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The Influences of Quadriceps Femoris Strength on Maximal Aerobic Capacity
and Re-hospitalization in Patients with Heart Failure
Ho-Youl Ryu PT, PhD', Jung-Sub Song PT', Kyoung-wook Choi PT, phD’
]Dept. of Rehabilitation Therapy, Yong-In Severance Hospital, Yonsei University Health System, Yong-In, Korea
2Dept. of Rehabilitation Therapy, Severance Rehabilitation Hospital, Yonsei University Health System, Seoul, Korea

Purpose: The cardiopulmonary exercise test (CPET) is widely used to evaluate the clinical prognosis in patients with heart
failure (HF). However, some patients with HF cannot perform CPET at maximal exercise intensity because of unstable
medical condition or musculoskeletal problems. Thus, the study aimed to investigate the effects of quadriceps maximal
voluntary isometric contraction (Q-MVIC) strength on aerobic capacity and re-hospitalization (RH). Methods: Patients
with HF (n = 60, 59.03 * 13.4 years, male 100%) were recruited in this study. We evaluated the Q-MVIC strength and
aerobic capacity after discharge from hospitalization and followed up the RH rate during home-based self-care periods.
Results: The RH (n = 15, 64.00 *+ 14.69) group showed significantly lower Q-MVIC strength (p = .028) than the no RH
(NRH, n = 45, 57.78 * 13.15) group. In addition, the RH group showed significantly lower peak VO2 (p < .001) than the
NRH group. Moreover, the Q-MVIC strength and peak VO2 demonstrated significant correlation (r = .414, p < .001).
Conclusion: Our study showed that the knee extensor strength has strong predictive values on aerobic capacity and RH
rate in patients with HF.
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I.M 2 (Frownfelter?} Dean, 2012). HRY} SVE A&H0] ZA7FAE,
EAW ALA zlols 18-0] AkA 22| ulel gelx]7] uE

A7 (heart failure; HF)2 21Tk & 5 ool oF 50% o} of Ztf FAke 59 A|:#Q] peak VOr= AT 59| 715
O] 7L APk wHd Z1gd Agto|thLevy &, 2002). HF of osff AAE kL & 5 Qirk
£ e ks 2 Zr o] AAZHsolh e Egtstolut CPETo|A = OI‘lﬁl*‘: T Efeds olgst 4
o158 41 1A S il 0] Ak B o AR A} It T AOIRE olols Ao F e ww
83} Apgo] B2 A9/l Wrk(Taylor 5, 2019). oj9} 212 ople] 2% AMgeo] B S4o] Q). wjab, ahx] 2L
WA B Zt= HF 229 4] 4, AUeE 5 AI$E  HF 2R 49 &, Addee 5o 93k & 4= Sl 88lofghal
Ao 5T 4 Qe ARk &5 FoF AH7ls %7} o 4 Stk HAI7HA AEE A ko] iRES CPETS
(cardiopulmonary exercise test; CPET)o|A &A% 7= B3 2431 A A S=8lo] HF $A19] o|So| ofufst oJek

L5 & A A AH]FH(peak oxygen consumption; peak
VO0,) o]thMalhotra %, 2016). peak VOr= AlHM(heart
rate; HR), 13] 2-&3H(stroke volume; SV), 2|3l F-Aw

Ak~ 2fo)(arterio-venous O, difference) 5o &Jsf A4 =)
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gk Uizl 28 (Reid 5, 2014)0] HF A1) Aol
ofuiR JFL MlAEA, 12T AP &% F 549 @
o5t % BF 7k WAS Aole] JTAL Pobuiig siick

T, %7 4
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B a7 HFE ze Atk Juias we ¥ Hely
AT o sk 2 Qo] gkt A4 2 Ale) 7%::

HFE 2|22 gchigron], Atk oAl 944 HhEE(left
ventricular ejection fraction; LVEF)0] 40% o|3}=2 74A-ot
25 7149 A5 A(heart failure with reduced ejection
fraction; HFrEF) 32} & JAS iAo g skgom, ofA9
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=1 | o

Total RH NRH
(n=60) (n=15) (n=45)

Age 59.03+ 64.00+ 57.78% o4
(years) 13.4 14.69 13.15 '
Height

168.21£6.63 166.87+7.24 168.55£6.49  .655

(cm)

Weight 69.10+ 62.71% 70.13% 057
(kg) 13.75 15.36 12.69 '
BMI 2431+ 2237+ 24.61+ 051

(kg/m?) 3.91 4.69 3.48 '

HRrest 85.65+ 89.60+ 85.84% 120

(bpm) 17.00 19.40 18.18 '

SBPrest 108.52+ 104.87+ 111.49+ s66

(mmHg) 18.56 15.18 19.97 ’

