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Comparing validity of using Body Mass Index, Waist to Hip Ratio, and Waist
Circumference to Cardiovascular Risk Factors of Middle Aged Koreans

Hyun-Kyung Moon' - Eu-Gene Kim

Department of Food Science and Nutrition, Dankook University

ABSTRACT

This study was conducted to compare the validity of obese index among body mass index(BMI), waist to hip
ratio(WHR), and waist circumference(WC) and to determine which is the best in relation to cardiovascular risk factors
of middle aged Korean(40-64yr). Data from the 1998 Korean Health and Nutrition Survey were used(N=3380).
Anthropometric indices and cardiovascular risk factors were measured. Chi-square test, analysis of variance following
duncan’s multiple range test, partial correlation analysis, and Receiver Operator characteristic(ROC) curves were used
in the analysis.

There was a significant increasing trend in WHR, systolic blood pressure(SBP), high density lipoprotein
cholesterol(HDL), and fasting blood sugar(FBS) with age categories of male and in BMI, WC, WHR, diastolic blood
pressure(DBP), SBP, total cholesterol(TC), low density lipoprotein cholesterol(LDL), triglycerol(TG), and FBS with
those of female. Specially female had the characteristics of upper body fat and systolic blood pressure risk(p<0.05).
Proportions of subjects with lifestyle factors related to cardiovascular risk in overweight or upper body fat group
were higher than that of normal group. Higher proportions of subjects were practiced exercise in upper body fat
group of male than in other groups. Among 7 cardiovascular risk factors in partial correlation analysis, BMI had
the highest correlation coefficient in 6 risk factors in male, whereas WC in 4 risk factors in female. Mean of each
obese index according to cardiovascular risk groups except smoker was higher than that of normal(p<0.05). These
trends were shown in upper body fat group and female. In ROC analysis of 12 risk factors and health conditions,
the largest area under curve among obese indices for risk factors were BMI in male and WHR in female. The
optimal cutoff values of each index(BMI: WHR: WC) for one or more cardiovascular risk factors were 23.13: 0.89:
85.35 in male and 23.57: 0.84: 78.35 in female.

The results showed that cardiovascular risk factors were prevalent in middle aged Koreans within normal limits
of obese indices like another Asians. For the identification of cardiovascular risk factors of middle aged Koreans,
BMI for men and WHR for women are appropriate indices. But it is recommended that BMI, WHR, and WC, all
three indices should be considered, when using these indices.
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Table 1. Biological measures by sex and age

Male Female
Variables 40-49yr 50-59yr 60-64yr 40-49yr 50-59yr 60-64yr Total

(n=775) (n=575) (n=269) (n=1619) (n=855) (n=685) (n=325) (n=1865)
Weight(ke) 67.9(9.0)° 64.9(8.9)" 61.6(9.3)° 65.7(9.3)** 58.1(7.95° 58.4(8.5)" 56.5(9.0)° 57.9(8.4)**
Height(cm) 168.5(5.6)° 166.6(5.8)° 165.0(5.8)° 167.2(5.9)** 156.1(5.5)° 154.3(5.3)° 152.7(5.2)° 154.9(5.5)**
BMI(kg/cit) 23.9(2.8)° 233(2.8) 22.6(2.9F 23.5(2.9)** 23.8(3.0)° 24.53.2* 24.2(3.4)" 24.1(3.2)**
WC(cn) 85.3(8.5)" 84.7(8.0)" 83.3(8.4) 84.7(8.3)** 79.1(8.1)° 83.08.7)" 84.2(9.6)" 81.4(8.9)**
HC(cm) 94.6(5.8)" 93.3(6.3)" 91.3(6.1)° 93.6(6.2)** 94.2(6.3) 94.5(7.6) 93.8(7.3) 94.2(7.0)"
WHR(cwen) 0.90(0.1)° 0.91(0.1" 0.91(0.1) 0.9(0.1)* 0.84(0.1)° 0.88(0.1)° 0.90(0.1% 0.9(0.1)**
DBP(mmHg) 83.6(12.8) 83.3(12.3) 82.2(12.2) 83.3(12.5)" 77.6(11.3) 81.5(11.4)° 82.4(11.1)° 79.8(11.5)**
SBP(mmHg) 1274(17.1°  131.8209)°  135.1224F  130.2(19.6)** 12150179 1314204  136.7(222)"  127.8(20.6)**
TC(mg/dl) 1947(36.4  194.0(37.6)"  188.4(35.7)"  193.4(36.8)* 186.6(33.3° 2055370  2106(38.6)"  197.7(37.1)**
HDL(mg/dl) 47.4(12.4)° 48.6(12.4)° 50.6(13.8)° 48.4(12.7)** 50.9(12.1)" 50.6(12.5)° 48.3(13.0)° 50.3(12.4)**
LDL(mg/dl) 1169(343)" 1165352  110.8(34.1)°  115.7(34.6)* 113.6(29.8°  129.0(33.8)° 1332362  122.7(33.6)**
TG(mg/dl) 151.8(72.6)"  144.1(63.7)"  135.3(63.8)°  146.3(68.3)** 110.1(53.2°  129.6(57.4)°  145.6(634)°  123.5(58.2)%*
FBS(mg/dl) 102.6(29.6)°  109.5(37.8)"  108.6(382)°  106.1(34.3)** 98.7(28.8)° 106.0(36.3)°  116.3(53.9F  104.5(37.5)%*

