo A E 7|54 L7
7.140.8 METs, B|vHY 27427 6.840.7 METs, p=.021).  4Z70] 1.02£0.34 m/s2 7P =8l £52 Berkp=.031).
ol= 7154 9 HYM TSN Tx IS s APt sut

B4 A 2558 tavt FoeAs g dAw

B3 AEeMe o &5 A ZFIH|(RER at peak) V. &1 &
7} BE oA 1.05 o Fe R LERY tdatEol] ATt &
Aol EEslSS Hojglon & 1F fefet Afeol= ¢loich Bl AT SIS gtog A7kaz uuky 27t
(p=.659). B/|LEAE(VE/VCO; slope)= ATl AF 4%, 7154 2430 BES 2RI, 7 288 e 4
HHeR & @S BAoH E2 4 din] MEAel AN £ slesse Y A Y SAS gaH o - BAs)
b wae] s AltA o]t p=.198). ¥ A &5 Al &4 ok WA g} 619 = OF 19.7%7F 2z T Hago)

Z ok
o}
STFHVT at peak) T4Agt 1.60£0.10 Loj| w3} 7] FFstglom, o= 7]E AP SAE diFo R g MPd
A IagT 1.5120.22 L, H|RHY SHAS<t 1.47£0.20 L2 oA BHiE SHET SABE SZFo|thBekfani =, 2016;

T o>
(p=041). Sasaki 5, 2020 ). 53] 7154 2443 vlThg 27
4 7154 3 HIWd ZHAaTTOA Hashs Pl A njRe) AdiEos B TEE AL, 28T 7hh ojRyto gl
Qom(p=033), o= dedt IEF ARE ohEt 2E AuEr] o= )5 Fepo] YR ABWAS Sxjold 24
(quality)?] Hs}7} 71552 AlRte]l F3k2 vl = 9leg B g spsAe AARi
otk AlA s AEolk= SPPB FHO] AT A7), 2pAaZ v TR vl2gtao| Bl AREA
11.50+£0.714, 7154 244354 11.33+1.034, vjitg 23 Teko] U Ao =8 AS Relon, 7157 kA

v o =4
A5t 11.00+1.154 02 vept FAFl w2t MRl 71
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A FoF TS S| B £ = 2 A, 71E
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aahigfo] V| By MPAtsyt Ao R &
Alst WiekAgd-S BRIck(Billingsley -5, 2022; Boo &, 2019; de
Oliveira &, 2009).

ESE 37| TE(VE/VCO; slope)y & AollAl &Y 7t
ofgh Rpo] HolA] gigtort, AR HPAToINE LD
oAl Ao & gkl B v YekBispo 5, 2024).
ofefat Aol b S4olut i o] Ajolo] 7I<1gt 75
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