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2E2S0| HZ $ HIT 0jMe| Q&R K,

GLP-10] Ojx[= A&

2 ATE 1157 BiEo] ded A, 3, GLP-19) A e 43S FHalr] 9Jste] v 554 o
& 654 mlke] H7o] 21d o] At |k oS 0B EET(n=12), HET (ISR TSt AA
S5t EYEY 7] &3 BEMERE o R FAE E3EES 1173 F 33, 13]9 603 0.2 HA513]
4FE 40-49%HRR, 5-85+% 50-59%HRR, 9-115+= 60-69%HRR =
el el SES 145 OMNIRES 349 A7%, 585 OMNIRES 569 7%, 9-115E
OMNI-RES 7-89] nE= AAsSich. 34 S tigt 15 2 A7) 2t Bsde-2 ASsh] st
two-way repeated measures ANOVAZ. ?ﬂ\ﬂ 31911, %243 A72] 25 W 2bo] = paired ttest, 15 7k 20| =
independent r-testE AAFATE FAA FFTE 052 AAst] v 2 A0S At ded A
Aol dfete] 2732, Q1+, HOMA-RE :me AR ;;JM Uehdth £ A3 A7) 7+ 3
ol A FEwol 115 F FofotA Aastslon] 15 3t Aol 1157 F WskdA Fo)g Apo]7} Vet
oh Eeh JRlE 25xA7] 2F ASAE B3 e, &5 A-F A7) T Aolol A ] 117§
oot Aaetsion] a5 7F Aol 115 F Wakgkol A 19 Aol 7} Uehsith. GLP-1& 15xA7] 7F
BSAE AI7E e, A7) 3 FEIF UESTE 5 A5 A7) 3E Aol gl 115
SHAl Aetsion g 7 Alole 115 F @r‘j*"ﬂ’ﬂ frefgh 2fo 7k Vbt o) 3ol A3E FHe &
Lq] 11579 E=d @7]%%34 geEileEo s FAE Bdiwel 4 F HT Fdeide <
% 8

_4

rTrr“
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I A&

A o] AA AT F HEE 33.8%0]4,
53], oAl H|Rke dlo] SrHrE Skt 50
Ul 29.6%, 60t 34.9%7} H]ro|tH EAEA T
2019). Fdo49] vHghE-2 77 (menopause) -
2 QI8 | ~EZ 70 (estrogen) TA19] 7ol JaFE
W=thKo & Kim, 2020). o~EZZ s2& F
ol ~Egtt]Z(estradiol) & 4] Azt A%
2HE Fv g2 T A 0R Qg ol 2Err]
& s2F {49 e 25T o A 54
71 HHA AAES 7 Geraci et
al., 2021; Lizcano & Guzman, 2014). &3t =
She AAGE] Alge R ouA] Ln|FEn 54 4
F o] FolA WA Al 7] Edd e FEAA A
W 22)0] s A€t Friedman, 2009). ©]
ARl S71 3 289 FAaE oofA|A Hol 4
= BTk 3K Goossens, 2017).

2l&d (insulin)& XﬂlHOﬂ Ergo] S0 &
AR B AR A5E Fol EHlEo] 25 U
2 X=%(glucose) T8 747

=92 2eF N (glycogen) 02 Al TS
Urs 932 dh(Newsholme & Krause,
2012). stA|gk HlRko] =9 Qled 84 (insulin
otz e GLUT4(glucose
transporter type 4) 0] #4sl] &5 o
e Fb dgeA ZskA ®Frh(Crech,
2017). oJAH 22 Wel FEA] FotaL, Aol
freld 2P Ao Hgtyo] YA F

rr
2

O

Y
5
=3
Rl
e

receptor) 2

2 AAEHA Oﬂ ‘ITE]X] WAk(free fatty acid:
FFA)S S7MAA Qled Addo] doju Qh
o] %‘3}(7&7@%, 71:‘5:_‘5 9 54, 2019)

¢l

&
on
rlo
N
T
A,
o
A=)

AA AR 42 %‘é"\]ﬂi’—, ol Qled A%
Aol F7sle] BTk, tiAbASE B Ald i sto] MY
g 7FsE =0l Hol 2= Zﬂ%“ﬂ Aol TASH
THKolb, Kempf, Rohling, & Martin, 2020:
Roberts, Hevener, & Barnard, 2013).

