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ABSTRACT

Prevalence of Insulin Resistance and Metabolic
Syndrome and Effects of Health Promotion

Program among Obese Children in Jeju

Dong-Jin, Roh

Department of Physical Education, Graduate School,

Jeju National University, Korea

Supervised by professor Chang-Joon, Lee

Purpose

The purpose of the current study was to investigate 1) the prevalence of
insulin resistance and metabolic syndrome in obese children, and 2) the effects of
health promotion program on the level of obesity, physical fitness, insulin
resistance and metabolic syndrome among overweight and obese elementary
school student in Jeju Island. The current investigation consisted of two

studies including cross-sectional study and intervention study.

Study 1. cross-sectional study

Two hundred twenty eight overweight or obese children(151 males, 77
females, 4-6th grade) were recruited in Jeju. The level of obesity (body
weight, body mass index, waist circumference, percent body fat), insulin
resistance(homeostasis model assessment of insulin resistance), metabolic
syndrome risk factors(blood pressure, fasting glucose, triglyceride, high density
lipoprotein  cholesterol),  sexual maturity and parental demographic

characteristics were assessed. The prevalence of childhood obesity were

- ix -



different depending on the measurement of obesity level including body mass
index, waist circumference and percent body fat. Participants who were obese
were more likely to have significantly higher level of insulin resistance and
metabolic syndrome risk factors as compared to those who were overweight.
Sixty one percent participants had insulin resistance, and 15.6% had

metabolic syndrome.

Study 2. intervention study

Thirty overweight or obese children as intervention group and 15 healthy
body weight children as healthy control group were recruited in Jeju. The
health promotion program consisted of two exercise sessions and one
education session 3 times/week in 4-week. Obesity level(body weight, body
mass index, waist circumference, percent body fat), physical fitness(muscle
strength, muscle endurance, flexibility, cardiopulmonary fitness), insulin
resistance(homeostasis model assessment of insulin resistance) and metabolic
syndrome risk factors(blood pressure, fasting glucose, triglyceride, high density
lipoprotein cholesterol) were assessed. There were significant differences in
obesity, physical fitness, insulin resistance and metabolic syndrome risk factors
between overweight or obesity children and normal weight children before the
health promotion program. After health promotion program, there were
significant improvements in waist circumference, physical fitness, insulin
resistance and metabolic syndrome risk factors. However there were no

significant changes in body mass index and percent body fat.

Conclusion

Our findings concluded the severity of childhood obesity in Jeju. There were
significant improvements in waist circumference, physical fitness, insulin
resistance and metabolic syndrome in overweight and obesity children after
health promotion program participation. Therefore, it is recommended for
children to participate in regular physical activity to improve the level of
physical fitness and obesity as well as to prevent metabolic syndrome and

insulin resistance.
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Figure 1. Prevalence of overweight and obesity among children and adolescents
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Table 1. A range of the published obesity definitions

Body mass index Waist circumference Percent body fat
(kg/m”) (cm) (%)
Classification A eSterner Acfm
Westerner  Asian Male Female
Male Female Male Female
Underweight < 185 <140 <170
<220 <102 < 88 < 9% < 80
Normalweight 18.5-24.9 14-199 17-249
Overweight 25-29.9 22-24.9 20-249 25-299
Mild obesity 30-34.9
> 102 > 88 > 94 > 80
Moderate obesity 35-39.9 > 25.0 > 250 = 30.0
Severe obesity > 40.0

2) Ao} gk
Z~o}u] wH(childhood obesity) UWkA 0 2 fFol7|d A ALE7]71A] 9] vl wkS ¢

] G}

3) AAFAF
AAZFAFE MRS Z24dae 3y F vz 449 AF(kg)S A (m)°
G5 = AZFke) + A (m) ] 2o}
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tH(Rao, 2001). ¢

?:51_

Bl

Homeostasis

st

}1\1'

°o]&stel A

B
Mo
I

B

BN

™

ox

model assessment of insulin resistance(HOMA-IR)o] 7} d@ Al&5 1

fasting insulin (uWU/mL) x fasting glucose (mg/dL) =+

[HOMA-IR

225 + 1813 Zoh

__o_l

7) WA

4l 18

A o= mwk 3o

=
el

ol

RS

H(Kylin, 1923).

Els

A% o

(DeFronzo & Ferrannini, 1991).

- 10 -



8) ool ol A el

B oA A AgH ool HoE e 2o

BFM : Body Fat Mass (kg)

BMI : Body Mass Index (kg/m?)

BS : Back Strength (kg)

DBP : Diastolic Blood Pressure (mmHg)

FG : Fasting Glucose (mg/dL)

FI : Fasting Insulin (uU/mL)

HC : Hip Circumference (cm)

HDL-C : High Density Lipoprotein Cholesterol (mg/dL)
HOMA-IR : Homeostasis Model Assessment of Insulin Resistance (HOMA)
LBM : Lean Body Mass (kg)

LDL-C : Low Density Lipoprotein Cholesterol (mg/dL)
LGS : Left Grip Strength (kg)

MS : Metabolic Syndrome

PACER : Progressive Aerobic Cardiovascular Endurance Run (number)
PBF : Percent Body Fat (%)

RGS : Right Grip Strength (kg)

SBP : Systolic Blood Pressure (mmHg)

SMM : Skeletal Muscle Mass (kg)

SR : Sit and Reach (cm)

SU : sit-up (number/minute)

TC : Total Cholesterol (mg/dL)

TG : Triglyceride (mg/dL)

WC : Waist Circumference (cm)

WHR : Waist Hip Ratio
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I

1. Ao}u] 2 (Childhood Obesity)

TS R del= @]9l Adipositye 2FE o] Adeps(28] 29 Aleipha: Oil,
Fat)oll A1 &l 51913, Obesitys ¥4 oulste 2F'lo] Obesusdl Al & ¥ ok
(Klein, 1996). ¥w¥rA o2 Hvks A Fo] Wol Yrb= Aojeta deatA A 7hst
71 A, v A A A Aol srpetA FAH AA o] AY oo
2 Z7}8 A (Overfat) & 34 5 (Overweight) 3+ t & ugE 2 £ (T
ekt 2001), A AW % (Lean Body Mass, LBM)el Hl&] A djd o=z v x
2l 9 Tz A o Ako]l 3] HH ¥ GEHE ¢ v gth(Barness et al., 1981).
HA = HIREE Aol ofd " FACE AAsgond, dAde @
el Fde] obd Al FelE wwd £ e A& JFAZM (o]
1996) Yoy ndY 5o At Aska o] X = Aol ofyet A x
Aok sh= A7 Mo R(FE g, 2010), /M A gFH 4UlE e
T3 Q9¢og 7HFsa dth(Allison, Fontaine, Manson, Stevens & Vanltallie,
1999; Manson, Skerrett, Greenland & Vanltallie, 2004). 19963 A A B A 7]
(World Health Organization, WHO)l A &= B WS AZGS gst= A 743e 24
oA WA ASS AT F8 ddeR A L(WHO, 1998), = Al
AW E 7 (ICD-9codes)oll A &= 278.00]et= FZE=E Folsto] de FAbo] ofd #
Wow Aojsta Avk(HgnRkets], 2008).

ZopH b AWbA O 7 Folro| A AET|7FA 9] HIRkE fmahal, A Qle Rkt

2ol g AR, 557 A8 484 2 ALAS 5 AAA ABEA}

ol

H

Ay FAANS AYxx Y (Chu, Rimm, Wang, Liou & Shieh, 1998; Dietz,
W A7]ol = AAAHORE GG o] FolAHA TEE FEOE

A
Qa| AP Wt Ao} wiwe] WAFo] kop:, o Ay|g W g
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Higto g o]3tE 7hsA o] =th(Must, Jacques, Dallal, Bajema & Dietz, 1992;

Whitaker et al., 1997). T3+ B qkgt Ao} Ad S Al A

2

BuFon 9 v
s3el 497, 457,

%2 o] %] o](Shapiro, Baumeister & Kessler, 1991), 8t-¢-
i (Bell & Morgan, 2000;

A3l Aol sow JHA R A AR FolE xS
Epstein, Klein & Wisniewski, 1994), A lo] HoAx A4 A4S 98+
o A7Za oS %3tk (Gortmaker, Must, Perrin, Sobol & Dietz, 1993). ©] ¢}
Zoprnke A HAs g udst, 1AEF, I 9 dAEZA(Chu et
al, 1998)¢} @A A& A - A3 A (Epstein et al,, 1994)0. & AZ3a kol A z+sk
TAE 2dT 7 A7 Wl AP wE A 57F 8 dtH(Dietz, 1995).

N
B>
o

o,

I
o)

19.

e}

i

zopulwel AW A 4P YR A1F ANE AP AFE TGP
e

o2 FyH i, By AHsta ket

i

A el AT A4 ZRdo AW H2 Tl AE B RS P

A= AAZFAF, slgzd, BAANAGEA o wH SOl

(1) AAZFAF 93 A

A A FA 4= (Body Mass Index, BMDE HW=Z HAlstE WY 5 stuz A
< kilogram 992 A AF S meter GHE ASFT F AFE NG
AFoz irolkg/m’) AET F Ak APFAFE A2
7] o121 9] (Bray & Bourchard, 2004) <5 %°] B AbeES AA

=
gaso 94w FAFoE Avd £ AT, THF] Bol AW AL A

’

i
rr

A ool 7FAHo AW AAoE Ad"H S duE AIBHS A
th(Wilson, Tripp & Boland, 2005). A A% Abeje} =
st E4A AT F e FEE AY o] ggtRe Ao d

A5 31t (Expert Panel on the Identification, Evaluation, and Treatment

R
%2

k

5

L = S

of Overweight in Adults, 1998).
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Agole] A9 duwrdom AZAFEASF 185 kg/m® vHY W AAF, 185-24.9
kg/m® AAAF, 25-29.9 kg/m® A%, 30-34.9 kg/m® Z=w 7, 35-39.9 kg/m”
FTEEHT, 40 keg/m® olAE ;EH|TY 67hA W
(Strawbridge, Wallhagen & Shema, 2000), $-@etE X &ste] &> vwt
o] H= X7} wopxof gtttz AF AT uwel A AFEX
A%, 25 kg/m® ©]4& wiwre® Fostm YTHWHO, 2000).

dopade] AAGFA G og ninte e A thEA A A Holok g
o 2ol Ade dAdo] TUMEHEA AlFol FUbetal o2 QE AAFAFE
Hetn g dwrq o Ay o] A VEHS A&sy] e WEHFE o
&3to] Feskop(tiskn] ek 3] 2006). American Academy of Pediatric(AAP)e]
A AdgAs 95" MESE oS Hvtos Aos¢la, National Health
and Nutrition Examination Survey(NHANES)dl| Al &= 95" W2 9] 5= o] & gk
85-949" MBS HAFoR BFH(Sawa et al, 2002). vt 2w

QEFQO0DAN A E 20079 Aok - Had AALK BEAS AGehe] 4, A9

—

A A A AEER L2 eE AASa it<Table 2, 3>. W%t 347 &

lo
Q
%
®

ol
o0
T
O
%
=
ShiA
Zo
ol
=)
rﬂ
=
Y
o
O
%
=
ShiA
Zo
ol
s
oz
ke
rr
®
T
N,
_‘
DN
o1
'
=
B8
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Table 2. Body mass index percentile in male children

Age

(yrs) 3rd 5th 10th 25th 50th 75th 85th 90th 95th  97th

7-8 13.65 1393 1438 1524 1641 1789 1886 19.62 2093 21.93

8-9 13.74 14.06 1459 15.60 1697 18.68 1980 20.66 2213 23.24

9-10 1391 1427 1488 16.04 1758 1951 20.76 21.72 2334 2454

10-11 1416 1457 1524 1652 1822 2034 21.71 2274 2448 2577

11-12 1449 1493 1565 17.02 1886 21.12 2257 23.67 2550 26.85

12-13 1489 1535 1610 17.54 1945 2181 2332 2446 2635 27.75

13-14 1535 1582 1659 18.05 20.00 2240 2393 25.09 27.02 2843

14-15 1585 1632 17.08 1855 2049 2288 2440 2556 2748 28.90

15-16 1638 16.83 1758 19.01 2090 2324 2474 2587 27.77 29.16

16-17 1690 1733 18.06 1943 2126 2351 2495 2605 2789 29.24

17-18 1738 1780 1849 1981 2155 2370 25.08 26.13 27.89 29.19

Korea Centers for Disease Control and Prevention, 2007.

