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PURPOSE This study aims to investigate the effects of a 12-week equipment-based
Pilates training on physical fitness, cardiovascular function, and vascular endothelial
function in obese middle-aged women. METHODS Twenty-four women, aged 30-
40 years with a body mass index > 25 and percent body fat > 30% were randomly
assigned to one of two groups: the Pilates training group (TR; n=12); and control
group (CON; n=12). The TR participants underwent three 50-minute equipment-
based Pilates training sessions per week for 12 weeks. Participants in the CON
maintained their normal life patterns for the same intervention period. Variables
regarding physical fitness, cardiovascular function, and vascular endothelial function
were measured and compared pre-test and post-test u a two-way ANOVA with
repeated measures. RESULTS The main results of the study were as follows: 1)
Regarding physique and body composition, participants’ body weight, body mass
index, fat mass, percent body fat, waist circumference, hip circumference, and
waist-to-hip ratio decreased significantly in the TR. 2) Regarding physical fitness,
muscle strength, muscular endurance, flexibility, and cardiorespiratory endurance
increased significantly in the TR. 3) Regarding cardiovascular response, SV increased
significantly in the TR. 4) Regarding vascular endothelial function, blood vessel
diameter at rest and during vasodilation as well as blood flow volume during
vasodilation decreased significantly in the CON, resulting in a significant interaction
between group and test in FMD percentage. CONCLUSIONS It was concluded that
the 12-week equipment-based Pilates program improved the physical fitness and
vascular endothelial function in obese middle-aged women.
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Table 1. Physical characteristics of participants (meanzSD)
Groups TR CON
Variables (n=12) (n=12) P
Age (yrs) 41.25£3.31  39.92+2.94 308
Height (cm) 160.88+7.29  159.88+£5.50 .708
Weight (kg) 70.87+7.10  73.04+£11.25 577
Body mass index (kg'm?) 27.4142.45  28.52+3.73 399
Fat mass (kg) 25.03+4.07  26.25£5.95 565
Percent body fat (%) 35224333 35.63£2.50  .732

TR: Pilates training group, CON: control group.
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Table 2. Pilates training program
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o] time average mean velocity (TAMV)E &% o]-ﬁgu:], AFF
S AHEstth @31)7]s HAHflow-mediated dilation: FMD)
F 2EF 84 2~3cm ARl YA otz 5 Aol AZ(cufhE
AHAFI 200mmHg 9] & Fof 5E7 %%3 HAS & cuffE
]7-]3}51 OF 10& 7HA 0= 28 59 &5 4 U probeE W
T @A H REEE St FMD(WE AFESHl e, A
TA1L k23 Zth(Bots et al., 2005).

» FMD(%) = (B2 37 - A F7) + AHA] A3 x 100
Ahd Az g

gt A FAeo] giAAE 1257 Uzun & Demir(2020)9] =271
AL Faste] 4% 719t detH A Edold TR0 ojst
AhFigure 1). 3F 508(E0]| &5 58, B2% 408, AL 5
), F 33 AAotdt 54Tl 448 Yot =59 =4
ARl BEE A 3oto] A ZFOZN thfdt 25T Het 2
‘4513 9 xqto] FHYSHA ARRE o] 2 Borg RPE scale(6~20)

< Hgoto] FHE2 11, 252 13~15, 181 s
1022 AA5HAtHArney et al., 2019). A2 EFold ==z

Fig. 1. Equipment-based Pilates training

Program Exercise .
(Day) (duration) Movements Intensity
Warm-up (5 min)  Stretching, Jumping (Bosu), Standing Roll Down, Imprint, Hip Roll RPE 11
R:??;ir Main exercise ~ Foot Work (Parallel toe, V feet, Wide), Feet in Straps (Frog, Leg Circle), RPE
(lli/loi day) (40 min) Bridge, Pelvic Lift, Standing Position (Lunge, Abduction, Adduction, Squat) 13-15
Cool-down (5 min) Stretching, Standing Roll Down RPE 10
Warm-up (5 min)  Stretching, Jumping (Bosu), Standing Roll Down, Imprint, Hip Roll RPE 11
. . . Mermaid, Mermaid With Twist, Cat Stretch, Torso Press, Triceps Seat,
Chair program Main exercise . . RPE
(Wednesday) (40 min) Arm Press (Triceps, Alternating, Swan), 13-15
Y Leg Pull Up, Frog Front, Press Up Front
Cool-down (5 min) Stretching, Standing Roll Down RPE 10
Warm-up (5 min)  Stretching, Jumping (Bosu), Standing Roll Down, Imprint, Hip Roll RPE 11
Reformer . . Arm Down, Curl Up, Hundred, Single & Double Leg Stretch,
Main exercise . o . . RPE
program (40 min) Reverse Abdominal, Sitting Arm Work (Biceps, Triceps, Row) 13-15
rida own Stretch, ee , Elephant, tretc
(Friday) D Stretch, Knee Off, Elephant, Up Stretch
Cool-down (5 min) Stretching, Standing Roll Down RPE 10

