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Comparing Validity of Body Mass Index, Waist to Hip Ratio, and
Waist Circumference to Cardiovascular Disease Risk Factors in Korean Elderly”

Moon, Hyun—Kyung§ + Kim, Eu-Gene
Department of Food Science and Nutrition, Dankook University, Seoul 140-714, Korea

ABSTRACT

The purpose of this study was 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 disease
(CVD) risk in Korean elderly more than 65 ages. Data from the 1998 Korean Health and Nutrition Survey were used
(n =1017) . Anthropometric indices and CVD risk factors were measured, and 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. Anthropometric values were decreased in both male and female when ages were goes up. In
female elderly, it specially showed the characteristics of upper body fat and systolic blood pressure risk (p <0.05).
Among life style factors the current smokers were prevalent in obese male {p <0.05), but not prevalent in female having
obese or upper body fat. Also, person with upper body obesity have more exercise than that of normal group (p <0.01).
Mean BMI values of the current smoker was lower than that of normal group in both sexes (p <0.01). Mean BMI value
of person with other risk factors were higher than that of normal groups (p <0.05). Among 7 CVD risk factors in
partial correlation analysis, WC had the highest correlation coefficient in 5 in male, whereas BMI in 4 in female. In ROC
analyses of 12 risk factors and health conditions, the largest area under curve of obese indices for risk factors were WC >
WHR > BMI in male and BMI > WHR > WC in female. The optimal cutoff values of each index (BMI : WHR : WC)
for one or more risk factors were 19.02 : 0.84 : 71.3 in male and 19.04 : 0.88 : 85.6 in female. In conclusion, Most
Korean elderly showed non-obese and abdominal obesity likewise other Asians. Also CVD risk factors were prevalent
in Korean elderly within normal limits of obese indices. Therefore the upper body fat indices reflected in the aged
whose muscle mass is replaced by fat must be used as an indicator of CVD risk together with BMI. Although WHR was
the worst index based on partial correlation analysis and so located between BMI and WC in ROC curve analysis in both
sexes, it need to be use with WC to screen the cardiovascular risk group. (Korean J Nutrition 38(6): 445 ~454, 2005)
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FRE AASHA ) & AFE ARSI A, 2A
2k2}42¢] BMI (body mass index = AF (kg)/A1F (m))
E 71E0% BMI> 259 o) vIREIET O itk €A,
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ratio = HHEH (cm)/FBoIEd (tm) S 7|FoE &
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o] AAELE the 2ok #5718 (SBP) 3 3718
¢t (DBP)< Ztz} SBP > 140 mmHg® DBP > 90 mmHg,
1ZYAEEES (hypercholesterolemia) & FZd|AH)
£ (total—cholesterol: TC) = 240 mg/d}, High density
lipoprotein chplesterol (HDL) ©}/¢2 HDL > 40 mg/dl,
ZARAM (TG) °lAH TG > 200 mg/dl, Low density
lipoprotein cholesterol (LDL) ©]A4+& LDL (= TC—
HDL—-(TG/5)) = 160 mg/dl, 3=x FEAIEZ (FBS)
> 126 mg/dl, 1 ¥ SBP = 140 mmHg ¥+ DBP
> 90 mmHg, 782 AZHAZERND (CVD) 2 AFo]
g oJ¥= ICD7]E (ICD 390~459) o)l whalr A3lsich
3 FAF o2 AHr7ISEl] 9 AEAAINE 1T
A 78R (1FEAEIES, HDL ol LDL o, 1%
AAE, 18Y, B D FAFALN T U o =
I ol 71K o fte) webM 44 F Huow FR{3t
At

3. E4%H

SAS Z27E 08310 FI5FE (2<0.05)3olA
WiE ZP7] Jas 7731 AAAS 2D A3t x 5]
A8 xtolE One—Way ANOVA# Duncan’s multi-
ple range test, AEFAATET BRARE] #¥Y
< Chi—square test, B[R EEH} HEAA NG99 &
B4 correlation analysis, 283l g #AANEAGE
Z} H|RER O] Aol t—testZ EA3IN) AEAAAS
9 ABE AS3] gk HHQ e RE A7) 4