Table 3. Body mass index percentile in female children

Age

(yrs) 3rd 5th 10th 25th 50th 75th 85th 90th 95th  97th

7-8 1336 13.63 14.08 1492 16.04 1740 1827 1894 20.05 20.87

8-9 1347 1377 1428 1524 1651 18.06 19.05 1980 21.05 21.98

9-10 13.66 14.01 1457 15.65 17.06 18.78 1988 20.71 22.09 23.10

10-11 1395 1433 1495 1612 17.65 1953 20.71 21.61 23.08 24.16

11-12 1433 1473 1539 16.64 1827 2025 2151 2245 2399 2511

12-13 1478 1520 1589 1718 18.88 2093 2222 2318 2477 25091

13-14 1529 1571 1641 17.73 1945 2153 2283 2380 2538 26.53

14-15 1583 16.25 1695 18.26 1997 2203 2331 2427 2583 26.96

15-16 16.36 16.78 1747 18.75 2042 2242 23.67 24.60 26.11 2721

16-17 1687 1727 1793 1917 20.77 2269 23.89 2478 2624 27.29

17-18 1730 1768 1831 1949 21.01 2284 2399 2484 26.24 27.25

Korea Centers for Disease Control and Prevention, 2007.
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(2) siglEd SR g I

3 2] & 4 (Waist Circumference, WC)& &HHH|vHS Ads= W F 3hyol
o BEE e QA S T =2 AR AE AU A3 (Nicklas et al., 2003),
a5 sgsdrt SIS s & 9l t}
(Ascaso et al, 2003). S g e AT ZE 5 WAL I3 A4S

@ 5 ogvks ARHoR Ad BRe AN FHAYE AW 5

(L
ol
ol
rir
=
N
N
o3l
2
il
ol
oL
o

o
fr
e
)
=2

-
ShiA

s

%2

W

o
s

CT(computed tomography)4 MRI(magnetic resonance imagine) =% °] A}

i glod, vga tads 1y o s edrt SEhne b vk

],

rr

ol

A x=Z A A H o] (Molarius & Seidell, 1998) @A 7174 dz AF&5 a1 9T},
s F4AA0 wet th Aol et AARATAME §e

SedA g Fe RH000 5% A¥E Ave A HeEddn g 2

P(FBE AYE Ade e F059E 349: Ae A%en 3

(WHO, 199). slgj=d = 44, d5d

Fol e Tl B

Aolaha 9, Seluebs EEF SRAL opAlol-HR Y uluw ) Eel we}

A2 94 cm, AL 80 cm °] S HEFHIREO® Xdstar I tH(WHO, 2000).
rolg oy e offol AAaUA HEeds} A% F7e] e A 2

],

£ Aol vhgbd el oh(o] bl atE), 2006). el 20070 A AN F 20054

, 9" seed MEdes <Table 4, 5>

ro
of\
&
N
o
N
[
=
£
Aul
£
N
=
Mo
o
2

o) 1F e BRumel FoE AN muhe MEAFE o) §3e] AW

ot
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Table 4. Waist circumference percentile in male children

Age

o Mean 3rd 5th 10th 25th 50th 75th 90th 95th  97th
7-8 57.7  49.0 496 51.0 53.0 56.1 61.0 67.1 70.9 73.7
8-9 604 502 511 524  55.0 58.8 64.4 71.0 75.0 77.6
9-10 63.3 519 5238 542  57.0 61.5 68.3 75.5 79.5 81.9
10-11 66.1 53.1 54.0 55.6 59.1 64.4 72.2 79.3 83.0 85.5
11-12 68.7  54.6 55.8 57.6 61.3 66.9 752 822 860 88.8
12-13 70.8 56.5 57.8 59.6 634 687 772 852 888 92.2
13-14 724 584  59.7 615 64.8 70.0 78.5 87.1 92.0 94.5
14-15 739  60.0 614  63.0 66.5 71.4 799 895 93.7 970
15-16 75.0 62.0 63.0 64.6 68.0 72.7  80.6 89.7 939 983
16-17 759  63.8 65.0 66.5 69.6 741 80.7 884 934 960
17-18 77.0 64.6 654  67.0 70.2 75.1 82.3 90.0 94.5 97.0
Korea Centers for Disease Control and Prevention, 2007.
Table 5. Waist circumference percentile in female children

Age

o Mean 3rd 5th  10th 25th 50th 75th 90th 95th 97th
7-8 559 473 483 493 515 547 590 640 678 70.3
8-9 585 492 499 510 534 571 624  68.0 71.8 74.0
9-10 606 502 512 525 554 594 650 70.5 74.0 76.0
10-11 630 515 526 542 574 620 678 73.5 769 796
11-12 654 530 543 561 595 642 703 768 800 828
12-13 669 548 560 580 613 657 714 773 817 844
13-14 674 562 572 59.0 621 662 715 778 815 839
14-15 682 567 580 596 634 672 724 785 821 84.6
15-16 692 580 590 610 640 682 733 788 825 853
16-17 70.0  59.1 605 621 653 692 740 790 824 847
17-18 702 592 607 622 650 694 742 799 830 854

Korea Centers for Disease Control and Prevention, 2007.
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(3) BAAZIAGEA o3 At
KA A 7 A &84 9 (Bioelectric Impedance Anaysis, BIA)S A A WS =4 &}7]
e de AgEE Iy T agE &3 e nAd AFE E3A

S 2 A W FEEE S5t AXYE A= Wt AW

N
N
(2
2l
L
1,
N
&2
rlr

Jus)

T,
n=)
N
ol
o
-
to
o
BN
N
rlo
2l
Hu
N
N

N
X,
L
1,
al
fetl
2l
N
Y
o

2 Garrow(1978)«= AA WL Eo] AT 22%0]7d, A= 28%
ol w ®wo® W&, American College of Sports Medicine(ACSM,
2009)l A = F A= 25%0], AAE 30%0ld e AAWES JHE of "o
Aastd.  $Eve FAA A E A S (Physical — Activity  Promotion
System, PAPS)2] A1 A 58 HALol A= <Table 6>3 #Zo] vwrg Hekstal At
w5 38 7] = 7 2009).

Table 6. Classification of percent body fat (%)

gender Underweight Standard  Overweight Obesity  Severe obesity

Male <120 12.0-14.9 15.0-24.9 25.0-32.9 > 33.0

Female < 15.0 15.0-26.9 27.0-31.9 32.0-39.9 > 40.0

Ministry of Education, Science and Technology, 2009.
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Ag dEdoz F43e Yot JdedAFYS SAHNE M 2240 W
HE Tt Mol &= Al A (gluconeogenesis)S FW3| A HA <d&dI ¥
L3S 2ol AUFAtsto] dAG dFAE A H A 2T
Z3 o&dAsAS ALEE Hyperinsulinemic Euglycemic Clamp Technique
5ol $ttH(Bonora et al, 1989). Leju, BH AA7E o] W] dF 25
g 9% BW ol BelAe TEFUY AAE HA57] As AN A9
a7k Agsofof sa, & Wl PAb £8HE Aol F/lEA B ol
destd £ A5A0ln A0 ofFs] MR YYAAE 445717 4
A arhe AFPS Adn Uk oF oy WwEe AAHNA Fa,
Homeostasis model assessment of insulin  resistance(HOMA-IR) %
Quantitative Insulin-Sensitivity Check Index(QUICKI), glucose to insulin
ratio(GIR) & 5% @3 dedd £=9 sk <8t AdedAqdd9d A

=k A e Axe ded

e s Yo Mad 54 o

ShiA

7F A3, 73 A2l Hyperinsulinemic Euglycemic Clamp Technique$} 233
7b ol Aot gEgAFdA T2 ANEE L JdTH(Matthews et al., 1985).
HOMA-IR< [FEJEd@U/mL x F5E T (mmol/L) + 225]9 FA o= A&
d A A S AAsEaL(Matthews et al., 1885), AAtol A AL&3l7]d &3 W
1 tH(Katz et al., 2000). QUICKIE= {1 = [log &<l< & (nU/mL)
(mg/dL)1}e] &2 & A&3te <l
= A Ert obyet Hiwh Fxgha 5o <l
H o]tk (Mather et al., 2001). GIRS [35 &89 (mg/dL) + ¥EA<=d(uU/mL)]<]

FAL Agete] F2 & Qo 4 FFol oy Aol Aust "ol

¥O

H
og Kl

£ waol AZ18 D tHQuon, 200, ek AEAAFHE 54 D A
Age AT ogAe B4 sterstel dAt el AT WRE gt

oF %t
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7+ 2~ A1 71tk (Houmard et al., 2004). 7+ %
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2o Qe o

o]

(Houmard et al., 2004).
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3. JAZF3EF (Metabolic Syndrome)

AFS Fk 2 Kylin(1923)e] 8¢, 189S, naitdsol gsto] ey

Joll ®WastHA Zasolia, 444 #Aled A Reaven(1988)°]

=AM A 34 A" B4 4 $Hatherosclerotic  cardiovascular disease, ASCVD) 3}
3

S do7] 4% AdAAR &R EHFuH]vk(abdominal obesity)Z}

rir
ol\
S
>
o
ot
)

1.8 ¢ (hypertension), 128 3 (hyperglycemia), ©]A#] 4 &% (dyslipidemia) ¥ ¢l
g A4 (insulin resistance) 5ol TR YEeEld= d4S s A
'Syndrome X'Z= WHsAAFE A ZETh o] % Kaplan(1989)2 W95 7 of

TAALES, 8, Ak T AR 3 Al ERkE o] RAYs = W <
&)

o
I
N

1

ro

o
ofN

& Ferrannini(1991)= A H A0 T st @y fgeclo=r JedAqddS

L
au)
2
ot
oX.
o
E.2)

o

2 A&} 'Insulin Resistance Syndrome’S W3} o1}, <l
oqu=A AFAR Wy Qo= dEsdAYY 2 FHAsF vt
S WaeA AWt Xtk vy Ay w3 Ao
T Rus AW FAF9Y o], 5 AW EEIF g AAS xgdve
Abdol dEAa, 53] B W A S0 T3 quE Adus Ao
k3] 2| W A "Visceral adiposity Syndrome'(Fujimoto, Abbate, Kahn, Hokanson &
Brunzell, 1994), 'Obesity Dyslipidemia Syndrome’ (Brunzell & Hokanson, 1999)
To= YuHE7| = 9. < National Cholesterol Education Program(NCEP)
Adult Treatment Panel(ATP) I <o A= Reaven©¢| 7|=3F 7/ldS A A4
A ‘Metabolic Syndrome X' i < XE& A ¢ 3sto] 'Metabolic Syndrome’ & 2
EA A g RESEE] | 2005).
HAFS T 5L A BAH7] wEe] B $aso] ded AT #

W oobue Baulw gy

ik g, Uds golf, 2A48F, 18 59 F4ol sty
of Yetv= A 22 (Meigs, 2000), ol AdHd83 1o wE AYE 7MY E
Zs! A o] 9 th(Ford, 2005; Sidorenkov, Nilssen & Grjibovski, 2010). A

H

i)
rot
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3t o & (Eckel, Grundy & Zimmel,

o] Arcth(Alberti, Zimmet & Shaw, 2005).

2005), 7] A&
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reductase inhibitor (statins)®] ¥& w4744 3 (Coronary Heart Disease, CHD)
A% a4 535 wd A F A

Wl =2 2~ H = (Low Density Lipoprotein Cholesterol, LDL-C)S #HAA 7]+ A&

0
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bol ARA e BHow AUEAd

O

g ZAxs9a, AN Zy e FA7 Hxe] EEEA HW dAS
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EgekA ¥, s EAR FASe FFH T 1
, 18, 18959 5714 99
A T 37HA o) fl @At ool & W tAFFLoR FWsAtt ¢
glgh Agv)Ee] Ao s 1 B Uit A AFelA AT S
A Agd F JEE 93, b Ad7|FEdd vlge] NCEP-ATP MMe 7]
3t 94 tH(Ford, Giles & Dietz, 2002). WHO, EGIR ¥

NCEP-ATP el A AAst = HASFo Aol <Table 7>3 2t}

Zotol A thASF-t& Falkner7b & 124 &UelA #zd iAol del 4

He Al GF TR O e §018 AHEde]l Ha o FE AokPid UAFE
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oX,
Lot
i
32

t}(Falkner, Hassink, Ross & Gidding, 2002). & <
T A 2ot ALS T Y] Ao E HWHEFH| I GOjAL o], JAEd AT
g, dst ol dAAEFES AL dtH(Liese, Mayer-Davis & Haffner, 1998).
EHH S oAbt e] Al ol dReH ol #E ol dil(Despres,
1993), 524 Wl A WAALS gt v shA el s AR d 25
t] 9178t (Goran & Go

A7), a1Zo] wet thekat Al YEby i (Goran & Gower, 1999), B3¢ AWl =7
& T FA4Ys ARd F5 A8 FAV FA4 @S Aor dEA du
(Mamalakis, Kafatos, Manios, Kalogeropoulos & Andrikopoulos, 2002). @ thA} o]
e Ydsdde FEAGANE L5t (Valle et al, 2002), J&Ed A3

o FALE T WA= A¥xAY WEHH SAWANEE Vlse e 2=

i

Azdlogae 9ga)oz drst 4 9Jth(Gil-Campos, Canete & Gil, 2004).
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Table 7. A range of the published metabolic syndrome definitions

WHO(1999)

EGIR(1999)

NCEP-ATPII (2001)

Glucose intolerance, IGT or
diabetes mellitus and/or
insulin resistance together
with two or more of the
following

* Insulin resistance:
under hyperinsulinaemic,
euglycaemic conditions,
glucose uptake below
lowest quartile for
background population
under investigation

- Central obesity:
WHR > 090 in males and
> 0.85 in females, and/or
BMI > 30 kg/m’

* Dyslipidemia:

Raised plasma TG > 150
mg/dL, and/or low HDL-C
< 35 mg/dL in males and
< 39 mg/dL in females

* Hypertension:
Raisde arterial pressure
> 140/90 mmHg

* Microalbuminuria:
Urinary albimin excretion
rate > 20 ug/min or
albumin/creatinine ratio
> 30 mg/g

Insulin resistance or fasting
hyperinsulinemia (the
highest 25%) and two or
more of the following

- Hyperglycaemia:
FPG =110 mg/dL, but non
diabetic

- Central obesity:
WC > 94 cm in males and
> 80 c¢m in females

* Dyslipidemia:

TG > 180 mg/dL or
HDL-C < 40 mg/dL or
treated

* Hypertension:
BP > 140/90 mmHg or
treated

Three or more of the
following

- Hyperglycaemia:
FPG > 110mg/dL

* Abdominal obesity:
WC > 102 cm in males
and > 88 c¢m in females

- Hypertriglyceridemia:
TG > 150 mg/dL

- Low HDL-C:
< 40 mg/dL in males and
< 50 mg/dL in females

* Hypertension:
BP > 130/85 mmHg

BMI: body mass index, BP: blood pressure, EGIR: European Group for the Study of
Insulin Resistance, FPG: fasting plasma glucose, HDL-C: high-density lipoprotein

cholesterol, IGT:

impaired glucose
Education Program Adult

tolerance,
Treatment Panel

NCEP-ATPII: National
m, TG:

Cholesterol

triglycerides, WC: waist

circumference, WHO: World Health Organization, WHR: waist-hip ratio.
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AT & Az E Q4 uric acid), 8 A ¥ AF(free fatty acid,
FFA), 84 f4elx & Plasminogen activator inhibitor-1(PAI-1), 7+ W A%

=49 A HAE  Alanine aminotransferase(ALT) & °] <3 (Juhan-Vague,

—

Thompson & Jespersen, 1993), & ol = | (Leptin)o] Ao dwdAGAo
23 9 = Aow A Adtt(Moreno et al, 2002). o] £ol%= Aol A&

W A S S 24 Al AAS, 94 T drke] v RH(Boney, Verma, Tucker &

o

Vohr, 2005), 7t &<, 245 #Aa(Kelishadi et al, 2007), 37424 Q9&
3t 7529l A5 T (Pankow, Jacobs, Steinberger, Moran & Sinaiko,

2004; Reis et al, 2006) s°] @8 o=z AAH L S

2 5, A, AP wet s et A, 1RGN E
s 5 AddAe] AR7IEol Aol7k AL, 22k Aol YEu= Al
Bl oz AadAGel F787) WEd wEaA dAzFEe 15e 49
= AL AR & (Zimmet et al, 2007). L2y, Lol A3 AT S
Haol FFeHA FHT B AT LopHadd Ye tASEE IAETE
S AA AL gl th<Table 8>.

