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1. 979 IeA

A AAA oz Ad@ASHcardiovascular disease: CVD) AP 1912
715389 2 H(Fuchs, & Whelton, 2020), $-glvete] 18t $x= oF 1,200%F

W ooldom WHAAESE F 27.2%9 MY =2 FHES AAIHEBHA,
2019). ogrles] BEE vt 654 It 8127 53 WHoe=m HA <l
T2 15.7%%5 AA8te] 1 @AREZE HJoH(FAA, 20200, o489 H+ HA
o] 484 A - T2 Urh} FHo] AARE UE B 7 H 7] o] Fol B
Wi oz, AF74, 2010). AZNA HAAS T2 FH Fa=E Qg
CVD S7HelI1A, 2007)9F 22 A oF7|AI7|E= of4de] CVD < 3 74
e AT A0S Fa3h

Tl 2 ©(arterial stiffness)= # A3S Hrlsls 23 AA A Fo|th

il

[.;\[_‘
mlo

1ru

(Laurent, Alivon, Beaussier, & Boutouyrie, 2012). T3} S <=3 =(arterial
compliance)x= W32 =o= witholm 2 AFs= Bl ok Fo s™o] g
A= o]¢hsl= T ¥ oltk(Nichols, & O’ Rourke, 1998). s¥&Ss == A A

By gEE 28% AAS8E 9 §2a580 g AATE 9

o=
i)
o2
1>
o

Hyel #Ho] e AR 4elAd dthNordstrand et al., 201D. 9 2
(high-intensity resistance exercise)s FHHoE AT A= HHA LA
Hla) WS w7l wokth(Cortez-Cooper et al., 2005). o]&= 173 %] A 3e

Fol T g% ¥ TUFES AUAYE U ERHole FAGE FHeS

THAAEE JlIs UM E, BEIAE) 2 T3 T4 24 (elastin,



collagen B Ag=x2)dl oJs 2AHHAT. o= sHTX ol 5ol %
FE e T80 wet ¥ mErA B=e =2 42 5 JHGreen et
al., 2013). W5 wu}E X (aortic pulse wave analysis)e THE#HEgto] o)t
HAHRE A FstH, ol= d<hblood pressure: BP)o] d&ul ol Aot
o] Az UdXAsA &S = JrHlLaurent et al., 2006).

s dtat F7F % 9~(augmentation index: AD) X Z=7<¢t=E 3 2o @l
Aol AFEL dAdo] Z713d urel Z7}13tHCasiglia et al., 2013). 594 2
(pulse wave velocity: PWV)= & o] ZFristel wet 7}

st AR, AR B ¥ E4d e THHeT BT, Al Addds

rr

Lo

71

ofr

oﬁ

1.4

=)
Mo

d

il
N
Y
rO
=)
%)
4
b

(cardiovascular disease: CVD)S <=3} (Ben-Shlomo, Spears, & Boustred,
2014), s AA LY wdte 2/ TxEHEY T ol o FEY
ZIti(Wilkinson, Franklin, Hall, Tyrrell, & Cockcroft, 2001).

THAAEE HIbshr] g WS D AsUAEAs 9 AsT p-AA%
A 4=(carotid B - stiffness index), 2) ZAEW thE id-
pulse wave velocity: cfPWV)E Z=H A 4 SHAZA T 3
3}4;: = (carotid-radial pulse wave velocity: crPWV), thEZ
ankle pulse wave velocity: faPWV), &&= Hj&% =14 = (femoral-dorsalis
pedis pulse wave velocity: fAPWV)Z &4 ¥ wx FHAHAAE, 4) Fg-iE
) 5} <4= % (brachial-ankle pulse wave velocity: baPWV) 2 A& &% @Az
(cardio-ankle vascular index: CAVDZ A E Al A4 =7} ot Huks:
T, 8- BAE A, CAVI o]l AU FHESE o] ES55 9435}
7} 95 AskH, ofPWV 2 baPWVZF 1 m/s S7FstH CVDe] 1ol 22 7%
(Ben-Shlomo et al., 2014), 12% (Vlachopoulos, Aznaouridis, Terentes-Printzios,
loakeimidis, & Stefanadis, 2012) =7}3t}. webxd THA3} S =2 3

= ARED e a% Fas, 55 AABE FE MY Fa3 4D



S “EAE FF Y AdUAE vt AAe] =3
917 o7 Aeolwm(Caspersen, Powell, & Christenson, 1985), T+ z¢l A&
& CVDY 9d 74t #¥o] AdtiMons, Hahmann, & Brenner, 2014). &

s AFAoln wEAon A FHe Ao

o T QI

Ll

(Caspersen et al., 1985). &% FH, AHKAZL, W H Fxo wep 57

(Garber et al., 2011) A #7585 ofye} s A= a34<Q AAZF
o]a(Vivodtzev et al., 2010; &%, 24, HFF, 2016), A5 “Ly
A FEoA Ydepde dsrt o & Fatol s AR Z5S e
oz AYPstes &5 o2 FojHAtHlee, & Carroll, 2007). A3PAF oA =
A 2 S % FHeE AFLFo] AdEH] FHFH &

o
4
o fE4e BuPAW, AARY G FHFH o] W AFLE

AdgPATFolAs 28S HAdsslr] 98 4= AFFo] A-HJAT

N2 =78 S71ete] s st =ol nlghasiA &
FEFE vAs= Aoz g tHMiyachi, 2013). g¥rzlo=z 13 HkE AL
(1-RM)9] 65~70%N A AFE5S 85 &<t F 2~33% HASH 27 2H|
e F7HA717101  FE3lcHAbe, Yasuda, Midorikawa, & Sato, 2005;
Medicine, 2013). ZL2fu o8 Fd AFes2> dF ZHD(=<l, W
TE2AA AgA )X A= Fart AEH7] wige] 5o AP Al
g EA7F Al71E

AT AT EEde w2 Agsts BokRA oY M2 &5



J
Al gHblood flow restriction: BFR)-& o] &3 A&
o9, ZAFY 9 2HE FEAIE AR &
(Jessee et al., 2016). Kaatsu =& #HA-&%

o7 Jle @RS ol A - AY s et
olth, ERATS o] 83 5 F=7]d Y (systolic blood pressure: SBP)
== 59 g AetE(arterial occlusion pressure: AOP)o] =}
dES VHFeEN TUERE ATt o A dESs dRAFeR

=30 o3 dRATS AHgste &5 W2 20~40% 1-RMolA &1l

o
o
o
ofo
QL
£
N

[H

of o

2~AE, B 5 1I5AE 92 F2@0~602)02 Yo ZAnE pAHEG
(Figueroa, & Vicil, 2011).
I8y /A

o] S w331 9 ©m(Sumide, Sakuraba, Ohmura, & Sawaki, 2007), A&

et
2
oot

[e) o
J&52 2 &5

)
olo
ftlo
Jo
b
ol
ol
N
Ho
o
o]
ol
A
R
oot
Ho

oft
B
o

i
Lo
et

9 8huk-&-(hemodynamics response)ol] it 42 A& (upper body
resistance training: URT) % 3}x] A &5 (lower body resistance training:

LRT)e] A= AL o]FxR] &tti(Poton, & Polito, 2016).
o=

A5ty REgo) PX s FFoZA FATE AES AT Aukr
(heart rate: HR), BP, Al¥}=a(cardiac output: CO) 5¢ AdH 715S A

_4

3HA| 714121 tHPope, Willardson, & Schoenfeld, 2013). & &F A3kl &3+ 4Ald
ol g9eut-g-2 HRS F7istal SV Zasiy, d3e] 7o) ZhasiuA

¢

I

=8 34 & (total peripherial resistance: TPR)& F7ISHtHAFTE S, 2009).
HR¥ SV 50 mmHge| 7Fefell A& Wshrt vebA] @45, 200 mmHge] &
FAGA A= HRO 15% 53 SV oF 40% 7HA=w TPRo|l 1L7i7bA] %
<& (shii, 2004). /AT A-&AHA S w7417 (sympathetic nervous)<



o
™

&
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—
[
S

Al71a Ba7kal 74 (parasympathetic nervous)?] &5& FHAA
¢ A ERATA AddA s 2dAEo] UEy wtilAel FXHL
HRo] s, SVel CO9o A3kl A TPRE &xlo] yehdtt. wkd 150
mmHg ©]&te] FF/ATIA= HRE ®W3h= yehA kAR SVel COY
A&t7F vebdth(shii, 2004).

dFAREe el HalMeE &5 T F571EUG~10 mmHY Y dee
z#fstH F7HE BPO| g2 A¥AAS] AFE FEE + AkMay et

al, 2017). =3}, 2§ - Foll BAglo]l RrATE A&sts dubzd 24

S

rl

2
He o] AFo] EA A FF(schemic-reperfusion) &S 3 & &4

DoAY S7HANZE F dve= ThsAel Atk dRAR ] i & &4 W
S A9 A BFAA yetd ¢ 9o m(Loenneke, Thiebaud, & Abe,
2014), & +49 A A FE2 AEKHow e HNielsen et
al., 2017). 28y & &4 AES dT7E © 3HBoIH HA ISde &4
o] AY Ard Aoz BuEJHCumming, Paulsen, Wernbom, Ugelstad,
& Raastad, 2014; Nielsen et al., 2017; Patterson et al., 2019). t}qF, dFA|gk
AT7F 271 GAOl Ao A Alz"HY] ®ey A5 71d 52 oldfs
7] 918 Rl disl 371 A77F 2 /st

el AgAFoA dRAge] e ARE AFeshtd dFATS
3 ARE AFEol &% Aox YEEtti(Vieira, Chiappa, Umpierre,
Stein, & Ribeiro, 2012). /A= A Hdl<F 20~40%N A4 9] &8 52
RAS FHsHA e 70% FEANA 5 B} fFARGE ZHITZE UE

on, Fe F AYS FAE e AFFI =90 EFAA dRATS Fut
g AFEY 2Ye5e 3AA] AU vEbsttkLopes et al, 2021). kA

¥ AN 0E ATE RIS APAT) oJsd FH@cute)

o
X
K
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Skth(Heffernan, Jae, Echols, Lepine, & Fernhall, 2007).

o)k
s

ERE

o
=

g A BEE 95

Hot ¢ 21 A

Ho

0]15
=

]
=

Ak CVDY 9

)
—

o
K

)

ol

o

AN A 7T

o
L.