LVEF 26.87+ 25.07+ 27.56+

.030%

(%) 7.98 5.52 8.39

RH; re—hospitalization, NRH; no re—hospitalization, BMI; body
mass index, HR: heart rate, SBP:. systolic blood pressure,
LVEF; left ventricular ejection fraction,

*p<0.05, M£SD
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1) dcte] vizges 29 37t

2 AtolA WIAES] A 2 A & deky] vl
9] 524 FY 4==(quadriceps maximal voluntary isometric
contraction; Q-MVIC) A] 245 3I(Nm)o= #o5}3ich
MVIC 288 180] AZAIEE 245k 714 Azdoln 1]
7t 23k wpolthMeldrum 5, 2003). Q-MVIC &
< =A35}7] 98l BTE (Primus RS version 11, Baltimore
Therapeutic Equipment Technology, Hanover, MD) 2=
]2 o} 8a19Iri(1e 1). QMVIC 2L BTE 2ej27
ol FREE QR Y= FEES 45° R AAeA 54
Bich &7 E) 4B Aol 2 2 i@ g

7] $1sted Al 1kg B Q-MVIC SAEA | o]-85t
Pl

2) & ¥t AH)s %71

AT RS peak VO 5 SA3}7| floto] EYEUS
°o]-§3t CPETE Alg¥stltt. 2t fAta: 52 B7tof o]8=t
A= CASE T2100 (GE Healthcare, Chicago, IL)o|H, &
5 71 B2 Quark gas analysis system(COSMED, Rome,
Italy)& o] SIITHTH 2). &5 F3l &80 o83t ZT=EeZ
< 2020k} &5 =7t vAlsHAl F7tsk= Bruce ramp
protocol-& ©]&3t3ict CPET AJZt & 3Hulct HR, SBP &
g o3t HOlEL 2Aslo] 7|Eslgit). w3, 2&nlth 243
Akeulay, olAbSleks WA, 5E WBE o) 55 7k
Ao 20 Brgow mElel TARA olgsiirt
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J% 2. CASE T2100 E=EL 2 ZAH A|ARTt Quark
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33 3. CPET ZAt Al 12 Lead EKG Monitoring

CPET % A3 5= 9l 918 A1l diulaly] $isio] sl
geARAPE 12 43 4

= AHES RS 3).

. BA

B A lo]A] 2431 BE dlo]El SPSS ver. 25.0 2 1
ol g3ttt HldAES] dHkA B2 7Is FAE o83t
FHAR BB AU A AU SHA] o>

B4, Q-MVIC 28, T18)1 CPET 7=
& 4T 0 o0 5 5 A el 9 ol
g319t}. Q-MVIC &3} CPET Huj7
@ ofst 8 5 7hs WIS Aol 4R
1]o}<=0] AFHA|4x(Pearson’s correlation coefficient)E ©
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1. o=|_—rL |;|.|At;|.0| olt||-x-l EA-I

A A AAN(607) 2] Hat Lroli= 59.03+13.441%0ck A
A19(Re-Hospitalization; RH) HeH15%)9] Ha yol=
64.00+14.69419.2.1, AYYIA] 2-2(No Re-Hospitalization;
NRH) Ath(45%)0] B Lpol 57.78£13.154)2 & Atk 7
Qeojgh Zjol= ¢igie. Tejk RH ek NRH eke] 458
62.71%15.36kg, 70.13+12.69kg 0.2 RH Aere] 35| wre
AFS BAHp=.057). ALF =z Esk 22.37+4.69,
24.61£3.48%2 F Aok Alolo| zpo|7}p v= ARS Elo
(p=.051). LVEF+= 25.07+5.52%, 27.56+8.39%% RH Ftt9]
LVEF7} €5k $29iehp=03).

2. Q-MVIC &t 2 |ith SOl HE xj0]

Q-MVIC/kg  6.24+ 5.34% 6.27+ 028+
(Nm/kg) 1.59 1.44 1.37 '
Peak VOz
7 21.64+5.59  16.05£2.77 23.174£523 <.001%*

(ml/kg/min)

1.09+ 1.04+ 111+
VCO»/VO, .002%

0.08 0.08 0.07

VE/VCO, 36.90+8.98 42.97+9.12 3551+8.26  .005*

PET CO,
. 34.12+7.43 32.33£11.96 35.13+5.78 230
(ml/kg/min)
HRR
. 56.04+23.18 39.00+11.59 60.27+23.09 .001*
(beat/min)
SBPR
45.41£23.38 30.87+£20.00 52.07+£23.00 .002*
(mmHg)

RH: re—hospitalization, NRH; no re—hospitalization, Q—MVIC;
quadriceps maximal isometric contraction, VO oxygen
uptake per minute, VCO,; carbon dioxide production per
minute, VE; ventilation per minute, PET; partial pressure
end—tidal, HRR: heart rate reserve, SBPR:. systolic blood
pressure reserve,

