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Received 2022.02.25. PURPOSE This study aimed to investigate how a 10-week online live Pilates training held
2‘::;5;‘15022022'256;62'2 during the COVID-19 pandemic affected body composition, cardiovascular function,
R and physical fitness in sedentary middle-aged obese women. METHODS Thirty obese
women, aged 30 to 49 years (BMI : 25kg/m2 or more; waist circumference: 85cm or more)
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who were leading a sedentary lifestyle for more than 8 hours a day were assigned to one
of two groups—that is, the Pilates training group (TR) and the control group (CON). Four
participants were dropped from the study during the intervention period. Participants
Key Words in the TR group (n=13) performed online live mat Pilates exercises (3 sessions per week;
Sedentary behavior, 60 minutes per session for 10 weeks, whereas participants in the CON group (n=13)
Pilates training, were asked to maintain their normal lifestyles during the same intervention period.
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Independent variables related to body composition, cardiovascular function, venous
function in the lower body, physical fitness, and 1-RM (repetition maximum) were
measured at pre-test and post-test, and data were compared between the two groups

and between the two tests. RESULTS 1) Regarding body composition, body weight,
body mass index, fat mass, and waist circumference decreased significantly in the TR
group. 2) Regarding cardiovascular function, stroke volume and cardiac output increased
significantly in the TR group, and total peripheral resistance decreased significantly in
the TR group. 3) Regarding venous function in the lower body, blood flow velocity and
blood flow volume of the parenchyma area increased significantly in the TR group. 4)
Regarding physical fitness, cardiorespiratory endurance, muscular endurance, flexibility,
and balance improved significantly in the TR group. 5) 1RM of biceps curl, lat pull-down,
leg curl, and leg extension increased significantly in the TR group. CONCLUSIONS It was
concluded that the 10-week online live Pilates training had positive effects on the body
composition, cardiovascular function, venous function in the lower body, and physical
fitness of middle-aged obese women leading sedentary lifestyles.
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Gt T ESE 2ol 7ol A JFS v
HE] 9}‘1]'(Levme, 2015). oje} Zo] A BL] F7H7}
= F84%0 g7Fo] Al vt T AHE v=iAxz
3](American College of Sports Medicine: ACSM)2] A| %] o] 4]
rolQl= Al7FS 2| 4sfsteta WAt Ach(Piercy et al., 2018).
AlZre] HABEL AAGEF AstE Futol, ole 245 A
5T dHo 8 29l BTS2 sk= HRlo] HEh(Van
Dyck et al., 2015). A&} BTk 5 opA]| W o] 7] 5] H
BAR YT VA= AR A A SItkDavies et al., 2017). 5}
x];ggﬂ% %oﬂ p:]-_q —HNOEA—] x{uﬂ .uJ(u}_L]_ 9 _,] 114_‘.17]‘— o)
AL&5to] AFFo 2 gAS 3] SHch(Pfisterer et al., 2014).
wehA ot 7] 50] AotE= A% W 1dgo] IS, A
HHo g A wuko] 7|50l EAAEI 52 @RVt 5 WL R
IFole 5 A7 A FHRE 2% 45 FHAg o] xHd
tHJacobs et al., 2017).

7179 HABEL Fote] AeAe] 7 ¢ Fobd] SEE
9 ofztet o] Qlom, AWMFE WA 8 YURJIOCRE A FE o] gk
tHMonahan et al., 2001). Sudol-Szopinska et al.(2011)= =
A AAS 7H 9689 WA 5 59.4%7F THY FW AT ofn
UTHY Bstglom, E5] HAAJA}F F oj4do] FA T JHA
3}ko] Uy 913o] g & Ao & B EAHBarco et al., 2019). ©]
o] ©3to] Fukaya et al.(2018)2 oA 2] A& FA 4 (body mass
index: BMD7} &5 FUR{ $3E7 § Eobdoa B1IsHG)
11, Fowkes et al.2001) B|¥te] ofsf E73 Wf o] S7gtol o
o} olx]g W o] FReFo] FAEY, o] HWY 3o YIS v
AET7)5 Aty ¥lo] d 4= vtal BHuskict &, AR
FA S Foto] IHstAY ok 4= qlom, £9] H|Tk of4
AA B A7 EA7F "ok= Aol

TAARI AR ET 5 AT oA AR sk
A I A e T AAeEo] 384
)X thAdams & Linke, 2019). thoFst §3 9] &% = Hate|

AF T AEHAS 7202 HAEH, SHIE AL 55
& o] 1E|u BAE RAJOR fLAE ] 2EAE 4
A AAE 4= tk(de Souza & Viera, 20006).

