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The Metabolic Syndrome in Obese Children

Hye Won Yom, M.D., Jee Seon Shin, M.D., Hyun Joo Lee, M.D.,
So Eun Park, M.D., Su Jin Jo, M.D. and Jeong Wan Seo, M.D.

Department of Pediatrics, College of Medicine, Ewha Womans University, Seoul, Korea

Purpose: Obesity is rapidly increasing in Korean children. Obesity is a risk factor for cardiovascular
morbidity and is frequently associated with hypertension, diabetes mellitus and coronary artery
disease. This study was designed to evaluate risk factors of the metabolic syndrome in obese
children.

Methods: From February 2000 to June 2004, eighty eight obese (body mass index >95th
percentile) children aged 4 to 15 years were included. We measured serum lipid levels (total
cholesterol, triglyceride, HDL cholesterol, LDL cholesterol), fasting sugar levels and insulin levels.
Insulin resistance was determined by homeostasis model assessment, fasting insulin/glucose ratio
and quantitative insulin sensitivity check index.

Results: Clustering of risk factors for the metabolic syndrome in obese children demonstrated that
60.2% had more than one risk factors. Hypertension (14.8%), hypertriglyceridemia (14.8%), HDL-
hypocholesterolemia (14.8%), LDL-hypercholesterolemia (12.5%) and hyperinsulinemia (12.5%) were
observed. As BMI increased, there was statistically significant increase in systolic blood pressure,
insulin and insulin resistance values. Insulin resistance was correlated to systolic blood pressure,
serum lipid and insulin levels. The more risk factors for the metabolic syndrome obese children
had, the higher was their insulin resistance.

Conclusion: The increase in insulin resistance and clustering of risk factors for the metabolic
syndrome are already apparent in obese children. Monitoring these risk factors for the metabolic
syndrome should become a part of routine medical care for obese children. (Korean J Pediatr
Gastroenterol Nutr 2004; 7: 228 ~238)

Key Words: Obesity, Children, Metabolic syndrome
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& EY AY SFE, FHE X2E B9, 9
A 1Ae Aol tF AR wgo] iy
o e A& AFHOZ JAFFEL TAsE
I8, s Foll, 44 F71, 18 % S92
HE 72 58 A49d = dg?. o33 Ak
AHE2 Al 28 TR HH glojA Fas ¥l
A7 FAlo A8H AF 5P 947 AA=R
AAATL Yp,

AAEL Lo} HIRFE Yol A A5t AEA
AFE B3 dAESTY 98-S Vg AR S H
wolt ARE A&How ¥ £ YRS AxsE

1 EHAI—
20004 29 HE 20043 6¥7HA ol BEEH Y

ol 521, oo} 36W o2 FAEHI o]E9 Yol
A A 154 (BT 10.122.24) 0] ATk

2. 2iH

1) MZ&ZFK|Z: 2142 Harpenden 213715 o] &
3ted 0.1 em7bA] S8R AL A5 Cass A= 9
B %E F 100 g7HA Y3 AAFASE A
AFak ot

2) "2k o2 oscillometric 8 | (Dinamap 8,100
T, Criticon Inc., USA)E AF-8-31o] Qb4 Aol A, &
F49) 23 UUIQ FGAR £57, ol27] AYS
F W 245t} BEAE Tagon nAge 4
Amw W wsre] o5 MRS Aol

3) €3 XNE: AR T35 A F8A,
FZY 28 E, 19% FHLHE2 &4 HHitachi
747, USA)C.2 Z4stglom AU SH2HES
Friedward 7|4l ol 73t 2+ Al A &8 &
AXE F48AL 150 mg/dL ©]%, FFH2HE
200 mg/dL ©], AUE ZY2HE 130 mg/dL ©]
A, 1R E ZY2EHE 40 mg/dL ©)FE NFOoE
aran.