1) mean(std.), *p<0.05, **p<0.01;0ne-way ANOVA and Duncan’s multiple range test., ns;non-significant.
2) Different superscripts(a,b,c) indicate significant differences by age group in each sex.

3) WC/HC=Waist/Hip circumference, BMI=Body mass index, WHR=Waist to hip ratio, DBP=Diastolic blood pressure, SBP=Systolic blood pressure,

TC=Total cholesterol, HDL/LDL=high/low density lipoprotein cholesterol, TG=Triglyceride, FBS= Fasting blood glucose
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Table 2. Distributions of behavioral habits according to the obese indices group by sex

BMI WHR wC
Habits
normal overweight total normal upper total normal upper total

Male

no  360(32.5)** 198(44.2) 558(35.9) 588(39.2) 20(35.7) 558(35.9) 394(34.6) 164(39.5) 558(35.9)
Current smoker

yes  747(67.5) 250(55.8) 997(64.1) 961(64.1) 36(64.3) 997(64.1) 746(65.4) 251(60.5) 997(64.1)

no  374(33.8) 144(32.1) 518(33.3) 497(33.2) 21(37.5) 518(33.3) 390(34.2) 128(30.8) 518(33.3)
Current drinker

ves  733(66.2) 304(67.9) 1037(66.7)  1002(66.8) 35(62.5) 1037(66.7)  750(65.8) 287(69.2) 1037(66.7)

no  877(65.2)**  312(69.6) 1189(76.5)  1150(76.7) 39(69.6) 1189(76.5)  896(78.6)**  293(70.6) 1189(76.5)
Physical activity

yes  230(34.8) 136(30.4) 366(23.5) 349(23.3) 17(30.4) 366(23.5) 244(21.4) 122(29.4) 366(23.5)

no  722(65.2) 286(63.8) 1008(64.8)  976(65.1) 32(57.1) 1008(64.8)  744(65.3) 264(63.6) 1008(64.8)
Stress

yes  385(34.8) 162(36.2) 547(35.2) 523(34.9) 24(42.9) 547(35.2) 396(34.7) 151(36.4) 547(35.2)
Total 1107(100.0)  448(100.0)  1555(100.0)  1499(100.0)  56(100.0) 1555(100.0)  1140(100.0)  415(100.0)  1555(100.0)

no  912(98.5) 361(97.3) 1273(98.1)  1229(98.2) 44(95.7) 1273(98.1)  944(98.3) 329(97.6) 1273(98.1)
Energy/fat over-eating