detelAs o] 259 A3k, 2 ZATEY Y, 194
9] 332, AAY A, = A7 s9 Fd 5 e avE Y
el (Fernandez-Rodriguez et al., 2019), AW HHARS ZA15}0]
A Z 3} vTE o o] A3 BMIE FAAI7| I S5FE S7HA
7= 5 AATEY Al ArHo|tH(Wang et al., 2021). 0|9}
HEo] A3 7lsole FHAR] TS VA= AR IEA QL
t}. Giacomini et al. (2016)2 AP E-E o= of ol A 87t Hf
E gt A Edold S AAS ¥ BERIS0] FoET, 552
o] o] F7tEH, AH7]5o] FEHAJTT Hstlt. Wang
et al.2021)2 WE Fate A EdoldS Foto] F2 BT oj49]
e ga A9 Aol Yebgtha B skl ojet 22 A
HAtE2 ME DEHA Efoldo] AAFAZY] Zf AR oyt
H|gko] 71Qlste] oksfizl Z+E 7|59 JHAel Fdoted At
ARl &5 WHolgks A AR

Mueller et al.(2021)2 "HE "etg A Edo]yg} 7|7 et A
Edold BF A} AAFF9 Fogt M-S 7HAgk e, 7|
O] ARgoj 5 7ol &Fo] Apol7h glltha B arstict tiE et
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32 7|9 e A Edlo|do] Hlsto] 3t} A

w3, v]-go] A Fstr, th=9] QlYo] FAo AAL &
2 W=3lal gltk(de Souza et al., 2018).
9,]— ZE]'O]’ 7(]'}\ 7]-_0,] }}A]Aﬂ%]—jq- H]lﬂ—% E.g]—] og 6‘}1]
ABHAIZ] AL 2+ AEESe I fdS S7HA7]
& ok R 949 A9 AE7]59 Ash H& A
'3}74] vetd 7HsAdol 3ok Ag®7) s AATEAAY il &
Holgtal &zl dete|l A Efold2 AAE HABEE st
T g9 HER7] 5T SHARW] 59 A FAL Aol
g AT, 1 R BTE e At i R5T Aol
53], COVID-19 Al=tol] AAIRE Bt AAIZE Wi E Fete| A Ed
o]go] d"‘“—}ﬂ ol Bsto] AAZT AFfzol A= 9T
TPH 0 BAZ A= TS FET AA ol

ﬂ'ﬂ'/ﬂ o] Aol A= COVID-19 A7l AAIZH 105:7+9] H|thH
AAZE Gt A Edlo]do] FHAME S BTk o o] AA A, 4
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o] A9 A s FAFLE st S H|TE o2 A, A9
2R3} HAE social network service(SNS)of| EH35}a] o 3]
RS BAEAT FA A A D FHE A (global physical activity
questionnaire: GPAQ)E AH&-dto] AAEEFS AR A3 600
MET-min/week "|9t9] A4 &5 g AHMinistry of Health and
Welfare, 2016), 12|l 5}F Bt 8A7F o4 A FE-E StHA
F 308 oA F5L &5 oA U2 Z(Park et al., 2017)5

Table 1. Physical characteristics of participants (meantSD)
Groups TR CON

Variables (n=13) (n=13) P
Age (yrs) 43.00+2.86 39.92+5.28  .081
Height (cm) 161.64+£3.75  162.55£5.94 .645
Weight (kg) 68.53+5.70 70.32+£5.31 434
BMI (kg/m”®) 25.2942.10 25.95£1.96 434
Percent body fat (%) 34.18+2.11 33.94+2.42 804
Fat mass (kg) 23.12+3.45 23.89+2.80  .564
Fat-free mass (kg) 45.4143.03 46.43+£3.82 474

Waist circumference (cm)  91.05+6.32 90.30+4.98 .747

Amount of physical

=+ +
activity (MET-min/week) 470.77+239.28 381.54+176.32 .737

Duration of sedentary life
(hrs/day)

TR: Pilates training group, CON: control group,
BMI: body mass index

8.38+0.39 8.77+£0.41 933
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HAPEAZ AAstATt ob&# BMIZF 25kg/m’ ©]4o] (WHO,
2020), €7t 85cm ©]4elH(Korean Society for the Study
of Obesity, 2018), 2| 671 Woll &5 Edloldol Zof gt vt ¢l
= A8 AAstelth o, HE AT Ad99de 9 &= H] A gto]
Q= A, G Ak o 2} 21 AdiA B ofE 284
= WAl A ALkt

HFAF S= Wong et al.(2020)9] AP AFNA S 7|0 &
a3137] .5, 3189 .80, 121l Fo¢E 058 485 G*Power
3.1 o 26 2 & AEE O W(Faul et al., 2009), &S 1L
gsto] & 30789 FAE ZYs o] diAE EtE A e
I A Fekoll Z42F 15984 FADT st o, ZF JeolA 24
gebolo] Jod 1384, § 2679 2E T E4613h AF
Al Kieha g2 L3 27 5l Welom(Sels:
KHGIRB-21-274), d79] B4} AXE olsfistal ApdH o s %
o]5taL A} ol AR EE AAFE A E T AES APt A
Aol XA A £ (Table 1)) A vkel Lt

A AP ERste] 3087 PP ek FAlel
op, Akl M AATH, 4B, A °
o2 YAt AT ALY FAT BAAT 5
A= AT TAH 54 GBS ot 2ok

