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1) AT FY e GAL
JAFS T (metabolic syndrome)o] & =/F® 4 std A B2 (ASCVD)Z A2
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g gy 4077 4 ABAAS

|
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8] 9k(abdominal obesity), ©]4F# &&=

(dyslipidemia), &3] ¥ %4 X W (triglyceride), %2 HDL-C, i1& <} (hypertension),

AdEA A (insulin resistance) =] 7 FHAA vElt= @8-S stue S5
T o2 Hog A olth(Reaven, 1988). HAFSFw > <Figure 1>3 o] Wds%
of, xdst, RAEZF, Blvte] Td] fASA & JHANA FHE YUEY T
B3t GFS v A= Aol oy, WA TolkE M4 ade] ¥ TH I&

ey oE esa=
LHEFR| 2= <
h 4
XIZEMIZ 7|04k

B T

LH=HS ZHoH e k= 1o AXES

Figure 1. Metabolic syndrome concept(th3Fr]wtsl3] 2005)
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o] WH "metabolic syndrome X”, Reaven? 7l¥ F XZ Wil "metabolic

syndrome(thAFE5-w)" ol 2har F-2 7] = L eh(eh g wkst 3], 2005).
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7178 AASFATHLee et al, 2007). HALZE9] 7]

of A= At
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L

Table 1. Various criteria for diagnosis of metabolic syndrome

71%& <Table 1>

Clinical
WHO, 1998 EGIR, 1999 NCEP, 2001 AACE, 2003 IDF, 2005
Measures
IGT, IFG,
. 4 IGT or IFG plus
T2DM, or loverd plasma insulin  none,
! . . . . any of the
insulin insulin >75th percentile but any 3 of the .
. . | following based none
resistance sensitivity plus plus any 2 of following 5 o
i on clinical
2 of the the following features .
! judgment
following
waist-to—hip increased
bod ratio >0.90 in WC =%cm in WC =102cm in WC(population
O 2 ‘o
'yht men, >0.85 in men, >80cm in men, >88cm in BMI >25kg/m° specific) plus
wel
& women and/or  women women any 2 of the
BMI >30 kg/m2 following
TG =150 or on
TG =150
TG =150 TG =150 TG Rx
TG =150 .
lipid HDL-C <35 in . HDL-C <40 in HDL-C <40 in
HDL-C <40 in '
(mg/dl)  men, <39 in ) men, <50 in men, <50 in
HDL-C <39 men, <50 in
women women women or on
women
HDL-C Rx
blood
>140/90 or on >130/85 or on
pressure  >140/90 >130/85 >130/85
hypertension Rx hypertension Rx
(mmHg)
glucose IGT, IFG or IGT or IFG(but >110(includes IGT or IFG(but >100(includes
(mg/dl) T2DM not diabetes) diabetes) not diabetes) diabetes)
microalbuminuria
urinary albumin other features of
others >20mg/min or insulin
albumin/creatinine resistance
>30mg/g

WHO, World Health Organization; EGIR, European Group for study of Insulin Resistance; NCEP, National
Cholesterol Education Program; AACE American Association of Clinical Endocrinologists; IDF, International
Diabetes Federation; IGT, Impaired Glucose Tolerance; IFG, Impaired Fasting Glucose; T2DM, Type 2
Diabetes Mellitus; BMI, body mass index; WC, waist circumference; TG, Triglyceride; HDL-C, high density
lipoprotein cholesterol
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3) dAIZFTY $14 24

(1) EFAt3g &

H| H(obesity) 2] o] o] 2Felo] adeps(XHH)3 obedo(th2])oll Al frelEth o] A H
Hike ol Ux A FH et o] Bagor s Ao AWAEs; FuEtA 2 E
FHE ugt. AT Skl mE AW FA4L2 s EdE 2ol FIeHA a8
T vt ERu Rk A tiAS o] 9ol A uEh A A A3
S ol Ao Yl th(Larsson et al, 1984). B4 gk g2 e 1 3
AL er FES £ ok ALY B5 HRE F2 FdAolu HAE F o

BAAAM LAY, vARE S F2 A A AN A YEFET<Figure 2>.

—

a. visceral fat obesity b. subcutaneous fat obesity

Figure 2. The classification of visceral fat obesity and subcutaneous fat obesity

by computed tomography scan(A-&EHA] 2009)

A dedd A& WAEs A JAVIAS Adste] 2FE wokAA . E
7_:]1

T M g AL s FAH dedA F FeF JAHE VA
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Table 3. Diagnostic criteria of hyperlipidemia(e]H % 5, 2008)
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Figure 3. The mechanism of small dense LDL and small HDL(Z-% 4, 2006)
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(Himsworth, 1936).
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m. 4+

®A7E +937 A% A7ode ] A9 Bas ABFAAY £F T2l
o3 Abg

TEE Ex4 1F(control group, CON) 9%, ALE &

2
e

T AALE] 3B%7F He TEAL 218 S o= st g
% 1w (low intensity
exercise group, LIE) 9, T4 % && I (moderate intensity exercise group,
MIE) 99 o= F4d wjAsted FAsS e, 37%4%E 5 1&(high intensity
exercise group, HIE)> =7 g3l ¥ Add@A TAE AT @] A7)
u] =l (Almeida et al., 1999) ¥ Ao A= A< AT
AT HAAE S BN ez 2ael FojstA] Fa AP o 2 HXjo| o
3 F23s] olslista AR o] oJALE HEl T o R A2 EAE <Table

4>9F .