RPE: ratings of perceived exertion.
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92 (Table 2y0l AIAIE vieF 2}, Aate| A HE ZFAF 1910] Alo| JHF AL
PR} 4~60E BA] ALt o, detg A EFoly A7HES
99.15% Tt A2 717F T BE A Aol dHHE A e ot f-A5
F AT BE AA] 717 F BAAA AASsTH AE5TE 7A 7] fl5ke] APAHAL A A 2] 652 A0l A] three-day dietary log
SlEE Aot on, BA Jo2 1257 5EE 4] glo] 5 18] £ o]&3ato] UALHFE RACHAT. AFE FFB7 =2
A9 BUEHS o gkt g, F I3 &5 9 A H(CAN-Pro, version 4.0)& o]&sto] 4 FoHAHALFS &
AE5FS 71504 3t AL & A9 At o2 wdr Astlon, Aypdoz = Hok 7k xjo] 9 A|Y 7+ Z}o] 7} o5t
Al ebA] QEFtH(Table 3).
Table 3. Changes in caloric intake (kcal) (meantSD)
Groups Pre-test 6 weeks p Ag A Y
TR 1,751.36+337.01 1,743.63+279.78 939 )
o] 19l A¥= SPSS PC* for windows(version 25.0)% #4135}
CON 1,827.69+483.48 1,759.94+505.78 638 At 7|SEAES Wi (mean)T EEH2Hstandard deviation:
TR: Pilates training group, CON: control group. SD)Z A A5ttt & At 7+ B 2ol F A7) 7k Bt Zpo]
Table 4. Changes in physique and body composition in two groups (meantSD)
. Time
Variables Groups A% p
Pre-test Post-test
Body sweiah TR 70.87+7.10 67.57+7.54 " 466 Group 276
© {kvgv)""g t Time 004
CON 73.04+11.25 73.99+11.18 1.30 GroupxTime <001 .
Bod . TR 27.4142.45 25.95+2.33" 533 Group 136
© zkngl.arsns,zl)n x Time 002
CON 28.52+3.73 28.73+3.65 0.74 GroupxTime <001 -
ot TR 25.03+4.07 22.58+4.60 979 Group 208
a(k“g‘;’ss Time 004
CON  2625:5.95 26.9746.35 274 GroupsTime <001
TR 35.2243.33 33.19+4.00 T 576 Group 212
Percent body fat . Y
(%) ) Time .012
CON 3563250 36.08+2.92 126 GrowpxTime <001
TR 41.8443.95 41.1743.76 -1.60 Group 477
Fat-free mass .
(ke) Time 247
CON 42.68+4.89 42.87+4.53 0.45 GroupxTime 044 +
o TR 95.17+7.23 88.80+7.10% " 6.69 Group 113
Waist circumference . -
(cm) Time .001
CON 95.28+5.80 97.524+6.61 2.35 GroupxTime <001 e
o TR 102.75+4.99 99.42+4.43" T 304 Group 131
Hip circumference )
(cm) Time 123
CON 104.16+7.12 105.56+7.26 1.34 GroupxTime 001 ++
TR 0.93+0.04 0.890.04 430 Group 485
Waist-hip ratio Time 018 ’
CON 0.92+0.36 0.92+0.03 0.94 i+

GroupxTime  <.001

e

TR: Pilates training group, CON: control group. ‘p<.05, “p<.01, ""p<.001: Significant main effect or interaction.
p<.05, "p<.01, "'p<.001: Significant difference between pre-test and post-test.
p<.05, ¥p<.01: Significant difference between two groups.
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£ SAl0] AE517] Ydlo] vrE o] W EE A (two-way ANOVA
with repeated measures)& AASIH T Heke] a3}, A|7]9] F
iﬂ, E= JaTt X719 Jazkgo] -rr«]?i 7<">—°r ZF A W F Al

