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PURPOSE The purpose of this study was to investigate the effects of 8-week aerobic
exercise and polyphenol intake on body composition, cardiovascular response,
vascular endothelial function, and physical fitness at rest and during exercise in pre-
hypertensive men. METHODS The study included twenty-eight males in their 20-30
years of age with prehypertension. Participants in the aerobic exercise + polyphenol
intake group (EX + PP; n = 14) performed aerobic exercise three sessions/week, 30
min/session, at 65% of the heart rate reserve, and consumed polyphenol (grape
seed extract 300 mg) for 8 weeks. Participants in the aerobic exercise + placebo
intake group (EX + PL; n = 14) performed the same aerobic exercise; however,
they consumed placebo instead of polyphenol. All independent variables were
measured at pre-test and post-test, and the data were analyzed. RESULTS The main
results of the study were as follows: 1) SBP and MAP at rest decreased significantly in
EX + PP, while MAP decreased significantly in EX + PL group. 2) In the EX + PP group,
CO increased significantly, whereas DBP, MAP, and TPR decreased significantly
during the hand grip exercise. In contrast, CO decreased significantly, while DBP and
TPR increased significantly in the EX + PL group during the hand grip exercise. 3)
Regarding vascular endothelial function, % FMD increased significantly in EX + PP
group. 4) Sit-up increased significantly in both EX + PP and EX + PL groups; however,
sit-and-reach in EX + PP group was significantly higher than that in EX + PL group at
post-test. CONCLUSIONS The findings of this study showed that the 8-week aerobic
exercise would have positive effects on body composition, cardiovascular response,
and physical fitness at rest and during exercise in hypertensive men. Additionally,
polyphenol intake would contribute more towards reduction of blood pressure at
rest and during exercise and improvement of vascular endothelial function.
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AAA OS2 AEH#HASHcardiovascular disease: CVD)2.Z2 9l
gt AP AE A AFEARS] 1/3& AA|5HA, ARGl S 1910]
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(Statistics Korea, 2020). @ OAN L7 5 ol 4 54357
L2 AZHA 189 22 98 Q1A oA AdE
o] A} (Petrie et al., 2018). AAF LEFS 57| Y (systolic
blood pressure: SBP) 120~139mmHg E+ o]¢+7] d<H(diastolic
blood pressure: DBP) 80~89mmHg 2.2 4|(Chobanian et al.,
2003) 1EFY x7] DAl oA, nEAe] Yol gt <l
Alo] Wil gt o 2 9] o|ghgo] FAF EUAo] Hlsf oF 24 =7
wjZof|(Vasan et al., 2002) AAA LS YA tigt =29l g
7 8tETh
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2 v Ade] 43, A8drsY T @
- ARl EHHOREA F 33 o4, 3T 30
£ oY FAE Aol AEHHAlpsoy, 2020). BA
TEARE HGoR 437 3 33, 3T 308, VALY
(peak oxygen consumption: VO, 65% ZEE FAASE
S AAJS A3} SBP 3.3%, DBP 3.9%, BH#5W%(mean arterial
pressure: MAP) 3.1%, 181l A9} (heart rate: HR) 6.9%2] 7+
A7F eI (Collier et al., 2008), FAAF0] 4o 0]X]
= Gl Higt 68719 AFE e BAT Ax} F 3~53], 3T
30~5089] FAAS5-S Eoto] SBPL DBP7F 27} 3.4mmHget
2.4mmHg Z4% A tH(Nystroriak & Bhatnagar, 2018).

I8y 50 TEYA A F2Aa 3802 Z-ESHARE U=
o 282 255 WAl TS S7HIA HR, MAP, 181
A¥F&E % (cardiac output: COYE YAIH o2 F7HAZIKShepherd
et al., 1981). B4 Y= 5% CO7t S7t=l=dl F27t ¢lA
9k, AAS AR Eobdl ERAAER QI DxE A (total
peripheral resistance: TPR)2] Z7}of| 7]915l0] E o] H=dlA &
27b7] wizol BAE 1EYAY] 5% HET A 52 259
Aol £AAR1 P v 4 AtHChoi et al., 2013). oJet &
o] ZA 1EYAS} 1EUAY B 255 LT G A5t A
AT HAY 9] 7HsAd0] &7] w&2oll(Pimenta & Oparil, 2010) ©]
o 22 FAIRE 7NAst7] 913t ko] B a sttt

A TAaA7|ed aftgolgta 47l & (polyphenol)
9] 4#(Zhang et al., 2016)= TEYANAA Yehd 5= U&= 25
F HEg S AsS AWt 52 58 1EAAY S A
gilo] =go] & A0 7|Hnt. EE SYES 9Y HE

3t A ATE 2 Qlo] Alst AEAE A AL, EHS
Hoot, AEEEe] A 7Hs S WETHBagcehi et al., 2003).
obZe EgvE 3= FHWHA 2 AKY/PI3 7|UA] 45 A
ZZ(kinase signaling pathway)s &4ststo] A2 7]52]
Aol =g F11, eNOSY HEE &o] At A(nitric oxide:
NO)9] A& & A7]H(Schini-Kerth et al., 2010), ©]<} Z-& 1}
AZ Boto] S7Hd NO= B BEA| o] 2Hg-5to] Bt olehZ
FEFoZH(Ahmad et al., 2018) & A7},

