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Purpose : Metabolic syndrome (MS), characterized by obesity and insulin resistance, elicits risk factors such as hyper—
lipidemia, hypertension, and glucose intolerance with additive effects on atherosclerosis, leading to cardiovascular diseases.
The purposes of this study were to evaluate the prevalence of MS among overweight and obese adolescents and to
investigate the impact of obesity on the cardiovascular system.

Methods : In all, 684 adolescents were included in the study. Blood pressure, body mass index (BMI), fasting blood
glucose, total cholesterol, triglyceride, low—density—lipoprotein (LDL)—cholesterol, high—density—lipoprotein (HDL)—cholesterol,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and high—sensitive C—reactive protein (hs—CRP) were
measured in the patients with a BMI of >85 percentile. Brachial—ankle pulse wave velocity (BaPWV) and ankle brachial
index were measured using Vascular Profiler (VP)—1000.

Results : MS was confirmed in 19.5% of the overweight and obese adolescents and 50.8% of the obese adolescents. The
systolic and diastolic blood pressure, height, weight, fat mass, %fat, BMI, obesity index, and waist circumference were
higher in the overweight and obese adolescents with MS. Moreover, the triglyceride, AST, ALT, and hs—CRP levels were
higher, whereas HDL—cholesterol level was significantly lower in this group. The overweight and obese adolescents with
MS showed shorter diastolic and systolic times, higher heart rate and BaPWV, and longer E—wave deceleration time by
echocardiography.

Conclusion : Overweight and obese adolescents showed characteristic MS features such as hypertension and hyper—
lipidemia. Thus, obese adolescents predisposed to MS should be provided early treatment for obesity. (Korean J Pediatr
2009;52:1109—-1118)
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Metabolic syndrome in the overweight and obese adolescents

Az, AAFAF, e, AAYZE, AAYE, $57] 2
o]¢7] k2 W Mt kel st Afolzt A TH(P<0.001)
(Table 1).
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Table 1. Anthropometric Data in Study Groups
Male Female
Control Overweight Obesity p Control Overweight Obesity p
group group group group group group
(1=275) (n=77) (n=50)  Yalue (1=224) (n=49) (n=9) value
Age (year) 13.6%0.1 13.7%0.1 13.7£0.1 NS 13.6£0.1 13.7£0.1 13.5%£0.3 NS
Height (cm) 163.5£0.5 164.8+0.9 165.8+1.1 NS 157.3+0.3 158.7+0.7 159.5+1.6 NS
Weight (kg) 52.5%+0.5 67.1£1.0% 79.241.2+" <0.001 47.810.4 59.54+0.8x* 69.241.9%  <0.001
BMI (kg/mz) 19.5+0.1 24.6£0.2% 28.7+0.3%" <0.001 19.3%+0.1 23.610.2% 27.140.6%  <0.001
WC (cm) 66.7+0.4 78.5£0.7% 88.340.9%' <0.001 63.3+0.3 71.910.6% 80.0+£1.5%  <0.001
Fat mass (kg) 8.710.2 18.4%0.4% 26.740.5%" <0.001 12.5£0.2 20.41+0.5% 27.5+1.2+  <0.001
Fat% 16.4+0.3 27.7£0.6% 33.840.8%' <0.001 25.710.3 34.1£0.7% 39.841.6%  <0.001
SBP (mmHg) 114.1+0.6 119.1+1.1%* 125.8+1.4+"  <0.001 107.4+0.6 115.5+1.2% 121.1£2.8x% <0.001
DBP (mmHg) 61.0+0.4 62.6+0.7%* 65.41+0.9% <0.001 59.94+0.4 63.7£0.8% 65.9+£2.0% <0.001

Data are expressed as mean®SD.

Abbreviations : BMI, body mass;index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure,
*P<(0.05 versus control group, 'P<0.05 versus overweight group
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Table 2. Comparison of Echocardiographic Parameters among Groups