A AEAA AP HHEE 3E (leptin) &
APdaH-(hypothalamus) F8A0M 2-8she 22
TOE U] AHE AFska, 54 AHE A
AX AA We] ofuz] 3 sk 21];<]HP%1:01]
Hlgglo] AdEHA] /318 vkl glo} o
wH " Fairbrother, Kidd, Malagamuwa, &
Walley, 2018; Queipo-Ortuno et al., 2013). &l
Bl un o goAA #=A e (Kasacka,
Piotrowska, Niezgoda, & Lebkowski, 2019) Al
ALE e AR S71e AL odoE vy
23291 o] 7191 (adipokine) #HE Zx51H 3l
o FAE F7WIAA el A3de BT Aok

(Hong et al., 2007). °]& <l8jo] o}l &5 olsel
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THLi, Kim, & Sim,

+&& GLP-1

|

29l
P ¥t (Hamasaki, 2018).
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o] oz Al

2t
L=

s
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I} 7]

uA @39l 71

2020).

L
T

H]

s

=]

7

HIA7)7) % Sk (Katsiki, Mikhailidis,

=

7H2(glucagon) 9]

H

5.0
XE]LE

#
& Banach, 2018: Konner & Bruning, 2012).

AEln} AL 418 A9 7)52 sl GLP-1
(glucagon like peptide-1)& <13#¥ (incretin)

(Smith, Hackett, Galli, & Flynn, 2019).

2020). &3 54 AH = 4
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=
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of Ao} 2, 25

Aol GLP-19 #

- i

A71aL, AR AR

|
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2008).

JAIZICH Azuma et al.,

10°
ol
¢
Y

$ 5 A8, 2019).

A g ookt 2019). &
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Al 9 ALgd oz Mgt dojurz (o33} 7
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2016; Lee & Jun, 2014).

nA|7] Ho] @ 24| o2 24 Erh(Frasca
et al.,
o) 434
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)
Ao,
e
N
2,

J
o\
re
-
e

ot 4w L

£ A7 gidAks B A AFsta e
#1730l 21 o] A vk 554 o4 65*1] ngke]
7 oj4d o2 BMI 25 keg/m', AAY

e 59 e R stk &Hl“&f—f}ﬂ,
2020; ABE, AFd, el g, olsal B AR+,
2016). & A7 WA 22 F A= 98l
G'Power 3.1% ©]&slo] o] WHEZH BAHE

MO 7 effect size =0.3, AFE 0.7 YA

slo] B-A338 A3} total sample size® Z 20 2
2 AZH L, gHES kel F 26 oE F
Attt o] & NS ARl 9gt T gEat 2

B @79 243 A8
o7 Fojd JALE HOl jo FefjA] AP EA

Z o} Fof == gtk w3, AT AR A
Adof Agd Ag 2344 2%, A28 =

el ET(n=12) UET(n=12)
% (yrs) 58.25+4.57 55.75+4.50
217 (em) 158.00+4.62 156.00£7.02
A% (kg) 66.25+3.84 62.1849.16
BMI (kg/m’) 26.65%3.06 25.68+4.86
%BF(%) 37.15+£3.54 35.10£8.19

Values are M+SD, BMI: body mass index, %BF:
percentage of body fat

g_l OLE lil__g_x], _ﬁiiq] ﬂL;}Jl Aol &&= Oﬂ 7](:[0%0]_1.4
A2 Adsd AFaAAT. YA AAA 54

< (& DI 2

= AT dAES] AHem) 2 AAAIE 043t
B ol 9 RS vl Aol i
el XP’\W}XH E IE Zgaision Agkeg), A
kg9l 235 Yl 7HHe B3