Table 4. Physical characteristics of subjects

Group n Age(yr) Height(cm)  Body weight(kg) Body fat(%)
CON 9 54.11+2.93 156.40+5.45 72.13%£9.78 36.56+1.53
LIE 9 54.00+3.28 157.71+5.31 72.92+8.39 37.44+1.12
MIE 9 54.11+2.62 156.58+5.64 70.06+9.36 37.14+2.08

Values are Mean+Standard Deviation, CON, control group;

LIE, low intensity exercise group; MIE, moderate intensity exercise group
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Figure 5. The experimental design
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3 2]

GAFFT AGAA 2 AEAA Jg5oz PRk BAFTE A9
At g2 WWALAZF, BML AATE, HelEd), 572 o¢] ¥st 2
3

g A A3 3] TC(total cholesterol), TGltriglyceride), HDL-C(high

M
O
o
A
01~’

density
lipoprotein cholesterol), LDL-C(low density lipoprotein cholesterol), &% 34
(glucose) S =AFAT T3 AxAAFY L Aol A g1&T FED o], 9l
sdAgAANERZ AlE5E HOMA-IR(homeostasis model of assessment for

insulin resistance)® S ©]-83lo] 43} % tHMatthews et al., 1985).

4. 53 Y H =F

HITEA 2= A QA E £497]2 T-Scan Plus(Jawon Medical Co., Korea)< ©]
&3] AT (body weight, kg), A HFA+(BMI, kg/m'), A& (body fat, %)=
SAstl o sleEel= WHO1999)ol A A atshs W o= @27 7] d2pAll
Hors] #& U4l dHlelA EA(Martin's Rulers Set, Sweden)E ©| &3}
(iliac crest) #5919 S5&(rib)e] FHedH-9 FHAFHAA 0.1lem 7HA =

gkt

X

o

FY2 2 YA Hico, Japan)E o]l &3sto] UdAE FHA 1023 S FHSH

§ 5 ool gre gHelA A3 ure AgH 2 Folz shel 23 WE =4
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(3) 8 HA

FH HFHo Yol 3000rpme & 10%7F YA

M
i)
ol
ok

o 8% #+2] § TC(Total Cholesterol), TG(Triglyceride)) HDL-C(High Density
Lipoprotein Cholesterol), &9 (Glucose)= A& A $}e+4 7| (HITACHI 7060, Japan)
2 o] g3t =A3 . LDL-C(Low Density Lipoprotein Cholesterol)-& th& 3}
22 F2d 93] AH&E3HS tHFriedewald et al., 1972).

LDL-C = TC(mg/dl) - [HDL-C(mg/dl) + TG(mg/dl) / 5]

ANEe o iy AR @ 342 70T Wsrnd sidvirt spahdgd

9 (Centaur XP, Germany)S ©|-&3te] AALE Zd s} 3t}

(2) HOMA-IR
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31t (Matthews et al., 1985). o]ol w3t &S t}&u 7},
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D
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—t+
Q
=
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@
)
o
o,
oo

HOMA-IR = [fasting plasma insulin(uU/ml) x fasting plasma glucose(mmol/)] / 22.5
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[Target Heart Rate =

.
&4

Karvonen(1975) 9]

Intensity x (HRmax - HRrest) + HRrest]oll w2} o H]
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1w HRR 60%=

o
T
il
70

o
o

ATt

S

vl g AE

+ 3.5ml/kg/min

0.1ml/kg/min
m/min

% % (m/min)

@ VO(ml/kg/min)

1METs
3.5ml/kg/min

@ L/min = VO2(ml/kg/min) x A< (kg) + 1000

@ kcal/min = L/min x bSkeal

VOo(ml/kg/min)

@ METs
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=
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=
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5, 2009; &t
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= AAst= o] U3 5(2003) A Faske] AAE Aol FAAd

E=x g g:; e <Table 5>9F 2t}

Table 5. Aerobic exercise program

Time . Distance Frequency
Order . Content Intensity MET's ca
(minute) (km) (weeks)
Warm 10 Static stretching,
up Dynamic stretching
Main Low Intensity Walking HRR 40% 3.2 3.1 164
. 40 3
exercise Moderate Intensity Walking HRR 60% 3.9 4.0 190
Cool 10 Static stretching,
down Dynamic stretching

6. A5 A2

B AFE 98] =A% A5+ Statistical Package for the Social Science(SPSS)

window version 12.0= ©o]&3lo] 2 A Eo] sk Hif(mean) 2

Collection @ jeju



V. 9+ 23

I AISFT AEAAS H3

1) ¥ %o W3}

12579 54T fFAala % ZE a3 3 A F(body weight)d] W3l=
<Table 6>, <Figure 6>3 2t} ot U #5243 A A vluste] LIE 1%
sto frelstAl gastdlom, 1% b W3k (change)

