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with blood sampling to evaluate the dyslipidemia.

Relationship between Body Fat Distribution and
Metabolic Risk Factors in Adolescents

Dal Hyun Kim, M.D., Tae Jung Seong, M.D., Young Jin Hong, M.D.
Byong Kwan Son, M.D. and Soon Ki Kim, M.D.

Department of Pediatrics, College of Medicine, Inha University, Incheon, Korea

Purpose : The objectives of this study were to estimate the prevalence of obesity in adolescents; to
study the association between obesity, blood pressure, and dyslipidemia; and to evaluate the superi-
ority of waist circumference to waist/hip ratiolWHR) in central obesity.

Methods : We selected 1382 adolescents(M : F=690 : 692) aged from 11 to 18 years(mean age; boys
15.0, girls 15.4) in Incheon. We measured weight, height, waist, waist/hip ratio, and blood pressure,

Results : The prevalence of obesity was 6.7% in boys and 6.9% in girls by body mass index(BMI).
The prevalence of systolic hypertension was 15.7% in normal group, 32.4% in the overweight group,
and 35.4% in the obese group by BMI. The prevalence of diastolic hypertension was 4.9% in the
normal group, 6.9% in the overweight group, and 14.6% the in obese group. In boys and girls, BMI,
waist circumference, and WHR were positively correlated with systolic and diastolic blood pressure.
respectively. In boys, triglyceride was positively correlated with waist circumference(r=0.34, P<0.05).
In boys and girls, BMI was highly correlated with obesity index(r=0.98, each), with waist circumfer-
ence(r=0.89, r=0.82, respectively), and with body fat(r=0.85, r=0.89) respectively.

Conclusion : These data suggest the importance of the screening of blood pressure in obese ado-
lescents, with prevention and intervention of obesity since it may be the most cost-effective way of
reducing the complications related with obesity. (J Korean Pediatr Soc 2003;46:326-334)

Key Words : BMI, Waist circumference, Waist/hip ratiolWHR), Hypertension, Hyperlipidemia
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Table 1. Body Mass Index Percentiles

85 percentile 95 percentile

Age(year)
Male Female Male Female

11 21.8 21.0 244 23.1
12 21.8 21.5 25.1 239
13 23.4 22.9 26.6 25.1
14 235 23.1 26.5 26.3
15 237 23.4 27.1 26.3
16 24.0 23.7 275 26.2
17 24.1 23.9 275 26.1
18 24.1 23.6 27.0 26.0
19 26.2 26.0 29.6 29.0
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Table 2. Comparison of Anthropometric and Lipid Profiles Measurements between Groups by Body Mass Index

Male(n=690)

Female(n=686)

Varialbes number

Group I(n=540) Group II(n=102)

Group III(n=48)

Group I(n=539) Group II(n=100) Group II(n=47)

Age(yr) 149+1.8 15.3£1.8 14.7£1.6 15.3*£1.8 15.7£15 15714

BMI(kg/m®) 19.7£2.0 250+ 1.1° 295+28" 202£1.9 245+0.8" 280*+18"
Height(cm) 166.5+9.2 169.9+8.0 169.1+£7.7 158.8+5.6 158.9+6.3 160.0+4.7

Weight(kg) 55.1£89 72.3+82" 84.7+11.6" 51.1£6.3 61.9+56" 718165
Waist(cm) 68.7£5.8 80.3+7.7" 90.2+12.1" 65.6+5.1 731+53" 829+72"
WHR 0.77%0.04 0.81+0.07" 0.85+0.10" 0.74%0.05 0.77+0.06" 0.82+0.07"
Body fat(%) 15.9+£4.7 236+4.4 31.3+56" 271£53 358+44" 443+53"
SBP(mmHg) 1256+12.9 132.6+115° 136.3+15.6" 121.1+£11.6 125.2+10.2° 130.6+10.6"
DBP(mmHg) 72.3£10.1 74.6+10.8 76.0+10.8 73.3£9.2 744198 80.0+11.2
Chol(mg/dL) 143.6+23.8 145.9+21.8 144.2+21.7 158.9+26.2 159.3+29.1 156.5%+26.8
TG(mg/dL) 87.9+53.7 92.6+48.1 116.6+90.0" 87.6+445 87.3+47.7 89.5%+51.6
HDL(mg/dL) 50.3+11.9 484%99 48.7+11.8 55.5%+12.9 54.0+10.6 50.3+10.3
LDL(mg/dL) 784+47.4 79.019.3 7221+19.9 87.2129.2 87.8+25.9 88.31+23.6
Al 1.97£0.69 2.12+0.70 2121085 1.97£0.67 2.04+0.74 2.20£0.71