S 283, ?ﬂ%a,f AAZ 2 Inbody 430(Inbody,

KOR)E o] &3l Als02 =451t

2) EURN

ol AALE 8l dd 0.3 8A] o] FHE FES
FAE F UeE a9, fdaks dY 24 89



Aol AgAdFH(vacutainer) 2 Bl (needle) =

o] g3t Aol ol 10 mE /At
Attt AFHF A4S serum
separate tube(SST)ell 3 ol AAE27]
Combi-514R(Hanil, KOR):% o]-g3tf 3000
rpm o2 2087 £ F serume £E|e th
59E 1.5 ml FE(micro tube)oll &3 U
X A7RA] - 70T Basle] £435190. 2F
F29 AL UV assay(HK)E o]4319
TA89 1, Glu kit(Roche, DEU)Y A%<
Hitachi 7600(Hitachi, JPN)2] #HE AH&-3
of St e FAHES ECLIA(elec
trochemiluminescence immunoassay) & ©]-8-}
o £45193, Insulin kit(Roche, DEU)<] A%
< Cobas e801(Roche, DEU)<] #H]E AF4-3lo]
et gl EAHE A S
ELISA(enzyme-linked immunosorbent assay)
2 o83kl EHeii, Quantikinem ELISA
human leptin(R&D, USA)2 A%k Spectra
max 190(Molecular device, USA)9] ZH|E A}
£310] 24319t GLP-19] #4143 ELISA(en

zyme-linked immunosorbent assay)S ©]-83l] &

7t AR

A319131, Human glucagon like peptide 1(Cusabio,

USA) 9] A2k Spectra max 190(Molecular device,

USA)e] ]2 AMgale] SAelie
3) HOMA-IR
HOMA-TRE 35 Ql&dlz} 35 375329 555

ol gsto] st APt el B AIZe et £

g4, A8, GLP-19 nX= 9% 211

Homeostasis model assessment index=[fasting
insulin(uU/mL)xfasting  glucose(mg/dL.))/4052]

FA 07 AEEI%TH Matthews et al., 1985).

o
Ho
oftt
[l
-
[
o

TS @1%0}04

40-49%HRR, 5‘87‘7: 50—59éHRR, 911+
© 60-69%HRRZE AAISIATHACSM, 2018).
el A 252 104 OMNI-A 54
=5 ARl AR AN 3w A
15RM 8 v} 270% 08 % 2%, 1%
Zo 17 T425% 3T, IR
+50%: Ad=)E AN T THelnit 57
=5 AAa9tHColado et al., 2012). +E4%
£ 145+ OMNI-RES 349 AZ=, 5-8F<=
OMNI-RES 5-69] 7%=, 9-115% OMNI-RES

;_A
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l rlr
L,
=
o>
4z
&
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FE s F I I
H2%(10 min)
A7) 0% 1-4 40-49%HRR (RPE 12-13)
(90 min) Edlo|=d 5-8 50-59%HRR (RPE 13-14)
9-11 60-69%HRR (RPE 14-15) =
G EN YEY o)z - _ N .
deie o ‘ﬂ}j]*é]i] S E]a}ovgyﬂim 1-4 12 RM / 2 sets (OMNI-RES 3-4) 33]
(90 min) ~ EZEE AFE Afo] = = 5-8 12 RM / 2 sets (OMNI-RES 5-6)
e 372 goj= 9-11 12 RM / 2 sets (OMNI-RES 7-8)
48] &% (10 min)
7-89] WFEE AF Fof FedHoR AASI measures ANOVAZ Aelaidizn, dd U &%
ACSM(2018)9] A+ 7lol=eRle Faste] A3 2fo] HA paired t-test, Y - 2ol A

o5 & AlEE 23],

7
AE 7 1235 HHESI3

AL independent t-test® AAsloct 7+ &

4 SAA el .05% Ayl

. Az}
1. Ol=El NEtN
ver 22.0
Ak 9 A7 ZFI2 gt AoAs g3 9 a5 U, 2%
FHstE A A (£ 3) o vERd vl 2