*p(0.05, **p(0.001, ME£SD
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(6.27+1.37 Nm/kg) 2t} EAHA0E §9)(p=.028)31A Lot

CPET 4= && 5 5743 peak VO,= RH ot
(16.05+2.77 ml/kg/min)©] NRH #©¢H23.17+5.23 ml/kg/min)
Bl $9(p<0.001)3HA4] 9kt &  w3E(respiratory
exchange ratio; RER, VCO,/V0,)-2 RH #tH(1.04+0.08)0]
NRH FH(1.11£0.07) Xt 10)(p=.002)5HA] Wkt o]its}
B4 3|dF 7]&7](ventilation/CO, production  slope,
VE/VCO, slope)x= RH Fth42.97+9.12)¢] NRH ¢t
(35.51£8.26) .t} 8-2)(p=.005)3}A] =Skt). 18} 37] I o]
Abstebd EQN(partial pressure end tidal CO,, PET CO)2
5 25 Aolol] §oI Aol7} glgich

gk ¥, o AHke(heart rate reserve; HRR)= RH X
(39.00£11.59 bpm)o] NRH ZeK60.27+23.09 bpm)kch &
OelA Wkomw(p=.001), o 4=7] U (systolic blood
pressure reserve; SBPR)= RH #TH30.87+20.00mmHg)0|
NRH HeH(52.07+23.00mmHg) 2t} -3-2)(p=.002)3}A] ZF3Utch.

3. Q-MVIC 2=z} 2 QAL S| AR
RH Zehs} NRH 2ghe 72517 ok 47| 608S e
2 Q-MVIC 283 4= 25 5 248 @ st 2 33
7k WQIEY] ARUAS BARE Aus X 33} 2k
QMVIC 282 peak VO,0b & ATUA(r=414,
p<001)E BGou thE @ st Wl &7 7l Welaks ofst
ARIAS 244 9191k W peak VOr= Q-MVIC 2 o]9)
o= VE/NVCO, slope(r=—.559, p<.001), HRR(r=.540,
p<001)2} folat A S Mot SHE VOO/VOE The

E 3. Q-MVICS s = 55714 1
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VE/VCO; slope= peak VO,(r=—.559, p<.001), HRR(r=
—.366, p=.002), SBPR(r=—.282, p=.019) 53} -S-oJ5t Al
AE H3loh

CPET i} 95 % 2743 & <jst ¥l % HRRS peak
VO,(1r=.540, p<.001), VE/VCO; slope(r=—.366, p=.002) &
QY FO S E9lon, SBPRE VE/VCO,
slope(r=—.282, p=.009) 3t 7}x] Hela} §-oJ5t AMTAE =
il

2 dqte] ZikE Aelshd 94 HFrEF 220 Q-MVIC

Agect JoJstA wWorom,
C <=3 CPET HY = &5 5 5743 peak VO,=
ool TAGlo] w2 AT (=414, p<.00)E 2=

jiAS

oo
i o

(o]
W

S BIsiirk of ABz v]FolR uf, CPET Al
253 QA R3 B9, Ee IS 250 qlejeks 4 A
Q1] 4y Aol ey 25Y7e f1Ee] ek B
S A9} Hay BAAOR A% FF0E CPET Algo]
ofgickaL TEs Aol HF 8449] ol cjZe] QloiA] 3t

A 2 hgel 98 AEst B F0R AT B8,
HF 8510] 419] 21 ARt Aol ke 7042 Siet A4 Aj %
X ZRIPORN FAkE LEFHB ohjet s 1 7
13elo] B8 B A0 Ak W, s 28 43t 2%

1T O

i

=)

r 1 414
Q-MVIC
p <.001%**
r 414 1
Peak VO,
p <.001%%*
r .038 135
VCO,/VO,
p 157 268
r —.068 —-.559
VE/VCO,
p 578 <.001%%*
r .043 .540
HRR
p 727 <.001%*
r —.010 .109
SBPR
p 933 374

.038 —.068 .043 —.010
157 578 127 933
135 —.559 .540 .109
268 <.001** <.001** 374
1 —.124 —.008 209
.308 946 .084
—.124 1 —.366 —.282
.308 .002* .019*
—.008 —.366 1 .100
946 .002* 411
209 —.282 .100 1
.084 .019* 411

Q—MVIC; quadriceps maximal isometric contraction, VO, oxygen uptake per minute, VCO,> carbon dioxide production per minute,

VE; ventilation per minute, HRR; heart rate reserve, SBPR; systolic blood pressure reserve, *p{0.05, **p{0.001, M£SD
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L2 o] HF 2o oS 7hAe] wgo] Hrhd 419 & 7iAd
2 gl Asle) Aol elamg paE olold 4 gt
(Gheorghiade &, 2005).