2 [
o g% ok rln
R )

o

o 2

il

2

A2 3} ALA 43

2 AZA(YM-1, KDS, H=HE SA5193, AA 71 A
o] WE =747|(X-scan plus II, Jawon Medical, =HZ A5, A
A9k (fat mass: FM), A A ®WS(percent body fat: %BF), 121 A
AWk (fat free mass: FEM)S £3589t} BMIE AE(kgS A%
9] AFm) 2 Yol AE(kg/m)otH ). sl Ed = AASH S
EAHE ol&sto] S5t o, 23] E7gsto] BtghS 718kl

D
A

o

2) A5

22 A (sphygmomanometer, E9)E o]{3lo] =718
Q(systolic blood pressure: SBP)¥} o]€+7] & (diastolic blood
pressure: DBP)Z& &735t3oH, 23] 54 & WS 715513
t}. SBPolAl DBPE A W U(pulse pressure: PP)S AF=51311L,
‘(PP/3)+DBP’ 9] F-4]of wa} H-5 M F(mean arterial pressure:
MAP)S AF&319tH(Uen et al., 2003). 7]E} Ad#7]53 A
Q1L Physioflow (PF-05, Manatec Bionedical, Z&HA)E 0]
&olo] =43olct. o] AH]+= Transthoracic impedance®] ¥ 3}k
£ &5t HAEE o] HEE U 39 oY A" HA
A 1910] AP AR ARG AL B S 5oAT. e 9ol 274
o] A3t A7 F9loll 4719 A= F2oto] Adk(heart rate:
HR)®} 13]9&TF(stroke volume: SV)2 =433ttt E3F A8t
Z%F(cardiac output: CO)2 A H HRI} SVO] HOo 2 AF=513
t}. ob&# MAPE COZ YWio] L8 (total peripheral
resistance: TPR)& A+&5 tH(Taylor et al., 2012).

M o

3) AR
FX W75 §7H] Slstel 9.3 (popliteal vein)olA
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R @RS, 193 @R AE SA5HA. 349 ol &9
H AARAL 1Q10] AP FALRE AP HAF B S7 53T

qgA7E E58-8 Ao A=A AR 587 MEE FHotEE gt
T, JEd AHolA FES It R SF FAE FteE
StETE @5 B0 AL 27|14 A(Ultrasound Transmission
Gel, 3)& ¥t2 & Doppler Ultrasound(Clear View 550,
Phillips Healthcare, ¥]5)E& ©]-&35to] Z45t3tt. Doppler
UltrasoundE 4~12Hz A% He71e} 3 AF-&ske] 4.0MHzY] 3§
A Sk E 4.0~6.0MHzY] 71 =& koA A-5-ot it
=7 A= EAYEHEE (sapheno-femoral junction)®] 5cm
ofgfjo] ZRHE X|5t1l, LYW T2 H O Z+F (0°R [A
5to] 3cm oY Ha FFE 7hsto] S48l tH(Sabatier et al.,
2000). 949 g 4 23 F9o] HHFHEE [T * FF
S0 AR S ottt SH Y ot @FS5E(time average
mean velocity! TAMV)E % 3419 tiiste] /T2 AI=3t
A tHWilson et al., 2007).

» @FF = TAMV X S WEA 22 %60

4) A

A H A A Ministry of Culture, Sports and Tourism,
2017)9 AR Edor]7], AADH7], 1L go}
AEH O 2 H5]7]E S5t en, old Hsto] BEP/Z Btk
7] Hoto] = QA7 281 AHA Y-S Brketr] Yot
YMCA 2HE|AES 2453

ZAFES S45H7] ot} 187 98592717
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Aoto] 2 2 0.1cm T9IE 715519
sto] FAZA(FT-7300, Donghwa, 3HH)E ©]
O B2H3] 715 AAISHloH, 23] AAstY] ¥ & 0.1cm ©9IE
71535t B3-S S45H] Aste] R ALdTA 7S HAISH
on, 99 235 0.1% 99E 7|55t

YMCA AFHAEE QAL HZFH(VO,max)E A4 F4st
= AU ForARL 809 REE Hof Bl 2 AR B
1= Qth(Van Kieu et al., 2020). =°] 31cm?] AF] HhAo] Hof
96bpm9] vAte] whet 387 @ 2vje|A & H, 52 vhdl T
B 182 S8 A4S oF9 Ao tidste] VO,maxs AH=st
A H(Korea Institute of Sport Science, 2014).

=
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oX
filo
]
o
ol
N
)

» VO,max = 54.337 - (0.185x 140]) + (0.097 x A1)
- (0.246x AF) - (0.122x 4lHh<=

5) 1-RM

1-RM< Levinger et al.(2009)9] A 2115} bench press,
biceps curl, lat pull down, leg press, leg curl, 181 leg
extension® & 671 &Z&oNA S5 WA 5 Bl
A2 A Fd vink o Ad%lS dste] st Fofe] BHES
$E 53510 7422 1-RMS 435t Wie F83t9on,
a T Zt}Brzycki, 1993).