Male Female

Control Overweight Obesity P Control Overweight Obesity P value

group group group value group group group
IVS (mm) 7.610.1 7.9%£0.1% 8.1+1.4x% <0.001 7.4%+0.1 7.9£0.2% 8.211.2x% <0.001
PWT (mm) 7.410.1 7.7£0.1% 7.9+1.1% <0.001 7.5+0.1 7.8£0.2% 8.1£0.9%* <0.001
LVM (g) 116.2+1.4 126.2£3.0% 130.5+4.2% <0.001 103.8+1.2  117.743.0%  126.7£5.7* <0.001
LVMI (g/m?) 73.6+0.8 71.4+1.6 69.1+2.3 NS 71.1%0.7 74.4%+1.9 75.2+3.5 NS
EF (%) 68.0%£0.2 68.6+0.5 68.94+0.7 NS 66.8+0.4 66.7£0.9 67.6+1.8 NS
FS (%) 39.0£0.2 39.6+0.4 39.94+0.6 NS 36.9£0.3 36.6%+0.8 37.7+1.5 NS
E (cm/s) 105.8+0.9 107.2+2.0 106.2+2.5 NS 100.9+£0.9 100.2+2.2 104.2+4.3 NS
A (cm/s) 52.6x0.6 53.6%+1.3 57.0+1.7x* <0.05 53.0+0.7 51.1%+1.6 58.8+3.2 NS
E/A 2.1+0.0 2.1£0.1 1.9+0.1 NS 2.0£0.0 2.0+0.1 1.840.1 NS
E-DT (ms) 161.1+1.4 164.4+3.1 170.8+3.9% <0.05 162.3+1.8 157.5+4.4 162.1+8.4 NS

Data are expressed as meanxSD

Abbreviations: IVS, interventricular septal thickness; PWT, posterior wall thickness; LVM, left ventricular mass; LVMI, left ventricular
mass index; BMI, body mass index; EF, ejection fraction; FS, fraction shortening; E, early diastolic velocity; A, late diastolic velocity;
E—-DT, E—deceleration time; NS, not significant

#*P<0.05 versus control group

Table 3. Comparison of Pulse Wave Velocities among Groups

Male Female
Control Overweight Obesity P value Control Overweight Obesity P value
group group group group group group
PWV (cm/s) 944.3£5.5 957.6x£12.8 982.0£16.3 0.076 947.6%4.1 957.1+£9.6  985.4£13.8«  0.027
Data are expressed as meantSD
Abbreviation : PWV, pulse wave velocity
*P<(0.05 versus control group
Table 4. Comparison of Biochemistry Parameters among Groups
Male Female
Control Overweight Obesity P value Control Overweight Obesity P value
group group group group group group
Glucose (mg/dL) 91.1+2.4 89.7%+0.9 90.3%+1.1 NS 88.0+2.9 88.9£1.0 89.6%+1.8 NS
AST (IU/L) 20.6+5.6 24.4%+2.0 26.6x£2.5 NS 21.0+1.7 17.8+0.6 18.3%£1.0 NS
ALT (IU/L) 12.0£13.7 25.2%+5.1 35.8+6.2 NS 12.0+2.1 12.4%£0.7 12.9£1.3 NS
T—Chol (mg/dL) 155.0+9.3 167.7+£3.4 164.4%4.2 NS 148.8+11.6 163.7£4.0 162.4+7.4 NS
TG (mg/dL) 63.9+26.1 116.2+9.6 133.8+11.8% <0.05 61.8+25.4 89.0+8.7 118.4%+16.0 NS
HDL-C (mg/dL) 57.5+3.1 49.1+1.1 43.3%1.4 <0.01 55.8+4.9 51.9+1.7 48.4+3.1 NS
LDL-C (mg/dL) 98.1+8.2 105.3£3.0 107.3£3.7 NS 80.8+10.4 100.1x3.6 99.4+6.6 NS
—CRP (mg/dL) 0.5+0.8 1.3+0.3 1.4+0.4 NS 0.3+0.4 0.5+0.1 1.0+0.3 NS

Data are expressed as meanxSD

Abbreviations : T—Chol, total cholesterol; TG, triglyceride; HDL—C, high density lipoprotein cholesterol; LDL—C, low density lipoprotein
cholesterol; h—CRP, high C—reactive protein; NS, not significant

*P<0.05 versus control group, 'P<0.05 versus overweight group
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Table 5. Univariate and Multivariate Correlations between Anthropometric Data and Cardiac Parameters