E 3. 11572 285 7 0188 NM9| ws}
wel ' A AE Wl ¢
225 EG(n=12) 99.00£16.06 88.50+13.78 -10.50£3.96 9.172*** Group 074
(Tng/df) CG(n=12) 97414586 92.58t6.22 -4.83+4.32  3.872** Time 81.958%**
t-value 321 -.935 -3.346** GxT 11.194*
d%el EG(n=12) 10.734.91 6.50£3.13 -4.22+2.72  5.380*** Group 423
(LlB/mL) CG(n=12) 9.67%6.39 10.29+6.44  61+3.83 -.557 Time 7.074*
t-value 455 -1.830 -3.569** GxT 12.737*
EG(n=12) 2.71£1.49 1.48%.90 -1.23£.76 5.612%* Group .276
HOMA-IR CG(n=12) 2.38+1.74 2.40%1.61 .01£1.00 -.069 Time 11.071*
t-value 489 -1.737 -3.432"" GxT 11.815*

Values are M£SD, EG: exercise group, CG: control group

*pC.05, **pl.01, ™ p.001

HOMA-IR: homeostasis model of assessment for insulin resistance
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o SFALE DA RS 23 v 37F bEsTH(pC.0).
1k

ATHp(0L). £F A5 AV 0 A $52 A £EZ0] felsbl 4
o o3 208 (p(.001) HEPE
st B2BAnp(01). 2% T Aol 115§ o7k vhebgek
W (p 0N FF Aol ek
2. BE
2) ol Aol G 437
Aol T 454G Bk 2, 2F 4 UHE BT A=A
2 : & 287 23

WsE B4 A%e (E 3 Jeid weh g, W9
dede 2gxA7) T 4eds aah depgk (pC05),
_-%‘mm 2 Aol F5l

Ao,
ofr
-
X,
o
B>
ol
-
2

[‘

1o,
ol
-
=
N
=
e
ofr
ﬂ—‘
%

T WS 01 AN $el@ Fol7k ekt
K014 518 o} Lt s olp

Ho
oftt
ra
o
>
N,

% -5 A7) 3k Zfold]

Faetiith(p.001). 2+

o AlE 115 F HSF(pODAA A 2

sk as W, aF 7t

(E 4)ell vhebd v} 2

48 w7 Y
3t Aoloq $52o]

$ THp(.05) 18 T Aol 115
2001). A8 7 Aol 112 AHpC05)IA §I8 Ao]} by,

3) HOMA-IR GLP-1¢l| thet Hoahg astst 25 uf, 25 7F

CERCREE W EISE
HOMA-IR tat Aazte zabel 18 W), H3ls B8 A= (

5ol R vlsh 2o,

0§ 7 s BAR Aok (B3l e OLPLE SRIVTE BEAE S HEL

94_ zz].q, HOMA‘IR'\% _:L—gx}\]7] Z_]._ }\].i ;Ei (p<05) % ;\ﬂ “?; ] ] gul x]—O]Oﬂ/\i ]
E 4. 1157 S8R5 & HElQ| B3]
Hel i AR AHE RER t F
_ EG(n=12) 166.61£83.16 135.12+58.46 -31.48+41.41 2.634* Group 1.594
( ‘j/I;L) CG(n=12) 198.87+132.93 210.89+132.82 12.02+41.47 -1.004 Time 1.323
b8 t-value -713 1.809 2571 GxT 6.613*
Values are M+SD, EG: exercise group, CG: control group
*p(.05
E 5 115 5828 % GLP-19 s}
#9l 15 AR AL Hsl et t F
GLP-1 EG(n=12) 1.80+.814 1.09+.35 - 71+.57 4.315** Group .376
(ng/mL) CG(n=12) 1.66t1.45 1.67+.93 .00£1.01 -.026 Time 4.443*
& t-value 292 2013 2.152° GxT 4.634°

Values are M£SD, EG: exercise group, CG: control group

*v(.05, **p(.01 GLP-1: glucagon like peptide-1
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A, 2016). ol
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2021)

1adl Aol 7iA

(@)
p8A

A3}
0. 2 Q79 A} Aaerg

(Shimomura et al.,

9
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© 2 GLUT4(glucose transporter type 4)

o 49)
2, HOMAIRY 244 93& vAA 5o i}

A 4

17 7rast

°

Foll A FETA HOMA-IRY $X|7} 7H45 o]