4o
oX o
i
rlo
O,
o

» 1-RM = 0123 S(kg) + [1.0278-(FH2-315= % 0.0278)]
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Table 2. Pilates training programs

(meantSD)

Weeks
(intensity)

Exercise

(duration) Frequency

Movements

Warm-up (5 min)

Main exercise
(50 min)

Ist~3rd week

(RPE 11~13) 3 times/week

Cool-down (5 min)

Breathing, Imprint & release, Spinal rotation, Arm circles

Spine stretch forward, Spine stretch side, Roll down, Curl up preparation, Criss
cross, Single leg circle, Supine leg series, Hundred, Side leg series, Mini swan,
Swan, Push up preparation, Squat

Breathing, Hamstring stretch, Hip flexor stretch, Calf stretch

Warm-up (5 min)

4th~6th week
(RPE 12~14)

Main exercise

(50 min) 3 times/week

Cool-down (5 min)

Breathing, Imprint & release, Spinal rotation, Arm circles

Spine twist, Saw, Half roll back, Curl up, Single leg stretch, Single straight
leg stretch, Bridge, Bridging marching, Single leg kick, Double leg kick,
Swimming, Push up, Lunge

Breathing, Hamstring stretch, Hip flexor stretch, Calf stretch

Warm-up (5 min)

7th~10th week
(RPE 13~15)

Main exercise

(50 min) 3 times/week

Cool-down (5 min)

Breathing, Imprint & release, Spinal rotation, Arm circles

Hundred, Double leg stretch, Double straight leg stretch, Roll up, Roll over,
Jack knife, Teaser series, Swan, Swan dive, Swimming, Kneeling side kick,
Leg pull down, Wide squat with heel raise

Breathing, Hamstring stretch, Hip flexor stretch, Calf stretch

RPE: ratings of perceived exertion

Table 3. Changes of body composition in two groups (meantSD)
. Time N
Variables Groups Pro-test Post-test A% p
, TR 68.53+5.70 67.52+5.39 © 146 Group 302
Body weight .
(ke) Time 124
CON 70.32+5.31 70.49+5.77 0.24 GroupxTime 035 +
. TR 25.2942.10 24.92+1.99 © 146 Group 302
Body mass index .
(ke /mz) Time 122
CON 25.95+1.96 26.01£2.13 0.24 GroupxTime 036 +
Group 768
Percent body fat TR 34.18+2.11 33.29+2.69 -2.60 '
%) Time 126
CON 33.9442.42 34.09+2.33 0.42 GroupxTime 038 +
. TR 23.1243.45 22244368 © 381 Group 394
at mass . ¥
(ke) Time .039
CON 23.89+2.80 23.74+2.60 -0.91 GroupxTime 132
TR 45.4143.03 45.112.76 -0.65 Group 410
Fat-free mass .
(ke) Time 466
CON 46.43+3.82 46.45+4.12 0.03 GroupxTime 416
o TR 91.05+6.32 87.45+6.36 " 396 Group 669
Waist circumference . -
(cm) Time .001
CON 90.30+4.98 90.14+4.61 -0.17 GroupxTime 003 ++

TR: Pilates training group, CON: Control group. ‘p<0.05, "p<0.01: Significant difference between pre and post-test.
"p<0.05, “p<0.01: Significant main effect and/or interaction.

A2 B

gae A JF9] tidAts 10571 sE detg A Egloldo o]
o] A9 &% & 1ML Martins-Meneses et al.(2015)
sto] At HA o] WA =45kt F 3%, 3T =

st
o mzawe w
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(0% ANFAL, 25 FEE 4
12~137) 5802 745l 3

FAHR ek s Edold L2
2t} o] AolAE 24 }z%%ag ES
ARV} Weke s Edolde A9

2 Zjlzon, Bozo
~103]% ¥hE 28519t
% (Table 2)°] AAIE Htet
A5kal 54 o] Fgo] 9l
FotoH, s AE<S ol
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57 4 %x} FAT A7 71 5% o $T%
3 o BE qHA 37 7]
% 40| e RS ur & QYA FAES Amahict.

r

[o
>
Hu)
>y
:(o
X .
-‘L
m

HU
_E.
—1(1
S
i

o] Atof|A ¥ A= SPSS PC* for window(version 25.0) &
A Z2aog BAsH. BE &5 A%S B mean)T X
ZF WA (standard deviation: SD)& A A5} Tt

F A 1 F A7 gt Apol & FAlol E45H] ok
& oY FEHY(repeated measure two-way ANOVA)E a‘*]é]-‘,’&
ok Je} A1719] a3, B AT} A719] deA-go] /o3t 73
& Aok Wl 7 A7) 749] Bt Aol= T4 t-HS(paired t-test) O,

a3 A7 W = Je 219] Wt Zfole 57 t-FS(independent
t-test) 2 A5 BE BAEAY f9¢E(0)S 058 A5t
At

o+ 21

AR BRAste] AF, AYRAS, Teln AAGEANA Yo
3} 41719 B5Ago] FolskA ekt AR gHA A7) %
At aelm seEdela A7) Faz w gast 4719 4%
gol Gl tehdeh. A%, ALAL, AAYY, 193
e 5d 7 ebel & ARl A 948 745 Ak Table 3)

NRW|53 sl 13 wEwst Ausgl s 4719 %
3} 2 Wet 4719 FEAgol RS thehdth. ER, AT
BAGA A719) FEA7 RS ebgon], BEEHYolA
W) 2Rt folshA tehdeh. 19] BEw AEge et
H2 FEelA Rofsh S7hEglom, FREABAGS B2
Aol A §I5H] 2| 9EK Table 4).