7] 7+9] Aol F t-AF(paired t-tes) &, 12| ZH A7) ]

O

A7 Zh

5, AAZA S, ALY, AATE, ALY, sf=E, 970l

=, 221 SR g ol HleolA Fe A1719] JeA-gol #+

A

5 A 719 Apol= 51 -HF(independent t-tes) O & EAI5} OloHA Yretstet. Febe A I AlS, AAFAS, AAHF, AA
At BE FAEAY fo4E(e)2 052 AAsk WE, sElEe, d9elEd, 181 sggielEd Heol 45t
A 45 Ak Table 4). o, 1B 0717, GolsiBeto 23]
Table 5. Changes in physical fitness in two groups (meantSD)
Time
Variabl G AY
ariables Toups Pre-test Post-test & ’
. TR 26.03+3.36 30.0842.53 1556 Group 568
Left grip strength . r
(ke) Time <.001
Rioht otin strenth TR 26.73+3.78 30.66+3.06 1470 Group S10
ig gzll(;; )s eng Time <001
CON 27.00+£3.18 28.57+4.59 5.81 GroupxTime 090
si TR 8.67+7.47 20.17+12.38" 13264 Group 251
(r‘e;;‘)’ Time <001
CON 9.75+7.78 10.25+8.97 5.13 GroupxTime ~ <.001 -
. TR 8.5448.08 14.75+6.72" R X)) Group 296
Sit-and-reach . -
(cm) Time .009
CON 8.7449.05 7.42+9.54 -15.10 GroupxTime ~ <.001 [
Maximal oxygen TR 29.93+2.34 31.8142.46" "t 628 Group 051
consumption Time <001 7
RIS B |
(ml'kg”-min™) CON 28.514+2.67 29.12+2.60 2.14 Group=Time 025 +
TR: Pilates training group, CON: control group. 'p<.05, “p<.01, "'p<.001: Significant main effect or interaction.
“'p<.001: Significant difference between pre-test and post-test. “p<.05: Significant difference between two groups.
Table 6. Changes in blood pressure in two groups (meantSD)
Time
Variabl G A%
anables roups Pre-test Post-test ° P
, TR 114.0049.89 112.67+11.42 -1.17 Group 992
Systolic blood pressure ;
(mmHg) Time 518
CON 113.50+8.74 113.08+10.26 -0.37 GroupxTime 134
o TR 78.25+7.72 76.58+6.50 2.13 Group 565
Diastolic blood pressure .
(mmHg) Time .168
CON 79.33+7.22 78.75+6.85 -0.73 GroupxTime 500
TR 35.75+6.72 36.08+7.23 0.92 Group 470
Pulse pressure .
(mmHg) Time .838
CON 34.17+4.73 34.33+6.18 0.47 GroupxTime 945
, TR 90.17+7.90 88.587.76 -1.76 Group 723
Mean arterial pressure .
(mmHg) Time 215
CON 90.72+7.43 90.19+7.61 -0.58 GroupxTime 530