7} £E2N §o)
o $A47} %)
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ol
167709 ofn]weAt FElo] =24 (Dalamaga et al.,

o
L

(leptin)

Zj

)
Xt

WHD souza,

Cannon, &

}1(Pereira, Cline,
ke)

Glavas, Covey, & Kieffer, 2021), Ae] w#
e A7) B Al
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Neumann, Glavas, & Kieffer, 2017). o|x% &
& Aol A A7 Wi R Ak 28] Fag o
%‘% SRA|E W]kl Qlof slele] F7h= Aduds
g dib Aele] 9 FA Erk(Zhao,
Kusminski, & Scherer, 2021). ¥ A7<] 23}
o] $A7F SFTAA FelshA Aaelgla, thx
T A felg A7k fidled ole B oo]
gz f2ld Iede 24 AZ U2 £9
ot A thake] SR A 229 S F
shal, AR Ao EM Qe #HHE 9
sl 99 F=E AaAZ7] wiEe|tHWeiss,
Reeds, Ezekiel, Albert, & Villareal, 2017). &

gk Hgh] glo] Rl A (blood-brain
barrier; BBB)S E3}5}0] 9| A48l 2lEl 4=
A9} Agsfor she 542 72 gl el

55 ek 244 (triglycerides: TGl ¢
A PP ol sk Skl Hof 'l AgA
o] A7|A FrHA&-E 2013). o]& £ AFolA tf
A7} vkl & vk ) vk e Ao

S S0 75 A, sl e

N

o) $EFAN AR A7 gAE RS BeE)
T A 5% B AR SEA0 9B 7

Al ol Jele] Ffido] et Ao e, ®
g, 5 Tl A 249 vt e Wik s
Eo]A ¥, o el BAHQ 282l A4 oA
o] 7150 Qs AAEY Aidle gl HU
AoltHKang, Park, Sung, Yuan, & Lim,
2021). o5 T EH BEF= 3 Aok
Sl el w8l Gk Fol Rl AsHg A

=
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GLP-1(glucagon like peptide-1)< &2
# Fol| kel AR Yl FrEe B¢t
71N 2HEE 29 (incretin)
SPUtH( e, 2011). GLP-1& A3t
Foll mlglete] EH|EE ER QdAko]H (Krieger,
2020) DPP-4(dipeptidyl peptidase-4)°l <]zl
A wEA EafElo] Aol AHgate AIRES m¢-
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216 ZE5 2555
Zk(o] 4ol 2013). Aol $2l0] EoloW X
g &AM *—L‘li Aded THE A2,
23 e 9 =7 WS ST =577
Z(glucagon) THIE AAlste] S 24dth(A
ol & 7184, 2011). &3, AT 52 54
wo] S TS A sl A& o
Adks &3¢t il A adE 43 £

(Gonzalez-Garcia, Milbank, Dieguez, Lopez,
& Contreras, 2019).

& ATl GLP-1¢ 4] }%5 oA el
A 7&&’5}0“ zwe] A5 Felgh Aolzt §idd

2 GLP-12 vpggt ek a4
(Martln Sun, & Keating, 2020)
& 43 o Atele] A7 WEHIA Y AlsHg
E Welatd Ho] GLP-19] €55 At %
THde Lartigue, 2016). %3t H[EI9] GLP-1
HE $28 7MA v 24 A9
g sk, IetetlE GeFe ol H]
o5 ghAl7]1A Ark(Madsbad, 2014).
LP-19] 747} ol A
A9l Bge39) g A

Coy

°]

(Esquivel, 2021) A2AQ 2L
oA GLP-19] #4aE Wepidcta AZEnh
9, 2012). olglet A= GLP-10] Aule] 2=
&g o7 FHE B2 (Drucker, 2016) H3-5<
Foll 7o ouAl FHOR Qlsled A& Ashr}t Lo
U GLP-19] 7= Vet 7108 Bojziti(Adam,
Jocken, & Westerterp Plantenga, 2005).