A7) 53 BAstel oS FRSElA Meke] Zash
AZ\S Fa, Te0 Yekat X719 JEakGo] FsHA ekt
ou}, 9329l ARFAA A7|9 Fa3} L W 4719 Aozt
8ol RofslA verdth QF RS BREEY 03N FRyol
Yo 2 Qo)A fo48kA) 5715 Sk Table 5)

Azt BaAstel HjLdA, QBAAY], goliBgoE
FOI/1, eI LG RIALAZI AN K712} 203 5L Jek 4
719 HaArgol folsh ekttt ALY, AEU 0]
1, gerEeto 2 917], 168 g ASNAIE} Bete A
Aol R2I5HA] S7hE|9EK Table ).

el fol

N

Table 4. Changes of cardiovascular function in two groups (meantSD)
. Time o
Variables Groups Pro-test Post-test A% P
G 211
Heart rate TR 64.05+6.31 65.59+6.99 2.41 r.oup
(Beats/min) CON 67.9149.10 69.2248.92 1.93 Time o
: : : : : GroupxTime 916
- G 901
Stroke volume TR 61.09+7.64 67.43£7.02 10.39 T_OUP .
(ml) Time .004
CON 64.39+6.68 64.77+6.45 0.59 GroupxTime 009 +
= G 220
Cardiac output TR 3.90+0.51 4.41+0.53 13.11 r.oup .
(Umin) Time .002
CON 4.36+0.63 4.46+0.57 2.38 GroupxTime 030 +
* G .529
Total peripheral resistance TR 21.91+3.30 19.72+1.36 -9.98 Tri::ep oLs X
mmHg/l/min .
(mmHg/l/min) CON 21.93+2.99 20.93+2.96 453 GrowpxTime 327
G .065
Systolic blood pressure TR 110.20+8.26 110.60+7.63 0.36 Tri?rlll: o1
mmH :
(mmHg) CON 115.63+4.45 115.34+4.93 026 GroupxTime 482
G .066
Diastolic blood pressure TR 74.00+£9.15 76.20+7.94 2.98 T.OUP
(mmHg) Time 425
CON 80.39+2.24 79.58+4.31 -1.01 GroupxTime 093
G .001 o
Mean arterial pressure TR 84.28+5.66 86.05+5.30 2.10 Tri?;: 70
mH Hit #h )
(mmHg) CON 92.1441.93 91.50+3.26 070 GroupxTime 063

TR: Pilates training group, CON: Control group.
#p<0.01, "™p<0.001: Significant difference between TR and CON.

"p<0.05, “p<0.01: Significant difference between pre and post-test.

p<0.05, “p<0.01: Significant main effect and/or interaction.
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Table 5. Changes of venous function of popliteal area in two groups (meantSD)
. Time o
Variables Groups Pro-tost Post-test A% p
o Group 017 B
+ +
Blood flow velocity TR 7.38+2.76 11.654+4.42 57.71 e 002 .
(cm/sec) m ’
. TR 5.79+0.81 5.52+1.24 -4.53 Group 338
Blood vessel diameter -
(mm) Time .346
CON 6.05+1.01 5.96+0.98 -1.44 GroupxTime 640
TR 0.1140.03 0.14+0.04 " 2330 Group 422
Blood flow volume . N
(/min) Time .023
CON 0.11+0.04 0.110.04 348 GroupxTime 003
TR: Pilates training group, CON: Control group.
#p<0.01: Significant difference between TR and CON.
“p<0.01: Significant difference between pre and post-test.
'p<0.05, “p<0.01: Significant main effect and/or interaction.
Table 6. Changes of physical fitness in two groups (meantSD)
Time
Variables Groups A% )4
Pre-test Post-test
Maximal oxygen TR 37.2442.15 38.58£230 T 3.60 Group 605
consumption Time .025 ’
ml/kg/min
(ml/kg/min) CON 38.56+2.50 38.18+2.18 -0.99 Group*Time 000 it
. TR 11.6747.93 20044778 T 7174 Group 538
Sit-up Time 000
(times)
CON 13.58+9.63 13.98+9.20 7.36 GroupxTime 000 o
_ . TR 125.80+15.47 130.94+17.35 4.08 Group A13
Standlnégc Lcl);lg jump Time 048 +
CON 112.49+28.87 115.85+25.94 2.99 GroupxTime 668
, TR 5154831 11545001 12391 Group 924
Sit-and-reach Time 000 .
(cm)
CON 8.54+12.49 8.95£12.26 4.77 GroupTime 001 -+
w Grou, 134
Left leg standing TR 13.30£11.25 23.54+16.27 76.96 P
with eyes closed Time .005 -
(sec) N
CON 11.46+8.98 11.79+7.43 2.96 GroupxTime 008
Grou 285
Right leg standing with TR 12.33+8.54 23.35£19.78 89.30 P
eyes closed Time .053
(sec) CON 13.65+6.91 12.9947.15 -4.78 R