TR: Pilates training group, CON: control group.
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Table 7. Changes in cardiovascular response in two groups (meanzSD)
Time
iabl AY
Variables Groups Pre-test Post-test o p
TR 64.68+7.71 63.5545.94 -1.75 Group 793
Heart rate .
(beats-min'l) Time 750
CON 64.56+6.15 64.91+5.85 0.54 GroupxTime 550
TR 61.92410.17 68.1545.55 © 10,06 Group 290
Stroke volume . T
(nl) Time .024
CON 66.78+9.76 66.94+8.90 0.24 GroupxTime 030 +
. TR 3.99+0.71 429+0.56 7.52 Group 456
Cardiac output -
(E-min’]) Time 187
CON 4.29+0.60 4.32+0.49 0.70 GroupxTime 274
. . TR 23.29+4.62 21.00+3.76 -9.83 Group 408
Total peripheral resistance Time 136
(mmHg-¢"-min™) :
CON 21.38+2.15 21.03+3.03 -1.64 GroupxTime 251
TR: Pilates training group, CON: control group.
“p<.05: Significant main effect or interaction. 'p<.03: Significant difference between pre-test and post-test.
Table 8. Changes in vascular endothelial function in two groups (meantSD)
Time
Variabl G A%
aniables Toups Pre-test Post-test ’ p
. TR 0.308+0.027 0.303+0.028" -1.62 Group 020
Blood vessel diameter . T
Time .015
at rest (cm) «
CON 0.349+0.041 0.334+0.044 -4.30 GroupxTime 173
TR 0.033.£0.019 0.022+0.024 -33.33 Group 946
Blood flow volume .
at rest (0-min™) Time 097
CON 0.032+0.015 0.023£0.015 -28.13 GroupxTime 876
. . TR 0.352+0.037 0.354+0.033" 0.57 Group 109
Blood vessel diameter during . -
vasodiation (cm) Time 008
CON 0.394+0.048 0.370+0.053 -6.09 GroupTime 002 o
TR 0.0700.034 0.0720.036" 2.86 Group 191
Blood flow volume - A
during vasodilation (¢-min™) . Time 023
CON 0.124+0.080 0.075+0.064 -39.52 Group=Time 014 ;
TR 14.4248.16 16.90+8.37" 17.20 Group 158
% flow-mediated dilation Time .870
CON 12.90+5.43 10.77+5.13 -16.51 GroupxTime 043 v

TR: Pilates training group, CON: control group. ‘p<.05, "p<.01: Significant main effect or interaction.

"p<.05, “p<.01: Significant difference between pre-test and post-test.
*p<.05, ¥p<.01: Significant difference between two groups.

7], 183 VO,max°lA et} A]7]9] 45 2H8-0] f-2o51A etk
o} dapel A o] ebe, 9949, SEYoy)y], golsiEdes
B9]7], 2183 VO,max7t 35| S7+= Y ek(Table 5).

43}t sto] SBP, DBP, PP, 183 MAPOIA {93t ¥slrt
YERA] eF9kTH(Table 6).

APII-S} Fsto] SvollA Jekat A17]19] s zgo] 39

Korean Journal of Sport Science 2023, 34(1), 001-012

s YeRdT Ed "etea Ave] syt SisiA SbE s

(Table 7).
3T 7)s3t T-oto] ]%]' | @327, @3 o]&¢A B
v% a=x D/FMD"ﬂ/ﬂ xmh‘} ]-4 A5 Aol §stA Hek

°P7ﬂ %‘iﬂ SZiE}(Table 8).
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AA3 A2 7<) At

o] A-ollA HITE FE S o R 12571 7|4 LH A AX]
St A3 A, AAFAS, AAGL, AATE, AL, slg=H,
FEolEdl, 181 PR olEd H&oIAl FTH A7]9] 52
o] Fo5tA YEhton, At A HetolA f-oJotA HaE ok

I A3 A1 E A EH, Khajehlandi & Mohammadi(2021)
= 8T oS Ao R 1253 F 33, 3 60E9] et A &
&= AAR A A5, AdFA S, AALE, 191 sggBolE
H|-g&o] FoJoA ATt Busta, S ool A 125
7+ 719+ B AE AX T Kaner & Ayer(2021)9] Ao A % A
= A=A, AAYE, ddEd, 183 Jd3ol=a7t {9t

Al F4Elo] o] A9 Axtel Y5tk o]et ®ésto] Ghazali
et al.(2019)2 YA 1L SHAY &5 Fhtol7] Hi&
o thAkeZ S7HA1E &= Akl Bastglon, o] A|&H 0= 4
Pul= Letel A 5 2ol 2 YA, el W 2 A
W i AbeF 22 AXAL B8-S DA UERE ol 7
skoitk. o] AFoM = 7175 E-8&F AE4IS(core muscle)
I 259 A= Bl AXRAF F217) Oﬂq;‘] o] FA A<
HILE R £ e SET AYSE A= ATToEN AW
EH’\% S A AAFY RS RET AoR M. F

Aot A 5 F3 %9 oA AnlEF AejAE, 121 g
E}EV\ EdoldS S oY A Avg} AhAbge] ¥akE &
AH o7 FYst= A7+ 8ot

o] A-tollAf £ oot FIE UARE A AF Fofet 5
7He YERA] ekt o]ef #&ske] Savkin & Aslan(2016) H]gt
F4 AGE0lA 8F3t 5 33, 3G 90+ HetH A 52 RPE
11~179 A= A5 A7 A5, ADFAE, AAYE, o854,