Cook, Weitzman, Auinger, Nguyen & Dietz(2003)> NCEP-ATP Mol A A A]
d oSS AYE VxR dto] Aot add BHA FASY JAdvES AA

A tH(Cook et al., 2003). Sl Ed = Lol adS uEd + e BTA7 8L
o] B4 Azl dud A 90 WMRESE kS AdHor o] ERuvks A

Qe S National Heart, Lung, and Blood Institute(NHLBI)¢] National
High Blood Pressure Education Program(NHBPEP, 1996) <75 Zz3&to] 3=
718¢ i ol dgte] Aud A A 90" MENFE V|For 1Yt
S A4, A FudY S HE& TY AFdE n¥GoeE EREA

(Ford et al, 2002). ¥% ZFd2HEL National Cholesterol Education
Panel(1991) <179 Styne(2001)¢] AFE Fxsto] IEEAGN Y 2HEF2
10" W94 79 40 mg/dL, FAA L 90" WIS 2 110 mg/dLE 7%

o2 AATIY. FEIFL American Diabetes Association(ADA, 2000)¢] 7]+
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9l 110 mg/dLe 2 A gt HAFFT B4 NCEP-ATP Mot 2 4y
o8 57kA YAAA F 374A o] eyt YW AzolH AW fALE
o2 4939 tHCook et al., 2003).

Ford, Ajani & Mokdad(2005)% NCEP-ATP MolA AAE hrA =T+ Ao =

=
M

soladel A FAsEe] AASAT I E T FEEd, @Y, A,
DA EAGHFY AHEL Cook et al.(2003)e] 7|3 =LA AA A
TEET 7]F Cook et al.(2003)% =2 110 mg/dL¥ 100 mg/dL o] 49

7}A 71#S A8 tH(Grindy, Brewer, Cleeman, Smith & Lenfant, 2004). Tt
AEE e B4 NCEP-ATP Mot 28 wyoz 57kx 93ddx 3 3714
ol del QAAF AP HW XolHAd dAFTIFToE AostAth(Ford et al,
2005).

Cruz et al.(2004)& FeEd7F Ad, d5d A58 90" HEAF: o4l 4
- BRugtern Aasdrt n¥8FFL 247 AT FEAAIA 140 mg/dL
o] ol At djetd ez FHIAT 100 mg/dL ooz WAt ndFS
NHBPEP(1996)& #zslo] Aw, dud, A4 90" wE9f oo w 3ckal

|

AJTH ol A AEFS NHANES ME F=x3)

T3 o2 A3 tH(Cruz et al., 2004).
Weiss et al.(2004)9] 7|58 AA LRSS FFH 53 (Z-score)dte] Ad, A

H 20 oldd Ag wwto g Aot 18T Cruz et al.(2004)8] 27

%ﬁ4%%ﬂﬂ2ﬂ@»@%%»aaﬂﬂﬁlmH@MLﬂﬂqﬂqvwwﬂ@z%
283 100 mg/dL ol4o® st w¥¢e NHBPEP(1996)% #x3}o]
e, AR, A 95t MReE ooz Jddgt o|dARIFTL

National Growth and Health StudyS #%slo] FA4AW A dwd 95" Wi
9% olgow Awarh vUEABNIY~UES u, Add 50 R4
o5l B9 Awadth UAFEE B M QWA F 3744 o4

o slFgHH AT FL oz Ao A tH(Weiss et al., 2004).
de Ferranti et al.(2004)2 Al <¢le] NCEP-ATP I 7]+ WEQFE 5o
oA

zobgadolAe ge WEgrel APt £AT AEgon s
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(extrapolation)& AH&atith. TAAWS A @ 75" WEASE A o
8" WMol FARA AEHE 2ok EAF HF #A 100 me/dLE VE

o= st nAEATAZYAEFS A2 40" AE S s @& 50

o,

mg/dLE& 7]F o2 8%, 15-1941¢ 2de 4ol 45 mg/dLo]l 49 40" o
=95l
Committee, 1979). &2 89 NCEP-ATP M¢ 593 71F22 110 mg/dL °]
stz AAsdt. d¢S NHLBI® NHBPEP(1996) ¢7-9 Aotz iy
Ad, A 90" MEFE JFez AN e g
gt e 1= # 7" MEYFE v)Fe s AAE Y (Zhu et al, 2002).
A5 E o] #A4S NCEP-ATP MéF 22 wiog 5714 & 5 3744
ojFel A7t APFHW AotFAd AISFIL R At tHde Ferranti et
al., 2004). de Ferranti et al.(2004)¢] A A& ZotHAWd A S AE7]F2
WHY Lot hde] AT ST AFAAE AFEH A THKourti et al., 2005).
International Diabetes Federation(IDF)lA & A& oz TddH A7+
npEdsly] fls 20049 FE HAEsbEY s AA 20050 A EL dASF
©7]&ES A8 L(DF, 2005), 2007 d 0= 6-164 2ot 2d dALSEFE 75
S AA A HZimmet et al, 2007). 64 o]st= AT F Ftho] of
dEe7t A8 TF9 90" MRS ol AS, VEH (AT FE, A2Y T
=, o] 4NAET, AdHAE, vwhol de= AF AAde #FEe] HasH 16
o Alg3stesE sttt IDF w7 542

AW Aol glol Lokl FAMTE 7
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Table 8. A range of the published metabolic syndrome definitions in pediatrics

Cook et al.(2003)

de Ferranti et al.(2004)

Cruz er al.(2004)

Weiss et al.(2004)

Ford et al.(2005)

WC > 90™ percentile
(age and sex specific,
NHANES II)

FG > 110 mg/dL

TG = 110 mg/dL
(age and sex specific,
NCEP)

HDL-C < 40 mg/dL
(all ages/sexs, NCEP)

BP > 90" percentile (age,

sex and hight specific,
NHBPEP)

WC > 75™ percentile

6.1 mmol/L

>
> 110 mg/dL)

1.1 mmol/L

>
> 100 mg/dL)

(TG

HDL-C < 1.3 mmol/L
(HDL-C < 50 mg/dL)

BP > 90™ percentile

WC > 90" percentile

(age, sex and race specific,

NHANES 1II)

Impaired glucose tolerance

(ADA criterion)

TG > 90" percentile (age
and sex specificc NHANES

)

HDL-C < 10™ percentile
(age and sex specific,
NHANES 1N)

BP > 90" percentile (age,

sex and hight specific,
NHBPEP)

Metabolic syndrome definition: Three or more of the following

BMI - Zscore > 2.0 (age
and sex specific)

Impaired glucose tolerance

(ADA criterion)

TG > 95" percentile (age,
sex and race specific,
NGHS)

HDL-C < 5™ percentile

(age, sex and race specific,

NGHS)

BP > 95™ percentile (age,
sex and hight specific,
NHBPEP)

WC > 90™ percentile
(age and sex specific,
NHANES II)

FG > 110 mg/dL
(additional analysis with
FG > 100 mg/dL)

TG = 110 mg/dL
(age and sex specific,
NCEP)

HDL-C < 40 mg/dL
(all ages/sexs, NCEP)

BP > 90" percentile (age,
sex and hight specific,
NHBPEP)

ADA: American Diabetes Association, BMI: body mass index, BP: blood pressure, FG: fasting glucose, HDL-C: high-density lipoprotein
cholesterol, NCEP: National Cholesterol Education Program, NGHS: National Growth and Health Study, NHBPEP: National High Blood
Pressure Education Program, NHANESII: National Health and Nutrition Examination Survey I, TG: triglycerides, WC: waist circumference
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Table 9. The IDF definition of the at risk group and metabolic syndrome in children and adolescents

ggezrf)mup Obesity (WC) Triglycerides HDL-C Blood pressure Glucose
Metabolic syndrome cannot be diagnosed, but further measurements should be made if there is a
6-<10 > 90™ percentile family history of metabolic syndrome, T2DM, dyslipidemia, cardiovascular disease, hypertension
and/or obesity.
- th : i > >
> 90 percentlle. > 1.7 mmol/L < 1.03 mmol/L S}./stoh.c BP > 130 or > 5.6 r{lmol/L (100
10-<16 or adult cut-off if (> 150 mg/dL) (< 40 mg/dL) diastolic BP > 85 mg/dL) or known
lower - & & mmHg T2DM
> 94 cm for
<
Europid males and 1.03 mmol/L. Systolic BP > 130 or
> 1.7 mmol/L (< 40 mg/dL) in males . .
> 80 cm for diastolic BP > 85 > 5.6 mmol/L (100
l6+ . (= 150 mg/dL) or and < 1.29 mmol/L -
. Europid females, s . mmHg or treatment of mg/dL) or known
(Adult criteria) specific treatment for (< 50 mg/dL) in females, . .
previously diagnosed T2DM

with ethn-specfic
values for other
groups*

or specific treatment for
low HDL

high triglycerides

hypertension

Diagnosing the metabolic syndrome requires the presence of central obesity plus any two of the other four factors.

BP: blood pressure, HDL-C: high-density lipoprotein cholesterol, IDF: International Diabetes Federation, T2DM: type 2 diabetes mellitus,

WC: waist circumference.
"For those of South and South-East Asian, Japanese, and ethnic South and Central American origin, the cutoffs should be 90 ¢m for men,

and 80 cm for women. The IDF Consensus group recognise that there are ethnic, gender and age differences but research is still needed

on outcomes to establish risk.
“For clinical purposes, but not for diagnosing the MetS, if FPG 5.6-6.9 mmol/L (100-125 mg/dl) and not known to have diabetes, an oral

glucose tolerance test should be performed.
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4. AgA+ 2 F

HYQT 1F O =S T 2olPAUS GYOE Lohuw f¥E 2
Mumsh AY, dAFFE P ade #AE B AuxA AFsh Ty -9

A FxAFAE A 2 TAFH FEA 2 Agste] St E g H Yol A
AFets  sSEdFARAMN 2 (http/wwworiss.kr)9t S sEA B A H] A
(http://kiss.kstudy.com)®] A QRS o] &} Hal, =9 8t=A = NCBI Pubmed
(http://www.ncbi.nlm.nih.gov/sites/entrez) ¢} Google Sk A A ) 2

(http://scholar.google.co.kr)e] ZAMdA RS o] &3kt AAol= U EA 74

Aol HIRE, asobnlRE A andnnt A e A A, A A, A
sFae FAE ARSEa, =estex A A= 'Overweight',

‘Obesity’, ’'Childhood Obesity’, 'Fatness’, 'Physical Fitness’, 'Intervention’,
"Exercise’, 'Physical Activity’, 'Insulin Resistance’, 'Metabolic Disease’,
'Metabolic Syndrome’?] FA|o]E A&t Yo & AMAAS F3o F
T AU AL A =2 269, TAAT = 456U LEGAT

Sl Aopdande] wivtEel AY AT ST AP a0 #A B LopH|Rt
THES 4% A= v 2u<Table 10>.
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Table 10. Observational studies in childhood obesity

N

o
1>

ol

—_

(91male, 129female)
male, 12.5£0.5 year
female, 12.6+0.5 year

Gender
- male, female

- SBP, DBP, TC, TG,
HDL-C, Glucose,
Insulin, HOMA-IR

Physical activity

- LPA, MPA, VPA,

TPA

Subject Independent Dependent Result
Prevalence of obesity
- Overweight, 14.0%
- Obesity, 10.1%
BMI and physical ability
- Fatness index 1
Physical ability . o
= =
354 n=651 Fatness index - Speed, CF, Power, Physical ability(speed,
(330male, 321female) - CF, power, ME) |
(2008) th - BMI ME, Flexibility . .. .
5-6" graders . .. . BMI and eating, living habits
Eating and living habits .
- Fatness index 1
= concerned about weight 1
= confidence about
physical fitness |
= vegetable-centered meal
Gender and Fatness index
Fatness index - Male
- BMI, PBF, WC, = BMI, WC, WHR 1
WHR - Female
n=220 Metabolic risk factors = PBF !

Gender and metabolic risk factors
- Male
= TC, TG, Insulin, HOMA-IR 1
- Female = HDL-C |
Gender and physical activity
- Male = physical activity 1
- Female = physical activity |

Average steps

Fatness index

Steps per day and fatness
index
- > 10,000 steps/day

n=40 (female) per day " BMIL, PBE, WC, FIC, = BML PBF, WC, HC, WHR !
14.9043.08 year - < 10,000 Correlation
WHR
- > 10,000 - Average steps per day and
BMI, PBF, WC, HC
= Inverse correlation
Body composition and 1-year change
1-year change chronic disease risk - Height, Weight, BMI, SMM,
-1t grade factors WC, Insulin, Glucose, IMT,
o = ~ - 12" grade - Height, Weight, BMI, HOMA-IR 1
(7‘;“6‘9;3 © 1;1_14171:&?;1)‘;; Fatness index SMM, SBP, DBP, - VOymax |
& - BMI WC, Insulin, BMI, VOmax and chronic
CF Glucose, CRP, disease risk factors
-VO,max HOMA-IR, IMT, -BMI 1 and VOmax |
VO,max, CVDRS = Insulin, HOMA-IR, CVDRS !

BMI: body mass index, CF: cardiopulmonary fitness, CRP: C-reactive protein, CVDRS: cardiovascular disease risk
score, DBP: diastolic blood pressure, HC: hip circumference, HDL-C: high density lipoprotein cholesterol,
HOMA-IR: homeostasis model assessment for insulin resistance, IMT: intima media thickness, LPA: low physical
activity, ME: muscle endurance, MPA: moderate physical activity, PBF: percent body fat, SBP: systolic blood
pressure, SMM: skeletal muscle mass, TC: total cholesterol, TG: triglyceride, TPA: total physical activity, VO;max:
maximal oxygen uptake, VPA: vigorous physical activity, WC: waist circumference, WHR: waist-hip ratio.
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Table 10.