A

Hot AAR

s

FA RS-l o

o =
= ©

s

gtk ol 4

dRAT A77F I

s

ok

2 9l e ™ (Sato, 2005), Tt}

J]

T
)

BRI R A B L B

o Az}

=
=

H, 9] AdYAT

a7E WS ATE ofA)

2 ol R o

3

shAlel &

R

Sis

AR E HFeE dRATES AHE

o]

200 A

)

B
ol

thel

<)

FaeH, d7A

S|

bol g 4

o)
& A& 3 &57] 40

°
o

s

or

N
;O_l

ﬂy|
i

X
oo
T

,wﬁ

Bk

=]

1
|

5

or



3. A7
Aol FpEe T o] AAsgTh

D @RATY f+- Fol @& A Aot &5 F 35 A A} s4A ] #t
L5 o)A Aol & YEHE

2) BFRATY FA e HA Al 5 F IE A WL oA Aol
g uEhd Zlojtt

3 HEFAG ] FA 9t stAE AA Aot &F F 3H Al WL T A}
ol& ueld Zojth

4) BRATEY - Foll mE A} A= F Aot BE A AFH
Ashgk-goll A ztolE YERE Zlolth

5 FAG] FA e} HAE 5 A% 35 Al AZHo PAEREGA At
o]& el Zojth,

6) HEFARY AL A LFS A A9 B A A¥He o3}
HEg-ofl A 2ol & vERE Aot

A

94 Ao = AFst Tt
3= @A BASA 23
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& ole] gof

AT &5l o

171 A EF
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3

b mera Ax 7]

3

fo] 2

olefs} zth.

of g Aol

1) 597 & S (arterial stiffness)
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2) 9<% (arterial compliance)

AR dE 59, F

ek

=,

<)

o F8&

o] ATt

o A

(Tanaka, & Safar, 2005). =3+, X

1 H(Nordstrand et al.,, 2011;

o7 4#HA

Ajm

van de Laar et al., 2011).
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g o A=
Aoty 18y BPet &

e
+

.

R

F(blood flow restriction: BFR)

I3
pad

4) BFA

__O_

5) EFAT(BFR) =&

o

1ol WS Slolth

o =
=5 T

Rz AW ge A% 4 AHe 2

5

R

6) W& =(PWV)

ol ©
2 O

5

tEm ol A o &

A=l 3
=

ol A

Al
f=i

e g e

7hA & Aol wekd =EAIZbel ape)7y A7)aL, o] /by

5

o]

188 =213 Aol = v %o

7

KN
L

7) Z34-dE 9345 (brachial-ankle pulse wave velocity: baPWYV)



8) 1-repetition maximum(1-RM)

Mol HA 2 HHAE T3 & H 4L + A
=

rr
2
ot
o
2y
o
o
=)
r

9) T4 <t (arterial occlusion pressure: AOP)

59 YHE vy Wed ok

10) 3732 (augmentation pressure: AP)

A4 oA A WA =] HAUHgH F 1A F57] AEGY Zolo]
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11) 73X 5~(augmentation index: Alx)
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10] A ¢ &7Hs3l7] w

A
733

H5HAl A= oL dtHLaurent, Boutouyrie, & Asmar, 2001). #ut& ==
s oy sy Ze F R AME gE 'Y Aol AdE W 7
oA e FAE A9 olF Aoz yro] AxtdthLaurent et al,
2006). Myt E= o]l F3Hal, Ao Fes WHAAH, oAe &
S Zlo] WMt Eolt(Fad, 2012). ol& d# A 2 Y oF WA
st dd WEAet Al WEste] WuLre] L7t WESS e
BAAHol wes UEdH, AZaAS P #HHol  Slrk(Hansen,
Staessen, & Torp-Pedersen, 2006).
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-

!

2

Ll
4t

u)
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oA A s TRz e] W

=43 A 2 24 (Boesen, Singh, Menon,
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Frayne, 2015), SBP ¥ DBP9] zlol2 Uir ¢ @] W= Hox+= F

il

o g4 o] thWhitlock, & Hundley, 2015). @& & =53 44, A4 =7

of

s 7(cardiac magnetic resonance imaging: CMR) % o3& HAZ

Z 9 (multi-detector row computed tomography: MDCT)S Z3Fs+ thakglh k2
of osl == E4), Wui A 7]&(pulse wave analysis technique)e <+
Aol 9ty EAog WMEAH A 9 RARE Q1% T4 93t 9 FUkE ¢
Ho| & F8E 4 thPoleszczuk et al., 2018).

WutE e = Wiyt EAE T8l A== £E24(Asmar et al, 1995)
AE ARte] SAHEHE 59 FES A7 tE HaE5=(cfPWV) (Millasseau,
Stewart, Patel, Redwood, & Chowienczyk, 2005), A& & = a4 %= (hfPWV)
(Liu et al, 2019) 2 baPWVel e WulEwo] {88 ZAAItH(Matsui et
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w3l Fahs, Heffernan, Ranadive, & Fernhall(2010)& §4+4 =8€3= B33}
| <83 Ha&EE Alold {Fo3E ABAAAE RHAste &

Fesol BUPAEE ANT & dee A

)

(

a7
rr
2
o

2. @ FA3HBlood flow restriction: BFR)

RATE AL ALeFL 1980 t)ol Kaatsu Edoldoz 433
Yoshiaki SatoRtAtol] ojaf &M tFEEATHHASTE 5, 2009). 20039 12
Yol Kaatsu 71717} 7d=o] A& Al thTakano et al., 2005). & /A&
AgES Kaatsu & v d8HM 502 g4 o, ZFo= 7}
= @/E Eola AaAY 25 dHE et AW IAE e ol

o ARADL o8 AZE AFLTE 209 ol AvHel A% ThE &
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=
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ol
i
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offt
~~
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il
Do
(@]
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AW, 23t 2P| /AT FUFAE ARAD 9T AFEF Fol
229 29 2 2P Fhs ARAD] g AGLERG § Zri(Abe et

al., 2012), 5Y3 a3E AL < AHThiebaud, Yasuda, Loenneke, & Abe,

2
)
Ao
offt
rlo
ry
)
:i
ry

A8 (Position-Stand, 2009), <H|th(Hurley, & Roth,
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2000), = 71'=Milliken et al., 2003)S SXAI717] fa A4ATh o]& A
= 70% 1-RM ©o]J9] &&°] Q83 Ao= AGHH, 70% 1-RM v 74
T+ o5 U8 e =ole Ae=E 5 "h(Position-Stand, 2009). o]l H]3|
APATEL @RATE o] &3 AFe520~30% 1-RMegE +€Ha A+
ZHIE S/ As B FSok(Vilaca-Alves, Neto, & Morgado,
2016). EF, FAE 5L VOual 75%2 AAsT YA, SRASME
VOoma @ 20%1 A A Al tH(Hackney, Everett, Scott, & Ploutz-Snyder, 2012).
Fry et al(2010)2 “Ad 10d3F dFAGS o] &3 A Fohe5S Ao A9

e AT ez ZHS w07l AY =¥ WHoEA de o]&H

AR FAFEEE A 44 74848 SHE 248k type I 2472
AR OAE @4 SA 7= Ao 2 AlsdtHHackney et al., 2012). o]+
= Ao £4& fIsted #A=3HSuga et al, 2009), AitAA A
HAME LS Al FAAS AFete] A3 22 (growth hormone: GH)S =7}
A Z1tH(Takano et al., 2005). Takarada, Takazawa, & Ishii(2000)-2 1342 &
FA-EE1-RMY 20%, H1+ 214 mmHgel AzZgH oz 5HEQ A AlA

+35) ¥ GH7F 290viv S7idittar ®Ryugith d/AS:s $ GFH(Takano

k)
>
e

et al, 2005)¢} ©H~E 2 2(oenneke, Balapur, Thrower, Barnes, & Pujol,
201D9) WstE HEI @B Ad77F AT, o5 T2F Y3 EFATZE
o] &3 *Eo FFE AHE =T AR} Y
A= EFATFEEA oA a4 Aas @ AMES 25 9ud
et (muscle protein synthesis: MPS)< #}=-3h+= g}g}mto]il(rapamycin: mTOR)
ZAR2o AHEQl gRE wE S6 7)yAl el -1(ribosomal protein S6 kinase
beta-1¢] 3u] =7}= X gvHFujita, Brechue, Kurita, Sato, & Abe, 2008).

AG7tA o] A5 JH1e SBP = T HASHEAOP)Y WiEsS F
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3 Az oe dd S44E == A SAYES MR dRATe f
can = W ZE(20~40% 1-RMelA AE %
2~4XE)9}t HHE-3]4(1538]), F213FA(30~60%)71A] th=chFigueroa, & Vicil,
201D. webA ERAFE AT AFesS AASH™ 30, 15, 15, 153]9 4
HNEZ 30% 1-RMollA 40~80%2] AOP(Loenneke et al., 20152 Z-&sfjof 3t

rok
)
I3
Lo
e
w
e
oo
a
g
o
v}
il

o 28y FE 5SS FE257] H% Aol 23e g5 Jlon,
AdEHe gt
Polito, 2016).
APAFolA dRATS AEstA F2 1314 AFE52> SBP 2 DBPY
A7 YelA] ka1(Tai, Gerhart, Mayo, & Kingsley, 2016), Brandner,
Kidgell, & Warmington(2015)2 80% 1-RMollA 6~83] 4AES wHE 2 A% &
3}, SBPe} DBPell+= W3l7l §lsl o, Lefferts, Augustine, & Heffernan(2014)
< WAz 204 80% 1-RMO. = 53] 4A|E wEE 02 13]4 A& Xz

olo
o
fof
i
i
o
m
o
rg

T= B3 AAHo|tkPoton, &

g g o)l AL AAT & 108 I SBP7} =4 Zr}sta, DBP7F A

AYPATFTEL dFAT 4ol 250 mmHgoll =28 w7hx] 5]
FAS B¢ BP7F WA e Aoz Jelgtiiida et al., 2007). EFA g
o] 1314 stAEH FAF5S ¢ SBPe} DBPo| ®slrh ¢l thBrandner
et al., 2015; Poton, & Polito, 2016). Brandner et al(2015)-& &FA|38 o] &3}
o] b Al SBP9| 80~130% wlxke] ofFHbZol] ths) 20% 1-RMelA 30%], 15
3] 9 153] wHEo] 4HEE A A5 3L, Poton, & Polite (2016)= 20% 1-RMol|
A 100% AOPZ 153]¢] ¥-& A A8 o1, Neto et al(2016)-2 80%
AOPZE o] FutZ, A7 Ald, 75 Ad 9 /A SF&5 s 20%
1I-RMell Al 4ME 303], 153], 153] 9 153] ¥H& & BPe| A3l &35 By

L
o ol FRATE § - ol WAl 154 HALEH FALF] A3}
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rr

>
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& 271e% LYol
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ek
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< W3 i

stAl S7FtHAbe et al.,

o 9dAE 34-51%4 o

o] fFatasEo] 6.4%,

2010).