121 s JFolEd Hl&ol FstA Had W, AR FeA
= Fot Hshrt glokal Barsto] o] Aot fARE AXE H YT
o] AtollA Fete|A k] ARl f-oJ5tA S7HEA] - o]
2} #=ste] Campbell et al.(2007)2 574 Z&4lo] 2HAY
& A o] A7 Za s Tl S Sakagol 344
2l oﬁc}'*o— u|A e, 27159 4, 2183 AR STl 71

& 4= lokal B89, Fielding & Parkington(2002)2 A 343
o°ﬂ Ot AALFY F7HE Pl M2 E5Z T4 -?45]'01
1.7g/kg/daye] @& Z7} B o] W Qsiria 451} o] A
o= Tid o] B3-S I3t o] HX|7} o] Fo]X|X] o}, -c%
T &g o]g}Ago] FTFE O RN 59 £4o] fEE o] A
o] Z7tetAl &2 A0 & sfjAd &= k.

é

5
o &

_9.

S ECEE!

o] AFolA= vtk S 4GS o E 12571 7|7 A E
#lojdo] AZA| 2 (health-related physical fitness) 81°] 1]
FFE Fst7] HAstel 29, 2AFE, FA4, 222 AHA
g5 Atk
<99 7S flste] % o= 9] - At A @‘3}94 s
23} Sfgo] FofstA S7rE AL, SA Aol = FoJet Hst

- l‘ll‘
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7} VbR ekgtth, Kao et al.(2015)2 1257t Date A Edoly
= AARE 23 9 o449 o] FoJ5HA S7HE AT Halst
of o] A7) A} AA . 0|9} ¥ %O}C’q Phillips(2000)=
71300 AA AR YLES A 241749 BAdstet ol
7115te] Zo] FgETtI At vf e}, of AtollA AAE 7]
7 e A 250 Ef’g’ﬂﬂ A= AFEeol 28 Fe &
=3 Aoz sjAHT, 53] 2T glo] 2o F4E Ae 4de
o 241749 2457t YEs= 740131'3’- e

AT B7HE stel 24T SIELL ]714 3% e A
Aol A FolstA F4E Wi, A ol Fogt "avt »
EftR] ¢kottt. Kloubec(2010)2 125°7F %ﬂ'Eﬂ— Edgo
ARt At S ool Aol {olstA FAE AL H g
Qom, I A9] A4 core muscled] & T 7T HYEE
A eEES 253 ol WHESH] wio] 2AF- 9] Aot &y
Zol2tal skt o] ArollA AAIRE 7] FetH| A9 whe 5
F(&AG 15~203], 2HE)7F 2AFE e FEA71710] 2L
At =Y, datg A FE9] E44) core muscle®] FZ52Q1 Edo]
Y2 &3l E5 2] FFEo=H ZATH Y Aol 344
Sge 2 Aoz Berw

A4 B7HE fIstol % eorslade2Es]7]9 49 2

el A HeboflA folsiAl FAE wh, A Feold e ARdEAr
] H]sto] oF 15.1% A5t RS2 Yeth Kao et al.(2015)
257 BEtEH A& EdoldS AARE Ax 49 o449 At fAA

r°1'

(trunk flexibility)o] -9J5}A] &71%]ictal B 11slo] o] 9] A
ot A5k DA 53 F AEHA AAE HT o Az
A@E, =, DI 5o AEHH EHol ZA|77]He] E4
Q}Qﬁ o|Z 9lsto] 7zt 87t 54 AA EE L2 19

Sl oJsf BAFE Y AolE AASHA EHH, o] ZojA
= %EO}OE] SAAo] °J*J’%1:]'(Phrompaet et al., 2011). o] 4+
oAl AAgE Chair Z2IJ § AEH AL FE5H= Mermaid®t
Cat Stretch 59 5&0] ALY Fdoll TAT A& ekt

AE A+ YIS 8] YMCA AHHAEE 8519
VO,maxg ArE3%h A7 Babe| A Jdo A {951 F/6.28%
S7h4E wH, BA JdolA= |93 M7 veubA] ghgtt
Na et al.(2010)& 1057t & 43], HRmax 50~70% Z=2 "z}