Table 1. Biological measures of study subjects by sex and age
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slo] 7t ALBAFHLY BB L) DR YA
(cut—off value)& Receiver Operating Characteristic
(ROC) curve analysisE 33tk B3RS 07} 1 Ae] g
£ 7HA9 0.590 7W7HE5E di5go] glu 1old 3t
Al AEFgctn A% YAFS UUE (sensitivity) &
Bo|& (specificity) 9] ol 71 & @te 2 sigich

oD Y I

1. AR N0l £

19983 % FUGRZARRE 654 o4 =21 101792
8 AE AAAS 2 AB3EtE 9K 2] £¥= Table
13 2t} gAke] A9 FaAFTE 57.8 kgZA] Aol F
7FEFE ZAEQT (p < 0.0D) A%, slEEd, 2 99
o)E#9 HHE 247} 163.9 cm, 81.1 cm, ¥ 89.6 cmE
A 242} 804 o) dFHFo] thE AH TR FAHIG
(p <0.01). BMI= 37 21.584 60t 4871} 80
olAtollA Wkt (p<0.01). WHRS H# 0924 A%
Hgh= Ik (p>0.05). FA71EYS H 78.9 mmHg
22 80t ool the AFTFEG Wk (p < 0.01),
F27189%e 138.9 mmHg2A AF4E 2jo)7} AR (o>
0.05). FEZY2HEX)= 185.7 mg/dl, HDL-2 48.8 mg/d,
LDL<& 111.2 mg/dl, AR 128.2 mg/dl, @ 384
e 107.6 mg/dlEA 954 zjo)7} Ytk (o> 0.05).
ARte) A4 BHEAFL 52.7 kg, A 149.7 cmz2A Z+
Z} Yo7t oS ZaHAT (p < 0.01). HIEAE

Male Female
Variables 65— 69 yr 70-79 yr 80+ yr Total 65-69 yr 70-79 yr 80 +yr Total

(n=176) (n = 193) (n=27) (n=2396)  (n=237) (n = 298) (n=86) (n=621)
Weight (kg) 602 ( 9.4)° 563 (87)° 526(73)° 578(92) 556(90)° 522(9.2)° 467(103)° 527 (9.7
Height (cm) 164.8 ( 6.2)° 1633 ( 52)® 1615 ( 5.7)° 1639 ( 58) 151.6 ( 5.4° 149.2 ( 55)° 1463 ( 8.0)° 149.7 ( 6.2)
BMI (kg/cm?) 22.1(28)° 21.1(28° 202(26)° 21.5(28) 242(35° 234(35° 21.7(35° 234(3.6)
WC (cm) 824 ( 88)° 80.1(86)™ 787 (86" 81.1(87) 842(9.1)° 8220037 77.8(103)° 823 (10.1)
HC (cm) 90.7 ( 60)° 89.1 ( 53)° 868( 84)° 89.6( 60 939(72° 928(748° 891(70° 927 (7.4
WHR (cm/cm) 091 (0.D™ 090(01)  091(01) 090(0.1) 089(01° 088(0.1™ 087 (01" 088(0.1)
DBP (mmHg) 805 (11.4)° 783 (120)° 724 (11.4° 789 (11.9) 81.6(11.7)™ 797 (132 787 (13.7) 80.3 (12.8)
SBP (mmHg) 136.3 (249)™ 1419 (25.7) 1341 (22.3) 138.9 (25.3) 141.6 (23.6)° 147.0 (25.8)® 149.2 (25.0)° 145.2 (25.0)
TC (mg/dl) 188.9 (41.9)™ 184.5 (35.5)  173.3 (34.7) 185.7 (38.5) 205.6 (37.0)° 209.2 (40.1)° 193.6 (35.7)° 205.7 (38.6)
HDL (mg/dh 48.0 140)™ 500 (142) 457 (11.6) 488 (140) 489 (125™ 484 (119 478 (11.3) 485 (12.0)
LDL (mg/dl) 114.2 (37.8)™ 109.6 (32.5)  103.9 (33.7) 111.2(35.1) 129.1 (33.5)° 133.7 (36.6)° 121.0 (31.9)° 130.2 (35.0)
1G (mg/d 133.9 (67.8)™ 124.3 (58.6) 1185 (53.9) 1282 (62.7) 138.1 (56.4)™ 136.1 (52.6) 1245 (44.9) 135.3 (53.2)
FBS (mg/dl) 106.8 (35.2)™ 108.6 (45.4)  105.9 (34.8) 107.6 (40.4) 110.4 (50.2)™ 107.2 (30.0) 111.0 (32.6) 109.0 (39.2)

1) mean (std.), p<0.05: One-way ANOVA and Duncan’s multiple range test., ns: not-significant

2) Different letters (q, b, c) indicate significant differences by age group in each sex.