4) Ql&2l s 8k 12417 35 Ao 8
32 glucose dehydrogenase WS o] &3 A5 =
4] 7](HemoCue B-Glucose analyzer, HemoCue AB,
Sweden)Z =743} 3L, ¢1= L2 Coat-A-Count *'H
S Mgt 914 FEE Lautala 59 I8
H, A 7]ER 9 95 WE9F o] S AdedE
SOoE st

5 olsgl MEY X[HE: JIE4d AP ANEE
insulin resistance determined by homeostasis model
assessment (HOMA-IR)S), fasting insulin/glucose ratio
(FIGR), quantitative insulin sensitivity check index
(QUICKD) & AM&-3ta AL ol 9} 2ot
-HOMA-IR: fasting glucose (mmol/L)*fasting insu-

lin (WU/mL)/22.5
-FIGR: fasting insulin (WU/mL)/fasting glucose (mg/dL)
-QUICKI: 1/[log fasting insulin (UU/mL)+log fast-
ing glucose (mg/dL)]



230 - oistoor4asty| ol otats

AHM7H H22 2004

X
M
X
o
g
O
»
]
9]
%)
=
a
71
g
=
—_
=
e
[&l
HU
Ll

3. 55

15 e
o]-g3to, FHE
4, A
0.05 1|kl

kol 887 % BMIE Holol A 26.1+2.3 kg/m’,
oJolel A 25.6+3.5 kgm’Z Folelx] =got f
o)alA] gpth £=7) @ o)y ek I A%
= ded w9 €9, ol5e

9 AP AE=SE BT

2 2 tH(Table 1).

ol g3te] AR <
= B U f9% Rl

2. BMI

A vgrold X BMIE $%7

1 detr=0.535),

#9 F%(r=0.342), HOMA-IR (r=0.346), FIGR (r=
03293 o3t o 4 AAE
g 28 =(r=-0.285), QUICKI (r=-0.220)2}= 9

sk &9 A BAE
(r=0.407), S1&d
FIGR (r=0.436)7} 3%k
WM e F57

-0.405) 7

wgT, golol
55 (r=0.437), HOMA-IR (r=0.431),
A3 B2
o= igﬂ_/:Eﬂ%(F

21 =

B 9 tH(Table 2).

] @Hr=0.633), I
FoI% 4 BAES

3. eleel sk
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ki
A%

Hlgolol A <l

39 B9 AE
2] HOMA-IR, FIGR, QUICKI=

Table 1. Baseline Characteristics of the Study Population

Eoiiui

E_(}:‘g\—y \:ﬂr: _g_

= 557 2%t

HGAL oo}

Variables Total (n=88) Male (n=52) Female (n=36) p value
Age (years) 10.1£2.2 10.1£2.3 10.2£2.0 NS
Height (cm) 142.2+12.4 142.7+13.0 141.3+11.6 NS
Weight (kg) 53.1+£13.2 53.9+129 52.0+13.7 NS
BMI (kg/m®) 25.8+2.9 26.142.3 25.6+35 NS
SBP (mmHg) 110.5%£12.1 11.7£10.7 107.4+134 NS
DBP (mmHg) 68.6£10.5 69.4+11.2 67.4+9.6 NS
Triglyceride (mg/dL) 100.8+48.6 05.7+48.7 108.3148.2 NS
TC (mg/dL) 177.7+30.8 172.6+27.8 185.1+33.7 NS
HDL-C (mg/dL) 50.2+11.9 49.7+9.1 51.3+15.1 NS
LDL-C (mg/dL) 100.5+25.8 972222 105.2+30.1 NS
Insulin (uU/mL) 13.0£11.6 11.4%£10.2 15.2+13.2 NS
Glucose (mg/dL) 90.6+7.2 91.0+£7.2 89.9+7.3 NS
HOMA-IR 2.91+£2.52 2.61£2.42 3.34+2.62 NS
FIGR 0.14%£0.14 0.12+0.11 0.17%£0.17 NS
QUICKI 0.35+0.06 0.36+0.07 0.34+0.05 NS

Values are the mean+SD. BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure,
low density lipoprotein cholesterol,
HOMA-IR: insulin resistance determined by homeostasis model assessment, FIGR: fasting insulin/glucose ratio,
QUICKI: guantitative insulin sensitivity check index.

TC: total cholesterol,

HDL-C: high density lipoprotein cholesterol,

LDL-C:
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Table 2. Correlations of BMI with Other Metabolic
Factors