yes  14(1.5) 10(2.7) 24(1.9) 22(1.8) 2(4.3) 24(1.9) 16(1.7) 8(2.4) 24(1.9)
Lack of some nutrient no  782(84.4)*  330(88.9)  1112(857)  1073(85.8)  39(84.8) 111285.7)  813(84.7)  299(88.7)  1112(85.7)
intake yes  144(15.6) 41(11.1) 185(14.3) 178(14.2) 7(15.2) 185(14.3) 147(15.3) 38(11.3) 185(14.3)
Total 926(100.0)  371(100.0)  1297(100.0) 1251(100.0)  46(100.0) 1297(100.0)  960(100.0)  337(100.0)  1297(100.0)
Female

no  1087(94.0) 629(94.0) 1716(94.0) 1218(94.0) 498(94.0) 1716(94.0) 761(93.5) 955(94.5) 1716(94.0)
Current smoker

yes  69(6.0) 40(6.0) 109(6.0) 77(6.0) 32(6.0) 109(6.0) 53(6.5) 56(5.5) 109(6.0)

no  899(77.8) 518(77.4) 1417(77.6) 994(76.8) 423(79.8) 1417(77.6) 624(76.7) 793(78.4) 1417(77.6)
Current drinker

yes  257(22.2) 151(22.6) 408(22.4) 301(23.2) 107(20.2) 408(22.4) 190(23.3) 218(21.6) 408(22.4)

no  968(83.7) 566(84.6) 1534(84.0) 1070(82.6)**  464(87.6) 1534(84.0) 674(82.8) 860(85.1) 1534(84.1)
Physical activity

yes  188(16.3) 103(15.4) 291(16.0) 225(17.4) 66(12.4) 291(16.0) 140(17.2) 151(14.9) 291(15.9)

no  676(58.5) 405(60.5) 1081(59.2) 781(60.3) 300(56.6) 1081(59.2) 488(60.0) 593(58.7) 1081(59.2)
Stress

yes  480(41.5) 264(39.5) 744(40.8) 514(39.7) 230(43.4) 744(40.8) 326(40.0) 418(41.3) 744(40.8)
Total 1156(100.0)  669(100.0) 1825(100.0)  1295(100.0) 530(100.0) 1825(100.0)  814(100.0) 1011(100.0)  1825(100.0)

no  942(97.7) 565(98.6) 1507(98.0) 1058(97.6} 449(99.1) 1507(98.0) 670(97.7) 837(98.4) 1507(98.0)
Energy/tat over-eating

yes  22(2.3) 8(1.4) 3002.0 26(2.4) 4(0.9) 30(2.0) 16(2.3} 14(1.6) 30(2.0)
Lack of some nutrient o 711(73.8)  427(74.5) 1138(74.0)  809(74.6) 329(72.6) 1138(74.0)  515(75.1) 623(73.2) 1138(74.0)
intake yes  253(26.2) 146(25.5) 399(26.0) 275(25.4) 124(27.4) 399(26.0) 17124.9) 228(26.8) 399(26.0)
Total 964(100.0) 373(100.0) 1537(100.0)  1084(100.0)  453(100.0) 1537(100.0)  686(100.0) 851(100.0) 1537(100.0)

1) n(%), Chi-square test: *(p<0.05). **(p<0.01)

2) BMI(body mass index; overweight=BMI=25. normal=other). WHR(waist 10 hip ratio: upper body fat=male=1.0 and female=0.9. normal=other) WC(waist

circumference; upper body fat=male >90cm. female >80cm)
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Table 3. Age and smoking adjusted partial correlation coefficients between cardiovascular risk factors and obesity indices

Male Female
Factors
BMI WHR wC BMI WHR wC
DBP(mmHg) 0.2665** 0.1218** 0.2339%* 0.2080** 0.1316** 0.2115**
SBP(mmHg) 0.2069** 0.1402** 0.1878** 0.2147** 0.1719** 0.2479**
TC(mg/dl) 0.2263** 0.1293** 0.1920** 0.1283** 0.1670** 0.1548**
HDL(mg/dl) -0.2526** -0.1296** -0.2301%% -0.1768** -0.1806** -0.2049**
LDL(mg/d]) 0.2438** 0.1065** 0.2008** 0.1422%* 0.1599** 0.1568**
TG(mg/dl) 0.2212** 0.1952%* 0.2174** 0.1900** 0.2653** 0.2621**
FBS(mg/dl) 0.0945%* 0.1264** 0.1085** 0.0503* 0.1566%* 0.1337**

