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Comparison of Health Risks according to the Obesity Types Based Upon BMI and
Waist Circumference in Korean Adults: The 1998-2005 Korean National Health and

Nutrition Examination Surveys®

Lee, Yul Eui - Park, Ji Eun - Hwang, Ji-Yun - Kim, Wha Young®
Department of Nutritional Science and Food Management, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to examine the health risks according to the obesity types based upon body mass index
(BMI) and waist circumference (WC) cutoffs. The subjects were 8,966 adults aged 40—79 years from the 1998, 2001
and 2005 Korean National Health and Nutrition Examination Surveys. The subjects were classified into 4 types of obesity
groups based on BMI and WC: BMIWC (BMI= 25 kg/m® and WC = 90 cm for males and > 85 cm for females),
WC (BMI <25 kg/m” and = 90 cm for males and > 85 cm for females), BMI (BMI > 25 kg/m* and <90 cm for
males and < 85 cm for females), normal (BMI <25 kg/m” and <90 cm for males and <85 cm for females) groups.
More than half (n = 5,103) of the subjects fell into the normal group and BMIWC group accounts for 58%, followed
by BMI group of 27% and WC group of 16%. Mean ages of subjects were highest in WC group and lowest in BMI
group. Blood levels of total cholesterol, triglyceride, LDL-cholesterol and glucose, and blood pressures were higher and
HDL-cholesterol was lower in 3 types of obesity groups (BMIWC, WC, BMI) than in the normal group. Among the
3 obesity groups, energy and fat intake was significantly higher in BMIWC than in normal group in males, however, no
differences were found among the 4 groups in females. The three obesity groups had greater odds ratios for hyper-
tension, diabetes mellitus, hypercholesterolemia, hyper-LDL-cholesterolemia, hypo-HDL-cholesterolemia, hypertrigly-
ceridemia, and metabolic syndrome compared to the normal group. Among 3 obesity groups, BMIWC group had the
highest odds ratios for hypertension, diabetes mellitus, and metabolic syndrome. Especially BMIWC and WC groups
showed the highest odds ratios for diabetes mellitus and metabolic syndrome, suggesting the potential role of ab-
dominal obesity in diabetes mellitus and metabolic syndrome. Our data indicate that different types of obesity may
show different degrees of health risks. The appropriate selection and use of obesity indexes may be effective for mana-
gement of obesity as well as obesityrelated diseases. (Korean J Nutr 2009; 42(7): 631~638)
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Table 1. The characteristics of the subjects according to obesity types

Male (n=3,889)

Female (n=5,077)

Normal BMIWC WC BMI Normal BMIWC WC BMI
2,371 (61.0) 835 (21.5)? 240 (6.2) 443 (11.4) 2,732 (53.8) 1,386 (27.3)” 359 (7.1) 600 (11.8)

Age 550+ 10.4° 536+ 100 57.4+10.1° 51.0+ 89" 539+ 10.9° 57.6+10.2° 60.6 = 10.1° 51.7 + 9.8°

Waist circum- 810+ 53" 954+ 44" 925+24° 865+32° 758+51° 921 +56° 88.6+33 812+33
ference (cm)

BMI (kg/m?2) 21 +17%° 273+18" 239+09> 260+1.0° 222+146" 27.9+22° 238+1.0° 261+1.2°

Total cholesterol 187.4 + 34.2° 199.5 + 35.7° 196.2 + 39.1° 196.0 + 35.2° 192.3 + 35.4°205.2 + 36.1°207.6 + 37.4° 197.0 + 37.1°
(mg/dL)

HDL cholesterol ~ 46.9 + 12.1° 41.5+9.6° 439 +11.1° 41.0+9.1° 491 + 11.6° 453 + 10.5° 46.5 + 10.9° 47.5 + 10.8°
(mg/dL)

LDL cholesterol ~ 112.1 + 32.5% 121.2 + 33.3° 118.6 + 35.8° 120.1 = 32.7° 119.5 + 31.7°129.2 + 33.1°131.7 + 33.5° 123.7 + 33.7°
(mg/dL)

Total friglyceride 142.1 + 78.2°184.3 + 112.9° 168.7 + 86.7° 174.3 + 93.2°

(mg/dL)
Glucose (mg/dL) 101.3 £ 29.19108.1 + 26.8°
SBP (mmHg)
83.8 = 13.1°

DBP (mmHg) 80.4 £ 11.3° 86.4 = 11.6°

107.7 £ 32.6° 1019 = 249 % 97.2 + 27.6°106.5 + 28.6° 107.6 + 43.2°
127.6 £ 19.8°134.0 £ 19.2° 134.4 + 2291283 + 16.8°
84.2 +10.9°

118.7 + 65.0° 153.5 + 75.8° 147.2 + 68.6°°129.2 + 76.3°

99.3 + 23.1°
123.1 +20.5° 133.5 + 20.9° 131.7 = 21.8° 125.1 + 19.1°
76.6 +10.8° 82.0 + 11.0° 80.0 + 10.2° 79.1 + 10.5°

1) Statistical significance was tested after adjusting for age
2) N (%)
3) Mean + S.D.