3) WC/HC: Wadist/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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82.3 cmol1 YHolEdlE 92.7 cmEA Z+Z} 80tjol
A & AxTHET ZAFHAG (p<0.01). BMIE 23.4
24 80t ool e AFFRL W% (p < 0.01)
WHRZ 0.882A] 60thETt 80t o]dolA E &1t
(p <0.05). &7)18¢e 80.3mmHgEA AFE zlo)7}
fem (p>0.05) FF7182 145.2 mmHgZA 60t)
B} 80 oAk dgdo] &kt (p < 0.05). FZHAH
EX)= 205.7mg/dIZA] 80 o)delld e dFTH
2kt (p<0.01). HDLL 48.4 mg/dizA AHHE x}o)7}
QI (p>0.05) LDLL 130.2 mg/dI=A] 80t) ojAke] Tt
2 Jd37EY Wkt) (p < 0.05). FAAYLS 135.3 mg/
dioji FEAEFL 109 me/digA 72 a5 xjo)7}
Aqet (p>0.05).

mebx AA 9@ SR EA X2 g HwdEE &
218 A, A%, WHR, W HDLO] ojxtRc} &2y
ol A9l 32, YgolSdl, BMI, DBP, SBP,
FZd2HE, LDL, 349A4%, ¥ FBS7I o] =9)kth WHO
71 g8t ozpglelA] WCsk WHRell 2J& B4
Tke] £4o] Yehta 3R |Ee] T ofzbngl
% rE7IEAAE O ERET 28 e dFo)
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g whde] WHR 57188 Zzh oJ=helolA
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1) HIMR|ES YEERe| HEy

ZAMEAES FEE AT & JEuAdss 3
e AES5E D 8% JUaH (lvx L = 3
WAEHAT, JELEHEFA ) ol W2 7} niekx| %o #
HAAJ-LS Table 29 2tk A9 7% BMIZ|E w}
& RRE U2 AgEsT 9 92 E AT &
J520d e} Fedo] QlojA A (BMIK 25)9] 55.7%
F AEAAR wbde] vigl? (BMI > 25) 2 36.4%%
Hl-go] Wit} (p <0.05). 74 dapbxgle) WHR WC
9] 7@l o BRI R AESE U JokridFHe
A= Aol g} (p>0.05).

NN
9

oiA1eQ1e] 73 BMIel &gt v|Rloii= o] 77.9%,

H]TRE9] 93.2%7} BlEAAlE (p < 0.01), &5 314
%5o] vvhrel 82.6%, 4] 88.7%<¢ Ho= et
WA (p <0.05) Blko] AdFRc §A83 58
H)go] o ¥t} £ BMIo| 9§ nivkre] oA
7F BE3RR] 9k20] T7%E AT 66%3 T Wk

(p <0.05). WHRel| 2jgt EHn|qko{ (of; WHR > 0.9)

EOE 4847 2 AP JURNAS AT AT
dojRut Blo] gloiN AAEY 81.3%, Biuekze
85.6%7} H1EARIT (p < 0.01). e (WO 7)
Fol oJgt wzlolRel FARY BAE AT 74.1%,
Brunkre) 89.7%7F vlEdAlols (b < 0.01), $5&
3| kol AT 91.2%, BXv|9kre) 83.4%E U
Bl (p<0.01) WCo1Ze 2l gakro] o 54 3
o £%2 31 otk T8y WCel| 9§ BRulgixial
FE Rt BESR BLo) 75%2 AT 63%
2o o #94 (p<0.01).

durE o2 FAL BMIo| <¢ vwke} daA|, WHRe]
o3 Bau|uky} FoAlolm 53} BAEYE Ao Uy
Red, £ AT 654014 w2l Az EAS Ay
FAQELS HAEASFE AAETAR} B2 AL A9
SR 7)EF ABHT 2 AW dds A vUAES
7} Bo] gtk 3QedAe] A9 258 QsE BMI
7} Frkeke Ae 22 @Zedahwle] A9 7z wjgk
AN FAFOIAL Brnul w) o 52 AU &
Aztel vlgo] W= o) Ao F Ueht vlngE
2 Qlsle] TR 27 BAE WES o = Ao
2 Bt & JRdHHN $F=A AG BH|F0)
A ERuniabr) o 3Ee GRS ke Rew U
Ebich.