1) Pearson’s correlation analysis; *(p<0.05), **(p<0.01)

2) BMI=Body mass index, WHR=Waist to hip ratio, WC=waist circumference, DBP=Diastolic blood pressure, SBP=Systolic biood
pressure, TC=Total cholesterol, HDL/LDL=high/low density lipoprotein cholesterol, TG=Triglyceride, FBS=Fasting glucose
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Table 4. Obese indices according to whether or not having each cardiovascular risk factor in each sex

Male Female
Risk factors
BMI WHR WC BMI WHR wC
no 23.3%* 0.90%* 84.3%* 24.0%* 0.86%* 80.9%*
holesterolemi:
Hypercholesterolemia yes 248 0.92 88.1 25.0 0.89 84.4
no 2320 0.90%* 83.9%* 24.0% 0.86%* 80.8
Low HDL yes 24.4 0.91 87.0 247 0.88 83.6
no 23.3%* 0.90%* 84.4%* 24.0%* 0.86%* 80.9%*
igh LDL
Hig yes 248 0.92 88.1 25.0 0.90 84.9
no 23.3%* 0.90%* 84.2%* 24.1%% 0.86%* 81.0%*
rtriglyceri
Hypertriglyceride yes 243 0.92 86.9 249 0.90 85.1
, no 22.4%+ 0.89** 81.7%* 23.3%* 0.84%+ 78.1%*
Hypertension
yes 238 091 85.7 246 0.88 83.2
. no 234 0.90 84.3%* 24.1% 0.86%* 80.9%*
Diabetes
yes 24.1 0.92 87.3 2438 0.91 85.9
no 241 0.91 85.8 2425 0.86 81.4
Current smoker
yes 231 0.90 84.1 236 0.88 81.4

1) mean, 2) t-test; *(p<0.05), **(p<0.01)
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Table 5. Area(95% confidence interval) under the ROC curve for the obesity indices by sex

WHR

wC

Factors BMI

Male

DBP 0.638(0.607-0.669)**
SBP 0.578(0.545-0.610)**
TC 0.655(0.611-0.699)**
HDL 0.635(0.604-0.666)**
LDL 0.652(0.608-0.696)**
TG 0.609(0.573-0.645)**
Diabetes 0.574(0.533-0.615)**
Smoking 0.401(0.372-0.430)**
Hypertension 0.646(0.615-0.676)**
CVD 0.520(0.477-0.563)**

One more risk factors
Three more risk factors

0.636(0.571-0.701)**
0.635(0.606-0.665)**

0.587(0.556-0.619)++
0.597(0.565-0.629)%*
0.613(0.570-0.655)*+
0.562(0.530-0.594)%+
0.597(0.553-0.642)**
0.607(0.572-0.641)**
0.611(0.572-0.649)*+
0.487(0.457-0.517)

0.605(0.573-0.637)%+
0.571(0.530-0.612)%*
0.652(0.584-0.721 )+
0.589(0.592-0.650)%*

0.639(0.608-0.670)**
0.592(0.560-0.625)**
0.643(0.602-0.685)**
0.620(0.589-0.651)**
0.638(0.596-0.680)**
0.607(0.572-0.641)%*
0.608(0.568-0.648)**

0.431(0.402-0.461)**
0.640(0.610-0.670)**
0.548(0.504-0.591)**
0.677(0.613-0.741 )**
0.606(0.615-0.672)**

Female

DBP 0.600(0.566-0.633)**
SBP 0.592(0.561-0.623)**
TC 0.599(0.562-0.636)**
HDL-chol 0.567(0.536-0.599)**
LDL-chol 0.606(0.569-0.643)**
TG 0.583(0.539-0.628)**
Diabetes 0.576(0.534-0.619)**
Smoking 0.450(0.390-0.509)
Hypertension 0.629(0.603-0.655)**
CVD 0.514(0.484-0.545)

One more risk factors
Three more risk factors

0.638(0.608-0.667)**
0.622(0.588-0.655)**

0.589(0.556-0.622)**
0.641(0.612-0.669)**
0.641(0.606-0.676)**
0.591(0.559-0.623 )%+
0.653(0.618-0.687)%+
0.668(0.627-0.710)**
0.697(0.659-0.735)%*
0.535(0.480-0.591)