, MIE 1%°] CON & H

2
=
ot
>,
-
o
of\
iih)
&

Table 6. Comparison of body weight after 12 weeks

body weight(kg)

Group pre post change t p—value
CON(a) 72.13+9.78 72.21+9.88 0.08+1.33 -.176 .865
LIE(b) 72.92+8.39 71.37+7.49 -1.56+1.97 2.368 045
MIE(c) 70.06+9.36 67.07+9.08 -2.99+1.41 6.355 .001
F 234 1513 8.322
p-value 793 231 .002
post-hoc c>a

CON, control group; LIE, low intensity exercise group, MIE, moderate intensity exercise group
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75.00
74.00
73.00 B
72.00 .
71.00 ~H

70.00 5
69.00 =8= LIE

—— CON

body weight{kg)

§7.00 Y
66.00
65.00

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
"p<.05; *p<.001

Figure 6. Comparison of body weight after 12 weeks

(2) AAZFA 42 A3}

o ) o
1277ke] SEAEE FA4L &%

[
fr
u
=
o
oL
N
S

(body mass index,

N
MIE ZolA s FYshA #ZAasAah 3k 15 3F WAg & (change)ol A=
ZFolE B o o tisk Al HST A MIE Z1&F°] CON 1F Ry Aol

FrolstAl 2 Ao YEETh

Collection @ jeju



Table 7. Comparison of BMI after 12 weeks

BMI
Group
pre post change t p—value
CON(a) 29.41+2.90 29.43+2.83 0.02+0.55 -iiZ0 907
LIE(b) 29.23+2.10 28.64+2.19 -0.59+0.81 2177 061
MIE(c) 28.49+2.95 27.30+3.00 -1.19+0.58 6.107 .001
F 301 1.444 7577
p-value .743 .256 .003
post-hoc c>a

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;
BMI, body mass index

30.00

259.50

259.00 T

23.50

== CON
28.00

BMI

== LIE
27.50
- MIE

27.00

26.50

26.00

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group,; BMI, body mass index
“p<.001

Figure 7. Comparison of BMI after 12 weeks

(3) AAHES A3}
12539 &5 T 23 & AW E(percent body fat)e] =

3}+= <Table 8>, <Figure 8>3 #t} Ho U #AE=4d3, A Ay vwste] LIE

L_I,:)‘g_ _[OT}\

A

B

o
Run

oN
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dwolA reldt Zpol 7k yEhbA] edgtoy adsts Fd¥e Blow, MIE 1w

AME FeetA ikt =3 i P WSk (change)dl A = o3k Aol &

Fol FolatA & A2 e

3T
=

Table 8. Comparison of percent body fat after 12 weeks

body fat(%)

Group
pre post change t p—value
CON(a) 36.56+1.53 37.41+1.66 0.86+1.21 -2.122 067
LIE(b) 37.44+1.12 36.70+1.45 -0.74+1.53 1.458 183
MIE(c) 37.14+2.08 35.73+2.35 -1.41+1.13 3.744 .006
F 696 1.843 7.203
p-value 508 180 .004
post-hoc b, c>a

CON, control group; LIE, low intensity exercise group, MIE, moderate intensity exercise group

38.00
37.50

37.00

36.50 —&— CON

36.00 4 - l=- LIE

o

body fat(%)

35.50 I

35.00

34.50

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
“p<.01

Figure 8. Comparison of percent body fat after 12 weeks
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4) =Y ¥s3t
3] 2] &8 (waist)e] W 3sli= <Table 9>,
<Figure 9>¢} 2t A Ul A543, Agdd7 vuwste] LIE 2594 F9gk

o7b tehbA ghskort Fast: WS nglov, MIE 1EAME felatil 7

Aol & Helow o] tid AT

Table 9. Comparison of waist after 12 weeks

waist(cm)
Group
pre post change t p—value
CON(a) 92.67+4.18 93.22+£5.91 0.56+2.51 -.665 525
LIE(b) 93.22+6.55 91.50+7.03 =-1.72+2.73 1.894 095
MIE(c) 93.11+5.09 90.11+6.47 -3.00+3.04 2.959 018
F 027 520 3.813
p-value 973 .601 .036
post-hoc c>a

CON, control

group; LIE, low intensity exercise group, MIE, moderate intensity exercise group
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¥ 91.00 o
g " - f= LIE
90.00 & osalho s MIE
£9.00
88.00
pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
“p<.05

Figure 9. Comparison of waist after 12 weeks

2) Eshe w3

4

LI

—

(1) =571 €49 A3
12

o] $EAEH FAA % LW I £Z7] Fg(systolic blood
pressure, SBP)2] W3}+= <Table 10>, <Figure 10>3} 2t} A ) A543, 2
g2 vlaste] LIE 152 MIE Z&olAl F938k Zol7t yepb=] g A v 24

e e RO, 1§ TAME K% o7t vhehiA it
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Table 10. Comparison of SBP after 12 weeks