Male Female
Univariate Multivariate Univariate Multivariate
r P=value B P value R-—square r P=value B P value R-—square
IVS (mm)
WwC 0.280 <0.001 0.025 0.023 0.235 <0.001 0.025 0.043
Fat % 0.113 0.018 —-0.012 0.294 0.205 <0.001 0.003 0.857
Height 0.272 <0.001 0.017 0.075 0.13 0.112 0.048 —0.001 0.964 0.08
SBP 0.228 <0.001 0.002 0.661 0.199 <0.001 0.006 0.332
SV 0.320 <0.001 0.017 0.001 0.266 <0.001 0.014 0.038
HR —0.075 0.120 —=0.001 0.907 —0.105 0.066 —0.007 0.180
PWT (mm)
WwC 0.274 <0.001 0.021 0.053 0.324 <0.001 0.033 0.041
Fat % 0.144 0.003 —=0.001 0.938 0.293 <0.001 0.005 0.749
Height 0.268 <0.001 0.028 0.003 0.12 0.220 <0.001 0.015 0.251 0.15
SBP 0.164 0.001 —0.002 0.613 0.334 <0.001 0.013 0.024
SV 0.259 <0.001 0.010 0.058 0.263 <0.001 0.010 0.126
HR —0.079 0.103 —0.003 0.571 —-0.071 0.213 —0.007 0.187
LVM (g)
WwC 0.439 <0.001 0.603 0.005 0.500 <0.001 1.041 <0.001
Fat % 0.187 <0.001 —-0.027 0.906 0.420 <0.001 0.245 0.359
Height 0.511 <0.001 1.129 <0.001 0.38 0.315 <0.001 0.392 0.093 0.34
SBP 0.319 <0.001 —0.023 0.797 0.367 <0.001 0.198 0.051
SV 0.497 <0.001 0.582 <0.001 0.467 <0.001 0.458 <0.001
HR —-0.176 <0.001 —0.146 0.123 —-0.101 0.076 —-0.103 0.270
LVMI (g/m?)
WwC 0.020 0.673 0.146 0.240 0.168 0.003 0.256 0.166
Fat % —-0.116 0.015 —0.415 0.002 0.133 0.019 —0.126 0.455
Height 0.160 0.001 —0.032 0.767 0.12 0.024 0.670 —0.301 0.041 0.10
SBP 0.073 0.126 —0.050 0.337 0.221 <0.001 0.100 0.121
SV 0.255 <0.001 0.299 0.000 0.307 <0.001 0.281 0.000
HR —-0.191 <0.001 —0.099 0.075 —0.090 0.113 —0.050 0.395

Abbreviations: IVS,

interventricular septum; PWT, posterior wall thickness;

LVM, left ventricular mass; LVMI, left ventricular mass index; WC, waist circumference; SBP, systolic blood pressure; SV, stroke yolume;

HR, heart rate
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Table 6. Multivariate Regression Analysis between Anthropometric Data and Cardiac Parameters

Male Female
B P value R—square B P value R—square
EF (%)
WC 0.009 0.806 -0.007 0.942
1 1
Fat % 0.038 0.359 0.0 —0.001 0.992 0.0
Height -0.023 0.462 0.107 0.156
FS (%)
WwC 0.014 0.672 —0.008 0.916
Fat % 0.028 0.448 0.01 —0.008 0.916 0.01
Height —0.008 0.785 0.100 0.117
Mitral E (cm/s)
WC 0.173 0.234 0.216 0.339
Fat % —0.068 0.674 0.01 —0.087 0.681 0.01
Height -0.187 0.132 0.164 0.365
Mitral A (cm/s)
WwC 0.155 0.114 —-0.212 0.210
Fat % 0.116 0.288 0.04 0.392 0.013 0.03
Height —0.155 0.063 0.135 0.319
E/A
WC —0.001 0.843 0.012 0.117
Fat % -0.008 0.199 0.02 -0.016 0.021 0.02
Height 0.001 0.782 —0.001 0.816
E-DT (ms)
WC 0.432 0.044 0.963 0.030
Fat % —0.338 0.157 0.11 —1.254 0.003 0.03
Height 0.769 <0.001 —=0.050 0.887

Data are expressed as meantSD

Abbreviations: EF, ejection fraction; FS, fraction shortening; E, early diastolic velocity; A, late diastolic velocity; E—DT, E—deceleration

time; WC, waist circumference

Table 7. Clustering of Risk Factor of Metabolic Syndrome in
the Overweight and Obese Adolescents

Risk factor No %
No risk factor 39 25.3
+1 risk factor 53 34.4
+2 risk factors 32 20.8
+3 risk factors (MS) 25 16.2
+4 risk factors (MS) 5 3.3

Abbreviation : MS, metabolic syndrome

Table 8. Prevalence of Metabolic Abnormalities in the Overweight
and Obese Adolescents