2) HIOHR| 2t ORISR By

o] FAA T atd A R EE A% 2 |4
Fdoiiel ARH D Z o] ANE EAISt T A BHRAE
7 Qe XS] AdAEA S SISt (Table 3).
@Ahe?le] Z¢- BMISE WCe ¥ 671290% & &34
& FE718%, $Fd2HE, LDL, 9 FA4AL A
Al°]i (p < 0.01) HDLS S#AE B33t (p < 0.01).
WHRS $71845 & 5719905004 2718, 239
2HE, LDL, ¥ $48A%E S718h (p < 0.01) HDL
AT (p <0.01). ARl - BMIgt WCE &
TNLJAFN 7188 5718, FZe2HE, LDL,
FA, d FEAIEFE FH@Alel Y (p<0.01) HDL2
@Al (p <0.01). WHR A#QE AL & 570 &
Qo2 FEYXAHE, LDL, FAAY, FEAEZL A
Alolo] (p<0.01) HDLE d#Aolth (p<0.01).

meba gabegle] Z¢- v e A8HA fde
Q9 ABAE B W WCY AuAF7 & 7718
Z 57029 (F4718Y, FEU2HE, HDL, LDL, ¥
A ellA 7 & @ 7HRh 5ol BMIv 57]
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Table 2. Distributions of behavioral habits according to the obese indices group by sex

Habifs BMI WHR WC
Normal Overweight Total Normal Upper Total Normal Upper Total
Male
Currentsmoker No 148 ( 44.3)* 28 ( 63.6) 176 ( 46.6) 164 ( 45.8) 14 ( 60.9) 178 ( 46.7) 142 ( 44.7) 36 ( 57.1) 178 ( 46.7)

Yes 186 ( 55.7)
Current drinker  No 172 ( 51.5)
Yes 162 ( 48.5)
Physical activity No 266 ( 79.6)

25 ( 56.8)
19 ( 43.2)

16 ( 36.4) 202 ( 53.4) 194 ( 54.2)
197 ( 52.1) 187 ( 52.2)
181 ( 47.9) 171 ( 47.8)
35 ( 79.5) 301 ( 79.6) 283 ( 79.0)

9 (39.1) 203 ( 53.3) 176 ( 55.3)
11 ( 47.8) 198 ( 52.0) 163 ( 51.3)
12 (52.2) 183 ( 48.0) 155 ( 48.7)
21 (1 91.3) 304 ( 79.8) 257 ( 80.8)

27 ( 42.9) 203 ( 53.3)
35 ( 565.6) 198 ( 52.0)
28 (1 44.4) 183 ( 48.0)
47 ( 74.6) 304 ( 79.8)

Yes 68 ( 20.4) 90205 77(204 75(21.0) 2( 87) 77(202 61(192) 16(254) 77 (202

Stress No 244 ( 73.0) 34 (773) 278 ( 73.5) 262 ( 73.2) 19 (1 82.6) 281 ( 73.8) 238 ( 74.8) 43 ( 68.2) 281 ( 73.7)

Yes 90 ( 27.0) 10 ( 22.7) 100 ( 26.5) 96 ( 26.8) 4(17.4)100( 262) 80( 252 20 ( 31.8) 100 ( 26.3)

Total 334 (100.0) 44 (100.0) 378 (100.0) 358 (100.0) 23 (100.0) 381 (100.0) 318 (100.0) 63 (100.0) 381 (100.0)

Energy/fat No 308 ( 99.3) 37 (100.0) 345 ( 99.4) 329 ( 99.4) 19 (100.0) 348 ( 99.4) 294 ( 99.3) 54 (100.0) 348 ( 99.4)
over-eating

Yes 2( 07) 0 2( 06

Lack c?f some No 234 ( 75.5)
nutrient intake

Yes 76 ( 245) 6(162) 82(23.6)