FA7E S7FetivtaL Hasiol
2 AdE 2012) APATdE Aole
ofAH &Fel g W
GLP-12 4:X9] Z7ke} 7tad) dlal WesiA +
2] olgrin AwEo] $50 #3 GLP-19
A77} Wr} Bol Fasitia Azed.

2 A7INE 97 F ule FdelyS B
21150 $e59 21 va ey o2
=

12

ARG ER 2717 A% o}
7, oA vl 2719 A8 oAl
A FRoz olojn T3

& Aow ArH.

_,d
me
2
r

BA

o]

2 ape
9

554 ©14 654 Tlwte) 5
Hge2 $52n=12),
ol AN AE G5} 2, 4 A
A 2F32, &, HOMA-IRS Z%X"V]
& 33 B3t e,
e, £5 2-F A7) 2 Al
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1153 & folapA Z4sle]
Wom a5 7t Aeole

Aol 7k L}E}‘;kﬂr.

AU dEFE U

o] ns +4

rNL
N

et o5

o] 115 ¥ felotd #astslon g 3t Aole
115 % WskoA frolgh o]z} Uepytet.
oo Azne %ﬁ%‘éﬂi o 1153e] E¢=g
271953 geisgEon 799 Baheso
17 3 vk FdoiAe vint w9 Al ded
;qs}/ﬂ eqh:,] GLP- loﬂ :quxﬂ%o ] odsre 201 H]

co= T
7] A3 o vt A28 el ol
HHolng Fde] ah& A7k A=t %
S = o8 AyztdEr
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Effects of Combined Exercise on Insulin Resistance,
Leptin, GLP-1 in Postmenopause Obesity Women

Dong-Ho Kwak(Pusan National University, Master Degree) + Su-Han Koh(Pusan National University,
Ph.D. candidate) * Soo-Min Ha(Pusan National University, Post-Doctor Researcher) « Doo-Wang
Kang(Pusan National University, Ph.D) * Do-Yeon Kim(Pusan National University, Professor)

ABSTRACT

The purpose of this study was to investigate the effect of combined exercise program for 11 weeks on insulin
resistance, leptin, GLP-1 in post menopause obesity women, aged 55 to 65 years by dividing them into a exercise
group(n=12) and control group(n=12). The combined exercise which was composed treadmill and elastic band
conducted three times a week for 11 weeks for 60 minutes per session. The intensity of treadmill walking exercise
was comprised at 40-49%HRR for 1-4 weeks, 50-59%HRR for 5-8 weeks, and 60-69%HRR for 9-11 weeks. Elastic
band exercise were performed with a low intensity of OMNI-RES 3-4 at 1-4 weeks, a medium intensity of
OMNI-RES 5-6 at 5-8 weeks, and a high intensity of OMNI-RES 7-8 at 9-11 weeks. Statistical analysis was
utilized SPSS 22.0 and p.<05 value was used for significance. We used two-way repeated measures ANOVA to
determine the interaction between groups and times. Also, the difference between the results of pre and post
parameters was calculated by paired t-test in each groups and independent t-test was utilized for demonstrate the
significant difference between exercise group and control group.

The results of the glucose, insulin, HOMA-IR showed a interactions between groups and times. The difference
between the pre and post exercise periods was significant decreased in the exercise group, and showed significant
difference in the amount of variation between groups after 11 weeks. The results of the leptin showed a interactions
between groups and times. The difference between the pre and post exercise periods was significant decreased in the
exercise group, and showed significant difference in the amount of variation between groups after 11 weeks. The
results of the GLP-1 showed a interactions between groups and times. The difference between the pre and post
exercise periods was significant decreased in the exercise group, and showed significant difference in the amount of

variation between groups after 11 weeks. Therefore, it is concluded that 11 weeks of combined exercise including
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treadmill walking and elastic band exercise had a positive effect on insulin resistance, leptin, GLP-1 in post
menopause obesity women.

Key words : Combined exercise, Postmenopause obesity women, Insulin resistance, Leptin, GLP-1
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