<Continued>

Reference Subject Independent Dependent Result
Prevalence of obesity
- Overweight, 17.2%
e n=140 . Physical fitness - Obesity, 14.3%
(7‘;056T)E ° (46male, 94female) Ffitgi/s; index - MS, ME, Balance, BMI and physical strength
46" graders Flexibility, Agility - BMI 1
= MS, Flexibility 1
= Agility |
Father’s job type and fatness
index in children
- active worker’s
140 Father's job type  Fatness index = PBF, BMI in female
Fds T ?9_4male sSfemale) active worker's - PBF, BMI children |
(2011) 1435+ 1.215 year - sedentary Physical fitness Father’s job type and physical
active worker’s - MS, ME, Power, CF fitness in children
- active worker’s
= ME, Power, CF in female
children 1
Prevalence of obesity
- Mild obesity, 49.0%
Body composition - Moderate obesity, 42.3%
- Height, Weight, - Severe obesity, 8.7%
BMI, WC, HC, OD and body composition,
n=104 WHR metabolic syndrome risk factors
s 5 (63male, 41female) Fatness index Metabolic syndrome -0D 1?1

(2008) 12.2+0.40 year - OD risk factors = Weight, BMI, WC, HC,
Obese child - TC, TG, HDL-C, WHR, AST, ALT 1
LDL-C, Glucose, OD and metabolic syndrome
AST, ALT, Al - More than 1 was, 39.4%
Metabolic syndrome - More than 2 was, 22.1%
- Metabolic syndrome, 2.9%
- OD 1 = Metabolic syndrome 1
BMI and CVDRF
- BMI 1
CVDRF =>SBP, DBP, TG, TC, LDL-C,
= _ Fatness index - BMI, SBP, DBP, TG, Insulin, HOMA-IR, CVDRS 1
3011](:] © 11];3410@51?1;; - BMI TC, HDLC, LDL-C, = HDL-C |
LTPA Insulin, HOMA-IR, LTPA and CVDRF
CVDRS - LTPA 1

= BM], SBP, DBP, TG, Insulin,
HOMA-IR, CVDRS |

Al: atherogenic index, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index,
CF: cardiopulmonary fitness, CVDRS: cardiovascular disease risk score, DBP: diastolic blood pressure, HC: hip
circumference, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin
resistance, LDL-C: low density lipoprotein cholesterol, LTPA: leisure time physical activity, ME: muscle
endurance, MS: muscle strength, OD: obesity degree, PBF: percent body fat, SBP: systolic blood pressure, TC:

total cholesterol, TG: triglyceride, WC: waist circumference, WHR: waist-hip ratio.
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Table 10.

<Continued>

Reference Subject Independent Dependent Result
Sensitive for obesity indices
Obesity indices - Male
ANgop = n=6571 Fatness index - IOTF = WGOC > IOTF > BMI
(om) (Z7%rrele, 3Bl6ferale) oD - WGOC percentile > PBF percentile
12-18 year - PBF percentile - Female
- BMI percentile = WGOC > BMI percentile
> PBF percentile > IOTF
Prevalence of obesity
- Overweight, 15.4%
- Obesity, 7.4%
OD and body composition
Fatness index Body composition -0D 1?1
ohze) = n=585 oD - Height, Weight, BMI, = Height, Weight, BMI, WC,
(2009) (230mde, 295female) CRP WC, SBP, DBP, TG, SBP, DBP, hs-CRP 1
3" grade  he.CRP TC, Glucose, HDL-C, - OD 1 = HDL-C |
hs-CRP Correlation
- hs-CRP and Weight, BMI, WC
= positive correlation
- hs-CRP and HDL-C
= Inverse correlation
Prevalence of obesity
- 1998 year
= Overweight, 54%
Fatness index ) ;OSO l;:?rty, 8.2%
o718 = n=2501 10-year trend - BMI = Overweight, 85%
(2010) 1018 year - 19% year MERE = Obesity, 11.4%
(KNHNES) - 2008 year - WG, SBP, DBP, TG, T
HDL.C. Glucose 10-year trend of MSRF
! - SBP, DBP, Glicose, MS |
Prevalence of MS
- 1998, 7.6%
- 2008, 3.8%
Prevalence of obesity
Body composition - Male, 52.5%
- Height, Weight, - Female, 47.5%
. n=529 . BMI, OI, SBP, DBP  OI and body composition
2(;)}5:;?: (276male, 253female) Ffatg(;ss index Blood parameters -0 1
12.0+0.8 year - Glucose, TC, TG, = Weight, BMI, OI 1

AST, ALT,
Hemoglobin

OI and blood parameters

-01 1

= TG, ALT, Hemoglobin 1

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index, CRP: C-reactive protein,
DBP: diastolic blood pressure, HDL-C: high density lipoprotein cholesterol, hs-CRP: high sensitivity C-reactive
protein, IOTF: International Obesity Task Force, KNHNES: Koran National Healty and Nutrition Examination
Survey, MS: metabolic syndrome, MSRF: metabolic syndrome risk factors, OD: obesity degree, Ol obesity index,
PBF: percent body fat, SBP: systolic blood pressure, TC: total cholesterol, TG: triglyceride, WC: waist
circumference, WGOC: the Working Group for Obesity in China.
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Table 10. <Continued>
Reference Subject Independent Dependent Result
=893 HRPF OI and HRPF
ool = W .
2101]f S (4Sdmale, H%emale) Fatg‘;ss indeX G, Flexibility, ME, - Ol 1
(2011) 56" graders ) Power = CF, Power |
or Fatness index and CF, RPE
oj¥ld n=20 (male) Fatness index , - fatness index 1
th - VOzmax, HR |
(2007) 5-6" graders - BMI, PBF RPE = VOmax |
= RPE *
ALT and BM], blood parameters
- ALT 1
=199 Fatness index = BMI, TC, AST, SBP 1
- BMI Correlation
oAF = (166male, 33femal i
2101’0 ° (10th maaile emale) TraZi?mlnase Blood parameters - BMI and ALT, AST, Glucose,
(2010) Bl §9r5th g - AST, Glucose, TC, SBP, DBP
percentte SBP, DBP - ALT and BMI, AST, SBP,
DBP, TC
= positive correlation
OD and HRPF
-OD 1
= CF, ME, Flexibility, PBF,
LBM |
HRPF . .
- CF, ME, Flexibility, ODOanTthsmal activity
o] 5 n=20 (male) Fatness index PBF, LBM i _ TEE, LEE, TSN, AS |
(2005) 4" grade - OD Physical activity —m
- TEE, LEE, TSN, TD, Correlation
AS - CF and PBF
- LEE and TSN, TD
- TSN and TD
= positive correlation
PBF and HRPF
- PBF 1
¥t 5T  n=820 Fatness index HRé’llj Flexibilitv. MS = CF, ME |
(2009) Hementary schoolchild - PBF - & Hexdoility, VS, - Obesity group

ME

= Distribution from 4 to 5
magnitudes

ALT: alanine aminotransferase, AS: average speed, AST: aspartate aminotransferase, BMI: body mass index, CF:
cardiopulmonary fitness, DBP: diastolic blood pressure, HR: heart rate, HRPF: health-related physical fitness,
LBM: lean body mass, LEE: locomotion energy expenditure, ME: muscle endurance, MS: muscle strength, OD:
obesity degree, OL: obesity index, PBF: percent body fat, RPE: rating of perceived exertion, SBP: systolic blood
pressure, TC: total cholesterol, TD: total distance, TEE: total energy exercise, TSN: total step number, VOmax:
maximal oxygen uptake.
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Table 10. <Continued>

Reference Subject Independent Dependent Result
Without MSRF
- With 1 MSRF, 415%
n=53 . - With 2 MSRF, 20.7%
olAIE (23male, 30female) Fatgi/s; ;njci;e MSE;L C HDLC. TG Prevalence of MSRF
(2006) 11.2£2.6 year PBF ! Glucos,e Insulh; ! - Low HDL-C, 11.3%
Obese child ! - High TG, 45.3%
- High Glucose, 1.9%
- High Insulin, 15.1%
BMI and blood parameters
-BMI 1
= TG, TC, LDL-C, Resistin,
Leptin 1
Blood parameters - HDL-C !
) - Glucose, TG, TC Correlation
ojldlE T n=153 Fatness index A - Resistin and OI, TG
(2005) 56" graders - OI, BMI HDLG, LDLG - Leptin and Weight, BMI, O,
Resistin, Leptin,
Adiponectin, Insulin TG, T‘C‘ .
= positive correlation
- Adiponectin and Height,
Weight, BMI, OI, TG,
Glucose, HDL-C
= Inverse correlation
BMI and MSRF
- Male, BMI 1
= WC, SBP, DBP, TC, TG,
MSRF LDL-C, ALT, Glucose,
057 = =324 Fatness index - WC, SBP, DBP, TC, Insulin, HOMA-IR 1
(2009) (149male, 175female) CBMI TG, HDL-C, LDL-C, = HDL-C |
8.910.3 year AST, ALT, Glucose, - Female, BMI 1
Insulin, HOMA-IR = WC, DBP, TG, LDL-C,
ALT, Glucose, Insulin,
HOMA-IR 1
= HDL-C|
DS Correlation
n=48 (female) BDNF - CF and DS, Glucose, TG,
A 5 150082 year CF CVDRF TC, LDL-C
(2011) BMI=30.66+1.88 -VO,max _ Glucose, TG, TC, = Inverse correlation
PBF=44.63%3.55 HDL-C, LDL-C - CF and BDNF, HDL-C

= positive correlation

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BDNF: brain-dervied nurotrophic factor, BMI:
body mass index, CF: cardiopulmonary fitness, CVDRF: cardiovascular disease risk factors, DBP: diastolic blood
pressure, DS: depression symptoms, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model
assessment for insulin resistance, LDL-C: low density lipoprotein cholesterol, MSRF: metabolic syndrome risk
factors, Ol: obesity index, PBF: percent body fat, SBP: systolic blood pressure, TC: total cholesterol, TG:
triglyceride, VOymax: maximal oxygen uptake, WC: waist circumference.
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Table 10. <Continued>

Reference Subject Independent Dependent Result

Correlation
- TPFS and LTPA

s = positive correlation
Body composition

AL 5 n=ﬂ%25 (male) LTPA " BMI, PBF, WC, - TPES and BM], PBF,‘WC, WHR
(2010) 10™ grade TPES WHR = Inverse correlation
TPFS and body composition
- TPFS |
= BMI, PBF, WC, WHR
Correlation
Fatness index - TPFS and BMI, PBF, TG,
- BMI, WC, PBF IMT, Insulin, HOMA-IR,
0 = _ CVDRF CVDRS
2073;)‘:&1 © T(;&leggriglale) TPFS - Glucose, TC, TG, = Inverse correlation
hs-CRP, Insulin, TPFS and BMI, CVDRF
HOMA-IR, SBP, DBP, - TPFS |
CVDRS, IMT = BMI, Insulin, HOMA-IR,
WC, CVDRS, IMT, PBF 1
Prevalence of obesity
- Overweight, 10.2%
(male 7.6%, female 12.8%)
- Obesity, 9.9%
(male 8.9%, female 10.9%)
OI and body composition
Body composition Overweight
N, n=313 . - PIBW, BM], R, = PIBW, BMI, RI, PBF 1
jj;j ° (57male, Benale Ff‘tgiss index WHR, PBF - Obesity
4" grade Blood parameters = PIBW, BMI, R, WHR, PBF
- TC TG OI and blood parameters
- Obesity = TC, TG 1
Correlation
- TC and QI, PIBW, BM], R,
WHR

- TG and OI, PIBW, BM], RI
= positive correlation

BMI: body mass index, CVDRF: cardiovascular disease risk factors, CVDRS: cardiovascular disease risk score,
DBP: diastolic blood pressure, HOMA-IR: homeostasis model assessment for insulin resistance, hs-CRP: high
sensitivity C-reactive protein, IMT: intima media thickness, LTPA: leisure time physical activity, OI: obesity index,
PBE: percent body fat, PIBW: percent of ideal body weight, RI: Roher index, SBP: systolic blood pressure, TC:
total cholesterol, TG: triglyceride, TPFS: total physical fitness score, WC: waist circumference, WHR: waist-hip
ratio.
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Table 10.

<Continued>

Dependent

Result

Reference Subject Independent
n=42

w74 5 (28male, 14female) Gender

(2005) 13.9310.97 year - male, female
Obese child

Body composition

- Height, Weight,
BMI, OI, WHR,
PBF, LBM, TBW,
SBP, DBP

Blood parameters

- AST, ALT, Glucose,
TC, TG, HDL-C,

Gender and body composition
- Male

= Height, Weight, OI 1
Gender and Blood parameters
- Male

= AST, ALT, Glucose,

Fatness index
Jekal et al. n=322 - BMI, WC
(2009) 10-12" graders ~ CF

- VO;max

LDL-C, RBC, Hemoglobin, Hematorcit,
Hemoglobin, MCHC *
Hematocrit, MCV,
MCH, MCHC
.. BM and ition, CVDRF
Body composition BMI bTody COMpOIton,

- Height, Weight,
BMI, PBF

CVDRF

- SBP, DBP, Glucose,
Insulin, HOMA-IR,
TC, TG, HDL-C,
LDL-C, hs-CRP,
CVDRS, IMT

= BMI, PBF, SBP, DBP,
Insulin, HOMA-IR, TC,
TG, LDL-C, CVDRS, IMT 1
= HDL-C |
BMI, VOmax and CVDRF
-BMI 1 and VO:max |
= Insulin, HOMA-IR, TG 1
= VOymax, HDL-C |

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index, CF: cardiopulmonary
fitness, CVDRF: cardiovascular disease risk factors, CVDRS: cardiovascular disease risk score, DBP: diastolic
blood pressure, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin
resistance, hs-CRP: high sensitivity C-reactive protein, IMT: intima media thickness, LBM: lean body mass,
LDL-C: low density lipoprotein cholestero, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin concentration, MCV: mean corpuscular volume, Ol: obesity index, PBF: percent body fat, RBC: red
blood cell, SBP: systolic blood pressure, TBW: total body water, TC: total cholesterol, TG: triglyceride, VOxmax:
maximal oxygen uptake, WC: waist circumference, WHR: waist-hip ratio.
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Table 11. Intervention studies in childhood obesity

AZzad Fe7h HRtE, A

Zh<Table 11>.