0.652(0.626-0.678)**
0.568(0.537-0.600)**

0.690(0.661-0.718)**
0.687(0.656-0.719)**

0.609(0.577-0.642)**
0.640(0.611-0.670)**
0.627(0.592-0.663)**
0.584(0.553-0.616)**
0.642(0.608-0.677)**
0.640(0.598-0.681)**
0.669(0.630-0.708)**
0.503(0.443-0.562)

0.667(0.641-0.692)**
0.549(0.518-0.580)**

0.690(0.661-0.718)**
0.675(0.644-0.707)**

1) *;p<0.05(Ho;Area=0.5), **;p<0.01

2) BMI=Body mass index, WHR=Waist to hip ratio, DBP=Diastolic blood pressure, SBP=Systolic blood pressure, TC=Total
cholesterol, HDL/LDL=high/low density lipoprotein cholesterol, TG=Triglyceride, FBS= Fasting glucose, CVD=cardiovascular

disease.
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Table 6. Optimum cut—off values, sensitivity and specificity of the obesity indices in relation to each cardiovascular risk factors in

each sex
Factors BMI WHR wC

cut-off sen spe cut-off sen spe cut-off sen spe
Male
DBP 24.17 0.544 0.665 0.917 0.535 0.627 87.05 0.539 0.674
SBP 24.86 0.396 0.725 0917 0.545 0.626 85.45 0.567 0.579
Chol 2421 0.624 0.640 0.903 0.729 0.495 85.25 0.694 0.559
HDL 23.93 0.605 0.628 0.904 0.595 0.507 84.25 0.667 0.536
LDL 2293 0.803 0.461 0.903 0.717 0.491 85.25 0.684 0.554
TG 24.18 0.558 0.649 0.897 0.723 0.469 84.85 0.645 0.551
Diabetes 24.88 0.401 0.713 0.886 0.797 0.374 85.85 0.590 0.582
Hypertension 23.28 0.571 0.648 0915 0.471 0.718 88.05 0.392 0.825
Smoking 29.99 0.016 0.986 0.836 0.902 0.115 68.30 0.989 0.025
CVD 24.50 0.402 0.654 0.887 0.758 0.377 87.25 0.485 0.645
One more risk factors 23.13 0.554 0.696 0.886 0.662 0.652 85.35 0.473 0.812
Three more risk factors 23.28 0.668 0.554 0.899 0.697 0.506 85.45 0.601 0.617
Female
DBP 25.06 0.500 0.670 0.881 0.503 0.638 80.85 0.648 0.520
SBP 25.74 0.400 0.753 0.882 0.549 0.668 83.75 0.542 0.672
Chol 23.10 0.745 0.412 0.862 0.688 0.536 81.75 0.648 0.561
HDL 23.57 0.650 0.480 0.843 0.718 0.428 76.45 0.802 0.338
LDL 23.10 0.764 0.414 0.843 0.806 0.432 81.35 0.682 0.549
TG 23.16 0.741 0.413 0.901 0.518 0.737 81.35 0.688 0.540
Diabetes 23.17 0.740 0.417 0.862 0.776 0.541 82.95 0.658 0.617
Hypertension 2429 0.524 0.682 0.839 0.708 0.528 80.95 0.596 0.659
Smoking 25.26 0.358 0.661 0.853 0.642 0.459 86.75 0.312 0.750
CVD 22.96 0.675 0.390 0.872 0.531 0.587 71.75 0.709 0.380
One more risk factors 23.57 0.604 0.641 0.842 0.678 0.622 78.35 0.681 0.605
Three more risk factors 23.10 0.776 0.426 0.844 0.835 0.449 81.75 0.696 0.577

BMI=Body mass index, WHR=Waist to hip ratio, WC=waist circumference, DBP=Diastolic blood pressure, SBP=Systolic blood
pressure, TC=Total cholesterol, HDL/LDL=high/low density lipoprotein cholesterol, TG=Triglyceride, CVD=cardiovascular disease.
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