2( 06 0
31 ( 83.8) 265 ( 76.4) 253 ( 76.4)

78 ( 23.6)

2( 06 2 07 0 2( 06

14 ( 73.7) 267 ( 76.3) 223 ( 75.3) 44 ( 81.5) 267 ( 76.3)

5(263) 83(237) 73(247) 10(185) 83( 23.7)

Total 310 (100.0)

37 (100.0) 347 (100.0) 331 (100.0)

19 (100.0) 350 (100.0) 296 (100.0) 54 (100.0) 350 (100.0)

Female

Current smoker  No 303 ( 77.9)** 177 ( 93.2) 480 ( 82.9) 287 ( 81.3)** 196 ( 85.6) 483 ( 83.0) 186 ( 74.1)**297 ( 89.7) 483 ( 83.0)

Yes 86 ( 22.1) 13C 68 99(17.1) 66(187) 33(144) 99 (1700 65(259 34(103) 99( 17.0)
Current drinker  No 334 ( 859) . 171 ( 90.0) 505 ( 87.2) 306 ( 86.7) 201 ( 87.8) 507 ( 87.1) 213 ( 84.9) 294 ( 88.8) 507 ( 87.1)

Yes 55( 14.1) 190100 74(128) 47(133) 28(122) 75( 129 38(151) 37(11.2) 75( 129
Physical activity No 345 ( 88.7)* 157 ( 82.6) 502 ( 86.7) 307 ( 87.0) 198 ( 86.5) 505 ( 86.8) 229 ( 91.2)** 276 ( 83.4) 505 ( 86.8)

Yes 44 (11.3) 33(174) 77 (133) 46(13.0) 31135 77(132) 22( 88 55(166)7 7132
Stress No 244 ( 62.7) 126 ( 66.3) 370 ( 63.9) 219 ( 620) 152 ( 66.4) 371 ( 63.7) 153 ( 61.0) 218 ( 65.9) 371 ( 63.8)

Yes 145 ( 37.3) 64 (133.7) 209 (1 36.1) 134 ( 380) 77 (1 33.6) 211 ( 36.3) 98 ( 39.0) 113 ( 34.1) 211 ( 36.2)
Total 389 (100.0) 190 (100.0) 579 (100.0) 353 (100.0) 229 (100.0) 582 (100.0) 251 (100.0) 331 (100.0) 582 (100.0)
Energy/fat No 360 (100.0) 183 (100.0) 543 (100.0) 331 (100.0) 215 (100.0) 546 (100.0) 236 (100.0) 310 (100.0) 546 (100.0)

over-eating
Yes O 0 0 0 0 0 0 0 0

Lack of some No 239 ( 66.4)"
nutrient intake

141 ( 77.0)

Yes 121 ( 33.6) 42 ( 23.0) 163 ( 30.0)

380 ( 70.0) 233 ( 70.4)

98 ( 29.6)

148 ( 68.8) 381 ( 69.8) 149 ( 63.1)**232 ( 74.8) 381 ( 69.8)

67 (1 31.2) 165 ( 30.2) 87 ( 369) 78 ( 252) 165 ( 30.2)

Total 360 (100.0)

183 (100.0) 543 (100.0) 331 (100.0)

215 (100.0) 646 (100.0) 236 (100.0) 310 (100.0) 546 (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 to hip ratio, upper body fat = male = 1.0 and female
> 0.9. normal = other) WC: waist circumference, upper body fat = male = 90 cm, female > 80 cm)

d¢h, WHRES FEA|d ot w9tk oizleqle] 7A$
BMIZ}F 771 & 470182 (%718, £EdAEE, HDL,
2 LDL) 9] AaAF7E 7P 23 WCE 3719 i
WHRE sPE glglct. o] 3aaAIZYE Eakeele WC
7}, o2l BMIZF A83AAE 2213 A-sle] 71
£& A¥olm] WHRE 257 F4| skl A 20~604
HAYQIAES g oz 3t AT o)} H%E A
e B