EdE JF HEE AYATE ATEYH AEHERE &
gt Z3HE 150 mg7t 23 S5F 657 19 234 JHT 4
T BAK TELXAY SBP} DBP7F 42 6.4%%F 4.9% HAEA
T (Park et al., 2016), ZEX FZE°] ol A= FaFel gt
16719 A+ Hlgt £4% Aol E B4 Fo3t Aart Bl
EJtH(Zhang et al., 2016). T3 Z2HE 43 23 NO9 A
o] Z7tE 1, Ast AEHARRE FIHIAELE BSoh= A
3t aFtE Qlsto] B AL 50] N E= BT YE o
(Oak et al., 2018), 25:7t2] =X 22 ZTdE A7 AAA
TEAAY] HW A 27 5S FIAFATH(oen et al., 2018).

ool A A E uke} o], AF7HA| AAE LEUAE e R
s B EYvE HFHE 9 Aot A3astedt 3
Woj7lsol vAs F3FE ST Ae UAAAR, FALET &
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Table 1. Physical characteristics of participants (meantSD)
Groups  EX+Polyphenol EX+Placebo
Variables (n=14) (n=14) p

Age (yrs) 26.93+3.53 26.56+3.40 .875
Height (cm) 176.07+5.81 175.94+4.38 233
Weight (kg) 79.314+10.20 81.74+14.36  .189

Fat mass (kg) 18.38+5.29 20.63+9.43 .058
SBP (mmHg) 127.1343.22 127.1246.10  .781
DBP (mmHg) 78.73+4.67 78.88+4.90 178

2uls AF 5 A7 afE A5 A= e TS50 &
3], &5% H=et AP THG O Z QIg PR BAZE A YA
of vl B A 4 e A LEUAE R 1 avE 4
e A7 Qn7t antal AlmEnt. wekA o] AtollA= 83t
et Eus A3 A LEGA] MPAI% 5%
3 i 7lsol vAlE 92 st st

0

Ol

o~ 10 o\
%
22

¢

AT 4y
A7 oA

o] ALY A= GE SAlo At 20~30H BAH2E, A
4 TELAHSBP 120~139mmHg EE DBP 80~89mmHg)E Al
oAt < 671E ol AAZHR] =5 EFolgol Fojgt 2,
S Ao & Qs oS B8l A, 121 AAReE A Ao et
& 8l As dAIA AYstith. G*power 3.1 ZEIHE o]
85}o](Faul et al., 2007), &337] 4, 8-94F .05, 181 AF
g 80%E H-&3 23 o] Aol BAT A =7 ZF Hdd 12
PO g AEEglon, 9EES 1Eoto] 308Z EHs] fAkA
SE5+EYHE 43 JHEX+Polyphenol FHH AL F+9
o dF HHEX+Placebo Hehell 42 1584 FEATF(random
assignment)Stth. A X BFolA ZF Y 194 Detoto] 5
289 HlolElE FF EAof A HTE

o] A= KHeha A AU3 2Ry 592 Wolth(5<l

2} Aol A A} 244170 ARE 95, 9, 719 44, 12
IYE SEL FHEE T F, AW 9L 24 8A0) AF A
=% steleh ABA B4 5 3083 S HoleS o F A1,
AT, A BB, B, 855 Al 1
T AY 208 242 ANSHL ARPA AT FAT
oz AAstgon, FAK 54 YB3 wEe et 2k

2o 1 B ST

oo
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1. A AT AA A

A7 (height)2 AAA(YM-1, KDS, 3H=h2 =45191, Y44
71 AR w2 £ 7]|(X-scan plus II, Jawon Medical, g=)
2 AF(weight), AA = (fat mass: FM), A A HE(percent body
fat: %BF), 12|11 A A (fat free mass: FFM)S 435191t A
AP kg m )= AFkg S A9 AFm)o 2 Uiro] 4H&s}
it

2. ooty

F et (maximal voluntary contraction: MVC) &3 2+
A(TKK05001, Takei, &)& ol-&ste] SHs5IA. FAE TS5
AFg3to] 23] ZPAAL, £ %S 0.1kg T /1S54,

1) HEA E

F2FAA(HM-1101, Kenzmedico, €E)E o|&3sto] A= o
9] ArHs oA QFHA] SBPL} DBPE &4t 23] ﬁxga}oq
W2 g 7155k o, o] B4l o]&5to] MAPE AMESIAL
H(Lee et al., 2015).