Kim, Sherk, Bemben, & Bemben(2009)-& & FAgS A, BIALE, EAF

fole Wt dehdA ekt 2 A%

0

7Fal}. Barili et al(2018)2] AFollAE ¥ o
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-89 Q9oFS (Table 1>ol e 3tATH

Table 1. Summary of acute responses and chronic cardiac and hemodynamic

adaptations to BFR-resistance/aerobic exercise.

Acute responses Chronic adaptations
At rest Dur?ngﬂr POSJ_[ At rest Durir‘lg
exercise exercise exercise
HR T T7T < or T < or ? < or ?
SBP © T1 < or ? <or T < or ?
DBP © T7T < or ? <o T < or ?
CO ) T ? < or ? ?
S\ l Tl ? < or ? ?

*, minimal data; <, no change; T T, majority of studies observe an increase; T,
majority of studies observe a decrease; |, some studies observe a decrease; ?,
unknown.

3) 3t vt R FHANE

W uk(pulse wave) P2 A7 L HkAL gy e] F Hygow FAHAG.

=
S AgelM BEE e ¢Esia, wAse TrelH Boler @

=
2

W
[

o]ti(Van Den Bos, Westerhof, Elzinga, & Sipkema, 1976). "3} WHALEA]
= ths9 SBP(ASBP), ™% DBP(ADBP), %7}%}¥(augmentation pressure:
AP), Z7+A4~(Augmentation index: Alx), Alx@75bpm (Alx@75), WrAFsK(Tr), =
A 2ndJA(AEW) Fol Atk APE AR 3} dkAlgle] = HUjgte] Aoz
A2 THAP=P2-P1). Alx= SBP¢} DBPE] =}o]Rl APE e ths 100S #3)
of ths= wiu} wkA} Qb= (aortic pulse pressure: APP)o] wWRE g2 % H3IIT)
Ax@75% Alx9} HR Abololl 23] AxtgEth ®=3 Tre g oA A5
o s olFo] a3 Ao R HoHrk AEwE 1.333XAP [A4 o

o
fru
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AFEE AEAZE - Tr] X 74 FAH 2 S AFE3Fe] 1.3339] mmHg/sE s/aiZ
H3Le 4= Q== Sl (Casey, Curry, Joyner, Charkoudian, & Hart, 2011). A
e o 3d& S8 fal A =27 viE A HIEHE F7F
A& YEY, AEws S48 ASBPE FE3I7] 18] A& olA EulE =
F7F Y AE FAHSI= ASER 209 x APED-Tne F2o=z AteEt
(Casey, Nichols, & Braith, 2008). X|=7}x¢] A& FATFS A &3tA &
2 134 AHEg&Fo] Alx, Ak@75 2 W& E F7IAZIOE AE BN
S HCollier et al.,, 2010) ¥ A)stA= %+=rHThiebaud et al., 2016).

TS WP HIe] AV|E AFHOE FUMANTIAL AR b
& S/ 2R IS SBP S7he #do] JAtHORourke, 1990).
a8y 1314 AdeE 9 BP ¥hg& oAHs] =7 AA7F Atk /AT

o]
=
rr
2
>

offt
Iy
b

Z1o] uh&] A tHFigueroa, & Vicil, 2011). , AFATS ol g3 1314 A
5 F 93t 2 doubalel] tidt A A ul$ Al oo Hubal

_??‘__
EQ5 SHAANT e Y EES §loU AP, Alx, Al@75, AEw 2

SEmel 271 9 Trel At ode B AMGERT ofUz} CVDe $dol

i

ol EFAZES AHRE wl nHsior & o] JkA 247 vk ER/A
3o Mg F23% 24 F e AZ HolE E £ Ut dRATE F=
BeA R EREES ATEAY =] S8l 3 bl &5 Tl A
"ot oluf #3 telo] EH7F vEY] W ERATS A8 T
Yo7l 8% 9&S n, AA = 3~12 cm, A= 4.5-18.5 cmE A ¢HE o
%) tHFahs, Rossow, & Loenneke, 2012). Rossow et al(2012)& A7 = A 3%

2

71

rr
[H
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At Z8v o WS AZE AR Zo] 2 S WU AdE F de
o, A7t F55 AAEGY) Y 245 47 fd o & AdA™
o] & @ 3lH(Loenneke, Wilson, Marin, Zourdos, & Bemben, 2012b). whe}A] =
FeE sol dRATE A& w Az YolE 1 sfoF Tt

5) AZU4H

BRI % AR dRE FTHATIE dl BaZ ¢HY & 5 AOPE AXZ
Zz1e} 4. kAY 2] =e oA BPe} ™ol tiMcEwen, Owens, &
Jeyasurya, 2018). % - 3tAI7F 245 FHIAFE 3] Addstr] A =&
7zgtgo] Fasln, o= FAZ yo| W ol sgdhloenneke et al.,
2012b). AYAFolAM= & T AHEE 9 #HA b g Az <t
ol AAY 4 Jvtal AU HMcEwen et al,
=& A%(100% AOP)7HA]
of 3FAdE e WES(AOPL 40~80%)= Ar&3dte] 33T

off

S
5
s
rr
Ho
ot
N
=2
>
oo
) &,
rr
N
1=
i
et
Hu
N
of\
T

(Younger, McEwen, & Inkpen, 2004). o] SBPe wigh <t#ES JMEAR
(Brandner et al., 2015), ¢]&= LW BP Ao AH&E+= AXIF 25 F9
AEE Azt Y AUt oUW ERE JH/EHA HAAINA XS F 9
7] wj&oll(Loenneke et al., 2012b) “F<+e] BP7F kAo drph} & 2 &= =X

0¥
e
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w3 oF @hLoenneke et al, 2016). thE-E2] Ao Z+ 7| A FLg
dEol HEH= 25280l ol FAMAY, dRATAH] wers AR

o] "egsul g e Z7IAY 4 9l Zo® UbEhgtHMattocks et al, 2017). w
24 AOPS] 40-80% W9lel ZAo] el PRAT <5 Fo g AAs

kel

0]

ofy

o.

%719l dFAZ dAFNAE = 4HO200 mmHg)S A &3 U THADe,
Yasuda, Midorikawa, & Sato, 2005; Takarada et al., 2000). tEAEE L
Azt S ARgStH AetA| e JiE EdE s ZFel & A H
o FHEFI BT F Aok ol dFNAME AFEFE T EFRANS
fF=st7] fls) kg Al SBPe] 130%E ol&ste] /¥ A Al SBPol 7]x3%

AZAH S #3311 =8 FtHSuga et al., 2009).

rr

ré‘ﬁ

jus)
fio

By Z28eF FHES 38T P2 Eolof FtHLoenneke et al., 2014).
TR AOP= &9 BPoF AstA =d9 AAE AWstr] Sl AHEE A
(Neto et al., 2016; Poton, & Polito, 2016). Neto et al(2016)2> Z+ th/d=}2]
80% AOPE AA3slE dFAFORE 20% 1-RMolA 303, 153], 153] ¢ 153
HHE A E] diE] gk 24 2 A" 5% 5

3ldth. Poton, & Polito (2016)& 100% AOPS 2 &3 HRJAIS A3}
20% 1-RMel 4] 3AE 153] ¥k 75 =41 3 204 &
& Azl 50-60%2 F7letE A& B st thLoenneke et al., 2015).

)
ﬂﬂi
>1,
2
=
Ho
ot
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>
>,

off
filo
>
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of
ol
p4cs

o
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o

i

6) 4 Az RIS

Q]
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Zx

dRATTS o83 134 AFF A

o7 gor dRATe] FAEH. 4

A48 AE T F4 AT
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°1N
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=

i

£9], Loenneke et al(2012b)& F2
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o 1314

AZHE ARSI A THLoenneke,

n

AN FoH30% 9 602)2] Ax HEE HoFE v B4
Aggso T dAFE= 1502 T F2A
Kearney, Thrower, Collins, & Pujol, 2010), thAZ 3-8 Z7IA17]= Ao=
WA gdth Y F4 AZFSE 30x(Ysuda et al, 20159} 30~60%
(Loenneke et al., 2016; Ladlow et al., 2018)Z AF-&3+ HFA|S ZAEoA =
ATV E @3] A% AZAREE wgsta

NHEIFEE A 2 29 F8E AFst7] A F 2-43] AFEF
S F33t= Aol EHKraemer, & Ratamess, 2004). FA3S o] &3 F 2
3 AFgeEe Zude 28 U7 R o9 vl glow(Madarame et al.,
2008), A=A FHEsE MY AHES  FEATI7I FwSTHScott,
Loenneke, Slattery, & Dascombe, 2015).

N

13%7F Aot €<= AT Rugoy o] 4L LAF
o AZZ Z9 Algl-tH(Nakajima et al.,, 2006).
BP $712 dFATe] fle 59 2R dFAT] e AZE A
&5 Zol BP7F B FA Z7}sktiTakano et al, 2005). °]& +F3¢dut
Ak, ZIAIARIAL B AR RIS & 4 tkMitchell, Kaufman, & Iwamoto,
1983). 71AIA ®WHAl= F=2 Group I 7H2S A=5kar, AR WAL= OIAF B

AR E Growp IV 474e 52 At 54

r]I.

e o5 A 2z BE

=

= S7HA7IL Rzl

ml

2
B 2Ae BaAosM 4B D As2ES

A3t Matsukawa, Wall, Wilson, & Mitchell, 1994).
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CHLoenneke et al., 2015). Suga et al(2012)& 174 = F3alo] AaA Tzt {4}
g 2 W A 2B S AAS] fs Hd 18] vEEe] 30% ol &5 A=
7} Basitar A9ksit}y 18y Cook, Clark & Ploutz-Snyder(2007)2 1-RMe]
20%04 & HE7F A2ET RS20 ST Hof 40%04 UERdTa B
3o} =3, Patterson, & Ferguson (2010)2 &5 €d A=E Ho 25% 13] HF
oA Hol 13 W&o 50%7HA 771 29 S o AT Ak
OetA E FE TV 259 A7Ie IHel ¥ 2 SUE TS ¢ AW
I ALEETH

F &S Uede €9 npojentre Fsol glom, 2§ 59 F5°l
7] wjio] dutzAel AggeERtl &3Ao|thloenneke et al., 2014). &%
58 AES dAF= o g 7kA A7ubel itk Abe et al(2012)2 € R/A
gho] 19 13]9} 23]9] Hr|eswoz 8379 <Hel of Hute] Wl
4

mlm

Rsto(Z537): 24% vs. 1%, <9 4% vs. 9%) FAZS AL 252
5N s 2¥ Ut AeHgch. =3 Loenneke et al(2012b)¢] wWEF 4]

< @A &5 & W 2578 2H S F7 45 BlE]

F 2-3¥ ¢ Aty SHTHEF =7): 1.25 vs. 0.53). o]Hg A Ad F
d gige® did & Jdvh FRAFCE &S A% HHE} EFHES

AR AE o we A7t Basi,

3) +F Azt

HFAFS AES AT i oz ZF AE Ato]o] 15~60% Alo]2]
F2lo] 8= wWE EA A Loenneke et al(2012b)-& 60% F217])7kol] H)
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Ad#e] 93-S 539 tHMay, Brandner, & Warmington, 2017).
HFAHS AT A F<Table 223 F4tih5<Table 3o #3 5

A Zhol=kl 2 ofzfol AAlE Biel Zth(Patterson et al., 2019).