3) ¥ N YHZH I HQR)E bl

FEUAE 2SS BBV E (2Ze2HEF, HDL

o4, LDL o), 4o, 18y, 9y, 9 &4 &
AT el b f7Fe FAre s BRsle] AdaAY
i BIREA RS Aol v ERTh (Table 4). A
R1¢] 79 BMIx= AEAAADE 770 FolAd 67471 A
Hog foste] nF#AEHES, HDL ©1d, LDL o4,
F4AHoY, W n¥hre] BMIY] o] w343 (p <
0.01) dAEFARE= Wtk (p<0.01). WHRS 547 ¥
ARoz sy nZY2eEF, HDL 14, LDL o4,
FTAATE, 2 1A WHRe] #9}tt (p < 0.05).
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Table 3. Age and smoking adjusted partial correlation coefficients between cardiovascular risk factors and obesity indices

Factors Male Female
BMI WHR wC BMI WHR WC
DBP (mmHg) 0.2310** 0.1010 0.2363** 0.1062* 0.0478 0.1283**
SBP (mmHg) 0.2808** 0.1824** 0.2780** 0.1354** 0.0330 0.1223**
TC (mg/dh) 0.2951** 0.2394** 0.3055** 0.1809** 0.1404** 0.1715*
HDL (mg/dh —0.2426™* —0.2072** -0.2538** -0.1269** -0.1167* —0.1239**
LDL (mg/dD - 0.3081* 0.2218** 0.3089** 0.1913** 0.1457** 0.1797**
TG (mg/dh) 0.3197** 0.3487** 0.3617** 0.1684** 0.1587** 0.1689**
FBS (mg/dD 0.0349 0.0838 0.0680 0.1362** 0.1641** 0.1961**

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 blood pres-
sure, TC: Total cholesterol, HDL/LDL: High/low density lipoprotein cholesterol, TG: Trigiyceride, FBS: Fasting glucose

Table 4. Obese indices according io whether or not having each cardiovascular risk factor in each sex

Male Female
Risk factors
BMI WHR wC BMI WHR wC
) No 21.3 (2.8)* 0.90 (0.1)* 80.8 (8.7)** 23.3 3.6)* 0.88 (G.1)* 818 (10.2)**
Hypercholesterolemia
Yes 23.2 (2.8) 0.94 (0.1 85.9 (8.7) 24.1 (3.3) 0.91 (0.1 84.8 ( 8.9)
Low HDL No 213 2.8)* 0.90 (0.1)** 80.2 (8.5)** 23.3 (3.6)* 0.88 (0.1 82.0 (10.0)
w
Yes 22.1 (2.8) 092 (0.1 83.6 (8.5) 240 (3.3) 0.90 (0.1) 83.7 ( 9.7}
High LDL No 20.3 (2.5)** 0.88 (0.1)** 77.0 (7.6)** 226 3.4 0.88 (0.1) 81.0 (10.3)
i
9 Yes 21.8 (2.8) 0.91 (0.1 82.2 (8.6) 23.6 (3.6) 0.89 (0.1) 82.5 (10.1)
. . No 21.3 (2.8)** 0.90 (0.1)* 80.5 (8.5)** 23.3 (3.6)* 0.88 (0.1)* 82.0 (10.2)*
Hypertriglyceride
Yes 229 (2.9} 0.93 (0.1) 85.6 (8.9) 243 (3.1) 0.91 (0.1) 84.5 ( 9.0)
. No 205 (2.6)** 0.89 (0.1)* 77.4 (7.7)** 222 (3.6)** 0.88 (0.1) 792 ( 9.2)*
Hypertension :
Yes 21.6 (2.9) 091 (G.1) 81.7 (9.0) 23.7 (3.5) 0.89 (0.1) 82.8 ( 9.8)
Diabet No 21.4 (2.8) 0.90 (0.1) 80.7 (8.6) 23.3 (3.6)** 088 (G.H)* 816 (9.8)*
iabetes
Yes 21.7 2.9 - 092 @01 83.1 (9.1) 24.4 (3.6) 091 (0.1) 86.6 (10.7)
No 22.0 (3.0)* 091 (0.1 82.0 (9.3) 23.9 (3.5)** 0.89 (0.1) 83.1 (10.0)**
Current smoker
Yes 21.1 (2.6) 0.90 (G.1) 80.5 (8.1) 214 (3.3 0.87 (0.1) 782 ( 9.5)