3. g 7]

o]l“

¢

» MAP = (SBP-DBP/3) + DBP

) MRAG HETY 535 AT

YA} 55 AE TS =4317] Y9l Physioflow(PF-05,
Manatec biomedical, ZZA)E o]-&5}3ct. tiAALY] A% Hojet
el 6719 =2 F23E & QYA HR, SV, 181 COE 5%
7t 7513t o]% mlE] AAs MVCY] 50% FEE 383 23 1
3ol &5 7 A=T1Y &5 A5 (Joen et al., 2018), 5=
HR, SV, 183l COE &4stdth. MAPE COZ U0 TPRE 4t
i

[e)
kg

le e

(11
o

) ARFANGHETY 535 Y H L ER/T

AL} AETY 5F W75 AAME A5te] Pulse
wave doppler(Clear Vue 550, F]=)& o]&oto] dFgFat 7%
BZ S5kl Aol AT 2 AEHIE SR TS F
SIE = oF o} 4~12MHz9 A¥ g=AH(liner transducer)E °]-&
sto] @ 2% o] 3 2~3cm Aol probeE W ¥, B-mode
FFolA 71238 60° A= B dh Fo] RS Kol &
71202 ZA5Ht AETY 25350le &5 T8 30% Aol &
gk o2 FAsw AT FFEEE 545U Joen
et al., 2018). zmﬂ Ha @74 % (time average mean velocity:
TAMV)E ths 340 diYsto] @FFES Aottt

v

FHY = TAMV x B3 ¥H2 87 %60

4. @75

St A YT 7|5 F7Ist7] Yoho] Pulse wave doppler
(Clear Vue 550, u]=h)z & UH 7ol AAHflow-mediated dilation:
FMD)E AATsHA T A 72 AHiolA 9% 29| -5
AZE -1 200mmHge] A4S F55HA 7Hedste] 58 5t €
FE WA v, ARE AAT AFEE 28 5 102 HHL
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2 AdeHe] YA @REEE SAoFAH]oen et al., 2018).
FMD(%)& £43d XA o229 34l tidsto] A&stct
(Bots et al., 2005).

5.

=82 4571 skl FA(TKK05001, Takei, &)E °1&

sto] of g HAbg AAskeH, FAM BRE F 23] 545t w2
0.1kg FAR 71539t ZAFELE SH517] st Sla

A 6}9‘;3‘11, B3 HERE S5E V]SSl /A

A

A(FT-7300, Donghwa, $H=)E ©]-8-5}
]% AP o H, 23] AAElY] =L 7He

=75}7] 9I5to] YMCA AHEHAEES AAI5HY
ot o] AARE F A4 FHF(maximal oxygen consumption:
VO, = AA &4ck= HAds5otaAet 802 Ritel T4
£ 2o g7t Hohal R EQtKVan Kieu et al., 2020). 0]
31cm® A HrAo] B 96bpme] BFAto] utak 387 @ 2ujE]
A gt H, 25 vk A5 EE 187 £7%3% HRES o292 Ao o
A5t VO, 8 AFESHAT

> VOZma\ 70.597 - (O 246 Xq—ol) + (O 077 x A 1__ ]_) (O 222 %
A%) - (0.147 x Aek=

A2 ¥

EX+Polyphenol FTe] tdat= 857 & 33], 3T 30+, H]
Adka=(heart rate reserve: HRR)9] 65% Jr2 EFH=UAA H
A5 AASHITHCollier et al., 2008). A& &5 EFolyY
7} A =5k, v % Al Otth Polar Heart Rate Analyzer(Polar
Electro OY, WHE)E o]-&oto] Hi 4k g]-qlo}cﬂr/} A2
717t B<9F MegaNature®-BP(1]=) A7} A& Z2]#H=0] 90%
A e FEHe 224 FEE 300mg= “HOE' A 134 44
St sfglom, 9ok 5Y 11]7\*]'01]/‘1 EZedE &S AYst
I Rk MRS U AR e AMEsHAtH(Park et al.,
2016). AHAAARE W2 GURE ARSHAL A7t AHAZHL
o, AAAAL G| 8F EFS 9T AFT T EAE B9l A
ojE.=2 o] Bholatoic}.

EX+Placebo F&9] qAA= EX+Polyphenol &} 5 A5HA
5 AR, E2YHE A Y9 (placebo)S HF oS of
At Yok Eul= W SYsHA A M, cellulose

R TGS BE AN A2 1§ Bol A5Te
2E SASES S, Bl Fellizol F3et ok 223, 4
LR REL EA 29 1,\;}-,-]2 A gtotAd HNeveu et al., 2010).

o] JIE E3] L& A= SPSS PC for Windows(version 23.0)
1-85to] EAsttt & J9] ZF S&HAE

oft
2,
[El
Ll
[
el
o

[e]
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718 AZFE A Yot Hdt(mean)t EEH XK (standard
deviation: SD)& AF&ESIAH. & Ao 7 B Aol &= A7) 2F
Bt AolE Aol 45171 fIste] BHE o] ARIFFEA (repeated
two-way ANOVAYZ AAIsHeh Tt A)7]9] 5280l |t
B, 7 W W T A7) 7] B Aol 5 +ASeE, a1

0.

A7) QR 2 B
B4 BA9 99 £ 052 Pk

o I
el

A7 F

AA 3t TR AFolA Al719) FaIVE |-OeHA et
(Table 2).

OFg Al A Put-Sa WEiste] SBPo|A A719] Faw @ Ak}
A719] Ao ago] f-oskA WEREIL, MAPOIA A7]9] Fa37}
G953k YERstth. EX+Polyphenol H¢2] SBP7} §-2l5H 4
= th(Table 3).