SBP(mmHg)
Group
pre post change t p—value

CON(a) 130.67+£13.06  131.11+11.93 0.44+4.82 -.276 7189

LIE(b) 132.67+11.25  131.33£9.14 -1.33£5.96 671 521
MIE(c) 135.22£1398 133.67+1520  -1.56+4.95 942 374

F .286 118 .389

p-value 154 .889 682

post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;

SBP, systolic blood pressure

136.00
135.00 _
134.00 R
133.00
132.00

o —— CON

131.00 == LIE

)]

125.00
128.00

SBP{mmHg)

- MIE

127.00

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group; SBP, systolic blood pressure

Figure 10. Comparison of SBP after 12 weeks

(2) 737 e A3
12530 &=

pressure, DBP)%] W 3$}i= <Table 11>,

T Zga9 F 847 ¥sHdastolic blood

<Figure 11>¥ 2o A o A543, A

]
FAE &
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 vlaske] LIE 23 MIE Z5FolA o)’k Aol 7F yebubA] SEskAnt 2ha

she e RO, 15 BAME F% o7t vhehbA Rk,

Table 11. Comparison of DBP after 12 weeks

DBP(mmHg)
Group
pre post change t p—value

CON(a) 78.89+6.97 80.00+7.50 1.11+6.51 -512 622

LIE(b) 381.11+5.47 80.56+7.68 -0.56+7.68 217 334
MIE(c) 83.89+£9.93 82.22+10.23 -1.67+4.64 1.078 312

F 1.906 164 429

p-value 180 .850 656

post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;

DBP, diastolic blood pressure

85.00
34.00
23.00

82.00
£1.00 B —— CON

80.00 -E- LIE

79.00 / ke MIE
78.00
77.00

DBP(mmHEg)

76.00
pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group, DBP, diastolic blood pressure

Figure 11. Comparison of DBP after 12 weeks
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3) ETAAe W3

el EEAEE fAA &5 zRa¥ $ FFy 2~y E(total cholesterol,
TC)e W3t <Table 12>, <Figure 12> 2tk g | A543, ddd 3 8l
stel LIE 154 9@ aol7h vhehtd @gor} gashs 42 ngom,

Table 12. Comparison of TC after 12 weeks

TC(mg/dl)
Group
pre post change t p—value

CONC(a) 194.22+23.73  195.00+£27.11 0.78+24.71 -.094 927

LIE(b) 198.11+£36.00  189.78+32.99  -8.33+18.32 1.365 209
MIE(c) 210.78+34.00  199.33+£36.15  —-11.44+7.40 4.639 002

F 671 198 1.088

p-value 520 822 .353

post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;
TC, total cholesterol
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CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group; 1'C, total cholesterol
“p<.01

Figure 12. Comparison of TC after 12 weeks
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Table 13. Comparison of TG after 12 weeks

TG(mg/dl)
Group
pre post change t p—value

CON(a) 121.44+32.89  125.00+50.12 3.56+25.49 -418 687

LIE(b) 125.33+26.57 1125642849 -12.78+39.17 979 .356
MIE(c) 138.00£48.47 108.11+50.65 -29.89+36.77 2.439 041

F 439 351 2.136

p-value 619 707 .140

post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;

TG, triglyceride

140.00
135.00
130.00

125.00
_ —— CON
120.00 5 ~.

™ - 8= LIE
115.00 -~

TG{mg/dI)

- MIE
110.00 5

105.00

100.00

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group; TG, triglyceride
“p<.05

Figure 13. Comparison of TG after 12 weeks

(3) IEE gy ZYP2HE
125312

TedEE Ad = Ak Z e 28 = (high

=
density lipoprotein cholesterol, HDL-C)2] W3}i= <Table 14>, <Figure 14>%} %+
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Table 14. Comparison of HDL-C after 12 weeks

7 wlaste] LIE 5% MIE iAo e 2ol 7h
o ZvlelE AgS mgow 18 7FAE Fo8k xolst LpERLY

Group

HDL-C(mg/dl)

pre post change t p—value
CON(a) 57.67+7.76 54.56+11.45 -3.11+£8.01 1.166 277
LIE(b) 57.89+5.86 59.22+10.79 1.33+11.47 -.349 7136
MIE(c) 61.22£8.29 64.67+11.17 3.44+6.62 -1.562 157
F 656 1.858 1.263
p-value 528 178 301
post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;

HDL-C, high density lipoprotein cholesterol

66.00

64.00

G2.00

60.00
== CON

58.00

== LIE

34.00 .

