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Change of early atherosclerotic markers in obese children

Eui Jung Roh, M.D., Jung Min Yoon, M.D., Jae Woo Lim, M.D.
Eun Jung Cheon, M.D. and Kyoung Og Ko, M.D.

Department of Pediatrics, College of Medicine, Konyang University, Daejeon, Korea

Purpose : The prevalence of obesity in children is increasing rapidly. Epidemiologic studies suggest
that obesity induced atherosclerosis may start in childhood. We investigated whether obese children
show early abnormalities of the arterial wall and endothelial dysfunction.

Methods : Thirty-eight obese children(14-16 years old of age, male, body mass index 29.40+3.18
kg/mz) and forty—five age and sex-matched healthy control children(body mass index 18.43%1.01 kg/
m?) were enrolled. Their carotid artery intima-media thickness(IMT) and brachial artery flow—
mediated dilation(FMD) response were measured by high—quality ultrasound system, and compliance,
distensibility, stiffness index, incremental elastic modulus and wall stress were calculated by equa-
tion. In addition, we looked at the relations between these arterial features and metabolic cardiovas-
cular risk factors.

Results : The obese children had significantly increased IMT(0.52+0.09 mm vs 0.40£0.07 mm, P<
0.001) and markedly impaired FMD(7.35£7.78 percent vs 20.34£16.81 percent, P<0.001) than the
healthy controls. But the compliance and distensibility were lower, and the stiffness index, incremen-
tal elastic modules and wall stress were higher in the obese group than the control group, but not
statistically significantly. Body mass index was highly associated with increased IMT(1=0.612, P<
0.001) and reduced FMD(r=-0.414, P<0.001).

Conclusion : We showed the deleterious effect of child obesity on both early functional and struc-
tural atherosclerotic markers. The ultrasonic findings will be used for screening and follow up mark-
ers to identify high-risk patients among obese children. (Korean J Pediatr 2006;49:368-374)
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Lumen cross-sectional area(LCSA) = 7dD%/4

Wall cross-sectional area(WCSA) = 7 (dD/*+IT)*— x (dD/2)?

Cross sectional compliance(CSC) = 7 (sD*—dD?)/4AP

Cross sectional distensibility(CSD) = (sD*-dD?)/(dD” X AP)

Diastolic wall stress(DWS) = BPxdD/AIT

Incremental elastic modulus(IEM) = 3(1+LCSA/WCSA)/CSD

Stiffness index(SI) = In(SBP/DBP)/[(dS —dD)/dD]

Flow mediated dilation(FMD) = (Adiameter/baseline diameter) X 100
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A AFe gRrre Hukrd A folatA o A
AFAFE Hwrel A 29.40+3.18 kg/m?, thEirolA 1843+
1.00 kg/m’SZ Hubelx BEASHoz folatA sk
FZ719 oty ot BT v|wkolA ulxtel wlsE z+7t
133.05+8.84/115.16 + 8.62(mmHg), 84.95+9.02/75.16+6.92
(mmHg)Z F+38tA &=t (Table 1).

2. 8& X|&X[Q} apolipoprotein

LDL-C 114.09+29.90/99.71 £29.91(mg/dL)Z  H] kol A
oA Edew TG, Apo BXE 148.63178.83/96.491+54.97
(mg/dL), 37.89+20.0/30.00+12.38(mg/dL)Z HIRHEel A 2]
a7 Eten HDL-CE 63.20+15.92/72.58+17.06(mg/dL) 2
H] Whto 1 FoatA skth TC, Apo EE HlwhEold =9k
ok = 2 7F feolgk Aol §llth(Table 2).
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ZToll A 0.4010.07 mmolYoH, —r%]
6.850.55 mm, tHETNA 6.06=0.64 mm,
wHrol A 6.34+0.66 mm, ETANA 554+0.63 m

Table 1. Comparison of Characteristics between Obese and
Control Group

Obese(n=38)  Control(n=45) P

Age(years) 1476 0.8 14.00=0.00 0.8

Height(cm) 164.47%+9.0 155.14+7.34 0.001
Weight(kg) 80.05413.30 4453+5.13 0.001
BMI(kg/m?) 29.40+3.18 18.43£1.00 0.001
Systolic BP(mmHg) 133.05+8.84 115.16%+8.62 0.001
Diastolic BP(mmHg) 84.9549.02 75.161+6.92 0.001

Values are mean= standard deviation
Abbreviations : BMI, body mass index; BP, blood pressure

Table 2. Comparison of Metabolic Parameters between Obese
and Control group

Metabolic parameters

Obese(n=38)  Control(n=45) P

(mg/dL)

Total cholesterol 193.46+3820  180.38+t39.84  0.140
HDL cholesterol 63.20+15.92 7258+17.06  0.014
LDL cholesterol 114.09+29.90 99.71£2991  0.034
Triglyceride 148.63+78.83 96.49+t5497  0.001
Apolipoprotein Al 74.17+34.88 787613666 0570
Apolipoprotein B 37.89£20.0 30.00+12.38  0.033
Apolipoprotein E 3.54+1.31 342+1.71 0.722

X 2
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% (diastolic wall stress)¥ ZAAEE HoAFe A® T
7 2 S (stiffness index)
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B E(incremental elastic modulus),
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47 o4 e (FMD)2 dlzwolAM 2034£16.81%, Hl

Tkt ol A 7.35i77 %2 MRt A FASHA s o] glo] ]
ghto] tlZtel] wls] I AE 750l dAABA AstEe] Ui
S o)} 2= 9]

Al &3 Base diameter, base flows H]Yrolsrd
Al 35710.42/3.2910.48(mm), 35.73+11.79/27.44+13.32(mL/
min)Z F25HA F7kE o] 9A12™, hyperemiat® H] Vol
] 338.95+127.44/548.90 £225.65(%) 2 frelstAl Aol AU
H(Table 4).