Qbg Al B AT FRF A9 FT HIF et ook
THTable 4).

A=Y 55 AEIN-S} #Rsto] CO, DBP, MAP, 1
I TPROIA Jetat A]7]19] Adszk-go] §olatA yebytil, SBPet
MAPO| A A719] 8 3}7F -9 5HA] Wbyttt EX+Polyphenol 3
o] CO7t 498 Z71=91al, DBP, MAP, 12|l TPRO| %9
A A= 02ew, EX+Placebo H&2] CO7F 495 A4,
DBP¢} TPRO] #-9J5HA| 571 A tH(Table 5).

A=Y 255 AT FFolA I Fanst fost
A Yebtth(Table 6).

U753} BEste] %FMDOIA Jeke] Famel A17]9]
37} g5k A YEFETHTable 7).

Azt st o3t EP o) 7oA Jeke] FaINT 79

SHA UebaL, SIEd.e717]9k gotsla e 255] 7oA A]71<]

2777} 591517 YERETHTable 8).

=9
AAE 2o st

ADFA S, AATF, 181 2ATF 5 =

5ot 588 NHEo|H, 2 AdFALeL AALYES FF FA
418G B IEYCR 0

A A% Tt 2FHH(Ye et al., 2018). ©] A4 857F
AT s JFH0 OE AR HilE dotR
oteh. AAZFA S, AAHE, 2123 AAGEANA BAGLE H
9Ogt Wsk/F el A= QA RE, EX+Polyphenol &2 A&
FAL7} 1.6%, AALEC] 1.8%, 18] 3 A AGTFo] 3.4% 4
3L, EX+Placebo A2 AAHFA 471 1.2%, AAFEC] 3.4%,
=3 AAREFC] 3.5% FAEC] A719] FRIV U= A3
< BAOEMN(p=.054~.077) 85719 FAtaEo] AATEY
MA 7FsAdE& AAREATE. E3F EX+Polyphenol 9] AlFo0|
EX+Placebo el H|sto] §oJ5tA ol o= E8j#H=9
AF7F olv A A AR Qsto] AF FeEof a3t d 5= 9l

= A% A2 nFolHol AF FrA] FIFS vHS Ao=E o
A= th(Vogels et al., 2004).

e A Aol Qotd, AL ot HT S e
2 1257 F 33], 39 60%, HRRE] 40~50% &% L2 F4ta
52 AAIS AT ARG F-ofgt o] v §HE(Chiu et
al., 2017), BA TEYAE LR 453 5 33], 2T 304,
V0,0 65% 25 FEE FAAES HAISH A7 AlST} AA
T3 Folst WskF YehdA] ZoKCollier et al., 2008) f-4t4

oL
2k
)
it
1o
ek
].ﬂ
i
olX
N
>,
N
N
£
Sl
2
N

1o i

Table 2. Changes in physique and body composition in two groups (meantSD)
i Time
Variables Groups A% P
Pre-test Post-test
Height EX+PP 176.0+5.8 176.245.9 0.11 Group 865
Time 876
(cm) EX+PL 175.9+4.3 175.843.7 -0.06 GroupxTime 501
Weight EX+PP 79.3+10.2 78.4+10.3 -1.15 Group 582 .
K Time .005
(kg) EX+PL 81.7+14.3 81.1x14.7 -0.74 GroupxTime 672
Body mass index EX+PP 25.542.7 25.142.8 -1.59 (;rl?;? ~(5)(5)2
2: .
(kg/m’) EX+PL 26.4+4.6 26.144.5 -1.15 GroupxTime 716
Percent body fat EX+PP 22.8+4.6 22.4+4.6 -1.79 C;?Ill? -8;‘7*
(%) EX+PL 24.147.4 233472 343 GroupxTime 536
Fat mass EX+PP 18.3+5.2 17.7+5.3 -3.39 (%rl?rf -3;71
(ke) EX+PL 20.649.4 19.949.0 3.52 GroupxTime 963

EX+PP: Exercise+Polyphenol, EX+PL: Exercise+Placebo.
"p<.05: Significant main effect or interaction.
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258 5 AATAL A &I} Ao mhet 2 A YEebd
AE L 5 Aotk Lo AAE At fALEL 5 3~59], 3
Z 20~60%, VO,,,..8] 40~70%= HA5H= Ao] antaoln A&
= AT ¥} glole Y vt Uehdr] tLH-‘%Oﬂ(Wallace
2003) E3of| upg}t fAAEo A, ¥k, I3 A7 H-s)
A 44 gart uka Ats

YA BTG 9 BT SR Wst
o] AFoA 20~30t] AAE 1EYE GAS tige =z 8519 &

AALE3 ZE|Hs AF o BE AFPA] HR, SV, CO, SBP, DBP,
MAP, TPR, 283 @ A4 9 7F ¥sts AnE 43},

EX+Polyphenol kol A b Al SBPA |98t a7} vpebst
t}. Park et al.(2016)2 49 AAH 1EIAE Ao 2 657
300 mg?] EgHEo] TRE FAE A At 53p7} T,1 o]—
A ZA=E Aot B aslo] o] A9 Axel AX|slct. o
A &5 g RE EduE AFH7F °“4‘4M*ﬂi°ﬂ/\1 eNoS

o] vy 422 Z7IAZCZH NO9 g4 2771, 1 AT
Gy o) AAEES AAAA AAH 1EAR 2 1A &

AL AAaAZItk B 15k Schini-Kerth et al.(2010)9] 9+ A3}

StH, o] A9 EX+Placebo FJHoA= SBP7F 1.27% HAE
AT, BAHOR fold Motk ofiglnt Bl 4% ATolA,