Table 3. Correlations of Insulin with Other Metabolic
Factors

BMI Insulin

Male Female Total Male Female Total
SBP (mmHg) 0.407+** 0.633** 0.535%* SBP (mmHg) 0.288* 0.268 0.233+
DBP (mmHg) 0.208 0.214 0.208 DBP (mmHg) 0.219 0.117 0.153
TG (mg/dL) 0.113 0.058 0.072 TG (mg/dL) 0.360* 0.009 0.123
TC (mg/dL) 0.042 -0.246 -0.131 TC (mg/dL) 0.161 -0.016 0.110
HDL-C (mg/dL)  -0.068 -0.405* -0.285** HDL-C (mg/dL) -0.171 -0.223 -0.191
LDL-C (mg/dL) 0.037 -0.124 -0.068 LDL-C (mg/dL) 0.126 0.232 0.206
FBS (mg/dL) 0.123 0.094 0.111 FBS (mg/dL) 0.226 -0.117 0.070
Insulin (©U/mL) 0.437+** 0.305 0.342+** HOMA-IR 0.995%*  (0.988** 0.988+*
HOMA-IR 0.431#%* 0.310 0.346%* FIGR 0.995%*  (0.991%*= 0.988x+
FIGR 0.436**  -0.295 0.329%* QUICKI =0.772%*  -0.711%*%  -0.723+
QUICKI -0.265 -0.259 -0.220*

*n<0.05 **p<0.01, SBP: systolic blood pressure,

*0<0.05, **p<0.01, BMI: body mass index, SBP: DBP: diastolic blood pressure, TG: triglyceride, TC: total

systolic blood pressure, DBP: diastolic blood pressure,
TG: triglyceride, TC: total cholesterol, HDL-C: high
density lipoprotein cholesterol, LDL-C: low density
lipoprotein cholesterol, FBS: fasting blood sugar, HOMA
-IR: insulin resistance determined by homeostasis
model assessment, FIGR: fasting insulin/ glucose ratio,
QUICKI: guantitative insulin sensitivity check index.
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1) HOMA-IR: %A H]glolel Al HOMA-IRS 5
7] @4(=0234)7 o Fo] Fd FAE BAN
olol e 327 r=0.295), 4 A (1=0.380),
A2r=032607 ook ¥ F# #AE BAT
(Table 4).

2) FIGR: A A ®lttolel A FIGRS 457] P
(=0227) 2 AUE ZY2HEZEr=0223)F 23
ko] A7 AAE RYT Fold e $%7] gt
(r=0.279) 8 S AL (r=0.336)7 Fol g Fo
FAE B TH(Table 5).

3) QUICKL: A Hgrole] A QUICKIE &=
-0.308)7 Fog 5o 4 HAE BAUL Fold
AE T4ARC=-0355), FT0=-0389)7 Fog
=9 4H BAE RYoH dotie 1EE

o

e

cholesterol, HDL-C: high density lipoprotein cholesterol,
LDL-C: low density lipoprotein cholesterol, FBS: fasting
blood sugar, HOMA-IR: insulin resistance determined
by homeostasis model assessment, FIGR: fasting
insulin/glucose ratio, QUICKI: quantitative insulin sen-
sitivity check index.

Table 4. Correlations of HOMA-IR with Other Metabolic
Factors

HOMA-IR

Male Female Total
SBP (mmHg) 0.295* 0.253 0.234+
DBP (mmHg) 0.236 0.106 0.168
TG (mg/dL) 0.380* 0.032 0.148
TC (mg/dL) 0.162 -0.022 0.112
HDL-C (mg/dL) -0.179 -0.254 -0.209
LDL-C (mg/dL) 0.131 0.205 0.187
FBS (mg/dL) 0.326+ 0.011 0.177

*p<0.05, HOMA-IR: insulin resistance determined by
homeostasis model assessment, SBP: systolic blood
pressure, DBP: diastolic blood pressure, TG: trigly-
ceride, TC: total cholesterol, HDL-C: high density lipo—
protein cholesterol, LDL-C: low density lipoprotein
cholesterol, FBS: fasting blood sugar.
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Table 5. Correlations of FIGR with Other Metabolic
Factors

Table 7. Predicting Factors on Insulin Resistance
Indices

FIGR Factors R? Beta o value
Male Female Total HOMA-IR
BMI 0.137 0.370 <0.001

SBP (mmHg) 0.279* 0.276 0.227+ TG 0.240 0.321 <0.01
DBP (mmHg) 0.199 0.123 0.135 FIGR
TG (mg/dL) 0.336* -0.011 0.097 BMI 0.108 0.329 <0.01
TC (mg/dL) 0.160 -0.010 0.106 TG 0.172 0.252 <005
HDL-C (mg/dL)  -0.160 -0.194 -0.171 QUICKI
LDL-C (mg/dL) 0.121 0.252 0.223+ TG 0.142  -0376 <0.001
FBS (mg/dL) 0.197 -0.219 -0.034 TC 0200 -0254 <0.05
*p<0.05, FIGR: fasting insulin/glucose ratio, SBP:  HOMA-IR: insulin resistance determined by homeo-
systolic blood pressure, DBP: diastolic blood pressure,  stasis model assessment, FIGR: fasting insulin/glucose
TG: triglyceride, TC: total cholesterol, HDL-C: high  ratio, QUICKI; quantitative insulin sensitivity check index,
density lipoprotein cholesterol, LDL-C: low density BMI: body mass index, TG: triglyceride, TC: total

lipoprotein cholesterol, FBS: fasting blood sugar.