Values : means£SD, BMI : body mass index, Waist : waist circumference, WHR : waist to hip ratio, SBP : systolic blood pressure,
DBP : diastolic blood pressure, Chol: total cholesterol, TG : triglyceride, HDL : HDL cholesterol, LDL : LDL cholesterol, Al : ather-

osclerosis index, "P<0.05 by versus Group I by ANOVA
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Table 3. Comparison of Anthropometric and Lipid Profiles Measurements between Groups by Waist Circumferrence

Male(n=688)

Female(n=692)

Variables — — — — — — — —
<& P 8% P>, <95 P 9% P> <8 P 8 P>, <95 P 9% P>

BMI(kg/m®) 20.1+23 256+1.7 29.6+3.4" 206+2.2 243+26" 281+21"
Waist(cm) 69.0£5.6 843+23" 946+5.1" 65.7+t4.7 77.4+20° 86.9+6.2
WHR 0.77£0.04 0.84+0.05" 0.88+0.04" 0.74%0.09 0.80+0.03" 0.85+£0.08"
Body fat 16.3+4.9 259+4.0" 32.6+5.0" 277£51 36.7+t5.1" 455+53"
SBP(mmHg) 126.4+13.1 131.3+12.4 135.1*15.8 122.0*+11.6 123.8+£12.0° 124.4+10.8"
DBP(mmHg) 72.0£10.3 76.2+9.6 80.5+76 73.8+£9.8 75.3%110.8 74787
Chol(mg/dL) 143.2+23.6 145.9%20.0 150.2+235 157.8+26.5 161.0£27.2 167.1£255
TG(mg/dL) 85.2+149.8 108.4+69.7° 139.1+-89.9" 85.7+t43.6 92.5%48.0 106.4£56.5
HDL(mg/dL) 50.8+t11.8 475195 40.8*7.7 55.2+12.8 53.6%10.8 515*11.6
LDL(mg/dL) 75.3%£19.2 76.7t17.7 81.6+125.2 85.5%22.0 94.0+455 102.0+55.3
Al 1.9+0.63 2.2+0.77 2.8£095" 2.0£0.66 2.1£0.80 2.4+0.87

Values : means=SD, 85 P :male 81.0, female 74.5, 95 P :male 89.0, female 81.1, BMI:body mass index, Waist: waist circum-
ference, WHR : waist to hip ratio, SBP systolic blood pressure, DBP : diastolic blood pressure, Chol: total cholesterol, TG : trigly-
ceride, HDL : HDL cholesterol, LDL : LDL cholesterol, Al: atherosclerosis index, "P<0.05 by versus <85 P group by ANOVA

Table 4. Comparison of Anthropometric and Lipid Profiles Measurements between Groups by Waist/Hip Ratio

Male(n=688)

Female(n=692)