GroupxTime .031

Hk

TR: Pilates training group, CON: Control group. ~p<0.01, ~'p<0.001: Significant difference between pre and post-test.
'p<0.05, “p<0.01, ""p<0.001: Significant main effect and/or interaction.
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Table 7. Changes of 1RM in two groups (mean+SD)
) Time
Variables Groups A% V4
Pre-test Post-test
TR 31.50+4.98 33.7345.64 7.09 Group 013 '
Ben&i’ I)’“’SS Time 081
& CON 27.4445.42 26.99+5.10* -1.63 _ .
GroupxTime .012
TR 7.28+3.71 10.29+4.63 T 4142 Group 057
Blcc(:llzs)curl Time 002 =
. CON 5.77+2.81 6.3123.57 9.20 _ X
GroupxTime .023
TR 38.15+5.67 40.56+5.98 . 6.30 Group 042 *
Lat pglkll )d own Time .027 *
8 CON 35.07+4.87 34.56+5.32" -1.44 , »
GroupxTime .001
TR 98.01429.22 105.22421.73 7.35 Group .048 '
Le%kpr)ess Time 138
& CON 83.26+14.81 86.59+20.58" 4.01 _
GroupxTime 579
TR 34.87+10.20 41.47+9.71 1892 Group 253
Le(ff( C)“ﬂ Time 000
£ CON 33.41+9.78 34.10+£9.39 2.04 _
GroupxTime .000
TR 41.56£12.54 53.00+12.79 2752 Group 039 '
Leg e(>l(<te)nsmn Time 000 it
£ CON 37.47+9.58 38.14+9.54" 1.78

GroupxTime .000

TR: Pilates training group, CON: Control group. “p<0.05, *p<0.01: Significant difference between TR and CON.

**p<0.01, o

<0.001: Significant difference between pre and post-test.

"p<0.05, “p<0.01, " p<0.001: Significant main effect and/or interaction.

1RM3} ##5to] bench pressoll A Hee] a7 9 YTt A]7]9]
A52rg-o] R-ol5kA UEREIL, biceps curl® leg curlolA] A]7]12]
ar g T A1719] e zrgo] f-oJokA UErstth. Leg press©ll A
Aol a7t GOt UEREL, lat pull down¥} leg extension
olA o] Fa3t, Al719] Fa3, 2|1 Jat A719] A5zl
495 vreRTE. Biceps curl, lat pull down, leg curl, 12|17 leg
extension®©] FEtE| A Hto| A {-2J61A F7H= Y eH(Table 7).

=0

AA g 9] w3t

o] oA 1057 WE Fete| A EgoldS AARH ko] AlF,
BMI, A A, 123l s &7t o5t A=At o
3}9] Savkin & Aslan(2016)2 F4 oA iAo & 857t
3|9 90 FetH|AE HARE A3 AF, BMI, AAHE, 9
EREY, 291 JYolEd7t Kot HAaE AT Eiﬁ}“]

kjss.sports.re.kr

o] At9] Axtet A s3It
et A Edlo]d2 A A& ot A3 7R 33
gt AR dHA et detE| A9] 7 A2 FAAA 5 7HE
A9k Aladro-Gonzalvo et al.(2012)2 30~4587F AA %= et
A WE &5 ZRI0] APALE EX1ot=d FET A
AHE RFEH B5EGIT o] AollA 1053t 5 33], 3T
60E9 252 AT A2 AFT AAH Fao] At o)l
wohE ) SHH, Barbosa et al.(2015)2 ZaH A Edoly
¥ #5-9] Z30] B8 X(transverse abdominal: TrA)2] 7
1—.—3‘6}‘31 leg stretch series®} curl upS EFsE 7o o4
=3 F2o] TrAE Zsettt . F75tdt. o9k &
Kamyab et al.(2021)2 TrA9] st %0] sl &I E &
ol Bk HE Qith. o] Aol A E BaEtH A IR TS|
¥t 56 =5 58I HetH A S5 o839 B2l TrA
JE S7HA slElEHEE AN Zo R siMH
] A9 dik= Wi E Fefe| A7) H|gE of 4
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o] AoAl 1057t ME Lete| A EdodZ AARE Y] 48t

o, AldrEFat 13] W&ol f9oH &
FSHA A=At F2 A0 Dt
7}9} shear stress®] FAS E5fo]
A9 JFE v|A 59 AN
ﬁ(Green et al 2004)°] EatAQl Ao HIEQ T ESH tjE
gt A Edlold 9] AA] At A} A(nitric oxide: NO) 5&=7F
7= o] EHWHAE7] 59 QAo artH okl B E Yk
(Wong et al., 2020). o] A-o|A] ALESH i E "atg| A Z& T
X3 leg series®t calf stretch 59 522 SHA W] LSHT
£ A3fote] AR Aot RTFS TVH7 I Ees
i E ARl F&o|tH(Williams et al., 2014). & &5to] o] AoflA
AEE tiE et A Egolido] HAle] 857 tEo] EdY
9] &5 i 52 Aol=tl 3HAQA dFE vFeH, oHA
9 245 52 Tl ZHHE A-E-Z /NAdste] SR WA A
O & 3ot dHF ZTHHES Ao R waE oleh T2 71H
of w2t RPFA] AlEh4=9] ¥3tglo] 13] ¥hEFo] S7HE o= Aldh
E%o] S7HEE A A7 YEl= 202 oAl Hrt.