No. %
WC >90 percentile 32 20.8
Blood pressure > 90 percentile 79 51.3
Triglyceride > 110 mg/dL 60 39.0
HDL-C < 40 mg/dL 32 20.8
Blood glucose > 100 mg/dL 9 5.8

Abbreviations : WC, waist circumference; HDL—C, high density
lipoprotein cholesterol

A freshAl =94tk (Table 9).
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Table 9. Comparison of Anthropometric Data according to the
Metabolic Syndrome in the Overweight and Obese Adolescents

With MS Without MS

Parameter (n=30) (n=124) P value
SBP (mmHg) 137.4%£12.6 122.5+12.5 <0.001
DBP (mmHg) 68.3+7.2 63.6+8.1 0.002
Height (cm) 166.3+7.1 162.6+8.3 0.013
Weight (kg) 78.5+11.3 68.0+11.0 <0.001
BMI (kg/m®) 28.3+2.8 25.6+2.3 <0.001
Obesity index (%) 131.9+12.2 121.5+10.0 <0.001
Fat mass (kg) 27.0%£5.9 21.5+5.1 <0.001
Fat % 34.3%£5.0 31.9%6.1 0.021
WC (cm) 88.2%+8.9 78.617.4 <0.001

Data are expressed as meanxSD

Abbreviations : SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; WC, waist circumference; MS,
metabolic syndrome

Table 10. Comparison of Biochemistry Parameters according to the
Metabolic Syndrome in the Overweight and Obese Adolescents

Parameter With MS Without MS P value
(n=30) (n=124)
T—Chol (mg/dL) 164.7+£27.8 164.4+24.7 0.479
TG (mg/dL) 173.2490.5 95.5+54.2 <0.001
HDL-C (mg/dL) 40.9%£6.1 50.1+9.3 <0.001
LDL-C (mg/dL) 105.2+24.0 102.8+22.5 0.304
Glucose (mg/dL) 91.4+8.4 89.3%+5.9 0.053
AST (IU/L) 26.7+25.3 21.948.3 0.037
ALT (IU/L) 40.8+£64.1 19.0+17.7 0.001
hs—CRP (mg/L) 2.0£3.5 0.9£1.2 0.002

Data are expressed as meantSD

Abbreviations : T—chol, total cholesterol; TG, triglyceride; HDL—
C, high density lipoprotein cholesterol; LDL—C, low density lipo-
protein cholesterol; hs—CRP, high sensitive C—reactive protein; MS,
metabolic syndrome
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Table 11. Comparison of Echocardiographic Parameters accord-
ing to the Metabolic Syndrome in the Overweight and Obese
Adolescents

With MS Without MS P

(n=30) (n=124) value
VTI (cm) 25.9+4.7 26.2+3.6 0.376
DT (ms) 479.84111.5 522.0£107.7 0.029
ST (ms) 281.3+32.0 295.8437.1 0.026
Aortic annulus (mm) 21.1£1.6 20.5+2.2 0.064
IVS (mm) 8.56%+1.4 8.2+1.4 0.115
PWT (mm) 8.56%+1.4 8.1+1.3 0.086
EF (%) 72.3%5.4 70.2£5.7 0.037
FS (%) 41.9%£4.8 39.9+4.7 0.017
LVM (g) 143.4£35.4 128.9+£28.4 0.009
Mitral E (cm/s) 106.8£14.9 105.5+£16.0 0.341
Mitral A (cm/s) 58.0£13.1 54.7+11.1 0.077
E/A 1.9£0.4 2.0£0.5 0.162
E-DT (ms) 177.3£24.0 161.0£28.5 0.002

Data are expressed as meantSD

Abbreviations : VTI, velocity time integral; DT, diatstolic time; ST,
systolic time; IVS, interventricular septum; PWT, posterior wall
thickness; EF, ejection fraction ; FS, fraction shortening; LVM,
left ventricular mass; E, early diastolic velocity; A, late diastolic
velocity; E-DT, E—velocity deceleration time; MS: metabolic
syndrome

Table 12. Comparison of Pulse Wave Velocities and Ankle Brachial
Index Parameters according to the Metabolic Syndrome in the
Overweight and Obese Adolescents

With MS Without MS P

(n=30) (n=124) value
HR (/min) 82.4%+14.2 78.3+10.6 0.046
ET (ms) 275.9£19.3 280.0£18.5 0.157
PEP (ms) 70.5£15.7 75.8+15.1 0.059
RbaPWV (cm/sec) 975.6£131.2 946.4£106.8 0.093
LbaPWV (cm/sec) 991.7£131.3 949.8£104.9 0.041
RABI 101.1+10.6 101.2+7.9 0.488
LABI 101.7+12.4 100.2+7.9 0.226