Variables — — — — — — — —

<8 P 8 P=, <% P 9% P= <8 P 8% P=, <% P 9% P=
BMI(kg/m?) 20.3+2.7 23.8+3.9 266+4.3 21.0+25 23.0+3.7 24.0+4.2
Waist(cm) 69.516.5 79.7+87 88.0%+9.1" 66.2+t5.6 744%+6.8" 79.7£10.0"
WHR 0.76+0.03 0.84%0.01" 0.90%0.04" 0.73+0.04 0.81%0.01" 0.88%0.06"
Body fat 16.7£5.3 22672 281+7.3 286+6.4 33.3+88" 36288
SBP(mmHg) 126.8+135 129.2+135 131.1+114 1226+11.4 120.8*t11.4 122.81+14.2
DBP(mmHg) 725%116.5 74.0+9.2 75.9+10.5 74.1%9.8 735+110.5 74.8+9.9
Chol(mg/dL) 143.1+23.3 145.7%£23.0 149.5+24.6 157.7+£26.3 161.5+28.3 165.3+24.6
TG(mg/dL) 88.4+51.4 99.4+60.1 123.9£88.1° 85.8143.8 91.6+46.4 102.6+485
HDL(mg/dL) 50.7+t11.8 48.1+£9.7 436%+9.9" 55.0+12.8 549+11.4 51.4+115
LDL(mg/dL) 75.1+18.7 77.7%120.7 81.1+24.4 855+21.9 92.4+42.3 101.1£55.5
Al 1.92+0.63 2.14%0.75" 2.60%0.98" 1.97+0.66 2.05+0.77 2.360.85"

Values : means=SD, 85 P :male 0.83, female 0.8, 95 P :male 0.87, female 0.84, BMI : body mass index, Waist: waist circumfer-
ence, WHR : waist to hip ratio, SBP :systolic blood pressure, DBP : diastolic blood pressure, Chol: total cholesterol, TG : trigly-
ceride, HDL : HDL cholesterol, LDL : LDL cholesterol, Al: atherosclerosis index, ‘P<0.05 by versus <85 P group by ANOVA
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& overweight
] Obese

1 2 3
BMI Waist WHR

Fig. 1A. Prevalence of high systolic blood pressure between
normal, overweight, and obese groups in males.
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& overweight
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14.0%
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10.0%
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6.0% -

1 2 3
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Fig. 1B. Prevalence of high diastolic blood pressure between
normal, overweight, and obese groups in males.

ol A felFk AFolE HATHTable 2-4).
4. HIZHX|ZEO ME HIT FHE

BMIol uwhgl vivke] FHE&-E dAtolA 6.7%, oJAtlAE 6.9
%oldot sElEdel] we Hzke] FH &S ExbelA 54%,
ozt Al 5.0%°]a, WHROl e &FeAs P2k 7.0%, oA
58% %t HwE 20/ oS Hgkoz AHojAl EapoA 11.8
%, 9QAFIA 11.4% A tH(Table 5).

5. HIZEX|ZES 0} CHAIRIE 2AXISZHO| AEHEHA|

@zt A BMIE %71 8%(r=0.35, P<0.05) 9@ 37 &
(r=0.20, P<0.05)2 %o FHIAE Btk = SAHA
T 57 89G=0.24, P<0.05), 371 Fe(r=0.34, P<0.05),
F49A%(r=0.25, P<0.05), SWA3A(r=0.34, P<0.05)+= %

25.0%

1 Normal
& overweight
] Obese
20.0%
15.0% -
10.0% -
5.0% -
0.0% + !

1 2 3
BMI Waist WHR

Fig. 2A. Prevalence of high systolic blood pressure between
normal, overweight, and obese groups in females.
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& overweight
....... [ Obese
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10.0%
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0.0% ‘ 1 ’ ]

1 2
BMI Waist WHR

Fig. 2B. Prevalence of high diastolic blood pressure between
normal, overweight, and obese groups in females.

o 43RAAE B HDL Fu2ElE(r=-026, P<0.05)< &
o A#BAE HYth. WHRS HDL Zd2HE(r=-0.18, P<
0.05)2 &9 FAAAE BAr) vHRIES} AAWF BF F£5
71 &<, 7] gty ol At Aok odxlel A BMI
T FF57] dd(r=0.24, P<0.05), 47 E4(r=0.15, P<0.05)
7 Folgk kel AuArt Atk FElEd SAHAE 7571
d9h(r=0.24, P<0.05), &37] dt(r=0.21, P<0.05)7 ¥ A
#AA7F QA WHR, BIRHE, AAWE 2% 3257 gdghet
A7) 43 o] FHAAE BITH(Table 6).