SHH, o] Aol Ued FL2IR/AFY ®steF B
o Laohachai et al.(2017)2 &7] 459 m27} w414E &
5t Y2 =55 oA 7tk Bagk vf Qi of& g
Giacomini et al.(2016)2 837+ & 23] AA|gH WjE g A E

glojido] HAPLS stz o WIAY T5EZ Aot &
HAolgt B gt vl Qlek. o] Aol A ZF t At the S8
Z8olHA] Fo] HYskE 7IRe R B2 AT, o8 &
Sto] 3519 A3k} HEo] §7] 459 I& FAVF UE o,
ANAHo R FUXEMAYGY T4E FEd 2 o= sf4Hr).

o] Ao = 1057t WE e A EdoldE AAT I

oA @4 THHE BE W {o3t Wayt YEhtA] gt
Guimaries et al.(2012)& AEA A= A0 2 1657 F 23],
3 60% ZLetel A EfoldS AAIS A Hj4tidH 7ol S
7}E 3 o] RolotAl AAE U Hustleh A Al @
g o] AtolA BAY [T FATF UEA] gk A2 AR
Feto] B4 M=~ e SBP 110.20+8.26mmHg, DBP
74.00+9.15mmHg: SA] Je: SBP 115.63+4.45mmHg, DBP
80 39+2 24mmHg)ell §lo] ®iste] A|gto] Ycta T}, F

et A Egoldo] FAE 1EUA Ee= TSR] Y
] A= B FEoke & A7F L ¥ H ok

gk
i)
=
i=)
1o
m flo
%
e o
é
oLl OIN

SHA g 7159 st

o] AFolA= ZAIRt A BEE s T4 IRt 944 B 5HA
H7]350] AstElol g Aoleh 714 Sfol, 105:79] = ek
f2 B2 AL I e SR 315
S foto] HE9] 7haAd SVt Fote] 59 £E5S FET S 9

o]r

£ B52g 0% mgetgon], YUMo Y 2YS Pt
2o g ZYstich 11 AT} QPHA] @ FH Q] Huo] J2 A
< SAHRATE, 039 HY IRW} YRSET} FotA 7}
S0 AR BFEES S/ AL YUER5ol 2
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A AAE R AL Qu]gitt. 0|9 22 AIE Foto] HE
Bl A7 Fote] 2SHL7|5E FAHA MAAFLEHN 01'7‘]7“”“
Agke] ¥y f13o] =2 FAIE LS ot= 9 HITE 949
AIAGE Aokt & T3] He 5ozt YT 5= qih

st FW7] 5ol F5tE AHE A% 5 A= Sobd ESEn
715 7RAdst7] Hoto] AFEH(Orr et al., 2017). Sote] =
= &oto] & *‘—O]'E]—J TSHIE A=F5H ok 7] 5]
Eo] AREW dH5 Wolal 44 Yok AAaAZIT
(Ramadan et al., 2019). 0194' I3t Panny et al.(2009)2 6
7t Fote] 52 AAIR 23 Fote ESHIL| 50l FosHAl
Mo zH HME 3|} AA9] vr&EE(ejection fraction)
o] Z7FE AT st A, Fote] ISHE &5 F S =%
o Huwy 3|70 AR A Q9102 sttt ZAsleic) Eal,
Kruse et al.(2016)2 #Hte 234 AEHHE Golo] 23519
B RTol F7HEleH, AEHA T FEWEE Aot 9
PYIF7F AAEH AT B skl

o|¢} HEo], "etgAt fRZHQ TFLE A3 50
(Tinoco-Fernandez et al., 2016). 382522 Qs F5 Wi
59O Has AU 7S S7HIE 5 HEAe 55 AE
-‘Jr7]“°ﬂ AN IS w R chAliverti & Macklem, 2001). ©

Asto] Aliverti et al.(2010)2 A4t} BEX T89] A 50

E ‘7‘“51 IEEE T UEhe 9 AR 44'7501]*1 W A=
0] 20% FAE I FH W FRgo] F7HETL Tkt

&3S o] Ao vjE WatglA TR0 XgEH AEHHS Al
Y AFE Boto] 5T EF Al FHARN FIFE vFT
I B (Wilson et al., 2016). 2EHA Ato]2] o]t A &
ol &5 Ao R QIS ¢ ol wheh BRI @Al A
(Venturelli et al., 2019), o= ¢&9] @H#eH o Z 2ot G
W] o] e g3t 29| NS FEe 2 AT TAL FARE
QQE W52 FIAZ 4 A= Aotk Bisconti et al., 2019).