SHA| 1t APGE| Bt APATE A EH, Hulsmann
Z(2004)& BETA 232 MVIC 28o] 22 HF Fhajo]A]
5o A Sole) ool Sk Hsiolch HEL R
s I8olle ey Habt dAgsto] 5sEo] sk
Fltk(Stewart, 2019). HF 9] %134} 1501 B2|4 H3lo] 3t
el whzw, 43 71isel elefskal 14 ] Rl dstl
HAET U7t Yol n|eFgeeo} 7t ZasHA| Eof &
glo] 7145k EtKSullivan 5, 1990; Massie 5, 1987). E3L
TRHIAAS] SR P4 Ajo] =7 (eytoking) BRE ] %
72 ols) 28 Tulo] Bajslel 8ol 74sk Hrku
StITH Anker -5, 1999). o|2gh d7o] W= QIgh &5 ¥
28 ak AR £F 5 289] Akl ez olol
A|A| FHck(Fulster 3, 2013). 0|2} 22 AT Aol &
3411, of2 HF 29| ofF Brlo] QlolAl 34 28 Bl
We] olgu]x) Sl ok, e ofujel el 2 s

(e}

of FRAo] fAke FRHTH AP TagrlER U B0
W= stet.
L LR 2t AHeLS] At -2 Afefe]

7 818= HF 2
et 53k 28 TRlo] 5 AR TR HHEA] 9
3t Kk QItiPiepoli 5, 2011). F5Y 5(2016)
68 Ao CPETE A3t 271
%U%i‘“d A CPET Al 22} 5 oF 36%(311)2] #Ap}
51 BZolu} 814 2 H2E Yoo s Fugicky B ushHA
5] 2 134 ofshi} - B50] Al )ee TaBrsH she
Qelo] & 4= Qlokal stk I8 ER 31K 50| Q= HF
9] ol & ofZo] glo Q-MVIC 28 H7h= foldt JHE
Aze Aoz 7Rk} E3) 5h1] 28 LS 93t &3 =
2L B0 peak V0,2 ol 9831 Hgo] H 4 9IS
o8 Zich

gk 9, peak VOyi= 3H4] it opue} ojilsfets $17]

g 712 7|(VE/VCO; slope), 915 AH~HRR) 5 & o3t
9 55 7 MU B8 ARUAS 73 Ak o] AT
2 u]0] 2 1), peak VO,= 517 el ofujel, H% Hal
& T WS ollslEAlf HiE, 5 A S0 wE HRO
b 5 A o), 2% 5 ok 1ol o] FEeR
2251 Aulel Ao g slolslgthGuazzi 5, 2012).

= ot 2ol FokE o, B S 4ol 4L Al
& e 5 %] 7P 2 e viRle M vt A¥

O

T} UX|SHA| peak VO,2 ERlE|lom, o iloleta wiE &
(VE/VCO; slope), o1& AE<~HRR)®E oz} 314 289
FF= FoJolA WorSS skt 18 uE CPETE &4

1 2ixtel gri2| UiZel2 2=0] i R4 St MR Ojx

51| Joke gHollME sk 2 B7HE FEl oSS dlSsiE
£ AE 22 dylolakal Azt E3L peak VO5 71417
7] S1sl HF £k210] 41 Ajgh 54 4&13401] 317 o
A3t 5 ZRIWS W= 2FE AL AR

B olro] AelEe A WA, LVEF7} W& HFEF 34} 2tk
< o sidulete CPETOA H4e &-50] 7153t oF
A3k e diies s9l7] wiizel $5 HF tofAl &
AT AE Ffsto] sjAsl7]ole tha WM et TEEs

o]50] Lol CPETS Z45H4| dl= 53 HF 3=
EH*o °© 8 Q-MVIC &} of$of 5t A5 13 Havt

T U, B o] Holat BSo] Bl 5 B eal ok
o) jaFele S Bk Holch. wieh Z2A Hol ofe
HF 844] A&t A g 7ol fofat 9o %7 e
ofck. Al WA ARHES R ¢po] Fofat Bxe] 47} Hglon]
A B RS ARSI Holth BT o) 22 Aol
2 BB o] fIo7] tEolTh weby £ AT AuE
o} HF @jolA| Scfalaiatlols a7t lck. Tefus of
F0] Aol oA HF 842 Ao o a7/l Lasi.

1o xo

ohe] vlZe 22 HF 2Ake] Al &l

= Kol 9
e 2ot

2. ke Vel TS A Sk SRR AT A
st Bo ApalE nec

3. 23 AasnFe ok uze 29 ojeloE off
A, olISfEA B 7187] 5 8 93 9 55

FIY, oA, AYE 5 T ARA ﬂz}iﬂ =5 ot Al
5 Bt F U] U2 EF 714 Wel BAL g
A 38 SRR g3, 4(1);1-5, 2016.
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