HDL(mg/dl)
|
]
]
]
(]
|
\
|
\
&

56.00

32.00

50.00
pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
HDL-C, high density lipoprotein cholesterol

Figure 14. Comparison of HDL-C after 12 weeks
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12579 545 fix 5 Z2ad & AZE Ady Zy2HE(ow
density lipoprotein cholesterol, LDL-C)¢] W3+ <Table 15>, <Figure 15>%} 7+
o A il A2, Agd vaste] LIE 253 MIE 2504 2§ zko] 7t
Uetu A koyt fHadte AeFe BHon, i MR {o7 Aolrt e

A ekgket,

Table 15. Comparison of LDL-C after 12 weeks

LDL-C(mg/dl)

Group
pre post change t p—value
CON(a) 112.27+23.60  115.44+19.22 3.18+18.43 -.517 619
LIE(b) 115.16+¥41.51 108.04+31.46  -7.11£23.24 918 .386
MIE(c) 121.96+£32.25  113.04+4091  -8.91+14.45 1.850 101
F 201 127 1.055
p-value .819 881 .364
post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group;

LDL-C, low density lipoprotein cholesterol
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pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
LDL-C, low density lipoprotein cholesterol

Figure 15. Comparison of LDL-C after 12 weeks

127770 54T fA% 9% Zead F FE Fdd(glucose)d WIE
<Table 16>, <Figure 16>¥ 2t} o W #5243, AFHH vaste] LIE 1+
t A4S Bgoew MIE 139

A FosiA Zastdeh 28y aF el s F98 2ok YElA] gt
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Table 16. Comparison of glucose after 12 weeks

glucose(mg/dl)
Group
pre post change t p—value

CON(a) 101.00£12.48  111.44+24.46  10.44+23.28 -1.346 215

LIE(b) 100.67+£14.26  98.00£19.48  -2.67+21.94 .365 725
MIE(c) 104.67£16.90  96.78+14.79 -7.89+6.47 3.658 .006

F 206 1.494 2.261

p-value 815 .245 126

post-hoc

CON, control group; LIE, low intensity exercise group; MIE, moderate intensity exercise group

115.00
110.00
5
= 105.00
E —&— CON
=
E 100.00 LI
= . MIE
95.00
90.00

pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;
“p<.01

Figure 16. Comparison of glucose after 12 weeks
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17>, <Figure 17>3 o Hd U #542 H A3 vt LIE Z2&3 MIE
IFolA 9% Aoz el kot MIE IFdAME Hasts A4S B

. EE, 1% el A% §98 3olsl thebA] ergheh,

Table 17. Comparison of insulin after 12 weeks

insulin(uU/mL)
Group
pre post change t p—value
CON(a) 11.46+7.86 12.25+9.41 0.79+3.38 =700 504
LIE(b) 10.17+5.35 10.31£7.45 0.13+4.55 -.089 932
MIE(c) 8.73+7.75 7.38+4.10 -1.3645.56 731 485
F 335 1.010 D17
p-value 719 379 603
post-hoc

CON, control group; LIE, low intensity exercise group, MIE, moderate intensity exercise group

13.00

12.00 /,’-

11.00

10.00 —&— CON

9.00 == LIE

insulin{pu/ml)

5.00 o et e

7.00

6.00

pre post

CON, control group; LIE, low intensity exercise group;

MIE, moderate intensity exercise group

Figure 17. Comparison of insulin after 12 weeks
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2) HOMA-IRY ¥ 3}

125719 ¢575d §24 &% 22739 & HOMA-IRS W3l <Table 18>,
<Figure 18>3 2t} Ao Ul A543 Ay vluwste] LIE 253 MIE 1+

oA Fog zkel7F vEhbA] @gkont Fadhe S HAdth B, Iu ZhelA

© §olg Aol7h e kst

Table 18. Comparison of HOMA-IR after 12 weeks

HOMA-IR
Group
pre post change t p—value
CON(a) 3.03£2.45 3.77+3.56 7.5+1.82 -1.230 254
LIE(b) 2.49+1.29 2.39+1.68 -0.09£1.52 184 858
MIE(c) 2.41+2.20 1.84+1.15 -0.57+1.55 1.110 2.990
F .243 1.593 1.501
p-value 187 .224 .243
post-hoc

CON, control group; LIE, low intensity exercise group, MIE, moderate intensity exercise group;
HOMA-IR, homeostasis model of assessment for insulin resistance

4.00
3.50
= 3.00
e —=—CON
g - LIE
T 250 Bmmmm e -
' « MIE
2.00
1.50
pre post

CON, control group; LIE, low intensity exercise group;
MIE, moderate intensity exercise group;

HOMA-IR, homeostasis model of assessment for insulin resistance

Figure 18. Comparison of HOMA-IR after 12 weeks
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7FA 7]

1 2] =2
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A2 0.112%(0.08kg), AAZFAT= 0.072%(0.02), AALES 2.32%(0.86%),
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© 059%0.56em) = S7hets AEFe BAW v ARE fEaFddA= Al

2.02%(0.59), A& 1.98%(0.74%), 3=+
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Ha(p=.045)7F HEskon, d5 3t Wakgel = AAYE oA A a3 v
stol  eld Ha(p=004)7F dEEY. B SR eEagcdME AT
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A ®a17} 9t (Chobanian et al.., 2003). o]+ iL

th=

7 & A (prehypertension)
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H] 7] €]

e w3 ed adolgdal ®
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12 itk (Miyachi et al., 2003).
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L5}