Data are expressed as mean®SD

Abbreviations: HR, Heart rate; ET, ejection time; PEP, pre—
ejection period; RbaPWV, right brachial ankle pulse wave velocity;
LbaPWYV, left brachial ankle pulse wave velocity; RABI, right ankle
brachial index; LABI, left ankle brachial index; MS, metabolic
syndrome

o

ulgke] AulEE fUAIAT, HlRe e 55 s 9
G FA BPAT, PR A9 olg Mol 9T F
glth. AAFATAL oA R ARUAT Ax, B4
A AL G BN AuAZk 9deh AAFATA, 2
AFHTA, 34 2

o
Fasgk
o

o}

(¢}

= 0

& ol¢t Ve s, AALEC



YM Hong, YW Song, HS Kim, et al

971 ik dye] WskE doAAA dgh

Iy —%
i, REE S7MIAA ke S/t 2o

ANk AdQlellM Ao e e Al e wiskl gl
S

PR
o olXRE & dA 3lar, olgh dojsty] o] A&y
W #FAA Vsl A EdEnh Al vk A 5 Tl

o] o] (UL ol¢k 7] Aelint ¥AH e, °l= Yom &

=4
o] nlwlold] © ZAHHHY. AuEgel F7kea, B
Ago] vtobAn] A H04 F4 Geg) & 5
AAA 7% miE o Haze @ i~
FHE 2L, o3 44 Al F74% AYstn AxAo

= eccentric 89| #F4A w

&
>
> o
ol
1o
2
R
[

il
B

=
et
=

At 414 olgk 7% o)4kst T 2 whedo] ek W]So]Hgl
A el 244 ol g 7% ol4ke)

Zotol A gAY WEE ARERi e A =
A45h7] whto] A7 Abich A 2ok Aol AR
Cook 71%& AHE8IaL, UAsFae) W% #AE 2 v)gt
Zrotol A 19.5%, H]RE Zxotel| A 50.8%%1

Bogalusa A7 Aol QARG 4 AdEo] =75 B¢
5 o]l A= s, o Al wE thAlsFe Wl
S5 WRAoA 4%, ZRleA 3% WEE RIista
Raitakari 57 ¢] o] oJa}d 3 AHo] ¥ Axd 7

[
~
HN

4

t}. Cook 578 ths 571 AEFolA 3 A& o] uf (8
=8 290 W, 3 9 &4 (@E= 110 me/dL, =
2 (=90 ME-), FAA >110 me/dL, HDL—Z#~
HE <40 mg/dL) & trsFo s s, g4 4ol
4.2%, BIYF Zole] 28.7%% Hidtal k. Chen V¥
Crutz 78 t& A4 712 Agatn gon, gk 7]
W gAY FHES ARtk k) 2

2 Aol A vk Aadoll A diAESET 4 AR ol E
2 sgEd 90 W9 o]/do] 20.8%°11L, St 90
4 ol 51.3%1%0tk A EF o R2E XY 110 mg/
dL o2 39.0%% 3, HDL-ZEAEE 40 mg/dL ©)dh=

1=
f o

20.8%%tt. @9 100 mg/dL o]’ F ol 5.8% = 2]
olek. St epzate] Anlr] B dotel Pade e B4
aY

A 5 (30.8%) 01 7P WAL, xS v H7.3%

2001 =d7keder ZAlel o8k vRke] JAE7)F S
5 i S Wt Srkskal ok AT, TS
vt AT E) 2.5%, 11.2%, 36.6% %= HIWHE
of wet fHEC] 343] SrkeeloH, daksTe 98] 4
2 Agael vlel BAF QP TolA ok 5u, HlwkZelA oF 23
w2 F7herier.