Bl A Ego]dg AX|gt Aat oY o] AHA Lol |-ol5HA I
A QT R A5F AL, Rayes et al.(2019)2 837t H|¥elS o
do= detd A Edfoldg AAIg A3 3] I A (ventilatory
threshold; VT)ollA Q] AbAAH]ZF, VTOA Q] HR, 18|31 VO,max
7t Z7FE Aok Baskelnt o] Aol E 53 EE RPEY| &
Astol AAs37] ol Aotz FAIN, o] AtolA HAIE

717 BHHAY] EFE7 AHAFE O el B/t FEo|
F&o| ottty woE of&e A AHATEY
FAZ ANH 0 R Fhots AFHA AAAR S-S ofHA[R
ZHe| A Edlo]dE Boto] FgE LI ZA o] HHAE e
ol 3FARA JFS vHS AL A Hr

o] wst

d Oqﬁo] 7t et ASEY, @99 S AEad
ko] e HEHATOZ A3 AFFES =UtHHadaegh et
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al., 2013). TehA] EoE A 228 2Hste A2 Wie T2
stH, 1 24g fIsto] HF2A 5ol 7MY B4 ol gkl
Holth(Fagard & Cornelissen, 2007).

o] A9 &+ ot oA SBPL} DBPO] -]t ®isk} vrefLt
2] ¢Fket. o]k I Ske] Ahmadi & Mehravar(2019)+= B]RF of A
2 o= 857t F 33, 3T 60%-2] et A EFoldS A3
A7} SBPeF DBPY] #oJet Wsk7F Yeh Al okthal B sl
Ali et al.(2010) H]5F oo A 8527t Pt A EFoldS AHA|gt
7:'4 AAT3 A Fol fofatA Zi4lE R, SBPeF DBPojA =

R HSF YERR] ghokthal B arsto] o] 4o} WSt QR
71-1—]’~ E&5F9ich vhA, Martins-Meneses et al.(2015)2 18 %
Z4 L R 1657 F 23]9] Hete| A EfojdS X
e+ A3} SBP9F DBP7F -25HAl AAH AT B8, Jang et
al.(2013)Z =81 o gollA 1257 = 33], 3] 6022] Hete A E
glold& HAgt At SBP7F 125.76+14.28°014] 119.17+13.298
FYJ5HA HAE Tt Haske] o] Ate} thE A3 &SI

At Avte 495 vusiEd, e A Egolido] 1ES
A T AR TEAAY E Faole ol AR, HA dok
9] A S Aot a7t AgbAolga A 4= et &, o] A
TolA Y BHst SAZCR FT HIF UEA] gk
olf+= WA E40A 2 4 qUth= Zolth Fagard(2001)
= P8 Al @Yol =2 AFEYSE 50 E QT Y9 TAR
o] Atk FATI o, o] Ao Fofgtk A tiFE AP A
AL Aol A 284 EoE 2ol o, ofd et FAE 1A E
= 1Y SR Hls) AA] 7|17t Wt EF Aot A 7 Hot7]
o= olEHd Ao ® wetdrt ey BEE A Joe] 49 SBP
o} DBP7} AP ARl HGke] AREZHAL Al A 242 1.33mmHg
9} 1.67mmHg F4E FZ 1T uf o] A4 AXgt 7]+ F
e A Edolido] A@#7| 51 HE H 84S A5 THs
gol & A& Hed 5= AUt o]E Aok LA EA Baster-
Brooks & Baster(2005)= SBP2} DBPS] 2mmHg @47t HEF
A= 42 14%2F 17% FAA 719, BT d-Z 242 9%
ot 6% FARAIIT I F7435E v Stk 3% 1 EdA Be AL I
ARE o2 7179 BEE A EFoldo] el nAl=
B FHote 5 A7 a3 Hh

AEPrg o] s}
9 o0l A3 AR5 AW} et 4R

A1 JFE v A AL, o]=

FoHGuarino et al., 2017) =
7] st e A e FA @Eu HR, SV, CO, 283 TPR
< &4skelen, 1 ﬁ-‘—]‘ ”JE]'Eﬂi @‘i‘r"lﬁ SVe] {oet &
BT ditd oz 25 Ego|d Y A 473849 v, A2
5499 371 191 zé“—ﬂ‘ﬂ 3| A=Y S7toll 71%1sto] SV7F 57t
HE Aoz F#A tkMagder, 2016). o] A2} 717+ Dt~
2% F standing positionoA] AAISE ThFet SHA| A &5
< Boto] BUE 3] S7HE 2N SV {3t S7HF UE
W Ao g sfA =)