Molmen-Hansen et al.(2012)& 50t}

IEPAE AR 125

Table 3. Changes in cardiovascular response at rest in two groups (meantSD)
. Time
Variables Groups A% )4
Pre-test Post-test
EX+PP 61.146.3 63.9£9.4 4.38 Group 393
HR .
beats/mi Time 512
(beats/min) EX+PL 65.24+6.6 64.0£7.0 -1.88 GroupxTime 110
Stroke volume EX+PP 79.6+11.7 76.9+8.9 -3.51 Group 543
| Time 13
(ml) EX+PL 81.2+12.2 80.0+11.6 -1.50 GroupxTime 510
Cardiac output EX+PP 4.8+0.6 4.9+0.7 2.04 Group 210
L/mi Time S18
(L/min) EX+PL 5.240.8 5.0£0.6 4.0 GroupxTime 191
Systolic blood pressure EX+PP 127.143.2 122.043.0 -4.18 (;rlfr?f (2)35
(mmHg) EX+PL 127.146.1 125.5+5.6 127 GroupxTime 008
Diastolic blood pressure EX+PP 78.7+4.6 77.7+4.3 -1.29 Group 879
Time 153
(mmHg) EX+PL 78.8+4.8 77.145.2 2.20 GroupxTime 700
Mean arterial pressure EX+PP 94.8+3.8 92.4+3.4 -2.60 C;frll? (7)(5)§ .
(mmHg) EX+PL 94.9+4.2 93.2+4.8 -1.82 GroupxTime 574
Total peripheral resistance EX+PP 19.942.9 19.343.0 -3.11 (;E:f ? ;g
(mmHg/L/min) EX+PL 18.32.6 18.5+2.3 1.08 GroupxTime 277
EX+PP: Exerciset+Polyphenol, EX+PL: Exercise+Placebo.
“p<.01, ""p<.001: Significant main effect or interaction. p<.05: Significant difference between pre-test and post-test.
Table 4. Changes in blood vessel diameter and blood flow volume at rest in two groups (meantSD)
) Time
Variables Groups A% )4
Pre-test Post-test
Blood vessel diameter EX+PP 0.384+0.045 0.379+0.048 -1.32 GTrli)rllls 3;
(cm) EX+PL 0.372+0.033 0.358+0.037 -3.91 GroupxTime 68
Blood flow volume EX+PP 0.04140.029 0.046+0.023 10.87 C_‘Eﬁilf 1(7)1
(min) EX+PL 0.041+.0.023 0.039+0.026 -5.13 GroupxTime 901

EX+PP: ExercisetPolyphenol, EX+PL: Exercise+Placebo.
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Table 5. Changes in cardiovascular response during exercise in two groups (meantSD)
) Time
Variables Groups A% p
Pre-test Post-test
EX+PP 72.6£9.4 73.749.8 1.49 Group A71
HR .
beats/mi Time 510
(beats/min) EX+PL 78.548.1 75.5+6.8 397 GroupxTime 159
Stroke volume EX+PP 73.5+14.8 75.5£9.9 2.65 Group 879
| Time .824
(ml) EX+PL 75.8+132 74.5+11.5 -1.74 GroupxTime 347
Cardiac output EX+PP 5.240.7 5.540.7 5.45 Group 247
L/mi Time 770
(L/min) EX+PL 59413 5.6+1.0 536 GroupxTime o0
Systolic blood pressure EX+PP 141.6+6.8 134.744.5 -5.12 GTZSIIE .g(l)z .
(mmHg) EX+PL 148.0413.4 146.3+13.8 -1.16 GroupxTime 068
P -
Diastolic blood pressure EX+PP 87.3+3.5 83.242.0 -4.93 Group 002
Time 400
(mmHg) EX+PL 88.745.7 91.345.5 285 GroupxTime o000
i - o
Mean arterial pressure EX+PP 105.4+3.4 100.4+2.4 -4.98 Group 003 )
Time .020
(mmHg) EX+PL 108.5+7.0 109.747.5 1.09 GroupxTime o000
Total peripheral resistance EX+PP 204432 18.542.7 -10.27 Group 916
i Time .186
(mmHg/L/min) EX+PL 18.843.5 19.9+2.8 © 553 Group*Time 000
EX+PP: Exercise+Polyphenol, EX+PL: Exercise-+Placebo. p<.05, “p<.01, ""p<.001: Significant main effect or interaction.
"p<.05, "p<.001: Significant difference between pre-test and post-test.
p<.05,"p<.001: Significant difference between two groups.
Table 6. Changes in blood vessel diameter and blood flow volume during exercise in two groups (meantSD)
. Time
Variables Groups A% p
Pre-test Post-test
Blood vessel diameter EX+PP 0.396+0.045 0.4030.056 1.74 (;zlep -(213421
(cm) EX+PL  0351+0.060 0.364+0.062 3.57 GroupxTime 693
Blood flow volume EX+PP 0.107+0.065 0.112+0.053 446 Group 0430
' Time 147
(Vmin) EX+PL  0.095+0.033 0.0970.047 2.06 Group*Time 846
EX+PP: Exerciset+Polyphenol, EX+PL: Exercise+Placebo.
"p<.01: Significant main effect or interaction.
b 33, 3T 47E, V0,0 60% FEZ AL AARE o2 T AT A A FAAF Ahe HERAT EREE
A3t SBP7t B+t 4.5mmHg A E otal Haisto] o] Ito] A 9] R-913t W37} YERA] eQkthal B 13t Collier et al.(2011)9]
e} thas ZpolE HSITh o] AFolA L thE EEg dRo] gle A, 223 A 508 hdes s FEE 1,300meS 45
20~3009] FS AL YOR stol, thi F /1% £F HA 7o) HAAR 2% BREE L IR fo% WPt et
£ 3 Zo] SBPo| RJ7t MRS EoHiA] 27t ol F shuetal UA] QFFTta B1gk Odai et al.(2019)9] 917-9F ARt} o]