Reference Subject Intervention Behavior Markers Effect
Aerobic exercise Weiht, BMI, PBF, WC J
e n=10 (male) - 12 weeks Glucose, Insulin, HOMA-IR J
onoT ©  1512#059 years - 5 days per week FFA, TG, SBP, DBP, CRP, HRrest |
( ) BV percentile - 60 minute per day HDL-C, VO,max, HRrecovery 1
- 50~80% HRR HRmax -
gzzl;‘;;e:ngar‘zg%m@ Weight, PBF, Insulin |
4oz = D7 (male) 16 weeks LBM, VO;max, NK-cell i
CTE0 1334023 vears TNF-q, IL-6, T-cell, T-helper cell, o
(2003) Y 4 days per week P
PBF>25% %0 m};nuIZe or da T-suppressor cell, Lymphocyte, o
) P DY T-helper/T-suppressor o
- 60% HRmax and 60% of IRM
Aerobic exercise .
n=9 (male) - 12 weeks PBE, Peptm '
284 Ghrelin 1
12.33£0.5 years - 5 days per week )
(2008) PBF>30% 5060 minute per day L O -
- 50~70% HRmax TG, TC, LDL-C, HDL-C, Insulin o
Aerobic exercise
noyz = n=7 (male) - 12 weeks TG, TC, LDL-C, Leptin !
(2003) 18.140.52 years - 3 days per week HDL.C 1
BMI>25.0 - 50 minute per day
- 60% HRmax
Physical activity
n=31 i ? :;\;eefs ot week Trunk flexion, Side step, Sit-up, )
498l 5 (18male, female) S0 PO T Obesity knowledge !
(2004) 36" graders . e b Y BMI, Triceps, Subscapular, PBF o
Education and Counseling . .
OD>30% FM, LBV, Eating behaviors o
- 1 days per week
- 30 minute per day
0 (ol Walnzmg e1><<erc1se Weight, PBF, BMI, WHR |
FAE 2N n=10 (male) T o Weeks LDL-C, TG, Insulin |
(2010 13.240.48 years - 34 days per week HDL-C. IGE-1 1
PBF>35% - 4570 minute per day Tc ’ o

- 45~70% HRmax

BMI: body mass index, CRP: C-reactive protein, DBP: diastolic blood pressure, FFA: free fatty acid, FM: fat mass,
HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin resistance,
HRmax: maximal heart rate, HRrest: resting heart rate, HRrecovery: heart rate recovery response, HRR: maximum
heart rate reserve, IGF-1: insulinlike growth factor-1, IL-6: interleukin-6, LBM: lean body mass, LDL-C: low
density lipoprotein cholesterol, NK-cell: natural killer cell, OD: obesity degree, PBF: percent body fat, RM:
repetition maximum, SBP: systolic blood pressure, TC: total cholesterol, TG: triglyceride, TNF-a: tumor necrosis
factor-0, VOymax: maximal oxygen uptake, WC: waist circumference, WHR: waist-hip ratio ¢ indicates decrease,
1 indicates increase, < indicates no change.
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Table 11. <Continued>
Reference Subject Intervention Behavior Markers Effect
Walking exericse
- 12 weeks WG, FM, PBF, BMI, WHR, Glucose J
n=12 (female) - 3 days per week Insulin, HOMA-IR, SBP, DBP, 50m run J
HEd 5 145457 vears - 4550 minute per day AC, TBW, BMC, HDL-C, Sit-up 1
(2007) BI\./II;%;th y il - 55~75% HRmax Arm flex hang, Standing long jump 1
percenttie Behavior modification Trunk flexion 1
- 1 days per week LBM, FS, TG <—>
- 60 minute per day
Walking exericse
] 22 d;"e:kser ek Weight, BMI, PBF, FM, EI, WC |
o n=19 (female) y p WHR, SBP, DBP, TC, LDL-C, TG J
el - 30-60 minute per day .
2005 14.0+1.7 years 55-75% HRma TC/HDL-C, CRP, Glucose, Insulin J
(2005) BMI>%" percentile L'ifest . ;’no diﬁcatxion HOMA-IR, Hemoglobin Alc l
y LBM, HDL-C, Adiponectin -
- 1 days per week
- 60 minute per day
Aerobic exercise
210 () ) ;2 d;"efkser ek Weight, WC, BMI, PBF, FM, LBM |
Ao S 10.9+09 years 35 SOYmIi)nute er da EL, TC, TC/HDL-C, Al Glucose !
(2007) e b \ per day TG, HDL-C, LDL-C, SBP, DBP -
BMP>% " percentile - 55~75% HRmax .
. . Insulin, HOMA-IR >
Nutrition education
- 2 days per week
Combined exercise
(aerobic and resistance)
=14 - 12 weeks
7] ros el _ : 00 - :
T S B
(2007) BMB85" percentile _ © nnute p Y Lo
Self-participation of exercise
Health education
- 1 days per week
Combined exercise
(aerobic and resistance) BMI FM. PBE. WC !
Ags I112=172)+(()H162§le>ears - ;Zd‘ge:kser week LBM, kLBM, TG !
(2008) BI\./II>E;'5”.1 ei/cenﬁle 60 myinulie er da Weight, BMC, SBP, DBP <
P per day Glucose, HDL-C, CRP o

- 55~75% HRmax and
50~60% of 1IRM

AC: arm circumference, Al atherogenic index, BMC: bone mineral content, BMI: body mass index, CRP:
C-reactive protein, DBP: diastolic blood pressure, EI: energy intake, FM: fat mass, FS: fitness score, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin resistance, HRmax: maximal
heart rate, LBM: lean body mass, LDL-C: low density lipoprotein cholesterol, PBF: percent body fat, RM: repetition
maximum, SBP: systolic blood pressure, SMM: skeletal muscle mass, TBW: total body water, TC: total cholesterol,
TG: triglyceride, WC: waist circumference, WG: waist girth, WHR: waist-hip ratio, %SM: percent skeletal muscle,
J: indicates decrease, 1: indicates increase, < indicates no change.
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Table 11.

<Continued>

Reference Subject Intervention Behavior Markers Effect
Aerobic exercise
- 8 weeks
n=36 - 5 days per week BMI J
7874 5 (0male, 16female) - 30-40 minute per day Exercise habits, Mood 1
(20006) 1-61 graders Obesity and diet, behavioral =~ Weight, PBF, WHR, FM, LBM, BM >
OD>20% modification education Edema, VFA, Obesity knowledge >
- 1 days per week
- 60 minute per day
Combined training
n=7 (male) (aerobic and resistance) Weight, PBF, TFV, SFV, VFV J
5 - 16 weeks VFV/SFV, Leptin, Insulin l
13.3£0.23 years
(2005) PRF>25 - 4 days per week LBM 1
’ - 70 minute per day TNF-q, IL-6 o
- 60% HRR and 60% of 1RM
10 ot Aerzc())blc e>1<<erc1se Weight, BMI, PBF !
G 1;5 4+(§ gme:r)s - 5 d‘e/ave: Ser eek TEV, VEV, SFV, VEV/SFV '
(2006) s © 0 days pet W Glucose, Insulin, HOMA-IR |
PBF>35% - 80 minute per day LBM. HRmax. VO 1
- 50~70% HRR o ma, Ve
Aerobic exercise
- é ‘é\;eefs er week FM, ALF, NI, EN !
o = N5 (male) T cays per W Weight, BMI, LBM, SBP, DBP, -
it 5 - 120 minute per day . .
(2001) 9.6+0.7 years 60~70% HRmax Hemoglobin, Hematocrit, Glucose, o
BMI>25.0 . ° ALT, AST, A/G ratio, UN, NB, UC, -
Diet control
. CHI PN
- Energy was restricted at
493 keal per day
Aerobic exercise
- 9 weeks
_ - 5 days per week TC, TG, TC/HDL-C, J
ahg) ?o;il(?alzr - 100 minute per day APO AT - AIl -B-CII - CIl |
(2008) D . 60~70% HRmax HDL-C t
BMP>%" percentile .
Diet control <—>

- Energy was restricted at
2100 kcal per day

LDL-C, APO A1/AIl - B/A1

A/G ratio: Albumin/Globulin ratio, ALP: alkaline phosphatase, ALT: Alanine aminotransferase, APO:
Apolipoprotein, AST: aspartate aminotransferase, BM: basal metabolism, BMI: body mass index, CHI: creatinine
height index, DBP: diastolic blood pressure, FM: fat mass, FN: fecal nitrogen, HDL-C: high density lipoprotein
cholesterol, HOMA-IR: homeostasis model assessment for insulin resistance, HRmax: maximal heart rate, HRR:
maximum heart rate reserve, IL-6: interleukin-6, LBM: lean body mass, LDL-C: low density lipoprotein
cholesterol, OD: obesity degree, NB: nitrogen balance, NI: nitrogen intake, PBF: percent body fat, RM: repetition
maximum, SBP: systolic blood pressure, SFV: subcutaneous fat volume, TC: total cholesterol, TFV: total fat
volume, TG: triglyceride, TNF-a: tumor necrosis factor-a, UC: urinary creatinine, UN: urinary nitrogen, VFA:

visceral fat area, VFV: visceral fat volume, VOymax: maximal oxygen uptake,
indicates decrease, 1: indicates increase, <: indicates no change.
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Table 11. <Continued>
Reference Subject Intervention Behavior Markers Effect
e (enle) Rofig'lsvr:ei?g fraining Weight, PBF, TG, TC, LDL-C, CRP |
G 3-6" graders 5 days per week HDL-C, HOMA-IS f
(2009) DB o o B o cay SBP, DBP, Glucose, Insulin o
- 50~70% HRmax HOMA-IR, HOMA-IS, Adiponectin >
Rope-jumping exercise
AFH 5 ;go(zngalyelars ] i ‘éf;fsper ek PBE, HRrest, TC, TG !
(2000) PBE, 20~30% - 50 minute per day VOzmax, HDL-C, HDL-C/TC f
- 72~80 times/min
Combined training
n=10 (male) (aerobic and resistance) Weight, BMI, PBF, Insulin, HOMA-IR J
A9 5 16204079 vears - 8 weeks Height, GH 0
(2006) LT Y - 4 days per week LBV, TC, TG, HDL-C, LDL-C -
PBF>30% .
- 60 minute per day Glucose, IGF-1 >
- 60% HRR and 60% of 1RM
Aerobic exercise . .
n=10 (male) 17 weeks Weight, BMI, PBF, WHR, Insulin J
S5d 5 164+12 years 4 davs per week HOMA-IR, HOMA-B, leptin, TNF-a )
(2007) PBE>30%, vs P adiponectin 1
BM>25.0 - 40 minute per day Gl o
' - 60% HRmax ucose
Ne‘év VSVE;ZS exercise BMI, PBF, WHR, TG, TC, LDL-C |
Dietary habit score, Food intake score 1
o) =  D=20 (male) - 3 days per week . L -
°FY =5 th . Daily steps, Activity coefficient 1
3-4" graders - 70 minute per day . .
(2008) OO0 60% LR Daily energy expenditure 1
° i X Weight, LBM, HDL-C o
Nutrition sducation . .
. Life attitude score <—>
- Total 5 times
n=20 (male) Aerl(;b“ eiiimse ox-LDL, GPx 1
73 5 11154142 years A dvav s ver week Weight, PBF, VO,max, SBP, DBP o
(2008) BMI>%™ percentile ys p TC, TG, HDL-C, LDL-C -
OD>120° - 3.5~4.38kcal/kg per day o

- 40~50% HRR

8-OHdG, SOD

BMI: body mass index, CRP: C-reactive protein, DBP: diastolic blood pressure, GH: growth hormone, GPx:
glutathione peroxidase, HDL-C: high density lipoprotein cholesterol, HOMA-{: homeostasis model assessment for
B cell function, HOMA-IR: homeostasis model assessment for insulin resistance, HOMA-IS: homeostasis model
assessment for insulin sensitivity, HRmax: maximal heart rate, HRR: heart rate reserve, HRrest: resting heart
rate, IGF-1: insulin-like growth factor-1, LBM: lean body mass, LDL-C: low density lipoprotein cholesterol, OD:
obesity degree, ox-LDL: oxidized low density lipoprotein, PBF: percent body fat, RM: repetition maximum, SBP:
systolic blood pressure, SOD: super oxide dismutase, TC: total cholesterol, TG: triglyceride, TNF-a: tumor
necrosis factor-a, VO,max: maximal oxygen uptake, WHR: waist-hip ratio, 8-OHdG: 8-Oxo-2'-deoxyguanosine, b

indicates decrease, 1: indicates increase, <: indicates no change.
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Table 11. <Continued>

Reference Subject Intervention Behavior Markers Effect

Aerobic(dance) exercise
- 8 weeks

n=29 3 davs ver week FM, PBF, WHR, Obesity percent J
A%4 5 (15male, 14female) ys P LBM, MM, Obesity knowledge 1
h - 40-60 minute per day . . .
(2008) 4-6" graders . . Life Eating habits, Self-esteem 1
OD>10% Obesity control education Weight, BMI, Life exercise habits o
- 1 days per week g B
- 40-60 minute per day
=153 Circult exercise PWB(S, 1]13tMI, Glucose, HDL-C, Sit-up #
ol5st 5  (8lmale 72female) - 12 weeks S . .
(2009) 9.06:024 years - 3 days per week Crip strength, Standing long jump !
oDt 10 minute per a WG, Insulin, TG, TG, LDLC -
’ ) e Y Back strength, Trunk flexion, PEI >
Physical activity
n=38 - 11 weeks .
olAW 5 (17male, 2lfemale) - 2 days per week Weight, BMI, WHR, PBE, WC '
. Nutrition knowledge 1
(2010) 9.82£1.19 years - 120 minute per day MM o
OD>120% Nutrition education
- 2 days per week
AHL = n=12 Aerobic exercise g?;,:]éeptm #
o = .
(2003) Hemertay stodldild - - 6 weeks Weight, Insulin, Glucose, TC, TG, o
PBE>25% - 46 km per week LDL-C, SBP, DBP, MBP, VO,max =
Rope-jumping exercise
- 12 weeks
n=10 (male) 3 days per week Weight, BMI, PBF, FM, LBM, EI !
i 109+0.9 years - 350 minute per day "o oce, CRP !
(2007) V5" };ercenﬁle - 5-75% HRmax SBP, DBP, TG, HDL-C o
Nutrition education ’ L
- 2 days per week
- 40 minute per day
=20 Combination exercise
H2% 5 (0nde Wfemale) L2 oK Weight, PBF, FM, TC, LDL-C, TG !
- 5 days per week
(2005) 9.9+0.2 years - 5060 minute per da LBM, HDL-C <
PBF>30% y

- 40~60% HRmax

BMI: body mass index, CRP: C-reactive protein, DBP: diastolic blood pressure, El: energy intake, FM: fat mass,
HDL-C: high density lipoprotein cholesterol, HRmax: maximal heart rate, LBM: lean body mass, LDL-C: low
density lipoprotein cholesterol, MBP: mean blood pressure, MM: Muscle mass, OD: obesity degree, PBF: percent
body fat, PEI: physical efficiency index, SBP: systolic blood pressure, TC: total cholesterol, TG: triglyceride, V
Oymax: maximal oxygen uptake, WC: waist circumference, WHR: waist-hip ratio, |+ indicates decrease, 1:
indicates increase, <>: indicates no change.
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Table 11.