H3k MgAdGE AEd, Savg oS o2 HRmax 50~70%=% FAit4a

$5S AAE AF22007)2 A9 HRmax 55~70% % E3te5S AAd 7K

74(2010)9] A4} ke #Aa7F FYshAl YEbUA] gdthar Hiaste] B A
v

ot dAst slvk. WHE, Tashiro 5(1993)¢] 2} S5 S 1053
Osmax 50%9k 75%°1A it £5& AT § o A7t §
Al deEbd s Bad 99 VOsmax 40%~60%01 4 ik 25 AAE &
4 Ha ZHTE SAACE folsiAl YERRHAL Badk olfu] 5(2010)8 At
A7 A dwrd A3E veEtia gth

o]FA RSt te At A7t U2 olfr= #Y AFol LA MkEd &
AAA e B2 e A9l Mt Al S EGA7IL 1 7S ke A

)
X
o
fr
do
lo,
o

m {

AL et ol d FFoME fes T ATHavterzs I 242 I8
Al 8kl 1A 5, 2004). webA] e dHoh AAE A *F 2%

3) EFAA vA= S

(1) FZ2ALHEN WA= FF

FZY2HE(TC)S ~H ZEo]=(Steroid)d] ¢F(Alcohol) ZA] & 2772 A4
% 2" HU(Sterine)d] dFo|t}, dF Fo= o ~H Z(Ester) €22 XH2ky A

Hol g Aol 60~80% 7t Hrh ZelsEEe Axs) 24, 58 HAREAS

2EHEo] EASH o] FolAl Mo 25%, YHA|= A Fo EFHo Jd=dH oF
2/37} esterol@o]al 1/30] FE]d oz Exstt}, ZY2HES Eo & =X o
FOEY JEo ZU2HEY ZY2"HE o2H=Z9 e JHdE] dElEe] &

de FAste] dde s5S A Hed ol S sWAsEa I TC
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= 240mg/dl o] W HFEHASe] W Eo| wlg oA 7] wii] 7|4 W
9191 120~200mg/d1E2 F*]8k= Aol vpgrAstrh(ghar o8t F- 4, 1992). F9] 4
4 2dzdHE A4S A
7T 5, 2008).

TCe| el gk AYA7|HdS a3 2 AA
E] Apo(apo lipoprotein) A-1 ¢ A4S F7FA7]=0], Apo A-19 Ao F71y

W "2 LCAT(ecithin cholesterol acyl transferase)”} &43}% o] d% TCS
&

H$ Zo| 223 Al7|a o] e g Hyl o3t F& wjdA7IEE dF TC
Fxo] dollth A4, &5 AW EIahe] HE FHA7IL Fh A TGS
st S -2l HTGL(hepatic triglyceride lipase)S ol Ao 24 AW & ~H
9] olstatgo] FUkete] FAH &0l AstHoRE s TC FEol SobxA dv

(Ballantyne et al.,, 1978). A A, 7|ZALHES] SVl A oyx] Qo] H
o 2A S7tEeEA TC/h &6 Al 2R vAzA sd3H= &3 <5 U v
EF=glole] 2bstg Aol vho] & FZEHl (myoglobin) s =9 F
o] A3tz <ls] TC7 A" tH(Lopez, 1974).

B AT A 1277k $EFEY Fak $ES FAW A3} TCE A TFAA
040%(0.78mg/dl) ~ F7katiAE  WEZE  wuEgdon  ARE  ELFS

4.20%(8.33mg/dl) #FHastAA T SAH R FoFh Aol7t “EbA] gkt g

543%(11.44mg/dl) rasto] SAH o= o3 Zpo]7t
BR ARt 5 3 WEkgel s SAH R o Apolrf vEbA] &3k o
B, ¥4 (1998) VOsmax 50%9F 70%= Fith &5
AAGE & 5 a5 5 TCZF #ashzle ey § ¥ =2 =Y VO2max
0%z 5 AT TFdMT FoatA A=At FEstaL =

HoAgrek dAska vk | S = *E 1w HRR 40~60%) % LR EE 1w

=S 22 vrol Xt A4 7 (Baker, 1986)8 E3s8|E o TCY &}
JE(MHRR 60%) o]/l Ae] fFAith &S AAS
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(2) AR A= FF

al., 1980). W&t TGE A0 50~150mg/dl= X 3t= A o] nighz sty o]
S NSty 9% 59 F8Ao] AxHi (&4 5, 2008, Kraus et al,
2002). TFHRAA HFAL $EE AHoRRH dUA FLE AsEA Fe=
LPL(lipoprotein ~ lipase)®] &S S7HA7]aL, A TGEAS FEste
HTGL(hepatic triglyceride lipase)®] A4S SAA Y. 234 o= LPL7I U
ggsteo] AWomRY oUA FHo] AXI HTGLS Astz ZEu|gtol koA
o TG @A &0 YoABER dF TGO s=5 HaA7le Aow g4 dv
(Kokkinose et al., 1988). Tompson(1998)e] <1-tof st 242 52 T
TGS & 16~19% AL FEAIZ & o3 Hiasta )
2o AFAA 1277 e AEE fAE &F