Bt

S, o] AFoAE FAtALSEI EYHE 4FY 53 A7t
FgA A AT FRF Hgo] Fogt TS vAA Zoh
o} ol BAA 18l dgets 40~604 FAT 9GS dade
2 fALEEE 453 3 33, 319 308, VO, 65% FEE

kjss.sports.re.kr

T A B LBl AT 20~30H] A4 AR B
didez APPte HolA ot Al SHAZ L RFAA 72
T 7lAdol BhpubA] oktta EET, FF 2 A¥SS WY
Z A7 EHs AFEE S7HAIA AASke] A HE
Wsol MA= 9FE FE5te T4 A7 84"
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Table 7. Changes in vascular endothelial function in two groups (meantSD)
. Time
Variables Groups A% p
Pre-test Post-test
Blood vessel diameter EX+PP  0.435£0.046 0.43920.052 091 (%?r?ep (5)22
(cm) EX+PL  0.399+0.044 0.389+0.048 257 GroupxTime 136
Blood flow volume EX+PP 0.014£0.108 0.17920.127 92.18 C;f;f gé
(Vmin) EX+PL  0.11240.056 0.119£0.060 5.88 GroupxTime 401
%EMD EX+PP 11.944.7 16.1#5.8 26.08 Group 000 "
o Time .000
(%) EX+PL 6.9+4.0 8.4+4.8 1786 GroupxTime 075
EX+PP: ExercisetPolyphenol, EX+PL: Exercise+Placebo.
""p<.001: Significant main effect or interaction.
Table 8. Changes in physical fitness in two groups (meantSD)
. Tests
Variables Groups A% p
Pre Post
. _ Grou o6
Grip strength EX+PP 47.8+7.6 473%5.7 1.06 o ep o
(kg) EX+PL 413470 41.9+6.0 143 GroupxTime 365
Sit-up EX+PP 31.5£10.8 342484 7.89 Group o4
; Time .015
(times) EX+PL 29.549.9 31.74103 6.94 GroupxTime 212
Sit-and-reach EX+PP 45£11.0 6.2+10.1 274 GTf;lf -(1)‘112 .
(cm) EX+PL -0.548.4 1.148.7 14545 GroupxTime 998
VO.max EX+PP 43.9+3.46 44.242.96 0.68 Group 257
(mlkg"-min’) EX+PL 43.5+4.82 44.5+4.3 225 GroupxTime 226

EX+PP: ExercisetPolyphenol, EX+PL: Exercise+Placebo.
"p<.05: Significant main effect or interaction.

52 LS 43 A 255 HR, MAP, 1181 COE ¥
0 g Z7MA71tk(Shepherd et al., 1981). A4 A= 5
% CO7F S7t=l=ul F27t fIAIRt, BAE 189A= 844
9] ofslo] 7]15te] TPRE] A5 o2 It gt @Y Aol U
B 259 FA/3E s 4= 17 "iZoll(Choi et al., 2013) o]<+
22 AL siEst7] fIgt =go] F sttt
o] AolA 20~30t] BAL 1EY FAE HIoE f4A
I 2 HE AF7 A=Y 55 AEHES A= o
S AHE A9 A=T9 25F EX+Polyphenol FH9] CO7ZF
9l5}A %7}¥91a, DBP, MAP, 181 TPRo] %9314 #4H
t}. o}&8 EX+Placebo HTe CO7} §-9JoHAl T4AE AL, DBP
o} TPRo] RoJotA S7F= ATt o] A3t= 85719 = A3
£ Boto] AAL 18FA 52 T o A= EF ASS o
< & Ute AL YuoiH, ol A&t v o] E¥E A
7F HWHAEA A eNoSY Id 52 S7HIZCEHN NO9
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BEE wol1, 1 23 U Y 1NFEE NAAA BAL 118
A} A 1 AR EUS AAAZITET B8 Schini-Kerth et
al.(2010)2] A+ Aol 9la) g Ect. o] AFolA AAF 5 #4l
50| ofd A=Y 5olgte FH &5 A= ATk
o QAT A7|7re] E2ejwE 437t AL YA 255
T3 E A5 Ashed o] "ot AL dgF o F 9
o] 7} ok wekE

o] A9 5% HRY SVIlAE folgh eyt etz gk
t}, ol HAF F AAIG A=TY 259 Frr A4l %50 )