<Continued>

Reference Subject Intervention Behavior Markers Effect
Combination exercise
- 12 weeks
8 (mal - 5 days per week Weight, PBF, VFA, SFA, TC J
zee g +<ma © - 60 minute per day LDL-C, Leptin |
(2006) 10816 years - 50~60% VO,max VOmax t
PBE>25% .
Diet control LBM, HDL-C, TG, GH >
- Energy was restricted at
1,300~1,900 kcal per day
Walking exercise
284 = n=15 - 12 weeks
(2068) 12.741.39 years - 4 days per week Weight, BMI, PBF, Insulin, leptin J
PBE>21~25% - 45-50 minute per day
- 50~70% HRmax
7 Day camp program
n=31 Physical activity .
Hed 5 (25male, 6female) - 250 minute per day Weight, BMI BEM, OD, WHR, PB, '
o0 . ) TC, TG, LDL-C l
(2010) 11.5£.1.0 years Nutrition education HDL.C 1
OD>140% - 150 minute per day
Diet control
Aerobic exercise
sgn = n=%hO (male) - 12 weeks M, TBW, 50m run, 1000m run )
(2008) 4-6" graders - 5 days per week MM, Standing long jump, Sit-up 1
0D>25.0% - 30 minute per day Trunk flexion 1
- 60~80% HRmax
6 (mal Sport activities PBF, TG )
AN 17(;31? - 12 weeks HDL-C 1
(2009) S YRS 5 days per week Weight, WHR, SBP, DBP, GH, IGF-1, <
BMI>%5" percentile .
- 60 minute per day Glucose o
-0 1 New sports exercise BMI, PBF, WHR, Glucose, Insulin J
H4 5 gim(izsg - 8 weeks TG, TC, LDL-C, HOMA-IR |
(2009) Obes frchﬂ . - 3 days per week GH, IGE-1 1
- 70 minute per day Weight, LBM, HDL-C >
Aerobic exercise
n=83 - 1 year Weight, BMI, PBF, VF, SBP, TG, )
Caranti et al.  (37male, 46female) - 3 days per week Insulin, HOMA-IR J
(2007) 15-19 years - 60 minute per day LBM 1
BMI>95™ percentile  Nutrition DBP, Glucose, TC, HDL-C, LDL-C >
Psychological

BFM: body fay mass, BMI: body mass index, DBP: diastolic blood pressure, FM: fat mass, GH: growth
hormone, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin
resistance, HRmax: maximal heart rate, IGF-1: insulin-like growth factor-1, LBM: lean body mass, LDL-C: low
density lipoprotein cholesterol, MM: muscle mass, OD: obesity degree, PBE: percent body fat, SBP: systolic blood
pressure, SFA: subcutaneous fat area, TBW: total body water, TC: total cholesterol, TG: triglyceride, VF: visceral
fat, VFA: visceral fat area, VO;max: maximal oxygen uptake, WHR: waist-hip ratio, |+ indicates decrease, 1:
indicates increase, <>: indicates no change.
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Table 11. <Continued>
Reference Subject Intervention Behavior Markers Effect
2003. n=74 Physical activity
127423 years - 43 weeks (2003)
BMI, 331457 - 42 weeks (2004)
Cooper et al. 2004. n=99 - 44 wgeks (2005} Weight, WC !
(2006) 13.0+£1.9 years - aerobic and resistance Phvsical Fitness 1
BMI, 334464 weight training exercise Do
2005. n=89 Dietary restriction
132418 years - 1700/day caloric
BMI, 32.9+7.0 Nutrition classes
n=25 Aer102b ¢ :Zl(jsresmtance exeraise ALT, TC, Step test Heart rate J
Farris et al.  (5male, 20female) i 3 d‘:: s per week SBP, Push-up, Sit-up, Trunk flexion 1
(2011) 81+15 years a0 myimﬁe "evr o DBP, Glucose, AST, TG, HDL-C, -
BMI>98" percentile ! per cay LDL-C -
Nutrition
n=38 Physical activity Weight, BMI, FM, LBM, 1
Gately et al. ~ (29male, 9female) - 6 weeks
(2005) 9-18 years 6 hour per day AF, Self-esteem score !
BMI, 281449 Dietary restriction PBF, WC, HC, SBF, DBP -
Exercise training
- 12 week Weight, BMI, WC, PBE, FM, SBP, TC, J
Jekal et al. n=17 - 5 days per week LDL-C, Insulin, HOMA-IR J
(2009) 10-12% graders - 50 minute per day Height, HDL-C, VOymax 1
Energy expenditure from HC, DBP, Glucose, TG, IMT >
1500-2500 Kcal per week
Physical activity
n= 38 - 6 week
King et al.  (17male, 21female) - 6 hour per day Weicht !
(2007) 139+157 years  Dietary restriction &
BMI, 35.0+541 - 1300-3300 per day caloric
Nutrition classes
Physical activity
- 8 week
n=130 - daily exercise Weight, BMI, FM, PBF, LBM J
Knopfli et al. ~ (78male, 52female) - 2 sessions per daily VOypeak, PMP, PA, PE, HS, 1
(2008) 13.8 years - 60-90 minute per session BC, BP, BI 1
BMI, 33.4 - 50-70% HRmax HRpeak -

Nutrition
Behavior modification

AF: aerobic fitness, ALT: Alanine aminotransferase, AST: aspartate aminotransferase, BC: body contentment, BI:
body image, BMI: body mass index, DBP: diastolic blood pressure, BP: body perception, FM: fat mass, HC: hip
circumference, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment for insulin
resistance, HRmax: maximal heart rate, HRpeak: peak heart rate, HS: health sensation, IMT: intima media
thickness, LBM: lean body mass, LDL-C: low density lipoprotein cholesterol, PA: physica activity, PE: physica
efficiency, PBF: percent body fat, PMP: peak mechanical power, SBP: systolic blood pressure, TC: total
cholesterol, TG: triglyceride, VO,max: maximal oxygen consumption, VO,peak: peak oxygen uptake, WC: waist
circumference, | : indicates decrease, 1: indicates increase, < indicates no change.
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Table 11. <Continued>

Reference Subject Intervention Behavior Markers Effect

=51 Aerobic training

Kovacs et al.  (23male, 28female) 15 week WG S,B F, LDL-C '
(2009) 65125 years -3 days per week MM, VO:max 1
BML 25,6443 - 60 minute per day BMI, DBP, HOMA >

! - Heart rate 120-185
. n=48 Resistance training PBF J
zfﬁl(l;%;g) 7-12 years - 8 week LBM, 1RM squat, Push-up 1
) BMD>%™ percentile - 3 days per week Weight, BMI, FM, BMC >

Exercise training
=75 - 6 months Weight, BMI, PBF, TC, Insulin, J
Savoye et al. 816 vears - 2 days per week HOMA-IR J
(2007) BMI>35th il - 50 minute per day SBP, DBP, HDL-C, LDL-C, TG, -
percentile ..

Nutrition Glucose -

Behavior modification
. n=60 Physical activity BMI |
(T;gﬁ; el 610 years - 6 months Weight, LBM, CPP, CRF, HRR t
BMI>97" percentile - 4 hour per week WC o

BMC: bone mineral content, BMI: body mass index, CPP: cycling peak power, CRF: cardiorespiratory fitness,
DBP: diastolic blood pressure, FM: fat mass, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis
model assessment for insulin resistance, HRR: heart rate reserve, LBM: lean body mass, LDL-C: low density
lipoprotein cholesterol, MM: muscle mass, PBF: percent body fat, RM: repetition maximum, SBP: systolic blood
pressure, TC: total cholesterol, TG: triglyceride, VO;max: maximal oxygen consumption, WC: waist
circumference, | : indicates decrease, 1: indicates increase, < indicates no change.
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Cross-sectional Study
Intervention Study

Figure 2. The study design
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A zA AT

a7 L

Nfo

AFAY A

- 48 -



o

E A= AFA 2A 2580 4-68Hd (FH0-124)E tid oz A A

Oll

],

bt
=

AP daE A A ZFA 4 (Body Mass Index, BMD 7} sld @< 85"
T ol (dighaopahers], 1999)91 HebA 159, oA 80%, & 239% 9
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Table 12. Participants characteristics in the study 1

Variable Males Females Total
(n=151) (n=77) (n=228)

Age (yrs) 11.13+£0.85 11.18+0.82 11.15+0.84

Height (cm) 148.78+8.58 148.89+7.53 148.82+8.22

Weight (kg) 56.75+11.01 56.27+9.98 56.59+10.66

Body image (%)

- normal 2.7 0 1.8
- over weight 74.7 68.8 72.7
- obesity 22.7 31.2 25.6

Body image change try (%)

- lose weight 76.2 76.6 76.3
- gain weight 4.0 0 2.6
- no try 19.9 23.4 211

Sexual maturity (%)

- yes 10.7 247 15.4

Data presented as the meantstandard deviation unless otherwise indicated.
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Table 13. Demographic characteristics of parents in the study 1

Variable Father (n=136) Mother (n=176)
Age (yrs) 42.49+4.30 40.38+4.05
Height (cm) 171.23+4.68 159.44+4.86
Weight (kg) 75.03+10.46 58.62+8.59
Body mass index (kg/m?) 25.54+2.92 23.06+3.08
Education (%)
< 12 years 31.6 45.7
< 14 years 32.4 32.6
> 14 years 33.8 18.9
Job (%)
- Full time 87.1 42.6
- Part time 11.4 18.8
Income (%)
> 300 million won/month 54.7 56.6
Smoking (%)
- yes 61.0 2.8
Binge drinking (%)
- yes 75.0 30.9
Body image (%)
- Underweight 10.3 7.8
- Normal 39.7 28.1
- Overweight or obesity 50.0 64.1
Body image change try (%)
- lose weight 452 68.2
- gain weight 5.9 6.1
- no try 489 25.7

Data presented as the meantstandard deviation unless otherwise indicated.

*1 bottle soju or 3 bottle beer.
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Participated overweight and obesity
children in the study 1 (n=228)

T~

Male children (n=151) Female children (n=77)

Body composition
- Height, Weight, BMI, WC, HC, WHR, BFM, %fat, LBM, SMM, BMR

Blood pressure measurement
- SBP, DBP

Blood test
- AST ALT FG, TG, TC, HDL-C, LDL-C, FI

Insulin resistance
- HOMA-IR

Metabolic syndrome
- Abdominal obesity, High FG, High TG, Low HDL-C, Elevated BP

Sexual maturity

Parental questionnaire
- Demographic characteristics

Figure 3. The study process of study 1
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> 90™ percentile (age and gender, height specific)

> 90™ percentile (age and gender specific)

> 100 mg/dL
> 110 mg/dL

Cut-off points of each risk factor
< 40 mg/dL

Table 14. Criteria for metabolic risk factors by Ford
Metabolic syndrome definition: Three or more of the following

High density lipoprotein cholesterol

Metabolic risk factors
Waist circumference
Fasting glucose

Blood pressure

Ford et al., 2005

6) A==

Triglycerides

Tor

ol

o

o

=y

o
ﬁo
o

O

o

—
o

Nd
i

)
7

BN

Eo VFo R ARE

3=

X

i
nf-
oF

ﬂo

} 4t} (Tanner, 1962).

9

54

17 EA T

[e]
“

m
-

7)

wjr
xr
o

it

p—

o
s
il

bac pee Adg

O]

stol 24}

5

244

=

=

155 o

A
- 54 -

= A

ENEIRE S

S



4, A5 A7

Az o] #4428 PASW(Statistical Package for Predictive

chl

S

_ZTF
3
oF
it

O

iz

Analytics Soft Ware) 18.0 7

H 4= (Categorical Variable)= Wl % (Frequency)® 7|

jave)

N~

1o

Hr
70

el

N

2} (Standard

A

=
Ty

1+ (Mean)

3

3

H 4= (Continuous Variable)+:=

jase)

qr

g

™
B

—
o

At

5

=
=

}1\1'

=
=

Deviation)

of
Njo

43 9

A
=

=05%

T+ a

)
oF

2~ o}H]

3)

Chi-square test

=0

o}
o]
!
Mﬂ

M
ol
Njo

wK
To
10
—_—
Y
<

0

W

)

H

4) AAFA T, sle=d, AA

[ex]
AA

—
o

171 9138 Pearson’s correlation W& A&

w4

=

I

oA

Eu

!