Cook 5'”& NHANES (National Health and Nutrition
Examination Survey) IIIof ¢Ja] BMI 95 W&-2)4= o]Ake] 1]
gk Zhotol| A 28.7%, 8595 W94 Ato] 9] AT Aol 6.1
%, 85 WE$G o]k Aot 0.1% g Huska 9ot A
AFEAS 33.4 kg/m® oY FEE BN FAd9] 38.7%,
40.6 kg/m® o]%9] IE BN HAd 49.7%004 hAEE
MES sy gy,

B A7EL At gaste] Aol tigt 9 Bl
M WATATA, HAAFTHTA, A0 AL s
Aol APAL, AAYEI= FaEch AFY] 5 U)s
W3 AR A ol V)5S Fle st AR E]
S W o R glE ity o HAblA = FRbellA] AST,
ALT7} 3le]Eel ol +93 AaaAzE A, oAl A FAA]
W HDL-ZFAHZS 318599 Aaa3A7F 19l LDL-2

el g

el #57]) s o] d
o A, AT, A Z

o

F, HIEAE, AAEE, AAE, s

=U7F viAks o] Qs IRk Fadnn fo8kA =ekt) o

Aol Sl v AadelA diibese] /e vk Fa

el wlsll 294, AST, ALT, hs—CRP o] st =3t

1, HDL-Z 2 H &2 o et Skt dikes2s 7}
]

N
=y
=

FFTO] Qi Aadel vsl FspA S7HE0) AT,

=
¢, o
b
rL
=2
>
E
o=
=
e
2
=l
B
e
ol
o
=
>
-0l
2
>
ol
o
SN

1o
-
i o
to
[0y
it
o
(e
e
o
i)
b3S
=
o,
N

o
Ml e
(o
™
o,
)
N
o
i)
il
i)
>
§2
[
=
R N1 ol

B b

&3k HIRE ool Fasitt. of sl

& 715 I 7]1E5 TdA71I= A
FAAor dasty, vt sof Fad
T =S 47] flaids A=4Q
kil

12
o
N
>~
>
N
e
>
21:
O

{

LS T B |

P

wrelel A e ojshy 49y

Moukouo 529 @te] 95
o3t ko] A #AZF ATk o]

A
Ashsl GARI. T Hlgk dofe] ) vlelA Fu 44

1o
5
b
il
_)&
dlo
2
ey
&
=3
o
g

¢
e
2
Y
N
lo g
o

ol
ol

s
P
o r_|12_1(
ki

o

=)

B=Y

- 1116 —



9] Sk UF 7159 ool EAlst. AR wWE Mot £
o] 7= AaRig o) Fepale) SR Qg e ¥
Aol o3t Ao w Adrgo] ®a, o]sh Mgk Aol AR NE Al
ZhEt}, 2 AgtelA] Wat SE= GRle|AE H|Rkel] e {9
gk ZFol7h gl ot ofztell A= mink Agadol A tizel vl
Al wSket "Rl A3k o] {F9% xbol7k gId
olfi= BiRtel :=E¥ 7IZto] ZY] WiEow A7t st
tjalEEro] sHkE BiRE gAdex] FREA] ok FAvdo
Hlsl vkl #Jabek g Wal L5571 f9 0}74] =5k
Mattsson 57 T FA]elA nluk, @2}, 1 FAA, l;?:—’t
2 &Y, ¥ CRP, 18, A28 d o] 71580 A o
AFEF 2 E9E o Sxety Busioivh 219 34 BakoA

ol ASETo R WA nuk tdAiel AlA A S
A, F57] 8¢, AL S, HDL-F#2~EH&

S %S ngn 270 98 L48F welE Jo) #
N
R

gl @29 o] Aolrel oju] AlFe] H a1,

ZoprlellA] ARl ® A&uE A
#7130 kg/m*Ql 241 H]Rto]
g 93 3-94 Al AFFAG 80 WES]elM 3w,
12—18A] Afo] ZpA|ZFo L vwt

T geoleld 4u Sohskenr.
o] AT A= Aolr] HjEEe Aolo|A] HIAFET L] WA S

o

old Axg sl Foet. Binte] Qo] S
& O] e 5917 dSiAoltt. AR1eA]
¥} vleke] FAlel Sl A9 suAs Tl F e
o7 AAFPTF. 2o} FadolA F7HE CRPE H]
8P Y 5YHQ oSApo|h?, B o
HM = tARS TS 717 Bl H oA giasS o]
IEJ F2dRor CRP7F ¥ E9Th
AT-2) Ao A, Aot W HAdel M2 tirkEST
k3t 2k 7]5=0] flo] Cook At 715E A+ HEA