A 293%(356mg/dl)  S7FstRAAR WEIE wBjsilon, AR FEIES
10.19%(12.78mg/dl) ZHAstAqAT TAA o= fFo g Zpol7F yEhubA k) W
W, F4E TEIAFdAE 21.66%(29.89mg/dl) #HAste] SAIFSR {23k Aol 7t
UERS AR, 25 3P st s SAIA R Foldk Zpol7F UELEA] Skt o

(HRR 40~60%)¥ 117 %= &5 1% HRR 60~80%)2.& 1o

rlr
of
ol
k1
Mo
off
u
o

(3) L= AgY FH2HE vA= I

IUE Ao FYAHSHDL-CO)L dd 3 UE £33

rlr
>
i)
i)
i
1=
i)
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9 ol Fe EFgAEA AHEozE= WA (protein) 50%, <A A (phospolipid)
24%, @ 2" Z(cholesterol) 20%, /A W (triglyceride) 5% = A% o] <Atk

HDL-CE 579 ¢i%o) =g FFoRA AW54S A5 9% /18 u5

se Awsta Aol FAHAE W ol ol&dte Hde sy, TxxH =4
o
il

< HDL-C2 #/e®dsh WA =g Sg4el fddzteltt. dF HDL-CY
TA7F Img/dl S7+skel wep s Hdse] f¥ss 2~3% HAasta, Ad#
Aoz Q3 AMES 4~5% FolEvtal st (Gordon et al, 1989). 7% A<l
$%& dxY LPLUipoprotein lipase)S A 3AA  chylomicron, VLDL-C,
LDL-C W9 ZdxdHEo HDL-CZ Agse= dl&ol ZFrhsta, 749
HTGL(hepatic triglyceride lipase)?t <+%< %3 IJrAlgo=x HDL-C9
catabolism®] SFo}x] 3l nascent HDLO] U E FJo] 5715 7] wjio] th(Nikkila
et al., 1978)E3gr TelAt= vt An A% HubM¥o] APO A-1°] & &
o] gAHoz s LCAT(ecithin cholesterol acyl transferase)”’} A 3}% a1, o]
i+ HDL3;-C& HDL-C2 €538t wol ¥MekA7]7] wiiteltt.

2 AFA 125770 EEAEE AL S5S Tt 43 HDL-C2 $A4 150l
A 539%(311mg/dl) #HA8tAAIRE BAA o2 Fol gt Apol7h YEhbA] ko, A
e 5152 230%(1.33mg/dD), 4% 51w 5.64%(344mg/dD=E T4 %=

FEIFAA A B S HAAW BANOR Fo9 o7t e %

A% E1FMHRR 50~70%)2 Yol ks 544 F HDL-Co A4
Fol@ Abol7t GEHUAL Q9T F4E SEIFAN o 2 21E v
(37, 2000 AFATS} A @V LF FE LS HDL-C E7b
FHA R F7HITE Wood 5(1983)9] ¢ 4% 5 1% (HRR 40~60%)
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Y} 7% FIFMHRR 60~80%)o2 UFol FAHA S AAg Ay
HDL-C AMol the £54%0 o7l ehBa%, 2009 AT, e 53
Hoes 52 5% A HDL-CY a3 or /A AHFA A 5, 2005)= AT
AstEst B ATe] Feld APAES] £54 HDL-CY ZHA7} o)) & 53
w7h Z7ker)E aAAw FAAR Felal
Aol RERY 45S Fg6 2w, HDL-C Ad2 9a4: 738 57

L o]l e fata S AAlshe Aol Aokl AR ET

i

=
330
32
N
R
M
9
jny
-,
N
O
Lo
off

(4) A e gy ZH2HEN A= 9

AME gy FH2HE(LDL-O)2 ZFHzHE, Fd2=HE o ~H Z(ester),
TG 5& A Zdxzdom 2ulsis AZU T2 EF42A4 g% ZUxHE9
°F 70% 5 At low A A 75%¢t dulA 25%, A HAAAE T FHLHE o~
H = (ester) 35~40%, FrelZdl=HE 7~10%, AA A 15~20%, TG 7~10%, =4
2HE dzgH2A0se F2 gEdites 745 dth LDL-C FA|7F 2
A LDL F&7]el °]ate] LDLE F=atAl Hi 3 FFstA Hd FE&7]14 A
oA grar, AAE oste] dyt W FHZHEY o] HoloEA AX
ol ZY " EFol HARSHA Ho] sWAs e W dle] #HTH(Miller et al,

1985). LDL-C& 100mg/dl wwto g FATd AL A st gom(oldd &,

[\
S
S
=
—
-
L“
O
lo
M
oy
b
rlr
>
>
o
o,
FU
jubad
ke
i
i)
;
ftlo
o
B
>
i)
S
%2,

=4 (Wang et al,
1998), dutd oz AAFH o8] LDL-C w%7} #Ast 1 FhAhE 8~12% 4
Egta B33 @)vH(Huttunen, et al., 1979).