Table 2. Model of exercise prescription with BFR-resistance exercise.

Guidelines
2-3 times a week (>3 weeks) of 1-3 times per day (1-3
Frequency weeks)
Intensity 20-40% 1-RM

Restriction time 5-10 min per exercise (reperfusion between exercises)

Small and large muscle groups (arms and legs/uni or

Type bilateral)
Sets 2-4 sets

5 c¢cm (small), 10 or 12 cm (medium), 17 or 18 cm
Cuff

(large)
Repetitions (75 reps) - 30 X 15 X 15 X 15, or sets to failure
Pressure 40-80% AOP
Rest between

sets 30-60 s Restriction form Continuous or intermittent

Execution speed 1-2 s (concentric and eccentric)

Until concentric failure of when planned rep scheme is

Execution completed

_27_



Table 3. Model of exercise prescription with BFR-aerobic exercise.

Guidelines
Frequenc 2-3 times a week(>3 weeks) of 1-2 times per day
q y (1-3 weeks)
Intensity o 1
Restriction < 50% VOznay or HRR
Restriction time 5-20 min per exercise
Tvpe Small and large muscle groups (arms and legs/uni or
P bilateral)
Sets Pressure Continuous or intervals 40-80% AOP
5 cm(small), 10 or 12 cm (medium), 17 or 18 cm
Cuff
(large)
Exercise mode Cycling or walking

4. AdHe| Hgk-g

1) AER Bt 74

skal AT, AA7EA] o] FEAQD AZo I A3 g AAFHA X%
tHO’Leary, 1993).

1841'd Volkmanne =3}
S Z7HAA T Al ekt Volkmann, 1841). FE2AHdA = F3=0] AzH=E
. E719] HRo|] &Alol F7tst] oA HAst= AABAS7E e o,

= 3 &% T 28 Y9 & d(post-exercise muscle ischemia: PEMDE BP

TAZAN WAFE FAH AF 257 HR

rr

i

Mo
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£ 3Astd F 7HA Fa AA =24 vAYSFSo] FAdHUAFKrogh, &
Lindhard, 1917) <Fig. 1>. o] 414 wWAUSES WAL AR Y™ H(central
command) .= 473 dqof &2 Q1 Al Z(Nucleus tractus solitarius: NTS)E
Azl A8l d2Ad AFH F A HoA eetes AN E AHAT
(Raven, 2012). E4lE %< duk Hexercise pressor reflection: EPR)+= &4

o5 Yol tiAtEe 2w Q3 oF AEet 25, A 2 ANEALY

3] =Z ¥ dDicarlo, & Bishop, 1992). o]&= 8 Ay &5 Al HR, SV, 1
2 TPRE 430 24 4=7+47F BPE 243t}

COs¢t A4l BPE =dste H 8% A2 ASAGAW. il AdEs

(sympathetic nervous activity: SNA)¥ w747 g5 (parasympathetic
nervous activity: PSNA) Ate]o] mM @ #382 R4t 39S FAs=

g ddelnt o] #982 &%, Fuu, 293 22 AA 87 A5
Part gt ol#d zhzte] =7 SNAS =71} PSNAS] Z+AZ o] Zoly
M, o= FAHLoZ CO, AW &5+ 3 BPE 7718 A=qn.
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Central Command

) o Exercise Pressor Reflex
Arterial Baroreflex -

2, Ay

N -
< .
i( § % »

Cardio-Pulmonary
Baroreflex

Fig 1. Neural pathways controlling cardiovascular
function during exercise(ACSM’S Advanced Exercise
Physiology, 2006).

2) FATNY AEH TS

19909 ti7HA = A &5 #8rAQl Aol thg FAA] diAEo] §l
AtHUmpierre, & Stein, 2007). 22y Aol thgt Ao dqshis
2 o] 19604t =9 = ATHLind, & McNicol, 1967). A @ d Fk &
TS AEBA APAA FHH SR A&stHA CVDY 1A B 23 o
Aoz k57 A& okBentes et al., 2015).

ACSM(2009)2 1-RM 70% ©l’d9 &5 HAEE AdTso ALIAANL,
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2011). o]2 &) AlAl= HRE F7HAA O7F AlA" =& o 2 &
BRUYe 1 st=d], ol= AR BE Z7iA 7|1 AALS A ¢ 722 0,
£ FH Q2 3 cHSmith, & Fernhall, 2011).

YRATE M8 25 A Fuse P PO &F AF
=

A& 4 dk(essee et al, 2018). A7 =(B0% 1-RM) 2 F734=(50% 1-RM)
&5 Al EFAZe Frlstd 9 #HA b o] Frlgtt(essee et al., 2018).
T ¥ ¥x¥e, HR 2 44 x3eet 22 dF/AZ A5
e Adde] dgshukSol thik £718 0,&47|Broxterman et al., 2015)
mE A B3P 7)(near-infrared spectroscopy: NIRS)®F 2-& A =
Aol ¢ltkNeto et al, 2016; Kilgas et al., 2018; Mouser et al., 2019).
HRE &5 A&AA g4 48 = A= A28 9§ v,
BP= 4% o] RPPE ZAAY 4+ UokNeto et al, 2016; Matos-Santos,
Farinatti, Borges, Massaferri, & Monteiro, 2017). tha#2] SBP¢} DBPES <44

MAPE 4% & gltk ol Bol, Agel JliAE Fat Zow MAP
%

r
Hir

o} x| 11

A
0% Eople it Woel ¥ 7

#7517 A8 HRol Z7hath. F74A BAHwe] Hre
A FAYEe A SBPAIA YHMIHS WA T, FRAFE Ak

ARATE] HPB VWS 25 o AGHE DHFe] JPS B

S FE At AEHA A xEHLE % Fo HUFog HAsHA ¢e +8 2
g4 = dAd d# FHS F3 wH-StKSmith, & Fernhall, 2011).
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Moreira et al(2015)2 10313 3A|ES] A 5o 3 Fx7F 7 dig
Aol © =] wEo] A¥F FoE /AT =9t o] AFolA
T 7R AckE AT AA, =S E8Fo] AHE(n¥8YA, HR 2

RPP )l d&& vd « en =4, A= ARG IRl it A go]

off 83 93 b= Ao] AU Carter et al, 1999). =3, ITE=9
doleo W FYdyeo] 3|8 = BPY COE §A 8= d =43 988
3R] e Ao 2 Ho|X|utk olutx F|E Al HRo| FE&FS vE ¢ JSS A

Ar@tHCarter et al., 1999).
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ofF gl TEZAE B84 ¥ FIS A dor, I #
F¥4A g CVDeF FHFHo]l e AR AR3AT 53 AFEsS

A Frlol met FHAs FS F F AV] "W AT Fo A HEA

£ Fall ddAY AT dAE Ad 6 2

< WdANA A7 54, 43 dA, 2ga

st F&otAl AHstglen, A4de dEX 9 AA T A(informed consent

formE @At AT AP F 6982 €4 F77F %A ol i on, 1

He NI Ao r gedte] F 1899 AARtS HFEAM O 23T A

TolA Ao dHolHE AT FE F AU AAAE AFstA o, Aol

g S 2B = AFsAn. AJAEY A A 542 <Table 4>9 2t
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Table 4. Characteristic of subjects (M=*SD)

Variable n =18
Age(yr) 21.5+2.0
Height(cm) 162.4+4.3
Weight(kg) 57.5+7.6
Body mass index(kg/m?) 21.7+2.2
Fat free mass(kg) 40.5+4.3
Fat mass(kg) 16.9+4.7
Body fat(%) 29.1+4.7
Heart rate(beats/min) 77.0+11.0
Systolic blood pressure(mmHg) 111.1+£6.7
Diastolic blood pressure(mmHg) 76.4+5.8
Mean arterial pressure(mmHg) 87.9+5.5
1 Repetition maximal-Upper(kg) 22.8+5.8
1 Repetition maximal-Lower(kg) 47.8+12.1

2. 97 53 94A

2 AT Axpel IS <Table 5>l AAIE v} Aot

Table 5. Procedures and Time frame of the study.

Procedures Time frame
Literature review & Research planning 2020. 02. ~ 2020. 05
Experimental design & Selection of subjects 2020. 05 ~ 2020. 06
Experiments 2020. 05 ~ 2020. 09
Analysis of data & Writing report 2020. 09 ~ 2021. 12
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Cross over design(wash out 72 time)

Recruitment
(n=25)

1

Total(n=18)

4

Pre test
Body composition,
Resting blood pressure & Resting heart rate, 1-RM test

&

Resting
Cardiovascular response, brachial-ankle Pulse wave velocity

g

Resistance Exercise
Non-BFR Upper resistance exercise or
BFR Upper resistance exercise or
Non-BFR Lower resistance exercise or
BFR Lower resistance exercise
Cardiovascular response

Recovery post 10 min, 20 min, 30 min, 40 min
Cardiovascular response, brachial-ankle Pulse wave velocity

4

Analysis of data

U

Writing report

Fig. 2 Experimental design.
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2 Aol A2 54 =7+ <Table 6>3 2t

Table 6. Measured variables and equipments.