SHH, o] oA HR, CO, 1# 1 TPR2 BAHOE FoJst ¢
£9] ®isk= of AW dete A o] Al HRIF TPRY 57

N olr L2 =
O|| —|E ‘-E’
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s
)

AAEI, CO7F F7 = Aol UEh
= &oto] ARl 38ARA FFE VIX
W Suna & Isildak(2020)2 242 s} u]at
2 gigo® 837 F 33, 33 60, HRmax 40~60% Z=9] 7]
T FteE| A 2 O AR A7 P A] HRol R oHA HaE
oty H 15k, Trilk et al. (2011)2 H|TE o] & o2 4
7+ F 33]9] AnE QY EHo|dE VO,max 50%= A X3t
A3 HRY| |93t 74, sve v—f]?l' €7}, 831 COE F7Fehe=
BEE BI5Hgith o] AtoAs At A% Aot g 25 T
233 544 F3% X EQ] RPEE &850 254% 715& &
SHAAIRE A A A Lsto] SHAER FAD 4= sl oo
el A8 A5 Zo] M= A Bl 0= siMHnt.

It o2 AETA /AR Hsh= A _AE o|v] H{o}

I JAY AEa7]50l ool Sl AelAA B A YEhdt. o]
Aol e A7 50l A7 Sl WA dite] BAH L
2 {93 7iAdo] vrEhA] kAR, e WRloflA A== A
o] et Mg 18 off o] Aol HA|g 125719 7|5+ Bt
Bl A Edo]do] 4@V ]59 7iAe] 38T 7Hs/do] A= AT
39 5 Ak

=)
iC)

H& EFo
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€

& 9o
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=
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?_
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Hvhe g3 dﬁ%ﬂ' "‘_Sﬂr*é AEYAE FEAIA E ol
3t 9% BAEQ] FFE vAH, 7
T AEHEEE fdote A OE 0‘31 Qlth(Sundell, 2005). &
TR 15S B71ok7] 9gt g7t =2 HH o & FMD(flow-
mediated dilation) AAF} AFRE L Q1o o] AALS Axt= 4]
Ao =YAQl ESAAE F7EE I QIeH(Thijssen et al.,
2019). o] A7-2] B o|A| BHA, B o|¥A ERF, I
%FMDA] etz Al7]9] a5 280l fofotA Yepytor, dety|
& Hdol A d3hfu]7]so] f-YotA 7idE Ao et
7170 A4 &5 EfoldZ AAGHH, &5 F 57t €7
of 9J5to] shear stressOll BHEA0 2 L=EEHA 7FE3 @ 2
2 421 NO7F W&ol daiur]sol /== A
TitH(Maiorana et al., 2003). YutA o2 QAL L
W75 iAol aabolztal A A %7\'7‘]”} A
old &3 ¥ 7]sol aTHolg= A A8tk O
al.(2006)2 1479 S0 = AFA 50| ]‘3]' =4 o449 %FMD
£ 37HIA U759 AfAdo] Fdskickal B skt
a7 5ol gt AFEE EdoldY At A A
= S A E 9l Wong et al.(2020) B]TE A9l oS
g g 1257 Zetel A EfoldS A& 43t 5 NO«] -
27} f-9letA] Z7tEQcky B sty on, 3hfn )5S Hrtel
7] 915 ZHHA #1 NO7F 57He A2 a5 o] 7iAE Aol
21 Aok o] AolA= HE NO9| A& A3 S4oHA
= AUAT, %FMD7E -2l 5HA WA E 7142 12539] 7] Fet
I~ EdloldS &5te] NO7L S7HE 224 a7l sol &4
=o] yehd Aolgtar sfAT 4= Qlrk. o] 3] W&S S B,
2 AFoA= T o]t A B E EH ol A ARTFOIA
19 A5 A-go] fostA HetHa, SA-TA §Y
SHA 4" S 1 o 7|9t et A EfloldS Bt E
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