#F o4t #A

3

Dz

3 (
2918 W

2ot 4

71% WY

WE

5) AAFA <, sle=dl, A

171 93] Independent

S

~,
;00

H

171 913 Analysis of Covariance(ANCOVA)

S

W] 3

°| &

71 98 Logistic

A1 3]

il

regression

- b5 -



V.43 23

1 7R AATAH SHZE

AFW R AATYL Y Ao <Table 15> 2t

Table 15. Results of body composition

Variable Male (n=151) Female (n=77) Total (n=228)
BMI (kg/m?) 25.40+2.44 2519+2.54 25.33+2.47
WC (cm) 81.62+7.74 78.56+7.36 80.58+7.74
HC (cm) 89.18+6.70 92.54+6.62 90.31+6.85
WHR 0.92+0.05 0.85+0.05 0.89+0.06
BFM (kg) 20.97+5.28 21.91£5.38 21.29+5.32
PBF (%) 36.64+4.68 38.45%4.36 37.26+4.64
LBM (kg) 36.08+7.25 34.73+5.72 35.62+6.79
SMM (kg) 19.40+4.33 18.53+3.39 19.10+4.05

Data presented as the meantstandard deviation.

BFM: body fat mass, BMI: body mass index, HC: hip circumference, LBM: lean body
mass, PBF: percent body fat, SMM: skeletal muscle mass WC: waist circumference,
WHR: waist-hip ratio.
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Table 16. Results of insulin resistance and metabolic syndrome risk factors

Variable Male (n=151) Female (n=77) Total (n=228)
SBP (mmHg) 119.07+13.24 115.21+12.36 117.76+13.05
DBP (mmHg) 73.27+8.84 74.51+7.71 73.69+8.48
FG (mg/dL) 88.72+7.46 85.46%6.70 87.61+7.36
TG (mg/dL) 82.72+49.99 86.86+40.28 84.12+46.87
TC (mg/dL) 177.16+28.14 168.82+25.33 174.33+27.45
HDL-C (mg/dL) 54.11+8.67 50.42+7.23 52.76+8.38
LDL-C (mg/dL) 105.82+25.02 101.08+23.04 104.21+24.42
FI (nU/mL) 21.97+24.03 22.83+18.88 22.26+22.38
HOMA-IR 5.02+6.11 5.02+5.15 5.01£5.79

= <Table

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Figure 4. Prevalence of childhood obesity (%)
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Table 17. Correlation between BMI, WC, PBF and insulin resistance and
metabolic syndrome risk factors in male children

Correlation R

P-value BMI (kg/m’) WC (cm) PBF (%)
SBP (mmHg) <3(())(?1 <3(;1(}1 -33909
DBP (mmiig) <o Zom a0
FG (mg/dL) oo 06 520
TG (mg/dL) f)(ii ;(1)22 (1)52
1€ (mg/a) o = oo
HDL.C (mg/dL) pod o s
LDL-C (mg/dL) 1171: 3;01 ;(2)23
FI (uU/mL) o0t o0t ot
HOMA-IR f&ogl ;,3:061 ;(1)2;

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 18. Correlation between BMI, WC, PBF and insulin resistance and
metabolic syndrome risk factors in female children

Correlation R

P-value BMI (kg/m’) WC (cm) PBF (%)
SBP (mmHg) o 08 g
DBP (i) fre et e
FG (mg/dL) P 520 07
TG (emg/ L) P P a2
TC ) oy p oo
HDLC (my/al) o 109 o
LPLC () ot o 1
I U/ po po o
HOMA-IR oot s o8

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 19. Comparison between BMI of insulin resistance and metabolic
syndrome risk factors in male children

BMI < 25 kg/m’ BMI > 25 kg/m’

Variable (n=73) (n=78) t P

SBP (mmHg) 114.88+10.20 122.99+14.56 -3.984 <.001
DBP (mmHg) 69.99+6.88 76.35+9.40 -4.766 <.001
FG (mg/dL) 86.77+6.65 90.57+7.75 -3.145 002
TG (mg/dL) 73.73+54.68 91.22+43.80 -2.124 .035
TC (mg/dL) 178.63+27.35 175.77+28.99 .608 544
HDL-C (mg/dL) 56.04+8.90 52.28+8.08 2.655 .009
LDL-C (mg/dL) 107.83+23.33 103.92+26.53 937 .350
FI (nU/mL) 13.07+8.24 30.39+30.32 -4.734 <.001
HOMA-IR 2.86+1.92 7.06£7.81 -4.477 <.001

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 20. Comparison between WC of insulin resistance and metabolic
syndrome risk factors in male children

Variable WC(:=58:) cm wc (ri;i()) cm t P

SBP (mmHg) 115.00+10.85 121.60+14.00 -3.245 001
DBP (mmHg) 69.72+7.14 75.48+9.11 -4.091 <.001
FG (mg/dL) 87.28+7.16 89.67+7.54 -1.893 .060
TG (mg/dL) 77.37+57.31 86.22+44 55 -1.039 .300
TC (mg/dL) 184.03+27.87 172.65+27.55 2413 017
HDL-C (mg/dL) 56.49+9.17 52.55+8.00 2.726 007
LDL-C (mg/dL) 110.31+25.89 102.87+24.13 1.758 .081
FI (nU/mL) 13.17+9.00 27.74+28.68 -4.416 <.001
HOMA-IR 2.93+2.12 6.39+7.37 -4.127 <.001

Data presented as the meantstandard deviation.
DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin

resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 21. Comparison between PBF of insulin resistance and metabolic
syndrome risk factors in male children

Variable PBF < 36.64 % PBF > 36.64 % : ;
(n=70) (n=81)
SBP (mmHg) 119.26+14.11 118.55+12.23 328 743
DBP (mmHg) 71.65+8.75 74.48+8.69 -1.981 .049
FG (mg/dL) 88.54+6.70 88.96+8.13 -.337 737
TG (mg/dL) 73.04+41.56 91.34+55.54 -2.206 .029
TC (mg/dL) 170.79+28.43 182.46+26.95 -2.518 .013
HDL-C (mg/dL) 54.66+10.01 53.68+7.38 654 514
LDL-C (mg/dL) 101.54+24.61 109.20+24.91 -1.845 .067
FI (uU/mL) 17.76+15.64 25.76+29.24 -2.071 041
HOMA-IR 3.91+3.29 6.02+7.72 -2.166 .033

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 22. Comparison between BMI of insulin resistance and metabolic
syndrome risk factors in female children

BMI > 25 kg/m’

BMI < 25 kg/m’

Variable (n=40) (n=37) t 4

SBP (mmHg) 112.92+12.56 117.67+11.81 -1.707 .092
DBP (mmHg) 73.55+7.94 75.54+7.41 -1.135 .260
FG (mg/dL) 84.53+7.29 86.44+5.95 -1.235 221
TG (mg/dL) 73.47+35.04 101.00+41.05 -3.108 .003
TC (mg/dL) 166.84+25.54 170.92+25.29 -.689 493
HDL-C (mg/dL) 51.81+7.52 48.94+6.71 1.730 .088
LDL-C (mg/dL) 100.34+22.71 101.86+23.68 -.282 779
FI (nU/mL) 20.60+22.56 25.18+13.93 -1.044 .300
HOMA-IR 4.62+6.55 5.44+3.11 -.683 497

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 23. Comparison between WC of insulin resistance and metabolic
syndrome risk factors in female children

Variable WC < 75 cm WC = 75 cm ¢ ;
(n=26) (n=51)
SBP (mmHg) 112.31+13.38 116.69+11.66 -1.482 143
DBP (mmHg) 73.35%£9.49 75.10+6.64 -.943 349
FG (mg/dL) 83.96+4.46 86.18+7.48 -1.343 184
TG (mg/dL) 74.92+37.56 92.60+40.63 -1.795 077
TC (mg/dL) 169.75+26.05 168.38+25.23 216 .829
HDL-C (mg/dL) 52.75+7.08 49.30£7.10 1.957 .054
LDL-C (mg/dL) 102.08+23.48 100.60£23.06 258 797
FI (uU/mL) 16.78+10.68 25.73+21.23 -1.945 .056
HOMA-IR 3.49+2.22 5.75+5.96 -1.789 .078

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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Table 24. Comparison between PBF of insulin resistance and metabolic
syndrome risk factors in female children

Variable PBF < 38.45 % PBF > 3845 % ¢ ;
(n=39) (n=38)
SBP (mmHg) 114.54+12.23 115.89+12.61 -479 .633
DBP (mmHg) 73.20+7.24 75.84+8.03 -1.514 134
FG (mg/dL) 86.00+7.59 84.82+5.73 692 491
TG (mg/dL) 81.51+45.82 92.22+33.63 -1.145 .256
TC (mg/dL) 166.43+24.31 171.22+26.42 -.810 420
HDL-C (mg/dL) 51.59+7.31 49.24+7.06 1.407 164
LDL-C (mg/dL) 98.51+£22.68 103.65+23.42 -.958 341
FI (nU/mL) 23.52+22.67 22.14+14.41 313 .755
HOMA-IR 5.31+6.59 4724319 496 .622

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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AO: abdominal obesity, EBP: elevated blood pressure, HFG: high fasting glucose,
HTG: high triglycerides, IR: insulin resistance, LHO|: low high density lipoprotein cholesterol,
MS: Metabolic syndrome, MSOM: metabolic syndrome risk factors one or more.

Figure 5. Prevalence of insulin resistance and metabolic syndrome (%)
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Table 25. Prevalence of insulin resistance and metabolic syndrome abnormalities (%)

Metabolic syndrome risk factors
(Cut-off points)

Male (n=151)

Female (n=77)

Elevated blood pressure

BP > 90" percentile 649 76.6
Abdominal obesity

WC = 90™ percentile 563 66.2
High triglycerides

TG = 110 mg/dL 188 297
Low HDL-C

HDL-C < 40 mg/dL 49 54
High fasting glucose

FG > 100 mg/dL 3.5 14
Prevalence of metabolic syndrome
MSRF One or more 80.6 91.9
Metabolic syndrome 139 18.9
Insulin resistacne

HOMALR < 3 57.6 66.2
HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model

assessment of insulin resistance, MSRF: metabolic syndrome risk factors.
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Table 26. Comparison between sexual maturity of age, BMI, WC, PBF and insulin

resistance and metabolic syndrome risk factors in male children

Maturity sexual

Immature sexual

Variable (n=16) (n=135) F P
Age (yrs) 11.12+0.92 11.12+0.85 -.013 .990
BMI (kg/m’) 24.90+2.97 25.45+2.39 -.858 392
WC (cm) 81.16%7.64 81.61+7.77 -219 827
PBF (%) 36.49+4.95 36.62+4.65 -105 917
SBP (mmHg) 118.00+15.28 119.24+13.08 -.352 726
DBP (mmHg) 71.87+7.67 73.47+9.01 -.679 498
FG (mg/dL) 89.44+8.64 88.56+7.31 443 .658
TG (mg/dL) 67.12+44.06 84.90+50.63 -1.341 182
TC (mg/dL) 177.00+26.55 177.20£28.54 -.026 979
HDL-C (mg/dL) 55.19+8.12 54.00£8.79 513 .608
LDL-C (mg/dL) 108.56+25.97 105.42+25.07 471 .638
FI (uU/mL) 28.49+44.01 21.09+20.45 664 516
HOMA-IR 6.98+12.33 4.75+4.87 716 485

Data presented as the meantstandard deviation.

BMI: body mass index, DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting
insulin, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model
assessment of insulin resistance, LDL-C: low density lipoprotein cholesterol, PBEF:
percent body fat, SBP: systolic blood pressure, TC: total cholesterol, TG: triglyceride,
WC: waist circumference.
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Table 27. Comparison between sexual maturity of age, BMl, WC, PBF and insulin

resistance and metabolic syndrome risk factors in female children

Maturity sexual

Immature sexual

Variable (n=19) (n=57) E P

Age (yrs) 11.96+0.63 10.94+0.71 5570  <.001
BMI (kg/m’) 26.43+2.81 24.83+2.30 2477 .016
WC (cm) 80.49+7.30 78.12+7.24 1.223 222
PBF (%) 37.66%5.62 38.71+3.92 -.898 372
SBP (mmHg) 117.63+13.11 114.46+12.21 964 338
DBP (mmHg) 74.68+7.45 74.44+7.92 119 .906
FG (mg/dL) 87.05+9.54 85.07+5.48 1.093 278
TG (mg/dL) 96.11+34.17 84.49+42.04 1.062 292
TC (mg/dL) 159.61+28.34 171.64+23.99 -1.764 .082
HDL-C (mg/dL) 49.00+7.11 50.82+7.33 -.920 361
LDL-C (mg/dL) 91.44+27.52 103.96+20.88 -2.036 .046
FI (uU/mL) 29.44+31.32 20.82+12.36 1.139 269
HOMA-IR 6.95+9.27 4.42+2.66 1.140 269

Data presented as the meantstandard deviation.