1\\/4:?121131;22 Equipments Equipments
Physique, InBody 230, Height(cm), Weight(kg), BMI(kg/nf)
Body Korea fat mass(kg), fat free mass(kg),
composition %fat(%)
1-RM Upper(kg), Lower(kg)
Blood Dressure Omron JPN Systolic blood pressure(mmHg),
P 500, Japan Diastolic blood pressure(mmHg)
Cardiovascular Physioflow, Heart rate(beats/min),
response Prance Stroke volume(ml),
P Cardiac output(l/min),
Arterial VP-1000, o
stiffness Korea Pulse wave velocity-right, left

 ERYE % Wy

D AATH 57

_38_



Z)v}ek(fat mass), A A|Ek(fat free mass), 181 A X LE%fa)S =434
=
2) ¢+ Al BP =3

Aol =28ty 1023 HE= AT §F SAHe AU b8 Al BP

= A& EYA(Omron JPN500, Japan)E o] &3ted = Adgholl A HHs] ¢F

A2 5k Aol Fol 28 A4 F F SAAE 5 mmHg Aol ol
g

Ul

rlo

B35 Hoe Wk Al A Z32 A7k 5 mmHg ol Z-¢- 5 mmH

A dogshut-g A §F5 Impedance cardiography(Physioflow)S A&
sto wi@rlel b Aot &5 A 28 3&E AY 108, 20%, 304, 40%

Aol HR, SV, COE =A3slygtt. F5o Ax% A =(Monitoring electrode)2

S AAolA BPE =A3IAY. =¥ SBPe} DBPE o|&3std HdsHt
(mean arterial pressure: MAP)S 4F&Eston, b Aot &5 Al 181l 3

B A2l TPRE COst A4t®l MAPE o] &3le] 4t&3tATh

[MAP (mmHg) = (1 / 3 X (SBP (mmHg) - DBP (mmHg)) + DBP (mmHg)]
[TPR (ml/min/mmHg) = MAP (mmHg) / CO (I/min)]
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baPWVel o3& A= =AH7]7]= 4] #H<5ZH(Colin Pulse Waveform
Analyzer, VP-1000, Colin, Korea) ®¥-& AR&3te] H7stATh o] F 71 =

Ay

e YREECC), 423 9 Ao UnzRE ARt 7k Aol b
AEe 288 WolA T AN 108 5 FAL A ¥ AT 45T

of F2A7]aL AX|e] BP AZE ¢tk Axe W5y A7|E AAL F A
+ Plethys-Mographic Sensore} BPE 7}A]sl= Oscillo-metric Pressure Sensor

2 AA"o] a1, AR BPE Oscillo-metric Wy o2 ZFx o),

e
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Fig 4. Measurement of PWV

drtH oz 1-RM2 F2 AHAlet g SAlE ooz F2he| A HHAE
<

Bt £2Y 7 de AU AFoE FoHM, A I FEE UEUE
Z o] th(Hoeger, Hopkins, Barette, & Hale, 1990). tiAat= zt=te] F97 &%

ZERPE 13)2 342 AAA dEZAHHE o] &3t 3E B¢ FHEFS
AAR & AA 7 FHFEE 1-RM2] 40~60%)= 5~103] RbE HAI8H9
ok 3% f4 F dAES FeHFEE 1-RM2] 50~70%)7F S71ek “dEol
A 3~53] RE&Estglom, 3% O F4S AT F, F

st= 2~33] WHE AAsian. ol#Al Hof s s %, 1-RM2 3% F
Z3Fste] 53] ojUolA AARHT BE WHEE YT olF SEE FIYH
Roew &5 Hos 4 el s st AS FA= Z7EAe 1-RM
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o2 71239 HThomson, Watson, & Rowlands, 2009). A=} 53] HEHE-&
¢5skA Xty Epleyd 34(1-RM = F3&F [kg]l x (1 + [0.033 X ®¥HE 3]
FDez 1-RME =A@t Maior, Simao, Martins, Salles, & Willardson, 2015).

IRM (kg) = (1-RM = #3} [kg] x (1 +[0.033 x HFE 3]

% 27 Aol ZAE 1-RM) 20%E AHgstel 4AE 103
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=2 Asiglon, Wha AE Afolo I& Ak 3022

BgAel ol AEE Wus BESHAL

ol
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off
ol
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rlr

3) ARADE AT FA AP
Aoz, ALHe Hu PR HAF % & Udg WF F2I =
A AR ok AW, B ATAAE ol HE 2o FAIFE FAY
S ogle W BEdop A AAAFGCCott et al, 015)F FRAAT. E
@ ArgEe SULFE A8 Aoty A= BHLE LA g3
u &

slsl=E =Y sttHCayot, Lauver, Silette,

H’I

Scheuermann, 2016).

g3 A= AR Abell A Kaatsu Master (Kaatsu Global Inc., USA)2] &7]3b4
E(Air band %A 40 mm, 3] 50 mm)E A &F Al deel g3t 54
5 Addls dEZH addAfolo] st FAZS o] &3 ASEFHS
AN & B A S0zt obg AR thdAY k" Al SBPE 7lEL
2 AAretel dAE9Y a(Clark et al, 2011), HA 72412 7FA O 2 43]9] &R

253 FALES AASAL A LED FAE

offt
rlo
td
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Fig 6. Kaatsu Master kn-100 (Kaatsu Global Inc., USA)

Fig 7. Measurement of BFR and non-BFR exercise
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B Ao A& AFE SPSS for Windows(version 23.0) 54 Tz 1#8-&
o] &3t EAston, A W& v=3 2T
2 JleTAZES AN #sted Hd(mean) EFHA
(standard deviation: SD)& 4t&3} T

2) T AW 2, 2L 7 A7) IF FENA Aol E EH3)7] kel wrE

3 AT A7l FEAEo] FF B¢ 4 H 2ol A e flshke] wh
A AW FE X (repeated one-way ANOVA)F Ha#Foak  7HEH(least
significant: LSD)S A Al 8l th.

4 F A 2 F5WA9 Aol F5 3 S(paired Hesho= E4EE
}.

5 X

o
0

o

L4
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0
it

o F9 FFE(e)e 062 AAsAH.
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V. A723

L RAE - Fo & HE Ao 25 F 35 Al 4A¢

CEBR B ES ]

D @FAT 7 Foll ;& ¢ A

dRAE -

o}
wol W A A% &5 F % A
1

= <Table 7>ol AAE nle} 2t}

= v

N
fo
)
2}
I
b
3
o

o
o
I

Table 7. Comparison of pulse wave velocity of the upper limb at rest and
recovery according to BFR or without BFR.

without BFR BFR P

rest 1060.0+102.0 1057.7+96.9 Time 589
recovery 10 min 1040.6+124.1 1049.6+120.4

(IZXZ;S recovery 20 min 1049.2+133.1 1051.8+124.0 Group 969
recovery 30 min 1048.9+134.6 1062.7+138.2

recovery 40 min 105861177 10435132 LmexGroup .53

recovery rest 1095.2+104.6 1093.7+116.7 Time 026"
recovery 10 min 1064.2+123.9 1081.5+129.1

(?nv/\s/:;) recovery 20 min 1070.9+£1234 1079.9+£134.9 Group 814
recovery 30 min 1071.0+134.9 1087.6+145.2

recovery 40 mn  1065.6+105.3  1075.7+1290  nLmexGroup 764

Values are mean=standard deviation, PWV-R: pulse wave velocity-right, PWV-L:

pulse wave velocity-left

"1X.05, significant different main or interaction effects
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2 WRAT - Fol BE HH A% &5 F HB A §A9 ARsE Ha

dHFAG f - Fol o}
3= <Table 8> A|A|

=]

R4

2 94 Aok £F F 88 A axo Wzl W

vte} oy 1 Az PWV-R¥Y PWV-LE& -4 A9}

Hlste] 25 5 35 Ao AZ1e e’k Apol7 yEkg o™ (1X.05), EFAl
e AbEel wE PWV-LollA AlZ7jel He b G5 2go] FolstAl yeElst

(£X.05).

Table 8. Comparison of pulse wave velocity of the lower extremities at rest
and recovery according to BFR or without BFR.

Lower P
without BFR BFR
rest 1067.5+97.9 1079.0+119.7 Time 000*
recovery 10 min  1093.6+116.4 1117.4+114.4
PWV-R .
(cmjsec) _TECOVery 20 min  1091.7+112.3 1118.0+124.8 Group 641
recovery 30 min 1058.8+104.9 1081.8+127.0
recovery 40 min  1070.7£112.1 1074.4+121.5 TimexGroup 424
rest 1093.8+108.7 1114.3+120.4 ¢ Time 000*
recovery 10 min  1118.2+126.3 ¢ 1167.8+127.3 d¢
(IZ:HV/Z;) recovery 20 min ~ 1103.1+110.5 1158.7+130.6 29¢ Group 359
recovery 30 min  1079.2+104.2 °  1117.5+126.3 °¢
recovery 40 min 1089141145 11054118 bc | mexGroup 013"

Values are mean=standard deviation, PWV-R: pulse wave velocity-right, PWV-L:
pulse wave velocity-left
a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40

min

a, b, ¢, d, e: different alphabet appear significant difference stage.
"1X.05, significant different main or interaction effects
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Fig 8. Comparison of pulse wave velocity-left(PWV-L) of the lower

extremities at rest and recovery according to BFR or without BFR. *zK.05,
significant different from rest.
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D EFAT HF A9 5 F HE A 4A 9} A9 WuEE H

ARAD 24

(Table 9>l A|AlE wie} Zr,

e

[e)
=&

% 88 A
1

AL Z

AR
A3 PWV-R3} PWV-L& A Alet vl

El

AT Y A9 &5 T HE A A9} Ao s

dto] €% F 38 Ao A7 @ Holrh Yehom(X.05), BFA T
PWV-R¥} PWV-Loll A} Al719} Ak 2+ 45 280] Fo8kA Ve THK.05).

Table 9. Comparison of pulse wave velocity of upper and lower limbs at

rest and recovery using BFR.