%1, &S (small muscle)iHE AHE-Sto] Aoz e A%
HhS-S H Q7] wlFolgta AR E tH(Stebbins et al., 2002). ©]
T-9] 5% COE EX+Polyphenol oA F9J5HA 5714
™ EX+Placebo Aol F2JstA AT ol& AAA
FUAE AF O =2 600mg2] WS AF A% A3 CO7t ¢
AFH9S Hrct §oletA S7HE e Choi et al.(2016)
A Ao} GA 3t T2y COZF HR, A9 &8, A% 4
A9 A B Ax, 223 T8} 5 st 8919 9Jsto] &

RIOME R o AT
el Qb

o 1
tfo

A
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g0 AYE7] g (Vincent, 2008) 25 41219} CO %
7he] $AE Hgstd] Aol Uck,

3, o] 479 AETY &5 F TR AR Fo4%
Mek7E et QA ALEAR Aol A EX+Polyphenol 3
wro] B3} @Raro] EX+Placebo el Hlatol ol8iA) &
Shet. ol 40~644] FAY TBAAE YO 400mg] EEA
2522 1257 A 23 AW D70l S5 Z7hE Ak
I BT Odai et al(2019)7 §AF8He}. Ee9%9) 43 NOY)

2 271414 BB ol BYY F, 193 BRI
Aie fEste, 1 An GeaAn R Sto] B 2
o sj4 g,

Qa5 o st

S 25 Ao S Ui EH o) FRRA, G o]
E

AT 25 =S %% 402 Alojst AT FHHE /A
She=g] 429l JE-S skh(Kruger-Genge et al., 2019). @3
1] 4| 3£ 0] 4511 TE5= NO= @29 o|gho] 7|of5tH, X
FEEC dFo R RE Eduse] a4l eNOS 243

ool NO9| A4E S7H171e 22 & Yetdth(Schini-Kerth
et al., 2010). AAS TEAAY] A5 B LAl vlsto] I
9] L7t Eob RN 7] 50| ojAl= ZOE HiEo]
(Higashi & Yoshizumi, 2004) 7]4lo] & Q 5}c}.

o] AtollA 20~30H FAE 1EY S IR 857 A
A%t A3 A, RF, 1 %FEMDANA 9§t WSyt v
ElA] ekgtom EX+Polyphenol Hwe] %FMD7} 525t 57t
H A0 & Yyt ol fAARE Y HE AFHe 53 AA
7} 3 7)1 59] jAo] 7110 & e 4= ok Bl Mg At
£ AT EH, 30~704 HASER GA0NA ZEolA FETT F
gz B9 3047 FHAR 23 @i 1] 7) 5ol A= e
B8} (Barona et al., 2012), Joen et al.(2018)2 20t A4
A TEY FA0NA 2537 2K FEEZ AFAX A v
’15‘ ] 30% ZHA = Acka Baske] o] At A ARt

e A= *““/]nﬂl"‘ AF7F NO9 AJ4tskat A o] 8&8S

} ]5‘5] FHY 1752 /HAAIZIGEAL §F Yamagata(2021)9] A
ol oJsf siAd &= AUct.

SHH, o] Atoll A 857t &5 A2k oF AAE gk EX+Placebo
@'ﬂ"’ﬂHE %FMD7} BAIH 02 |93t H3lE HolA= ZHAT
17.86% 718 Z 02 Yepylth. o] A3 Fofo] 85719 4tk
+5 AAE YT 7] 59 iAo dF FAATGL T 4= QU o]
= 89L& o= 6711t 3 33, I9 607, VO, 50~65%
O A2 FAAL-E-Z AAISE A3t %FMD7F f-9JotA S7H= Atk
I 13} Feairheller et al.2014)9] A+ Ao} At o]4t9]
W& Jeistd, A LEYAE o2 AAohs f4taes
Edo|d-2 dau7]59 iAo E&o] EH, AA] 7|7t F &=
Y& F71E AFche A2 HWE 7Y Boh 2 7o 3dgt

=22
o ¥ 4 k.

oH. OlN _,

ofele RSl 2 WA e AERA A% S B
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otz H -85HA €851, TEFAY otgol HA PR H]
sta] o Ao 2 Yt (Mainous 111 et al., 2015). A3 At
(Seong et al., 2020)9A = FAAL- 5T oF2lo] ATAH L =01,
FHa FF 247 307 o)A FAE fAAEE Be A7 158
oY IRE FAAR TS AT AAEE S AHS 1 49
ol Uehyitty B s it o] dtoA= 83t 5 3Y, 3T
3089 B FAAR S AAIste] 429 {3t S HolA|
2 A0 gk,