1) mean (std), 2) t-test. *: P<0.05, **: p<0.01

( < 0.01). oixhQle] A$ BMIE 770 AEBANLT
oM zpolzt Aded EAFNAAR= BMIY FFo] Wi
(p<0.01) U2 671 YPTIM =4t (p <0.05). WHR
INABT & DEHAHET (p <0.01), FAAHo]
4 (p<0.05), ¥ FadPF (p<0.0D A Etth WC
570 187 & LEU2EHES (0 <0.01), FAHAYe]
A (p<0.05), 28 (p<0.0D), 2 = (p<0.01) 44
B Y EU7F %1 dAFARE BT (p<0.01).
by FUEF BMIS 32 #AE A e U]
AdBAAY BT TR 7 v g5 HFol =
otk zev Z BRR| RO Fgkel wEd AgaAs)
ol &3k FAhel2 nigte] S3o] glovt oxheql
& BMIE A9)3t WHR¥ WColA AdaAYE 7Y o
Bayule] 248 Bt 78R8 2880] sk 1«
ARG EAY 257 Ag RS @ BMIET 5
599 HjukE ZAsH= WHRoW WC7F Ag A3

flo

o

rir

¢ Agshed BoHol,

4) MEUYHE 0 HMAIESY EfFL H|l

AEAAAE e diFt NI EES] ASHES Hln
317} gslol AHBANTERQ 9719 CVDo&o R, 919
971 $18.eclo] 17] ol A& A%, L 370 ol A& A
$5 1271X9) 492 ROC FAloleiaz oz BA313ith
(Table 5). A=A Z} vk R2] Aol Fo] F
ARoz g3t AL WHR7} 127) oA 10712 7+
%3 WCs BMIZF 2+ 9/t (p < 0.05). 23y 7}
A 7o) FAotedA ] F71E vlwsirE WC7t 570 (5
%719¢, LDL, TG, 8T, E 37lo)1de] AEaAH
#F2s /KM E 7P B9tk I tho® WHRS 4
N (HDL, 3xdAE8T, dAEAx) 17 o Ag8aA4
29 7D, BMIE 370 (F3718 F2d28%
2], @ AEAART 2 Vel ojxbegle] A9 Falop
YPdgo] FAHo 2 {23 AL BMIZ} 1270 FollA 11
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Table 5. Area (95% confidence interval) under the Receiver operator characteristic curve for the obesity indices by sex

WHR

WC

Factors BMI

Male

DBP 0.662 (0.589 — 0.735)**
SBP 0.626 (0.570-0.681)**
C 0.679 (0.571 —0.786)**
HDL 0.591 (0.530-0.653)**
LDL 0.653 (0.593-0.713)**
TG 0.666 (0.580-0.751)*"
Diabetes 0.520 (0.438 - 0.601)
Smoking 0.410 (0.353 —0.468)**
Hypertension 0.620 (0.550 —0.691)**
CVD 0.526 (0.454 —0.598)

One more risk factors
Three more risk factors

0.676 (0.438 - 0.915)
0.578 (0.519 - 0.636)"

0.587 (0.511 - 0.663)*
0.600 (0.544 —0.656) **
0.666 (0.556 -0.777)**
0.632 (0.571 —0.692) **
0.636 (0.570—0.701)**
0.640 (0.562 -0.718)**
0.592 (0.509 —0.676)*
0.471 (0.413 - 0.529)
0.591 (0.515-0.667)*
0.524 (0.455—0.594)
0.834 (0.691 —0.978)*
0.608 (0.549 — 0.666)**

0.648 (0.570—0.725)**
0.632 (0.576 - 0.687)**
0.662 (0.549-0.775)*
0.623 (0.563 —0.683)**
0.671 (0.612-0.730)**
0.673 (0.593 —0.754)**
0.576 (0.493 — 0.660)
0.450 (0.392—0.509)
0.650 (0.584-0.716)**
0.522 (0.455 - 0.589)
0.819 (0.636 —1.002)*
0.612 (0.554—0.670)**

Female

DBP 0.572 (0.518 - 0.625)**
SBP 0.585 (0.540-0.631)**
C 0.569 (0.514-0.624)*
HDL-chol 0.557 (0.506 ~0.608)*
LDL-chol 0.589 (0.518 -0.661)*
TG 0.583 (0.522 —0.645)*
Diabetes 0.599 (0.537 - 0.662)**
Smoking 0.290 (0.236 —0.345)**
Hypertension 0.636 (0.571 —0.700)**
CVvD 0.569 (0.518 -0.620)0*