BFR »
upper lower
rest 1079.0+119.8 b 1057.74+96.9 Time 008"
recovery 10 min ~ 1117.4+114.4 24¢ 1049.6 1204
PWV-R
(CIVZ/ZGC) recovery 20 min  1118.0+1248 %  1051.8124.0 Group 306
recovery 30 min ~ 1081.8+£127.0 °° 1062.7+138.2 .
: 3 TimeXGroup ~ .002*
recovery 40 min 1074.4+121.5 °° 1043.5+113.2
rest 1114.3+120.4 °¢ 1093.7+116.7 Time 000
— recovery 10 min ~ 1167.8+127.3 24¢ 1081.5+129.1
( leséc) recovery 20 min  1158.7+130.6 % 1079.9+134.9 Group 255
recovery 30 min  1117.5+126.3 "€ 1087.6+145.2 .
- s Time XGroup  .000*
recovery 40 min 1105.4+118.2 ¢ 1075.7+£129.0

Values are meanzstandard deviation, PWV-R: pulse wave velocity-right, PWV-L:
pulse wave velocity-left
a: rest, b: recovery 10 min, c: recovery 20 min, d: recovery 30 min, e: recovery 40

min

a, b, ¢, d, e: different alphabet appear significant difference stage.
"1X.05, significant different main or interaction effects
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Fig 9. Comparison of pulse wave velocity-right(PWV-R) according to upper
and lower after exercise and recovery using BFR. *zK.05, significant different
from rest

3000 =g BER upper

1300.0 - «ssu@ss BFR lower

1250.0
1200.0

1150.0

E i ™

| LR 1 I
L T TR L ] Trasa gy

1100.0

1050.0
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100:0.0

950.0 -

900.0
REST re-10 re-20 re-30 re-40

Fig 10. Comparison of pulse wave velocity-left(PWV-L) according to upper
and lower after exercise and recovery using BFR. *zK.05, significant different
from rest
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3. MPFAZ Y Alst €5 F HB A A9} a9 HusE

H) 3

D HIEFRAZ AR Al 2F F JE A ZA 9 1A 9] HusE HnL

MARAG Y A9 &5 F AE A AAe A9 wusre] W
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Table 10. Comparison of pulse wave velocity of upper and lower limbs at
rest and recovery according to without BFR.

without BFR P
upper lower
rest 1067.5+97.9 1060.0+102.0 Time 960
PWVR recovery 10 min 1093.6+116.4 ¢ 1040.6+124.1
" recovery 20 min  1091.7+112.3 ¢ 1049.2+133.1 Group 028
(cm/sec)

recovery 30 min 1058.8+104.9 >¢ 1048.9+134.6
recovery 40 min 1070.7+112.1 © 1058.6 £117.7
rest 1093.8+108.7 1095.2+104.6

TimeXGroup  .005*

Time .044*
— recovery 10 min 1118.2+126.3 ¢ 1064.2+123.9
((X/Z(;C) recovery 20 min 1103.1+110.5 1070.9+123.4 Group 958
recovery 30 min 1079.2+104.2 ° 1071.0+134.9 .
- TimexXGroup  .004*
recovery 40 min 1089.1+114.5 1065.6£105.3

Values are meanzstandard deviation, PWV-R: pulse wave velocity-right, PWV-L:
pulse wave velocity-left

a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40
min

a, b, ¢, d, e: different alphabet appear significant difference stage.

“1X.05, significant different main or interaction effects
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Fig 11. Comparison of pulse wave velocity-right(PWV-R) according to
upper and lower after exercise and recovery. *zK.05, significant different
from exercise.
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B50.0 v v v 7 .
REST re-10 re-20 re-30 re-40

Fig 12. Comparison of pulse wave velocity-left(PWV-L) according to upper
and lower after exercise and recovery. *zK.05, significant different from
exercise.
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$-& <(Table 11>o] M€ wuket 2tk 71 A3 SBP, DBP, MAP, SV, HR, CO,
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Table 11. Comparison of hemodynamics response of upper limb during
exercise and recovery according to BFR or without BFR

upper b
without BFR BFR
rest 99.8+5.8 100.0+4.2 . "
exercise 118.3+8.38 120.7+7.6 Time 000
SBP recovery 10 min 101.3+4.4 101.5+5.0 Grou 950
(mmHg) _ recovery 20 min 100.3£5.6 99.2+5.1 p '
recovery 30 min 99.446.0 98.7+5.0 .
recovery 40 min 981+4.6 977452 TimexGroup 528
rest 68.5+5.2 67.4+4.6° .
exercise 735480 % 835167 aoael Time 000
DBP  recovery 10 min 64.6+4.7 P 66.1+5.2 ¢ Grou 279
(nmHg) _recovery 20 min____ 66.2%56 ° 65.223.6 ° P '
recovery 30 min 65.8+4.7 " 65.4+4.2 " . R
recovery 40 min __ 65.5+5.1 " 65.8+50 0  mexGroup 000
rest 78.9+4.7° 783434 ° .
exercise 885459 2C4eT 943189 acder Time 000
MAP  recovery 10 min 76.8+3.7 77.9+4.2 P Grou 540
(mmHg) _ recovery 20 min 77650 ° 76.6+34 ° P :
recovery 30 min 77.0+4.8 " 76.5+3.6 " . B
recovery 40 min _ 76.4=44 " Todxas5®  LmexGroup 000
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exzerf:tise 7798 941190 66 7778 7512: 18 1 ,63 Time .002*

SV recovery 10 mm 83.7+12.0 81.1+12.0 Group 13
(ml) recovery 20 min 79.1+11.2 76.8+11.7

izggzgz 28 ﬁ ;ggi}éé Zgiiﬁg TimeXGroup  .964

HR exzersctise gégiigg 854?ff 2822) Time 000

PSS T CR— L

ecovery 0 min 583580 o0ans — MmexOow 6

T — ) —

(l/(r:ncj)n) ecovery 30 Eﬁ 1501 17508 Growp 697

iﬁiﬁiig 28 ﬁ jﬁig;ﬁ jgigg Time XGroup ~ .254

TPR reco\e/geisctilsg _ 112; ?3 %_;52 Ebcieff 14,112}26 2?,21:117(11} 7 Time 000%

(m;lui)g/l/ recovez 50 1 168_ ii.7 :c 16:3;2:0 bb Group .005
1 ,C ,.C

econen A0 M I8 L8 JAgiizT TmexCrp 0

Values are meanz+standard deviation, SBP: systolic blood pressure, DBP: diastolic
blood pressure, MAP: mean arterial pressure, SV: stroke volume, HR: heart rate, CO:

cardiac output, TPR: total peripheral resistance.

a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40

min.

a, b, ¢, d, e f: different alphabet appear significant difference stage.
"1X.05, significant different main or interaction effects
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Fig 13. Comparison of diastolic blood pressure(DBP) according to without
BFR upper and BFR upper during exercise and recovery. *zX.05, significant
different from exercise.

100.0 g without BFR upper
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REST ex re-10 re-20 re-30 re-40
Fig 14. Comparison of mean arterial pressure(MAP) according to without

BFR upper and BFR upper during exercise and recovery. *zX.05, significant
different from exercise.
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=g without BER upper

REST ex re-10 re-20 re-30 re-40
Fig 15. Comparison of total peripheral resistance(TPR) according to without

BFR upper and BFR upper during exercise and recovery. *zX.05, significant
different from exercise. *7X.05, significant different from group.
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i

olo

Table 12. Comparison of hemodynamics response of lower limb during
exercise and recovery according to BFR or without BFR.

lower P
without BFR BFR
rest 102.1+5.6 99.5+5.1
exercise 123.2+12.4 126.2+11.4 Time 000*
SBP recovery 10 min 105.8+4.8 104.0+5.1
(mmHg) recovery 20 min 103.1+5.4 102.0+4.0 Group 928
recovery 30 min 102.0+54 102.0+4.9 _
recovery 40 min 99.7+56 015560  |mexGroup .20
rest 71.8+5.2 bedef 71.2+5.1 bf
exercise 827+6.6 “odel 9] 6489 cder Time 000
DBP  recovery 10 min 67.5+3.9 2P 68.3+6.4 °
(mmHg) recovery 20 min _ 675+44 686251 " Group 130
recovery 30 min 66.8+3.9 2P 68.2+5.7 P ,
recovery 40 min 658450 Groral  LmexGroup .000%
rest 81.9+4.7 *f 80.6+4.6 °
exercise 96.247.3 acdel 1025488 acded Time 000%
MAP  recovery 10 min 80.2+3.7 o 80.2+5.2 ©
(mmHg) recovery 20 min 79.4+43 " 797445 Group 332
recovery 30 min 785+39° 79.5+51° .
recovery 40 min 77.1+4.6 2¢ 78.6+4.4° Time xGroup 002"
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rest 77.8+12.0 76.5+£14.7 } )
exercise 87.4+11.7 88.6+14.9 Time 000
SV recovery 10 min 85.8+10.5 87.3+14.3
(mD  recovery 20 min 791+10.9 812+136 Group 849
recovery 30 min 79.5+11.3 79.6+15.4 - . 659
ime X Gro .
recovery 40 min 76.8+11.1 779+ 144 P
rest 61.5+7.7 bed 612478 bede i )
exercise 100.6£19.4 2¢def 11534175 2cdef Time 000
(bH}%[ | recovery 10 min 68.7+£7.0 abef 74.14+12.] abdef
eats
i _Tecovery 20 min @5.7=7.6 * 68.6:£9.3 20 Group 101
recovery 30 min 63.6+8.3 ¢ 67.4+9.1 2b¢ . .
- ted s Time X Group .000
recovery 40 min 61.7+7.6 65.7£9.3
rest 4.740.7 bed 4.6+0.7 Dede . .
exercise 8.7+1.6 2cdef 10.242.2 acdef Time 000
co  recovery 10 min 5.840.7 bdef 6.3+0.9 2bdef
(/min)  recovery 20 min 5.140.7 abef 5.5+0.8 abcf Group 100
recovery 30 min 5.0+0.6 Peof 5.2+0.9 2b¢ . .
- o ted Time X Group .000
recovery 40 min 4.7+0.6 5.0+0.9
rest 17.6+3.2 17.8£2.5 . )
exercise 11.4+2.3 10.6+2.6 Time 000
( PR | _recovery 10 min 138+17 128+18
Illlnmlgnlf recovery 20 min 156+2.3 14.8+2.4 Group 484
recovery 30 min 15.9+2.0 16.5£3.0 - . -3
ime X Group .
recovery 40 min 16.6+2.5 16.1£3.4 P

Values are mean+standard deviation, SBP: systolic blood pressure, DBP: diastolic
blood pressure, MAP: mean arterial pressure, SV: stroke volume, HR: heart rate, CO:
cardiac output, TPR: total peripheral resistance.

a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40
min

a, b, ¢, d, e f: different alphabet appear significant difference stage.

#1X.05, significant different between the groups

"1X.05, significant different main or interaction effects
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60.0 o
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50.0 - ™ v v v —

REST ex re-10 re-20 re-30 re-40

Fig 16. Comparison of diastolic blood pressure(DBP) according to without
BFR lower and BFR lower during exercise and recovery. *zK.05, significant
different from exercise.
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T L

REST ex re-10 re-20 re-30 re-40

Fig 17. Comparison of mean arterial pressure(MAP) according to without
BFR lower and BFR lower during exercise and recovery. *zX.05, significant
different from exercise.
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HR(beats/min)

Fig 18. Comparison of heart rate(HR) according to without BFR lower and
BFR lower during exercise and recovery. *zK.05, significant different from
exercise.

14.0
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12.0
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L |
. —i
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L

REST ex re-10 re-20 re-30 re-40
Fig 19. Comparison of cardiac output(CO) according to without BFR lower

and BFR lower during exercise and recovery. *zK.05, significant different
from exercise.
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rok

Table 13. Comparison of hemodynamics response of upper and lower limbs
during exercise and recovery using BFR.