4) Values with different alphabets are significantly different among the four groups at p <0.05 by bonferroni test
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Table 2. Nutrient infakes of the subjects according to obesity types
Male (n = 3,889) Female (n=15,077)
Normal BMIWC WC BMI Normal BMIWC WC BMI
(n=2,371) (n =835) (n = 240) (n = 443) (n=2732) (n=1,386) (n = 359) (n = 600)
Energy (kcal)  2092.1 + 15.0°2211.2 + 28.6°” 2105.2 + 48.07°2224.1 + 35.7°°1693.0 + 12.2 1666.8 £ 16.3 1614.6 + 30.1 1690.7 + 24.3
Protein (@) 815+10 873+17 81.1+2.6 882+ 2.5 649109 621409  634+30 627413
Fat (g) 367 £06° 41.6+12° 36417 41.6+14" 286+05 25706 218+£09  283+08
Carbohy- 336.6+24 3483+43  3422+79  3475+55  291.5+20 294.6+29 2909 +57 2940+ 4.3
drate (g)
Calcium (mg) 5592+ 84 5738+ 131 580.1 £27.3 5918+ 160 4909 +7.6 A467.4+89 4683+ 19.5 4882+ 13.2
Iron (mg) 157 + 0.2 161403 162+ 0.7 159 + 0.4 129+02 127+02 134+05 133+ 0.4
Vitamin A (zgRE) 7252 + 167 7749 +28.1 6704+ 48.1 791.6+320 6208+ 13.1 593.6+ 182 511.5+28.1 661.5+ 30.1
Thiamin (mg) 096 +0.18° 1.15+003° 085+005 1.13+004" 078+001 073+002 063+003 084+003
Rivoflavin (mg) 075+ 002° 089 +003° 071 +005° 091+004° 065+001 059+002 056+003 049 +003
Niacin (mg) 183+02° 200+ 04° 182+07° 201 +05% 143+02 139+02 131+04 143403
Vitamin C (mg) 1219 +20  129.1 + 39 1M1.7+56 131.7+50 1253+21 1201 +32 1169+54 1334+ 48
Protein 385+ 04 389 + 0.5 382+08 390+ 1.2 377+05 369+04 38314  366+05
(g/1,000 kcal)
Fat 165+ 0.2 175+03 167 + 0.6 17.9 + 0.4 158+02 147+02  13.1+04 160+ 0.3
(g/1,000 keal)
Carbohydrate 165.1 0.7 1623+ 1.2 1655+20 1604+15 1756+05 1790+07 181714 1761 +1.1
(g/1,000 kcal)
Calcium 2705+ 3.6 2644+ 60 2835+ 126 2746+69 2920+ 41 2841+ 48 2882+94 2923+75
(mg/1,000 kcal)
Iron 7.6+009  7.3+0.13 7.8 +0.27 7.3+0.16 76+010 76+0.12 81+025 79+023
(mg/1,000 kcal)
Vitamin A 3407+ 67 3514+ 115 3156+209 35924129 361.8+7.1 3569+11.0 3250+ 179 3837+ 159
(1gRE/1,000 keal)
Thiamin 043 £001° 0.50+001° 041 =002 049 +002" 045+001 043+£001 039+002 0.48 = 0.01
(mg/1,000 kcal)
Rivoflavin 0.34+001° 039+001° 033+002° 041+001° 037+001 035+001 034+002 0.40+0.0]
(mg/1,000 kcal)
Niacin 86+008  88+0.12 8.5+ 0.22 9.0 +0.14 83+006 82+010 79+016 83+0.13
(mg/1,000 kcal)
Vitamin C 59.4+09  59.1+146 55.6 + 3.0 609 + 2.2 752+12 723+16 741+£34  795+27
(mg/1,000 kcal)
% Carbohydrate  66.0 +0.26  64.9 + 0.46 662+078  642+0.61 707 +021 719+028 73.1+056 707 +0.42
% Protein 154+0.15 156+ 020 153+033 156+022 150+0.10 148+0.13 150+034 147 +0.19
% Fat 149 £0.17 157 +0.29 15.1 + 0.5 161 039 144+016 133+021 11.9+036 14.5+03]

1) Statistical significance was tested after adjusting for age

2) Mean = S.E.