BMI: body mass index, DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting
insulin, HDL-C: high density lipoprotein cholesterol, HOMA-IR: homeostasis model
assessment of insulin resistance, LDL-C: low density lipoprotein cholesterol, PBEF:
percent body fat, SBP: systolic blood pressure, TC: total cholesterol, TG: triglyceride,
WC: waist circumference.
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Figure 6. Relative risk of being hyperinsulinemia, insulin resistance, metabolic
syndrome across a BMI with sexual maturity control in male children
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Figure 7. Relative risk of being hyperinsulinemia, insulin resistance, metabolic
syndrome across a WC with sexual maturity control in male children
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Figure 8. Relative risk of being hyperinsulinemia, insulin resistance, metabolic
syndrome across a PBF with sexual maturity control in male children
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Figure 9. Relative risk of being hyperinsulinemia, insulin resistance, metabolic
syndrome across a BMI with sexual maturity control in female children
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Figure 10. Relative risk of being hyperinsulinemia, insulin resistance, metabolic
syndrome across a WC with sexual maturity control in female children
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Table 28. Participants characteristics in the study 2

Intervention group Normalweight group

Variable (n=30) (n=15) t 4
Age (yrs) 10.93+0.86 10.80+0.90 472 639
Height (cm) 148.49+5.90 144.53+8.76 1.801  .079
Weight (kg) 56.97+8.90 35.45+6.00 8.427 <.001
Body image (%)
- normal 0 86.7
- over weight 59.3 13.3 34.257 <.001
- obesity 40.7 0
Body image change try (%)
- lose weight 55.6 20.0
- gain weight 7.4 13.3 4978  .083
- no try 37.0 66.7
Sexual maturity (%)
- yes 11.1 0 1.795 180

Data presented as the meantstandard deviation unless otherwise indicated.
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Farticipated children in the
study 2 (n=45)

/\

Intervention group (n=30) Normalweight group (n=15)

Fre test

Body composition
Height, Weight, BEMI, WC, HC, WHR, BFM, 2%fat, LEM, SMM, BMR

*» Blood pressure measurement
SBP, DEP

= Physical fithess
Muscle strength, Muscle endurance, Flexibility, Cardicpulmonary fitness

- Blood test
FG, TG, TC, HDL-C, LDL-C, FI

- Insulin resistance
HOMA-IR

=  Metabolic syndrome
- Abdominal obesity, High FG, High TG, Low HDL-C, Elevated BP

Intervention group (n=23)

Intervention program
{(Exercise and education program)

Post test

»  Body compaosition
- Height, Weight, BMI, WC, HC, WHR, BFM, 2:fat, LEM, SMM, BMR

*» Blood pressure measurement
- SBPR, DEP

= Physical fitness
- Muscle strength, Muscle endurance, Flexibility, Cardicpulmonary fitness

- Blood test
- FG, TG, TC, HDL-C, LDL-C, FI

- Insulin resistance
- HOMA-IR

=  Metabolic syndrome
- Abdominal obesity, High FG, High TG, Low HDL-CZ, Elevated BP

Figure 12. The study process of study 2
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Table 29. Intervention Program

Time Class Contents Energy Expenditure
Warm-up ) )
. Jogging and stretching
(15 min)
- Aerobic
1st Dance class
. - Aero Kickboxing 400 kcal
Class (35 min) .
- Line dance
Cool-dawn )
. Stretching
(10 min)
Break time
. Classroom moving and break time
(10 min)
- Health education
2nd  Education class
- Nutrition education
Class (40 min)
- Counsel
Break time ) )
. Classroom moving and break time
(10 min)
Warm-up .
i Stretching
(5 min)
- Push-up
o o - Burpee test
3rd  Circuit training
. - Lunge 350 kcal
Class (45 min)
- Squat
- Sit-up
Cool-dawn )
. Stretching
(10 min)
Week 1 select
Supplement -
upp Football 250 Keal
exercise - Dodgeball
- Handler
Total Energy Expenditure 1,000 kal
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A4 23
1. FATHY AAAFTY AATA v
TATH AFAFTTY AATFLE A AFde <Table 30>7 2o 4
A3, FATol AAATTA vE AAIFASE s, dFolEd, -9 d
<%

of frolatA A e

Table 30. Comparison between groups of body composition before Intervention

program

Variable Interve(ttllt=i;(t)1) group Nonnal:;rl:iigsl;t group : ;

BMI (kg/mz) 25.70£2.52 16.88+1.69 12.197 <.001
WC (cm) 79.38+6.39 58.23£5.02 11.179 <.001
HC (cm) 92.73+6.45 75.54+4.70 9.155 <.001
WHR 0.86+0.06 0.77+0.04 5112 <.001
BFM (kg) 22.08+5.26 6.10+£2.51 13.468 <.001
PBF (%) 38.32+4.46 16.85+6.00 13.308 <.001
LBM (kg) 34.98+4.32 29.95+5.32 3.360 .002
SMM (kg) 18.67+2.51 15.72+3.17 3.340 .002

Data presented as the meantstandard deviation.

BFM: body fat mass, BMI: body mass index, HC: hip circumference, LBM: lean body
mass, PBF: percent body fat, SMM: skeletal muscle mass WC: waist circumference,
WHR: waist-hip ratio.
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2. TATH BEAATTY AY vu

Table 31. Comparison between groups of physical fitness before Intervention

program

Variable Interve(ttllt=i;(t)1) group Nonnal:;rl:iigsl;t group ¢ ;

LGS (kg) 17.50£3.79 17.32+6.02 120 .905
RGS (kg) 17.95+3.86 17.73£5.28 164 871
BS (kg) 49.13+10.94 49.50+11.76 -.103 918
SU (num/min) 20.17+12.20 36.80£8.32 -4.744 <.001
SR (cm) 7.87+6.71 13.02+£5.52 -2.581 013
PACER (num) 40.32+17.21 75.33+£19.22 -5.964 <.001

Data presented as the meantstandard deviation.

BS: back strength, LGS: left grip strength, PACER: progressive aerobic cardiovascular
endurance run, RGS: right grip strength, SR: sit and reach, SU: sit-up.
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3. TATLH FRAFTTY d<dAZTAH 2 dASTET A3 LY

H] o

FALH} AAAFTY AEAATY 2 GASFT APeAL BB Ane
<Table 32>5h 2t 24 A%, FAe] ARAF Tl va) o7, FA4A
g, BEAEd 2 QEAAFH KAA B4 dehgn, nUEATId 2~

HZo] olstA v YErs

iy
[*]

Table 32. Comparison between groups of insulin resistance and metabolic
syndrome risk factors before Intervention program

Intervention group Normalweight group

Variable (n=30) (n=15) t 4

SBP (mmHg) 114.30+12.36 107.73+£12.95 1.654 105
DBP (mmHg) 69.47+8.17 61.73+8.13 2.997 .005
FG (mg/dL) 89.03+6.54 87.60+3.91 778 441
TG (mg/dL) 109.07+£52.53 72.87+36.68 2.379 022
TC (mg/dL) 177.07+31.43 172.47+32.15 .457 .650
HDL-C (mg/dL) 53.59+9.57 62.1316.19 -3.127 .003
LDL-C (mg/dL) 101.65+23.74 95.60+28.31 751 457
FI (nU/mL) 17.16+9.10 6.79+3.30 5.483 <.001
HOMA-IR 3.80+2.10 1.48+0.76 5.328 <.001

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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4 TAZ=ZaY Fq A - F AATFEY A
TAL) FAZZAY Pl A - F AATAH] WsE BT A <Table
2

33>3 2tk B4 A3 FAzZzad Fo 43 mmee] FAZzad Fo F

slelzdlet dhel=dzt fefshA Hgasilv

Table 33. Comparison of body composition after Intervention program

Variable pre (n=23) post (n=23) t P

BMI (kg/mz) 25.70+2.64 25.71+2.64 -137 892
WC (cm) 79.49+6.75 77.73+6.16 5.137 <.001
HC (cm) 93.07+6.62 91.57+6.30 5.214 <.001
WHR 0.86+.06 0.85+.05 1.267 218
BFM (kg) 22.14+5.31 22.62+5.45 -2.032 .056
PBF (%) 38.11+4.53 38.33+4.39 -.554 586
LBM (kg) 35.41+4.32 35.77+4.02 -1.378 184
SMM (kg) 18.90+2.54 19.08+2.33 -1.073 296

Data presented as the meantstandard deviation.

BFM: body fat mass, BMI: body mass index, HC: hip circumference, LBM: lean body
mass, PBF: percent body fat, SMM: skeletal muscle mass WC: waist circumference,
WHR: waist-hip ratio.
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5. FAZEIY F A-F AYY W

TAZEIY Fo] A -5 AHe WaE £A4F ZI= <Table
34>9F vk 24 23, sAZZIY Fo] At vjaste] FAZEIY Fo] ¥
(), ledod7(ZA ) gesladezws/(w94), €5ede
A (AAAG) FEol fatA F7a
Table 34. Comparison of physical fitness after Intervention program
Variable pre (n=23) post (n=23) t P
LGS (kg) 17.41+£3.98 16.87+4.99 1.029 314
RGS (kg) 17.69+4.12 17.37+4.19 .856 401
BS (kg) 47.96+11.32 54.04+13.27 -4.594 <.001
SU (num/min) 18.63+£12.87 38.75+7.72 -8.500 <.001
SR (cm) 7.45%6.79 9.68+6.91 -3.652 001
PACER (num) 39.70+£16.74 43.85+14.20 -2.817 011

Data presented as the meantstandard deviation.

BS: back strength, LGS: left grip strength, PACER: progressive aerobic cardiovascular
endurance run, RGS: right grip strength, SR: sit and reach, SU: sit-up.
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Table 35. Comparison of insulin resistance and metabolic syndrome risk factors
after_Intervention program

Variable

pre (n=23) post (n=23) t P
SBP (mmHg) 113.48+12.18 110.70+10.11 1.140 267
DBP (mmHg) 69.91+£8.92 67.57+7.96 1.462 158
FG (mg/dL) 89.04+£5.41 85.57+4.94 3.595 002
TG (mg/dL) 117.30+53.06 85.83+36.40 3.280 .003
TC (mg/dL) 176.48+33.55 177.87+34.23 -431 671
HDL-C (mg/dL) 53.52+10.20 54.65+11.28 -1.009 324
LDL-C (mg/dL) 99.48+24.72 106.00+£25.05 -2.306 031
FI (nU/mL) 17.53+£8.41 9.87+4.67 5.426 <.001
HOMA-IR 3.84+1.78 2.09+1.00 6.300 <.001

Data presented as the meantstandard deviation.

DBP: diastolic blood pressure, FG: fasting glucose, FI: fasting insulin, HDL-C: high
density lipoprotein cholesterol, HOMA-IR: homeostasis model assessment of insulin
resistance, LDL-C: low density lipoprotein cholesterol, SBP: systolic blood pressure,
TC: total cholesterol, TG: triglyceride.
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T+ FHES 43 A3 += <Figure 13>, <Figure 14>, <Figure 15>, <Table
36>7 2o dEAAGAH S 3 HOMA-IR oS 7o 2 Aosgla, grAsS
72 Ford et al.(2005)0] AASIL S+ LotHad UAS T AR7| &S ALE
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Insulin resistance

100
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62.1
50
25 17.4
- | 67
0
Intervention pre Intervention post Normalweight
Figure 13. Prevalence of insulin resistance abnormalities (%)
One or more of metabolic syndrome risk factor
100
79.3
75
56.5
50
- 333
25
0

Intervention pre Intervention post Normalweight

Figure 14. Prevalence of metabolic syndrome risk factors abnormalities (%)

- 96 -



100

75

50

25

Intervention pre

Metabolic syndrome

20.7
- 8.7
. Not applicable

Intervention post Normalweight

Figure 15. Prevalence of metabolic syndrome abnormalities (%)

Table 36. Prevalence of metabolic syndrome abnormalities (%)

Intervention group

Metabolic risk factors Normalweight
(Cut-off points) pre post group
Al_)cl/(\)fréli;al9(§:}??§zlentile >33 1 ’
"6 = 110 mefel 43 27 i

“@ s
s 100 gt 34 ’ "

Low HDL-C 34 0 0

- HDL-C < 40 mg/dL

HDL-C, high density lipoprotein cholesterol.
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oAy HIREE Angrow ol o]dtEol EE Wrh oy ZH(Whitaker et
al., 1997), Ao} A~ 7] 118 (Rosner, Prineas, Daniels & Loggie, 2000), #12%
3= H (Sinha et al,, 2002), A& &2 3(Jekal et al., 2009) 52 A A3 oy
< /AT E A @ A A E A5 (Body Mass Index, BMI),
2] = dl (Waist circumference, WC), A A %& (Percent body fat, PBF)¢] H|TH%=
sdAYE 2 dASFY BHAE S
B Aol A HRE G BAlE EekAel e 571 E H(Systolic Blood

Pressure, SBP), ©]%7]d <t (Diastolic Blood Pressure, DBP), ¥ %33 (Fasting

o 9w
[}

Glucose, FGQ), < AW (Triglyceride, TG), =7 2~ H & (Total Cholesterol, TC),
A=A G Z 8 2~ = (Low Density Lipoprotein Cholesterol, LDL-C)¢] -f2]3}

=7 vElya, 3 =2 g Z 8 2~ H & (High Density Lipoprotein Cholesterol,
HDL-C)ol frefatA SA vetwnh. vk o8 A5 ofstAdol] Hl&f FA A

ol felahA B UEdTh E@, v de g 9E £E/18%e] 34w

(= 120 mmHg)R T %A deht 2584 Q% B7sn 2@ B3 A9
of ¥ Aoz BAHUAL W solPavel Age Fh Ade wwez o

A A Y &g sk(Hall, 1994), 1€ d A 334 (Mark & Anderson, 1995), A
Wz ogk RAdHe] el (HAA AdF, 1998) 5 oA# 7FA] YA E°] A
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i, 538 v 18 ge] AR we AddAE MR 7] HEd AR &
4 dtH(Lurbe, Alvarez & Redon, 2001). ¥ A Fo A= - ofstyol Hwtx
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A S tge okl AlgE 1 gtk 2y A IR T AHES A7)
g7l Wl +5FHH AWFE AL F8F F gl (Bray & Bourchard,
2004), AdEAANA L A W3t 2 AAdsE, Al o3 FIFs dtete A
sk o] 9tk (Veldhuis et al., 2005). 3t Lol dAdS 9t Fdld AAIFAF
713 el mpE s o] YA Far, AAol AL ofAof A Lot AddAE A

gt x] vk A3k o] 9l tH(Widhalm, Schonegger, Huemer & Auterith, 2001).

Hesds e BUE S4ske]l BRuwe F4sE PHoz 243 9
Mol grerstm M E-RE&AQ Aol FAoT EF B WEAWI B
e AUn gol Agmelq Hyuwe gt €9 Asdn v

(Taylor, Keil, Gold, Williams & Goulding, 1998). 4% Ao A = =4
A7 Lote] WAAWE Aoy Z dkd et Jho ek B Aol =oF v
S A E ERu)nko] Aolo] & A A (Gower, Nagy & Goran, 1999) = Al

rri

A% ¥ = (Savva et al, 200005 o ZF3st= AAd PO R AME I AL,
sl Ed7 EHve PEste M 284 AEEHN AFEEH T 7] Wi

HZE FYdEd =49 FoA0] ZFxHa dvkKlein et al, 2007).
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ol A Rk ofy el gt A AFelA dE AFEH I At (Sun et al,
2003). A2 =8 2ofellME A Wnt=E Add 5 7] wEel (=R,
AAE, o184, A, 2007), H v SHYHoR HAorrt Frtsta 9l
o g uete A A = 7FA 2~ 8 (Physical  Activity Promotion System,
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o Aojth(als 387 &4, 2009).
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