38

Rl ofN &
:
o.i'i rlo F\(‘
J_Ll

HoHo ofN ox

]

o ox N roh
F—Ll N
|o

l-

1)

o] —v

e U A
—Lr:i

oE.L rh: flf

1o

T= =
Sk Aok FHA At or AA Had
A Bk, vgk Aads) raevks g R o Holoh
OARS$e] 291 FA4o %
w2 do] obd A FHadeA e A P Aofof 1.
I grlE
A © = Tanner stage’} éﬂﬂx} ‘\%‘}}l’ % /‘é%ﬂr A 7s
o] TGS FAE A kel FF F4 HAME Alste] v
trole] W3} oFdel tfet vlmi-Ao] H et
AEHo® Nk A i

3]

e
w
s
=

o)
L)
)

ol g3t AREol A Y T A 24 FHoE
Asfe] mAYoI} Y Ao| Y W XA WY T2 V)
oA ThFe A St WakE ek

drob FadelA] B3 7] 42 2710 QAshe Zlo] AR
g AP s Feslth IETTY 98 248F 2719
st oA Bkl vig Beo] Pxuel k. Lo} 3

Metabolic syndrome in the overweight and obese adolescents

A tAEFTo) it A% vlde] yaw pud s
Zan717] S NSRS AFHOE AT FHS MBI Ak

B A2 Aol 4%
o%x} 282‘3*)4 Hrds HWOE fﬁ‘” oial?re'ﬂ, *@xﬂ@?l
JEEAS AAE T, 1998 % Aofn)els]
oA FHT AAZAFE 71T 2R 85 WSS ol AT
o oult Fadeld FEA do HAHEY, 44, LDL-=
tl 28 &, HDL—Z#2HE, AST, ALT, hs—CRP) & 73131
o AxSIE ol&dte] AT ARES S
VP—1000 71A1E ARg-ato] Bia} £ g) uk 43¢l
Eiris )
4 1 A WEE Al v gk FadelA] 19.4
%, BN F2dolM = 50.8% 3Tk HAS T} v 3
171 st oler] At A, AT, AT, vInkAE, A4
CAALE, slEEde ikl e At
SR} fosHA| Eokeh BAS I R Foll A
A& 739 F4A, AST, ALT, hs—CRP %°]
Al 39k, HDL—Z# 2852 sk wokeh ik
5 A ekl g8 SAHE 0|9 AR, 57

SIoA Ak ek

il
i

f
RS
9
il
i\
ot

o>

References

1) Oh K, Jang MJ, Lee NY, Moon JS. Lee CG, Yoo MH, et al.
Prevalence and trends in obesity among Korean children and
adolescents in 1997 and 2005. Korean J Pediatr 2008;51:
950—5.

2) Tounian P, Aggoun Y, Dubern B, Varille V, Guy—Grand B,
Sidi D, et al. Presence of increased stiffness of the common
carotid artery and endothelial dysfunction in severely obese
children: a prospective study. Lancet 2001;358:1400—4.

3) Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The
relation of overweight to cardiovascular risk factors among



YM Hong, YW Song, HS Kim, et al

children and adolescents: the Bogalusa Heart Study. Pediatrics
1999;103:1175—82.

4) Chen W, Bao W, Begum S, Elkasabany A, Srinivasan SR,
Berenson GS. Age—related patterns of the clustering of car-
diovascular risk variables of syndrome X from childhood to
young adulthood in a population made of black and white
subjects: the Bogalusa Heart Study. Diabetes 2000;49:1042—
8.

5) Steinberger J, Moorehead C, Katch V, Rocchini AP. Rela-
tionship between insulin resistance and abnormal lipid profile
in obese adolescents. J Pediatr 1995;126:690-5.

6) Visser M, Bouter LM, McQuillan GM, Wener MH, Harris
TB. Low—grade systemic inflammation in overweight chil-
dren. Pediatrics 2001;107:e13.

7) McGill HC Jr, McMahan CA, Herderick EE, Malcom GT,
Tracy RE, Strong JP. Origin of atherosclerosis in childhood
and adolescence. Am J Clin Nutr 2000;72:1307S—15S.

8) Zarich SW, Kowalchuk GJ, McGuire MP, Benotti PN,
Mascioli EA, Nesto RW. Left ventricular filling abnormalities
in asymptomatic morbid obesity. Am J Cardiol 1991;68:
377—81.

9) Liese AD, Mayer—Davis EJ, Tyroler HA, Davis CE, Keil U,
Duncan BB, et al. Development of the multiple metabolic
syndrome in the ARIC cohort: joint contribution of insulin,
BMI, and WHR. Atherosclerosis risk in communities. Ann
Epidemiol 1997;7:407-16.

10) Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH.
Prevalence of a metabolic syndrome phenotype in adole-
scents: findings from the third National Health and Nutrition
Examination Survey, 1988—1994. Arch Pediatr Adolesc Med
2003;157:821—7.

11) Chen W, Srinivasan SR, Elkasabany A, Berenson GS. Car-
diovascular risk factors clustering features of insulin re-
sistance syndrome (Syndrome X) in a biracial (Black—White)
population of children, adolescents, and young adults: the
Bogalusa Heart Study. Am J Epidemiol 1999;150:667-74.

12) Raitakari OT, Porkka KV, Ronnemaa T, Knip M, Uhari M,
Akerblom HK, et al. The role of insulin in clustering of
serum lipids and blood pressure in children and adolescents.
The Cardiovascular Risk in Young Finns Study. Diabetologia
1995;38:1042-50.

13) Cruz ML, Goran MI. The metabolic syndrome in children
and adolescents. Curr Diab Rep 2004;4:53—62.

14) Smoak CG, Burke GL, Webber LS, Harsha DW, Srinivasan
SR, Berenson GS. Relation of obesity to clustering of cardio-
vascular disease risk factors in children and young adults. the
Bogalusa Heart Study. Am J Epidemiol 1987;125:364—72.

15) Mattsson N, Ronnemaa T, Juonala M, Viikari JS, Raitakari
OT. Childhood predictors of the metabolic syndrome in

adulthood. The Cardiovascular Risk in Young Finns Study.
Ann Med 2008;40:542—52.

16) De Divitiis O, Fazio S, Petitto M, Maddalena G, Contaldo F,
Mancini M. Obesity and cardiac function. Circulation
1981:64:477—82.

17) Chinali M, de Simone G, Roman MJ, Lee ET, Best LG,
Howard BV, et al. Impact of obesity on cardiac geometry
and function in a population of adolescents: the Strong
Heart Study. J Am Coll Cardiol 2006;47:2267-73.

18) Yom HW, Kin SJ, Hong YM. Obesity and left ventricular
diastolic dysfunction by tissue Doppler imaging. J Korean
Pediatr Cardiol Soc 2003;7:346—57.

19) Alpert MA. Obesity cardiomyopathy: pathophysiology and
evolution of the clinical syndrome. Am J Med Sci 2001;
321:225-36.

20) Ku CS, Lin SL, Wang DJ, Chang SK, Lee WJ. Left ventricular
filling in young normotensive obese adults. Am J Cardiol
1994;73:613-5.

21) lacobellis G, Ribaudo MC, Leto G, Zappaterreno A, Vecci E,
Di Mario U, et al. Influence of excess fat on cardiac
morphology and function: study in uncomplicated obesity.
Obes Res 2002;10:767-73.

22) Sorof J, Daniels S. Obesity hypertension in children: a pro-
blem of epidemic proportions. Hypertension 2002;40:441—7.

23) Seo MJ, Seong JW, Sohn KJ, Ko BJ, Han JH, Kim SM.
Prevalence of the metabolic syndrome in Korean children and
adolescents: Korea National Health and Nutrition Survey
2001. J Korean Acad Fam Med 2006;27:798—806.

24) Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE,
Yeckel CW, et al. Obesity and the metabolic syndrome in
children and adolescents. N Engl J Med 2004;350:2362—74.

25) Toto—Moukouo JJ, Achimastos A, Asmar RG, Hugues CJ,
Safar ME. Pulse wave velocity in patients with obesity and
hypertension. Am Heart J 1986;112:136—40.

26) Kim JH, Koo HS, Hong YM. Pulse wave velocity and ankle
brachial index in obese adolescents. Korean J Pediatr 2007;
50:1078—-84.

27) Juonala M, Raitakari M, S A Viikari J, Raitakari OT.
Obesity in youth is not an independent predictor of carotid
IMT in adulthood. The Cardiovascular Risk in Young Finns
Study. Atherosclerosis 2006;185:388—93.

28) Lemieux I, Pascot A, Couillard C, Lamarche B, Tchernof A,
Almeras N, et al. Hypertriglyceridemic waist: A marker of
the atherogenic metabolic triad (hyperinsulinemia; hyper-
apolipoprotein B; small, dense LDL) in men? Circulation
2000;102:179—84.

29) Ford ES, Ajani UA, Mokdad AH. The metabolic syndrome
and concentrations of C—reactive protein among U.S. youth.
Diabetes Care 2005;28:878—81.

- 1118 -