6. HIZHX|ESZHo| AZHEHA|

Aol A BMIE HITHE(r=0.98, P<0.05), 312%#(r=0.89,
P<0.05), AXE0.85, P<0.05)T #2138 o AuAAE HA
t} FYEds HUE(r=0.84, P<0.05), AXLHr=0.82, P<
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Table 5. Comparison of the Prevalence of Obesity between Obesity Parameters

Zobat o Al 46 W Al 45 20039

Males Females
Varialbes
Group I Group II Group III Group I Group II Group III
BMI(kg/m®) 539(78.5%) 102(14.8%) 46( 6.7%) 538(78.5%) 100(14.6%) 47( 6.86%)
Waist(cm) 578(84.1%) 72(10.5%) 37( 5.4%) 581(84.8%) 70(10.2%) 34( 5.0%)
WHR 557(81.1%) 82(11.9%) 48( 7.0%) 562(82.0%) 83(12.1%) 40( 5.9%)
Obesity index 516(75.1%) 90(13.1%) 81(11.8%) 494(72.1%) 113(16.5%) 78(11.4%)
BMI : body mass index, Waist : waist circumference, WHR : waist to hip ratio
Table 6. Correlations between Obesity Indices and Metabolic Parameters
SBP DBP Chol TG LDL HDL Al
Males BMI 0.35" 0.20° 0.05 0.13 0.02 -0.04 0.087
Waist 0.24" 0.34" 0.06 0.25" 0.08" -0.26" 0.34"
WHR 0.11° 0.10" 0.08" 0.20" 0.097 -0.18" 0.27°
Obesity index 0.30° 0.16" 0.05 0.10" 0.02 -0.03 0.06
Triceps 0.06 -0.02 -0.04 0.004 -0.05 -0.001 -0.02
Body fat 0.33" 0.22° 0.03 0.11" -0.01 0.04 0.05
Females BMI 0.24" 0.15" -0.03 0.007 -0.01 -0.06 0.04
Waist 0.24" 0.21° 0.02 0.08 0.03 -0.04 0.06
WHR 0.13" 0.18" 0.07 0.11 0.10 -0.04 0.09
Obesity index 0.23" 0.13" -0.01 0.01 0.01 -0.06 0.06
Triceps 0.19° -0.005 -0.004 0.001 0.01 0.02 -0.01
Body fat 0.20° 0.13" 0.004 0.02 0.03 -0.04 0.04
Abbreviations as in Table 2
BMI : bod%l mass index, Waist : waist circumference, WHR : waist to hip ratio
"P<0.05, TP<0.01:by Pearson correlation test
Table 7. Correlations between Obesity Indices
BMI Waist WHR Triceps Body fat Obesity index
Males BMI 1.00 0.89 0.55 0.58 0.85 0.98
Waist 0.89 1.00 0.69 0.52 0.82 0.84
WHR 0.55 0.69 1.00 0.42 0.51 0.59
Triceps 0.58 0.52 0.42 1.00 0.56 0.61
Body fat 0.56 0.82 0.51 0.56 1.00 0.84
Obesity index 0.98 0.84 0.59 0.61 0.84 1.00
Females BMI 1.00 0.82 0.26 0.59 0.89 0.98
Waist 0.82 1.00 0.44 0.47 0.79 0.79
WHR 0.26 0.44 1.00 0.09 0.24 0.25
Triceps 0.59 0.47 0.09 1.00 0.54 0.57
Body fat 0.89 0.79 0.24 0.54 1.00 0.88
Obesity index 0.98 0.79 0.25 0.57 0.88 1.00
BMI : body mass index, Waist : waist circumference, WHR : waist to hip ratio
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