2 oAellA 1253 e AR FAkh %S T 23 LDL-C2 §A4 1w
2.82%(3.18mg/dl) 2= WERFA] kAR SUbekE BEE B, AR E
Iw2 6.18%(7.11mg/dl), 7% & 1% 7.31%891mg/d)=E TAste 4FS B
RO FAAORE F3 zeo|7t yYEhA 3tk 1E 3P WSt AR BAH L
2 o3k Aol7b yEtuA @kt o2]gk A= VOsmax 5029 VOzmax 70%
due Wrol 853 it #5S AAE 23 LDL-CO #Hae= stAARE 79
sk Zpol7F YrEbUA] kkrh(ubs] Al 1998)E= A79F HRR 50%<F HRR 70% L& 2
2 uro]l 1293 fAtA s AAE A g Aol yUEUAl tkth(eo] A

{
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(Mador et al., 2001).
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Kol A = o](Reaven, 1988), ©]

2 tHRector et al., 2007).

al

Al Lol A 6.89%(0.79uU/mL), A7 %= & 1w 1.38%(0.13

UERA] ket
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o %
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A4 1F
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|
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RSRREY

SpE

[e)
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<ABSTRACT>

Effects of Aerobic Exercise Intensity
on Metabolic Syndrome Risk Factors and

Insulin Resistance in Obese Middle-aged Woman

Ko, Pyeong Seok

Physical Education Major
Graduate school of Education, Jeju National University

Jeju, Korea

(Supervised by professor Lee, Chang—Joon)

This study was to examine the effects of aerobic exercise intensity of for 12 weeks on the metabolic
syndrome risk factors(obesity markers, blood pressure, blood lipids and fasting glucose) and insulin resistance
and to be utilized as the basic data of exercise prescription. This study selected 27 obese middle-aged
wormren with more than 3526 of percent body fat at J public health center and thereby randomly assigned into
control group(n=9), low intensity exercise group(n=9) and moderate intensity exercise group(n=9). The
exercise intensity of the exercise program for 12 weeks was decided by the percentage of heart rate
reserve(HRR), and walking for 40 minutes three times a week was conducted at 4006 of HRR by the low
mtensity exercise group and at 602 of HRR by the noderate intensity exercise group. The measurement was
conducted twice before the execution of aerohic exercise of each intensity for 12 weeks and after the 12th
week For all data, the average and the standard deviation of each measurement item were calculated by
using SPSS ver. 120, and the paired t-test was used in order to verify the before and after of measured
variables in the group. In addition, the one-way ANOVA was conducted in order to analyze the changes
between groups and the change, and post-verification of Tukey was conducted when the significance is
acknowledged. 'The significance level for the verification of the hypothesis was set at the p<(b.

As a result of the execution of aerohic exercise of each intensity for 12 weeks, the low intensity exercise
group showed a decrease in obesity markers(body weight, body mess index, percent body fat, waist
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circumstance), blood pressure, total cholesterol, triglyceride, low density lipoprotein cholesterol, fasting glucose
and HOMA-IR and showed an increase in high density lipoprotein cholesterol and insulin. Statistically, body
weight significantly decreased in the group, and percent body fat significantly decreased more than the
control group in the change between groups. The moderate intensity exercise group showed a decrease in
obesity markers(body weight, body mass index, percent body fat, waist circumstance), blood pressure, total
cholesterol, triglyceride, low density lipoprotein cholesterol, fasting glucose, insulin and HOMA-IR and showed
an increase in high density lipoprotein cholesterol. Statistically, body weight, body mass index, percent body
fat, waist circumstance, total cholesterol, triglyceride and fasting glucose significantly decreased in the group,
and body weight, body mass index, percent body fat and waist circumstance significantly decreased more
than the control group in the change between groups.

Synthetically, aerobic exercise of each intensity for 12 weeks showed a tendency of general improvement
of metabolic syndrome risk factors and insulin resistance in both the low intensity exercise group and the
moderate intensity exercise group, and statistically, the moderate intensity exercise group showed a higher
improvement. That is, it can be said that moderate intensity aerobic exercise is more effective than low
intensity aerobic exercise in improving the metabolic syndrome risk factors and insulin resistance of obese
middle-aged women. However, one should not prescribe exercise of more than moderate intensity from the
beginning to obese middle-aged women who evade physical activities and feel that it is excessive to do
exercise of more than moderate intensity. The reason for this is that even only the low intensity aerobic
exercise has the effects of improvement of obesity markers for obese middle-aged women. It is thought that
it will be effective in the improvement of metabolic syndrome risk factors and be able to increase the
exercise adherence to first prescribe the low intensity aerobic exercise for these women and then gradually
increase the intensity when their physical strength is enhanced and thereby to prescribe the aerobic exercise
of more than moderate intensity(HRR 60%6).

* A thesis submitted to the Committee of the graduate school of Education, Jeju National University in

partial fulfillment of the requirements for the degree of Master of Physical education in August, 2011.
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