Table 6. Correlations of QUICKI with Other Metabolic
Factors

QUICKI

Male Female Total
SBP (mmHg) -0.197 -0.140 -0.114
DBP (mmHg) -0.059 -0.027 -0.027
TG (mg/dL) -0.355* -0.132 -0.207
TC (mg/dL) 0.065 0.082 0.016
HDL-C (mg/dL) 0.110 0.342* 0.176
LDL-C (mg/dL) -0.013 -0.083 -0.074
FBS (mg/dL) -0.389**  -0.233 -0.308**

*0<0.05, **p<0.01, QUICKI: gquantitative insulin sen-
sitivity check index, SBP: systolic blood pressure, DBP:
diastolic blood pressure, TG: triglyceride, TC: total
cholesterol, HDL-C: high density lipoprotein cholesterol,
LDL-C: low density lipoprotein cholesterol, FBS: fasting
blood sugar.

H2HE@r=-0342)F F93 Fo 4T BAE R
% THTable 6).

5. 2lzgl XMehdol tist ChSs|7E4

cholesterol.

A AAES SYH TR sto] dAE gFI AR
A& 34tk 1 A3 HOMA-IR# FIGRS 7H¢ &
Awste W4E BMIL S4AWo i, QUICKIS

THA, FEdLEHE

1) FHEHE: 184L = 889 5 13H(14.8%), T4
Z¥Fo] 150 mg/dL ©]7+Sl 7= 13%(14.8%), 85
ZZY 220 200 mg/dL ©]4e ASE 231
(26.1%), 1H %= ZFZ 2B E0] 40 mg/dL ©]3}9! 73
7} 13%(14.8%), AR % Z¥ 2H 0] 130 mg/dL

o]l A7) 11H(12.5%)0| At 1l&dd=

1198 125%)01Rom I gholl oS Bl H|Y
O]'\_ BAMEHFlg 1).

2) P& A7) AT 9E A A 8l
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HDL-C LDL-C insulin

Fig. 1. Prevalence of risk factors for the metabolic syn-
drome in obese children. SBP: Systolic blood pressure,
TG: triglyceride, TC: total cholesterol, HDL-C: high
density lipoprotein cholesterol, LDL-C: low density
lipoprotein cholesterol.
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Fig. 2. Prevalence of number of risk factors for the
metabolic syndrome in obese children.

3) &} eledl MEy
(1) HOMA-IR; thAIZ 379 943 =
BT 2224149, Sl A= 2.48+1.66, =%
AL E 4104373, Al A= 4.99+2.89, Y ©]A
A B 93516360 At Ao 919
A7 dl o]l 3 gle #, s # £
Abelol 2k7k o) x} 1%

A= |

= 0.10+0.07, oMJ A= 0.1240.08, E9¢
£ 0231026, A2l BALE 0.2410.16, Yl o] A+el

12 f o 1

10+

HOMA-IR
o
1

None 1 2 3 >4

Number of risk factors for
the metabolic syndrome

Fig. 3. Estimated means for insulin resistance deter-
mined by homeostasis model assessment in obese
children according to number of risk factors for the
metabolic syndrome. 0 <<0.05, *»<<0.001
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Fig. 4. Estimated means for fasting insulin/glucose ratio
in obese children according to number of risk factors for
the metabolic syndrome. *»<<0.05

= 0361025131tk UAEEY 99 AAE
ey 22 &, e 7w o]l T Aol
247y froj g Aol & H . THFig. 4).

®) QUICKE; th5 529 919 A7} gl 3
= 0.37£0.06, st3] A-¢-= 0.36+0.06, =2 7
0.340.07, A9l ZA$-+= 0.32+0.05, 4l o] <l
0.29+0.03°] At} 2z o+ Alolell= ol & A}
HolA| ¢ okThFig. 5).
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Fig. 5. Estimated means for quantitative insulin sensi-
tivity check index in obese children according to number
of risk factors for the metabolic syndrome.
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Higholo| X FZH 2HEH AUE FH =
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