One more risk factors
Three more risk factors

0.664 (0.422 — 0.906)
0.564 (0.517 ~0.611)*

0.520 (0.465 — 0.574)
0.527 (0.481 —0.572)
0.617 (0.562 ~ 0.673)**
0.542 (0.490 — 0.594)
0.540 (0.466 — 0.614)
0.593 (0.528 ~ 0.659)**
0.600 (0.536 — 0.664)**
0.439 (0.375 - 0.503)
0.519 (0.454 - 0.584)
0.550 (0.498 ~ 0.602)
0.530 (0.286 ~ 0.774)
0.567 (0.520 - 0.614)**

0.573 (0.520 - 0.626)**
0575 (0.530 — 0.620)**
0.589 (0.535 — 0.643)**
0.543 (0.491 —0.595)
0.554 (0.480 — 0.629)
0.575 (0.510 - 0.640)*
0.642 (0.581 —0.703)**
0.356 (0.297 —0.415)**
0.610 (0.547 — 0.673)**
0.573 (0521 —0.625)**
0.594 (0.408 — 0.780)
0.563 (0.516—0.610)**

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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FAolgdAAo] 7hg B2 2 BMIZE 571 (57184,
HDL, LDL, 3848 T, 2 174 o) AdaALdS
7FA ), WHRe] 470 (FFA2HER, 49, A%
Az 2 374 o) AEEALE R B, ® WCt 3
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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

BMI WHR WC
Factors Cut-off Sen- Spe- Cut-off Sen- Spe- Cut-off Sen- Spe-

value sifivity cificity value sitivity cificity value sitivity cificity
Male
DBP 21.74 10.672 0.625 0.922 0.567 0.618 84.55 0.537 0.717
SBP 21.63 0.566 0.661 0.925 0.491 0.701 81.95 0.600 0.652
Chol 21.32 0.773 0.529 0.912 0.773 0.561 85.95 0.591 0.743
HDL 21.20 0.611 0.555 0.925 0.549 0.675 81.65 0.628 0.587
LDL 21.C0 0.608 0.643 0.905 0.546 0.694 80.05 0.604 0.673
G 23.52 0.500 0.791 0.887 0.826 0.434 82.35 0.739 0.606
Diabetes 20.74 0.667 0.430 0.911 0.648 0.570 83.45 0.519 0.652
Hypertension 19.90 0.729 0.485 0.900 0.554 0.636 83.45 0.425 0.879
Smoking 16.68 0.980 0.039 0.805 0.946 0.084 68.4 0.961 0.067
CVD 25.80 0.148 0.940 0.843 0.877 0.206 72.15 0914 0.206
One more risk factors 19.02 0.809 0.600 0.841 0.836 0.800 71.30 0.874 0.800
Three more risk factors 19.91 0.751 0.383 0.905 0.593 0.623 81.95 0.580 0.642
Female
DBP 23.45 0.620 0.554 0.888 0.528 0.548 79.85 0.704 0.459
SBP 2272 0.637 0.542 0.906 0419 0.690 80.95 0.605 0.567
Chol 2222 0.728 0.406 0.886 0.658 0.560 7490 0.895 0.260
HDL 19.75 0.940 0.174 0.851 0.752 0.337 73..25 0.879 0.203
LDL 21.12 0.775 0.420 0.830 0.811 0.290 76.90 0712 0.420
G 20.92 0920 0.260 0.853 0.853 0.342 74.65 0.893 0.242
Diabetes 2521 0.468 0.729 0.903 0.543 0.645 80.05 0.766 0.471
Hypertension 21.87 0.702 0.549 0.897 0.441 0.646 87.35 0.354 0.829
Smoking 34.92 0.010 0.998 0.999 0.101 0.936 61.00 1.000 0.010
CVD 22.03 0.744 0.402 0.923 0.365 0.731 80.25 0.660 0.484
One more risk factors 19.04 0.904 0.500 0.883 0.494 0.750 85.65 0.375 1.000
Three more risk factors 21.80 0.733 0.381 0.869 0.637 0.482 89.15 0.337 0.783

BMI: Body mass index, WHR: Waist to hip ratio,"WC: waist circumference, DBP: Dicstolic 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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