AEdor|7le 2AF+ES Brlote A #;olth o] AfoA=

AL S AAIRE & Yot BRoA [ao] R} Al7]9 =
A7 FYSH YEHHT ol 4377 5 43], I9 308, HRRY
40~80% F=& EF=UONA FAtLR-5E AR Hde] ZAF
o] FoJ5tA A=Y= Maniazhagu et al.(2011)9] A+ 2
Frel AR, QoFSIEH o 2455]7]= RA8E S & U=
A 3ot} o] A9 F Jo HEFoA |OJ5t A[719] FaI Y
Bttt} o= 200 FA8E LR 637 F 43], 1A E9 FAE
252 AAIRE A} A FE o] folotA FAEATT Bgt
Ko(2020)9] A+ Az} AA|gtet. o] AollA 853 AAIGE fAF
220 FATLEH A4 FE FESIIoU, =Y
AFol o2 F7HA Q1 P2 HEEA] gttt

AHATEE A&H 0 R 25T § U= 5H2EA] o] AoA
£ YMCA ~2HHAEE 55t0] VO, & 1H S35t 24l
AL VO, 5 T Isleyen & Daglioglu(2020)9]
At It 2EHA FEE0) HFC R RE EdHE0] 2= NO
& S 2ot et Akt At 4ol 38 T2 S
Gupta et al.(2020)9] 9+ A2Hg EH R o] AFol|A = /o] Vet
g A0R 7=} 2=y o] At F JdoA VO, 7t F
e A UEigS # A9 a5, AI719 Fad 9 gt A

719] 5280l |ofstA YeA] got §-ofgt ol il 4
2 4= Qltk. FF Bk AR 7|7, 259 FE AIRE, 18 &
Fuls AHFS S7HIA AAsto] A tigt a5 FH5= &
& A7 83 H

2E

o] Ao 85719 fALLSTT Bl HH/L AAY 1
A AT, YA 2FF ABBIS, BB, 17
T A A FFL FHHLA SAAE. £F AA} Belsls
432 ¥ EX+Polyphenol AT} &5 A9} SJFHAES &
EX+Placebo FHOIA A& A2E aokste] A s et 2k,

1) QP A] EX+Polyphenol J©e] SBP7t 3-25HA A E ATt

2) A=Y 5% EX+Polyphenol I CO7F w9514 S7F
=913, DBP, MAP, 181 TPRo| f-2latA] A= 9t A=
% 5% EX+Placebo AT CO7ZF F-YotA AA= AL,
DBP2} TPRO| §-2J5HA S7H=] .

3) @31l 7] 52 #esto] EX+Polyphenol Jw9] %FMD7F
Yot S7H= Tt

4) EX+Polyphenol 393 EX+Placebo FH9] S50 7]7|7k
fostAl S7H= AL, EX+Polyphenol F¢9] grolsiEst

o
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233]7] 7]|=0] AREHAF A|Fof| A EX+Placebo Htol v]5}
o o5t &9ttt

ol’fe] AuE Fstko] 853 HAIR FAtaE-E0] 20~30T H4
BAE LEYAY] AAT, A 5T AW, 1

E9uE A7 B 25T Y A4, 293 s
o ol ° 2A TR d8AS 5 Ao FF AAY 1
AL tder ot 39 25 Ao ot HHEH A
H Ne 483 Eevle AAE Y <A77t 839
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83710 QMASET} Za|= M7t 7Y THAK)
OPHAIRH 255 MBBISTH PN S0 O|Xl= B

[54] o] A9 H£HL 87710 fAAR- 53 Eduls HAH7F AAE TEAAL AAT, AL 55 HE
HWeES, @y 7]s, 218 Ao vz Y 8ok Aolth

[F] 20~30t) &3 A TEEA 2885 HAtbh-Es+E2 e A5 AHEX+Polyphenol Hehz}t f4k4
B+ H HAHEX+Placebo Feh)oll 1484 4 g5ttt EX+Polyphenol Heo] tidA= 853t 3= 33,
I 308, A A0 65% AER SAALES AAElg, AA] 7|7 F Y oF Zvis(REH —‘zr-;-:?
300mg)< AF 3ttt EX+Placebo HeHe] tidAt= 52 }71] A ES AAITIA T, EE s Al Yok
Hotoioh. AP AL AFEH AL A 7 S5 1S S75% & b, 1] A]7] Zhof] Ml A 5HITE
[Z3}H o] A+9] 8 A¥f= th33 Tt 1) SBA E +P01Y13heD01 9] SBPeF MAP7}F F-9J5HA AH UL,
EX+Placebo Htte] MAPE G295 ZAaEdtt. 2) =1 5% EX+Polyphenol &9 CO7} {9514 &
7FE]Q1aL, DBP, MAP, Z18]3 TPRO| F-9lotA] A Elth. RETH 255 EX+Placebo HE2] CO7L f2J5HA
#AEAL, DBPLE TPRO| |-95tA S7H= it 3) E¥hix 7|53 d-ste] EX+Polyphenol T %FMD7F
95t A 7= et 4) EX+Polyphenol ¥ EX+Placebo HT9] SIEU07]7] 70| F-oJstA S7H=EA L,
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