= =2 T M

Table 3. Geometrical and Mechanical Characteristics of Ca-
rotid Artery in Obese and Control Group

Obese Control p
(n=38) (n=45)
Systolic diameter(mm) 6.85+t0.55 6.061+0.64 0.001
Diastolic diameter(mm) 6.34+0.66 5.5440.63 0.001
Intima-media thickeness 0.52%0.09 0.41£0.07 0.001
(mm)
LCSA(mm?® 31.91£6.96 24.40+5.40 0.001
WCSA(mm®) 11.20£2.58 752+1.68 0.001
CSC(mm*mmHg) 0.117£0.29 0.119*0.65 0.874
CSD(mmHg ".107%) 0.40%0.003 0.55%0.007 0.183
DWS(mmHg.10%) 5.33£1.08 5.31%1.05 0.927
IES(mmHg.10%) 6.70£9.06 4.37*£3.42 0.115
Stiffness index 9.83112.24 7.39+5.38 0.231
Values are mean® standard deviation
Abbreviations : LCSA, Lumen cross-sectional area; WCSA :

wall cross-sectional area; CSC, cross sectional compliance;
CSD, cross sectional distensibility; DWS, diastolic wall stress;
IEM, incremental elastic modulus

Table 4. Endothelial Dysfunction in Obese and Control Group

Obese(n=38)  Control(n=45) P

Base diameter(mm) 357+0.42 3.29710.48 0.005

Flow-mediated dilation 7.35+7.78 20.34+t16.81  0.001
(%)

Base flow(mL/min) 35.73+£11.79 27.44+1332  0.004

Hyperemia(%) 3389512744 54890+225.65 0.001

Values are mean= standard deviation

Values are mean= standard deviation
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Table 5. Correlation of Carotid Intima-Media Thickness with
Cardiovascular Risk Factors

Univariate Multivariate p

coefficients coefficients
BMI 0.612 0.001 0.259 0.068
SBP 0.510 0.001 0.113 0.367
DBP 0.307 0.005 -0.102 0.435
TC -0.263 0.126 -1.755 0.061
LDL-C -0.163 0.349 1.272 0.076
HDL-C -0.221 0.048 0.372 0.384
TG -0.028 0.872 0.347 0.152
Apo A-1 -0.135 0.440 0.391 0.124
Apo B -0.092 0.600 -0.207 0.457
Apo E 0.021 0.904 0.163 0.175

Abbreviations : BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TC, total cholesterol;
LDL-C, low density lipoprotein cholesterol; HDL-C, high
density lipoprotein cholesterol; TG, triglyceride; Apo A-1,
Apolipoprotein A-1; Apo B, Apolipoprotein B; Apo E, Apo-
lipoprotein E

Table 6. Correlation of Flow Mediated Dilation with Cardio-
vascular Risk Factors

Univariate Multivariate p

coefficeints coefficients
BMI -0.414 0.001 -0.452 0.001
SBP -0.437 0.001 -0.054 0.642
DBP -0.194 0.079 0.034 0.778
TC -0.220 0.204 1.204 0.160
LDL -0.223 0.198 -1.027 0.118
HDL 0.142 0.417 -0.445 0.248
TG -0.445 0.007 -0.320 0.152
Apo A-1 0.026 0.881 0.098 0.672
Apo B -0.150 0.390 -0.095 0.709
Apo E -0.402 0.017 0.105 0.342

Abbreviations : BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TC, total cholesterol;
LDL-C, low density lipoprotein cholesterol; HDL-C, high
density lipoprotein cholesterol, TG, triglyceride; Apo A-1,
Apolipoprotein A-1; Apo B, Apolipoprotein B; Apo E, Apo-
lipoprotein E

A3, BMI(r=0.612, P<0.001), SBP(r=0510, P<0.001), DBP
(r=0.307, P<0.05), HDL-C(r=-0.221, P<0.05)°] #<|3 a3
AE Bt tFAddsARMME frolfrad BEd 5
HeEE QUATHTable 5). @7 9&4 $dsEFMD)S 59
2 3 deA g Ao 4E BMI(r=-0.414, P<0.001), SBP
(r=-0.437, P<0.001), TG(r=-0.445, P<0.05), Apo E(r=-0.402,
P<0.05)7F o3 ABAAE wlon vFAY s 784
E BMIRto] #% AddAES BAthr=-0452, P<0.001). &
WIHAE 75 o4 AZE BMIY 73 J#AAsS 2yds
& 4 AtH(Table 6).
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Fig. 1. Simple correlation of body mass index(BMI) and inti-

ma-media thickness(IMT) in the study group(r=0.612, P<0.001,
IMT=0.223+0.009 X BMD).
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Fig. 2. Simple correlation of body mass index(BMI) and flow
mediated dilation(FMD) in the study group(r=-0.414, P<0.001,
FMD=38.67—1.035 X BMI).
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