1057219 & Hete| A AAF o] AFolAe HAY 252

5= SAHOE T 5 TR R uiE I 580

Z3ote] Fotg] I8 HIV|5S /MAAF oM, SAlo] Lt

= o
2 ol-no

5 o

=3
0] YA SELTS WPoho] FRIY} B JAL FaAA
SHAo] ASOINE BRE UYOR AW AFFES Po
W 9FRIe) Hu BREE

o ARl F7HE AT e 4
oltk. 3 B 720 AHe] ARl 2 FAL 4 £
sfo] HAYTL S vle ool A ok sl B
2 Ao 289 72 AHS AR A0E ARt

S EREE!

o] AtollAl= 1057t vt AAIZE Wi E dee A Efloldo] £
A8 Fd T oj 9] Ao mA]= FFE FESLAL G613l
o, et AE AAGE JTe it dHTE, RELor]7], ot
KAEHCEFG]7], 211 R EA7|(E) 7150] |otA T
7=l AT}, o]} T#Ste] Bergamin et al.(2015)2 59~66412] H|
3 T A4S gz 1253 5 28], Y 60 Hetg A Edo]
32 AT AT} AR 9 oFA], el BR O] FEo] {oJ5tA 57t
HJotal B3, Barker et al.(2016)2 60t w=Q1oA 245
7t et A Efo]dg AAIS A} A7, Xl ot

https://doi.org/10.24985/kjss.2022.33.4.521



Effects of Pilates on Cardiovascular Function

529

A7), A2, 223 fe4ol folshA FHsitkn B stel
JEECERCERUE-C)

o] Ao|A] HeiraHFFo] F7HE a
of AAAR ko] PHEYeL 0 Sou
= A48 4+ Q. olge weks 2
g ML ﬁm 58 B

}\

dete A 555 B0t
et al.(2021)9] Ao
o] 5% }1«] 7152 H
AR L& 2HO7 7}
Bhsgo] P oA &
H]7} E‘ﬂ 5]"414‘1”\@14%“0] —7}31‘:]'-1— S Alstoict. o] AtollA &
AT FA4g0] S7HE AL et A &0 AR AE
g Ho] A & 23] glo] BR AT o9 A7t §A
‘go] FEIATHIL & Sekendiz et al.(2007)9] PO = F4d &
Atk o] Aol A A7t F2 % SH=F A< side leg series
9} kneeling side kick 522 FA4 4ol =&°] =92, roll
series T4 &% %J‘*J'EH% Aot ZAet SHA 537 A
WA 52 doA B8 IAE EE‘O] S ZoR
TeE of& o] ATtollA BP/do] FFHE A E}Ei [y
= &oto] ALfar-84 2ol =0l Yt é#ﬂ'i Atz
SHH, Rayes et al.(2019) ZHAF3 H|TF o Joll Al 83 5 3
3], 3l 60 ti¥ e A Efo]dS AASE Aat FHoj4kaAidH]
7, AEAe77], I18al golHEmd L 2H56]7] 7|50l FYoHA
7FEdokal B 1Sk HhH Donahoe-Fillmore et al.(2007)2 7
13t o oA 1053+ 351 Hti A vt Q 7|5E Wi E Hee A E
goldS AT Ao BX 229 {93k R4l UEhuA] 2%k
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—EL«] s YA Rt A o 5 ok
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Yol opd AATE I 3t FRE Soto] AR FARE E
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| H|9E of/d9] 1IRMe "A]= F7F stazt shelom, 11 4
3} bench pressollAl J&3t A17]19] 5280l F-9fskA YERLL,
gt A 9] biceps curl, lat pull down, leg curl, 121 leg
extension®] FJ5tA F7HE ATt &, hFE] <2 WA 10
F7HY] W E FetH A Edo]d 9] aart §-95HA dERd Aol
Kwon et al.2010)2 A28 FixHo] = IAF of oAl 1257
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% 8
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2o ol EH ACE wakHEh X3 lunge?} squat 59 Al
S5t 523 leg series 9] SHA &50] SHA] 29| Pl =
<5 Ao 2 FohErh Yu & Lee(2012)= Fof /ol &34 Q1
et A 250] kA Y9 Aol artHolH, Fof bg/de] =
S5 obAl 2o B 34X = vk ST wEt
A o] Aol A A Fof Pt 2 Al FF6t 0] 5HA &
o] ol AT A& SjAH o) HES FFoIHE, 10
F7ro] v AAIZE Wi E e A7) 24P B8Rt S o4 9
=8 ol E20] HH, Yol bA 11719 244 F AilE ¥
A Aol 7ot

a8

o] QAFolAE 1057k9] Wt AAzE Wkl 2 Edjoldo] HAZH
A4 B9 ¥1e o140 AATA, A2 2 AGBA 5] v o
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Al S7F= At
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299]7], 291 £ LLA7(ED) 7 FotAl 571 AT
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leg extension®| f-J51A Z7F= ATt

AAGE, 125l 52

ol H2I5t

ol4o] ATHE FUSHA, 1053k Hehw AAIZE = Wete 2
Edoldo] AT AR = F9 Hlut o] AT, A
1%, 223 Ao AMe] BRHol gty AEAS 4 ek
ol 4 vl ol o] HABTR Aste] WHT 5 Yt A
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239 5 9ee AAR,
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