BFR

upper lower P
exreisctise 138??712 13233114 Time 000%
SBP  recovery 10 mm 101.5%5.0 104.0+5.1 Group 077

(mmHg) _recovery 20 mm 99.2+5.1 102.0£4.0
izggﬁg 4318 EE gg;iggb 18?2;:51?& Time X Group .070
exﬁsctise 83?57ﬁ§?.gc~d~ef 91.2228§5é.1c.d,;,f E: Time .000*

- . ;
e e
izggzzz ?18 EE gggiég 5 667? szf '17 a: Time X Group .005*

a

exﬁ;se 947:;3;5 e 94?3 fz_at: e Time 000"

- . .
(ml\anAPg) izﬁgg ;8 Eﬁ ;ggiéi E 83.9% 242.5132 Group 017*
ecove AT TEATAS T TaseAgT TmeXGup 05
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rest

78.5£8.6

76.5+14.7 "ol

T *
exercise 77.7+11.3 88.6+14.9 2%l Time 000
SV recovery 10 min  81.1+12.0 % 87.3+14. adef Grou 077
(m)  recovery 20 min 76.8+11.7 © 81.2+13.6 2P P '
recovery 30 min 75.9+116 © 79.6+15.4 > . R
recovery 40 min 75.4+11.6 © 77.9+14.4 bl TimexGroup 002
rest 59.0+8.0 61.2+7.8 bede Time 000
IR exercise 84.1£22.0 9T 1153+175 *ef # '
(beats] _FECOvery 10 min 61.1+7.7 ° 74.1+12.]1 2bdel # Grou 001
) recovery 0 min___ 6L0%85 68.6£9.3 > P
min ; b abc &
recovery 30 min 59.8+7.7 67.4£9.1 ** , "
recovery 40 min __ 60.1+8.4 " 65.749.3 b Time xGroup 000
rest 4.6+0.5 "° 4.6+0.7 Dede . B
exercise 67408 2°0eT 100+ Hde Time 000
CO  recovery 10 min  5.040.6 *P9ef 6.3+0,9 2hdel # .
(/min) recovery 20 min 4.740.6 °¢ 55+0.8 *bef # Group 000
recovery 30 min 45+0.5 "€ 52+0.9 *0¢ # . B
recovery 40 min 45+0.5 ¢ 50+0.9 bed # Time xGroup 000
rest 17.2+21° 17.8+2.5 . R
— exercise 14.2+2.3 *% 10.6+2.6 7 fime 000
recovery 10 min 156+1.7 © 128+18 * B
(mHg e covery 20 min 16.3+2.0 7 148424 Group 030
Umin) ~recovery 30 min 16.8+1.7 P€ 155+3.0 Time X Group 000"
recovery 40 min 16.8+1.7 P 16.1+3.4 P

Values are meanz+standard deviation, SBP: systolic blood pressure, DBP: diastolic
blood pressure, MAP: mean arterial pressure, SV: stroke volume, HR: heart rate, CO:
cardiac output, TPR: total peripheral resistance.

a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40
min

a, b, ¢, d, e f: different alphabet appear significant difference stage.

#1X.05, significant different between the groups

“1X.05, significant different main or interaction effects
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Fig 20. Comparison of diastolic blood pressure(DBP) according to BFR
upper and BFR lower during exercise and recovery. *zX.05, significant
different from exercise, *7X.05, significant different between the group.
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Fig 21. Comparison of mean arterial pressure(MAP) according to BFR

upper and BFR lower during exercise and recovery. *zK.05, significant
different from exercise, *7X.05, significant different between the group.
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REST ex re-10 re-20 re-30 re-40
Fig 22. Comparison of stroke volume(SV) according to BFR upper and BFR

lower during exercise and recovery. *zX.05, significant different from
exercise.
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Fig 23. Comparison of heart rate(HR) according to BFR upper and BFR
lower during exercise and recovery. *zX.05, significant different from
exercise, #7X.05, significant different between the group.
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Fig 24. Comparison of cardiac output(CO) according to BFR upper and BFR

lower during exercise and recovery. *zX.05, significant different from
exercise, #7X.05, significant different between the group.
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Fig 25. Comparison of total peripheral resistance(TPR) according to BFR

upper and BFR lower during exercise and recovery. *zK.05, significant
different from exercise, #7X.05, significant different between the group.
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Table 14. Comparison of hemodynamics response of upper and lower limbs
during exercise and recovery according to without BFR.

without BFR B
upper lower
rest 99.8+5.8 102.1£5.6 ' "
exercise 118.3£8.8 12324124 % Time 000
SBP recovery 10 min 101.3+4.4 105.8+4.8 .
(mmHg) _recovery 20 min___ 100.3%56 1031454 Group 043
recovery 30 min 99.44+6.0 102.0£5.4 .
recovery 40 min  98.1+4.6 99.7+56 Time xGroup 772
rest 68.5+5.2 71.8+5.2 bedef .
exercise 735480 SO 827466 vl F Time 000%
DBP  recovery 10 min 64.6+4.7 ° 67.5+39 20 # .
(mmHg) _recovery 20 min 66.2£5.6 " 67.5+4.4 *° Group 00
recovery 30 min 65.8+4.7 ° 66.8+3.9 2° . R
recovery 40 min__ 65.5+5.1 7 65,8150 =0 LmexGroup 000
rest 78.9+4.7 P 81.9+4.7 b .
exercise 885459 *CUET Qg o+7.3 acdel F Time 000%
MAP  recovery 10 min 76.8+£3.7 ° 80.2+£3.7 ™ Grou 0L5*
(mmHg) _recovery 20 min 77.6+5.0 ° 79.4+4.3° P ’
recovery 30 min 77048 ° 785+39° . R
recovery 40 min 76.4+4.4° 77.1+4.6 2>¢ Time X Group 001
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rest

79.9+10.6 ©

778+12.0 °°

7 x

exercise 78496 © 874117 *%1 Time 000

SV. _recovery 10 min _ 837£120 ***  858+105 *%°f Grou 697

(ml) recovery 20 min 79.1+£11.2 © 79.1+10.5 >¢ P ’

recovery 30 min _ 79.0+11.4 ¢ 795+113 "¢ . .

recovery 40 min___ 78,0106 ° 785111 oc _ mexGroup 000

rest 61.0+10.8 ° 61.5+7.7 . B

IR exercise 90.3£12.2 “%T100.6+194 Time 000
recovery 10 min 61.3+89 ° 68.7+7.0 bed

(be,at)S/ recovery 20 min___ 59.8%9.6 " 65.77.6 *~° Growp .07
min, ; b abef

recovery 30 min 59.1+9.0 63.6+8.3 , "

recovery 40 min ___ 59.3+8.0 6776w mexGroup 006

rest 48506 " 4707 °4 . .

exercise 7.0+0.8 acdel 87416 2cdel # Time 000

CO  recovery 10 min  5.040.4 % 5.8+0.7 2bdel # B

(/min) recovery 20 min  46+0.4 °° 5.140.7 *°F Group 003

recovery 30 min 45+0.4 ¢ 50+0.6 " . B

recovery 40 min  4.5+0.3 °° 47406 bee  TmexGroup 000

rest 16.7425 " 17.6£3.2 "ot . .

TPR exercise 12.74+1.5 2cdef 11.4+2.3 2cdef Time 000

recovery 10 min  153+.4 P4 138417 »bdel # B

(i L;””/ recovery 20 min _ 16.8+17 O 15.642.3 *bcet Group 042
min, ; b a,b,c

recovery 30 min 16.8+1.4 ™ 15.9+2.0 ** . "

recovery 40 min_168+16 ™ 1665 Pl lmexGrowp 002

Values are meanz+standard deviation, SBP: systolic blood pressure, DBP: diastolic
blood pressure, MAP: mean arterial pressure, SV: stroke volume, HR: heart rate, CO:
cardiac output, TPR: total peripheral resistance.

a: rest, b: recovery 10 min, c¢: recovery 20 min, d: recovery 30 min, e: recovery 40
min

a, b, ¢, d, e f: different alphabet appear significant difference stage.

#1X.05, significant different between the groups

“1X.05, significant different main or interaction effects
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Fig 26. Comparison of diastolic blood pressure(DBP) according to without
BFR upper and without BFR lower during exercise and recovery. *1K.05,
significant different from exercise, *7X.05, significant different between the
group.
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Fig 27. Comparison of mean arterial pressure(MAP) according to without
BFR upper and without BFR lower during exercise and recovery. *1xX.05,
significant different from exercise, #7X.05, significant different between the
group.
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Fig 28. Comparison of stroke volume(SV) according to without BFR upper

and without BFR lower during exercise and recovery. *zK.05, significant
different from exercise.
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REST ex re-10 re-20 re-30 re-40

Fig 29. Comparison of heart rate(HR) according to without BFR upper and
without BFR lower during exercise and recovery. *zX.05, significant different
from exercise.
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11.0 o H
10.0 -

9.0 4 I
B.0 -
7.0 4
6.0 +
5.0 +
4.0 +
3.0 4
2.0

== sigs « Without BFR lower

CO(l/min)

REST ex re-10 re-20 re-30 re-40
Fig 30. Comparison of cardiac output(CO) according to without BFR upper

and without BFR lower during exercise and recovery. *zK.05, significant
different from exercise, *7X.05, significant different between the group.

24.0 ~ g ithout BFR upper

22.0 H « = o=« Without BFR lower

TPR{mmHg/l/min)

REST ex re-10 re-20 re-30 re-40

Fig 31. Comparison of total peripheral resistance(TPR) according to without
BFR upper and without BFR lower during exercise and recovery. *1xX.05,
significant different from exercise, *7X.05, significant different between the

group.
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Wz ARl foldl UERETHK05). ol AL AFAR
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o] PWV-R3} PWV-LollA Al7]e} e 2 AJazrgo] #ostAl yelst

(X.05). o] AFE= FATFE o] &3 FAETH A TFoNA AHEE F
122 949k8 2] S=(ankle brachial pressure index: ABDell 93] =H® ©E 3
% RS FEITE AS AARIH B dFodA e diEEE 5 F 3
B Al AAANA A YEs T A9 AFdAE 13 E A s F HA

S/t AT 2 WA 5 #Ho] AAAT SA=FH FHE] §l
(Okamoto et al., 2009). Heffernan et al(2007)2 3tx&5°] S5 59 ZA S
A3l A7IA = FUAT A3 dS FolA A T2 F

ANHTE AS Rt Wi dA &5 T4 s9A4AE I/ A
© 2 yebgthLefferts et al., 2014).

B AFolMe AT Ao WuErt Srtete] T WA A oigt
kA 2] FA4 &l ths) Heffernan et al(2007)9] A=
BAEE F ABIY] 7] ZI7HE AlARSHEH], ol FWA A
13 APATet U3 cHHeffernan et al, 2007). 5o g Q3 T A3}
Zae 2% 99 FAIR dR/9 FUHE T E AL olfE ' 7 A

5

CHMunir et al., 2008). 54 %<& %2 shear stressol] o] Ahsl 2 A A S
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AJA T, 1T AFF2 BPY Fol3k AsrF YERgtHRossow al., 2011).

& ¥ BPo Asts 53] AR fAA kA Al BPE 2t TR

Az 2o A AE Aol 30% F2 303], 153], 15
3], 153] WHE AN EE ARER 13]4 dAE & Wy RSl A S
35 AAFBFITHTaI et al., 2021). Rossow et al(2012)-2 130% SBPell 7]Z<¢tH
S Jtete] RAFoE FENALF Aol 3025 T 20% 1-RMoll A 30,
15, 153] WM& AN EE AAG A¥ Wot g e] At oleie A

o Aol TEHFI £F FE, AALERY FALEL AN e A

g7t O 247 WZol #HaE oA ARo R IAste ¢ Wi RhAREA o]
A2+ Ath

2 AFAAAE Ao stAe] EFAG e E Fe FE AYAH &F
T FHAAEE A AF= "¢ Ao} Figueroa, & Vichil(2011)e] <A7-ol

Me A4 d2 ddAA ERAT & FAAATEs A ARG FA &

ARz W3yt JebA &ktHClark et al, 2011; Yasuda, Fukumura, &

oj Yo e FF FHIEH dF FEEo] vHE F= Ae Aot F
< Amorim et al(2021)e FATH 5

ANA EFAGe] wWE AP A FAES BRuEA] GFRAAT o5t A
gho] e =dZoA vehd o v FAES WA el Fodt] AA

slof goka sHck
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T Mol A2 BE 9 AelY AYE s & FHdA BE F
olF AZte & o] AxtkgttiLaurent et al., 2006). o= 3 &
A=t whlglets I W54 9 B vlEste] a9
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@ o] 9lthHansen et al., 2006).
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(Williams et al., 2007).
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& Fernhall, 2011). °]& <l38] AA= HRE F7HAA 247 AlA" 22l ¢
B2 s B sk, ol ARY FE ST ARE A
¥ @2 4AhaEs H9 2 ItKSmith, & Fernhall, 2011).

B AFdA FAGLY f - Foll I ALY A8 d9eghirge &
% A9k 3|5 A DBP, MAP, TPR3} &}#]&% 29| DBP, MAP, HR, COollA 4%
Zh-g-o] YEPRTHK.05). SBPE /AL f - Fol @2 %5 A9} 3E A
of ZAEEH AEE BT Ao|7F YEhA edskony &5 102 Fo /9
3HA Zr4aglon, ol &% 3 A& (post-exercise hypotensive effect: PHE)
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A A ERAG 5 F I&E 602714 SBPe THAE A5tk wEkA BP
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HRY Z71E A9e 4 ¢ iMitchell, 2017). EPRe] =4 <¢1AE metaboreflex
2 muscle mechanoreflex’} 25 FZA 29 Azt o) FAT &5 =
o] Z7}gtkRenzi, Tanaka, & Sugawara, 2010). ¥FA)|3ko] EPRo|A &S
Fst=Ad 3 SAS o HHAA FU

Y] AgPAFoAs FATZES AHET AE AF H4 102 5
SBPe ®Wslrt glaS HoFtHTomschi et al., 2018). 12y Heffernan et
al(2007)> /A ggle]l A &F 20 ¥ SBP7F AA A A4S AS B
ot &5 T SBPY F7b= EPRE QI3 Ao =® oAAXH, o= Group Il 2
ARAHE S ) R AR AREE S4)9] Ao =

Ag FeelAxE HAScHKaufman et al, 1984). 12y SBPE]

3 AEE 5% 4E N8 35 90 Az iy ynle] me Febd 5

3= A DBP7} %<]5HA
ofgtt}. Figueroa, & Vicil

4
2,
)
i
QL
N
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of
mm 4°"

A& SBPS} DBP7}F 32|51
=70 RugA g, 35 308 5ok ok A FEOZ Folytt

Matos-Santos et al., 2017).
2 dFoA HRE A &sH stAl&s EF /AT v

sl feldt HR 2712 uebdch B3 A5 ms) shA&
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¢ o =& HRe

=3 Zole= gHukALe 7]dE 4= ATHSpranger et
al., 2015). wetx EA 3o Y= AAE 5HA] S=(20~40% 1-RM)S A& H

:10
rOl

(Murrant, & Sarelius, 2015).
Tel B dFARel mE A stAlesH 35T Adyd s
& % DBP, MAP9 Z717F UEten, 53] stAl&sH
= TPRo] UetyttiKTable 11>. ol& £ AFoA Hehd ZA s 5 974
2

dRATE AHE AFeEe F8 AL A= 5 a9t fFAbste]
A== &aRE olFo Wtk Zlo|tKThiebaud et al, 2016). < 7%
Fde A AT AL dHA AA @ARE type 1T THF AN

(Yasuda et al, 20093 =7l9 tiAbE =2 2 F4& A 4FAZ(Scott,
Slattery, Slattery, & Dascombe, 2014)o] X3ttt =3 HFA|g &%5o] 7]

N

£ IAE TFRTG AHASE2EE A FVINHOEA WEH qE-& UE
W = ltHPierce, Clark, Ploutz-Snyder, & Kanaley, 2006).

olsh ol YRATRS APRY AW 25 Fol AEHE D5F
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6. MIUFAT &5 Alsk BB A A9} s AWH PAsha

E
=4
< vl

HR, SBP, DBP ¥ MAP+= AEAQ Agds, 53 5348 F5& X3t

73-$- ZA Z7Fstti(Haslam, Mccartney, Mckelvie, & Macdougall, 1988). #] &
=5 T AEHY doshulEo] Hil= Add 2 A, Al A=(E
of ¥ FA) ¥ A& AFte] wet B 27] wZo] Bl EFA A FEE

o & HAETH sALEFY F AlS IE A
Ad e gogt-g-o Wst= DBP, MAP, SV, HR, CO, TPRe|A Al7]9}
& 52 $ SBPE A& i ¥4
gREgoA w2 /Y &3S BYew, TPR =g grolxth Takano et
al(2005)¢] AF-ollA HIEFAGT == d7FATH160~180 mmHg)= Ar&-3t 20
% 1-RM (1 x 30 ®b&E, 3ME)OA stAlese AT 1 23, HR, SBP,
DBP ¥ MAP= HIEF/AZH} 7AT =5 FostA S7FAN, d7A T
|/l © A Yetyth ole HIE /A vl EFAZS AEStE B4
HR % BP7} © Este 7] AdddTolx= s ®ciAbe et al, 2010,
Loenneke et al., 2011).
B Aol AFA &F Al stA A £ @G
o] AtiH o2 =3 (Blomqvist.,, Lewis., Taylor, & Graham, 1981), 3}#
S W 1IZ=7 ¥ & §9&& yEd 4 oKClarys, Cabri, & Greqor,
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L dRAGY f- Foll @2 A Ao} &5 F IJE A FA 9 wgEs
= PWV-LolA A71¢8 FaIA7F UdetRoh(pX.05). /A F - Fo mE
(A Aot T F & A A9 WL EE PWV-R, PWV-LollA A]7]9]
FaAN7F e oM (1X.05), PWV-Lol Al Al7]efF ek IF 5280 /23
UFERSETHK.05).

2. ERATY I A% &F F IE A FAe} A WL E=
PWV-R¥} PWV-L& Al719] 3 37 Yebg 2w (X.05), PWV-R3 PWV-Leoj
A AZIeE Ad F Aol FolskAl e THK.05).

3. HIERATY A Alg & F IH A A A HREE=
PWV-LelA A71¢] F &37F e o™ (X.05), PWV-R¥ PWV-Le|A] A]7]
oF H 1 FsAgo] FolstA e THEK.05).

4. AFAGF] F - Foll }E &F Aot 3 5H A FA Y AP Pyt
$-¢] wWslE SBP, DBP, MAP, SV, HR, CO, TPRellA Al7]¢] F& 7} VERE
© H(zX.05), DBP, MAP, TPRellAl Al7le} et 7t 45 2go] fo3tA ety
THiK.05). EFAGS] f - Fo] @& &5 A 35 A 34x9 AdHe| ¥
o shuk-g-o] W3l SBP, DBP, MAP, SV, HR, CO, TPRellA A|7]1¢] F&E 7}
UHERE 2 1 (1X.05), DBP, MAP, HR, COoIA Al719} Hdk 3t 5 zgo] f93)
Al VERSTHK.05).

5. @RFAIG] &5 At 35 A FA9} A APHe] FHy-go| W
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Abstract

Effects of acute upper and lower extremity resistance exercise
through blood flow restriction on pulse wave velocity and

cardiovascular hemodynamic response in adult women

Park, Choung-Hwa

Depart of Physical Education
(Exercise Physiology)
Graduated School of
SungShin Women’ s Univ

The purpose of this study was to compare and contrast pulse wave
velocity(PWV) and cardiovascular hemodynamic responses during acute upper
and lower resistance exercise and resting with or without blood flow
restriction(BFR) in adult women. The subjects were 18 adult women(21.5+2.0
yr) with regular menstrual cycle and no cardiovascular disease. The
methodology of this study was a cross-over experimental design. This study
consisted of arterial occlusion pressure verification for the right clavicle and
femoral artery and two resistance exercises, and the wash-out period was
performed at 72-hour intervals. Resistance exercise consisted of 20% 1-RM,
10 repetitions, and 4 sets. For upper extremity resistance exercise, arm curl
and bench press exercise, and lower extremity resistance exercise squat and

leg extension exercise were performed. As a result, there was an interaction
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between PWV-R and PWV-L of the lower extremities according to BFR and
non-BFR(z<.05). Changes in hemodynamic response during exercise and
recovery according to the presence or absence of BFR were different in
upper extremity resistance exercise(diastolic blood pressure: DBP, mean
arterial pressure: MAP, total peripheral resistance: TPR) and lower extremity
resistance exercise(DBP, MAP, heart rate: HR, cardiac output: CO)(zX.05).
Changes in hemodynamic response during exercise and recovery of BFR
were different in DBP, MAP, stroke volume: SV, HR, CO, and TPR(zX.05). In
non-BFR, DBP, MAP, SV, HR, CO, there was a difference in TPR(zK.05). In
conclusion, in resistance exercise with BFR applied, CO increased due to
increase in HR and SV during exercise, and blood pressure response was
stably returned due to a significant decrease in TPR during exercise. That
could be the cause of the action of metabolic receptors due to BFR during
resistance exercise. Therefore, it was judged that low-intensity resistance
exercise with BFR had a positive effect on the hemodynamic response of the

cardiovascular system during exercise and recovery.

key word: resistance exercise, blood flow restriction, pulse wave velocity,

hemodynamic response
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