3) Values with different alphabets are significantly different among the four groups at p<0.05 by bonferroni test
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Table 3. Odds ratios (OR) for health risks according to obesity types
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Male (n = 3,889)

Female (n=5,077)

Normal ~ BMIWC wC BMI Normal  BMIWC wC BMI
Crude OR
Hypen‘ension” 1.00 2.51 1.77 1.44 Hyper‘rension” 1.00 2.96 1.93 1.29
(nh=1,527) (214,295 (1.36,2.31) (1.17,1.77)  (n=1,748) (2.58,3.39) (1.54,2.42) (1.06,1.56)
Diabetes mellitus” 1.00 1.74 1.75 0.86 Diabetes melitus” 1.00 2.81 2.83 1.26
(n = 498) (1.40,2.17) (1.22,2.49) (0.61,1.21) (n=1548) (2.30, 3.45) (2.08,3.86) (0.92,1.74)
Hypercholesterolemia®  1.00 1.94 1.79 1.88 Hypercholesterolemia®  1.00 2.04 2.26 1.47
(n=2337) (1.49,2.53) (1.16,2.75) (1.35,2.61) (n=635) (1.69,2.47) (1.68,3.03) (1.12,1.93)
High LDL cholesterol”  1.00 1.77 1.75 2.17 High LDL cholesterol”  1.00 1.92 221 1.56
(h=2317) (1.34,2.33) (1.12,2.73) (1.57,3.01) (n=648) (1.59,2.33) (1.65,2.97) (1.20,2.03)
Low HDL cholesterol”  1.00 2.04 1.45 2.19 Low HDL cholesterol”  1.00 1.74 1.45 1.35
(n=1,549) (1.74,2.40) (1.10,1.89) (1.78,2.69)  (n=1,403) (1.51,2.00)0 (1.14,1.85 (1.11,1.65)
Hypertriglyceride® 1.00 2.26 1.59 2.07 Hypertriglyceride” 1.00 2.55 217 1.38
(n=872) (1.89,2.71) (1.17,2.18) (1.65,2.61)  (n=688) (2.12,3.06) (1.61,2.92) (1.05,1.81)
Metabolic syndrome”  1.00 14.58 9.78 217 Metabolic syndrome”  1.00 (]]53?;'; 11.70 1.41
(n=1,157) (12.07,17.60) (7.36,13.0) (1.70,2.77) (n=1,686) 17 [';4)’ (9.18,14.91) (1.11,1.78)
Adjusted OR”
Hyperfension” 1.00 2.78 1.65 1.74 Hypertension” 1.00 2.60 1.24 1.64
(n=1,527) (2.35,3.28) (1.25,2.16) (1.402.15)  (n=1748) (2.25,301) (0.97,1.59) (1.34,2.02)
Diabetes mellitus” 1.00 1.81 1.66 0.96 Dicbetes melitus” 1.00 2.49 2.20 1.42
(n = 498) (1.45,2.26) (1.16,2.37) (0.68,1.35) (n=548) (2.03,3.05 (1.61,3.02) (1.02,1.96)
Hypercholesterolemia®  1.00 1.90 1.86 176 Hypercholesterolemia®  1.00 1.84 1.85 1.60
(n=2337) (1.46,2.48) (1.21,2.87) (1.26,2.46) (n=635) (1.52,2.23) (1.37,2.50) (1.22,2.10)
High LDL cholesterol”  1.00 1.74 1.80 2.07 High LDL cholesterol’ ~ 1.00 1.73 1.81 1.70
(h=2317) (1.32,2.29) (1.15,2.82) (1.49,2.87) (n=648) (1.43,2.10) (1.34,2.43) (1.31,2.22)
Low HDL cholesterol”  1.00 207 1.42 225 Low HDL cholesterol”  1.00 1.62 1.27 1.42
(n=1,549) (1.76,2.43) (1.09,1.87) (1.83,2.77) (n=1,403) (1.40,1.87) (0.99,1.62) (1.17,1.73)
Hypen‘riglyceride“ 1.00 2.22 1.67 1.94 Hyper’rriglyceride") 1.00 2.36 1.86 1.46
(n=872) (1.85,2.65) (1.22,2.28) (1.54,2.44) (n=688) (1.96,2.83) (1.38,2.52) (1.11,1.92)
Metabolic syndromeﬂ 1.00 15.07 9.55 2.31 Metabolic syndromen 1.00 (]153?)2 9.59 1.67
(n=1,157) (12.46,18.23) (7.18,12.7) (1.80,2.96) (n=1,686) 18 ]'2)’ (7.45,12.33) (1.31,2.13)

1) Hypertension: SBP > 140 mmHg or DBP = 90 mmHg or hypotensive agent medication
2) Diabetes Mellitus: FBS > 126 mg/dL or hypoglycemic agent, insulin medication

3) Hypercholesterolemia: total cholesterol > 240 mg/dL
4) High LDL cholesterol: LDL-cholesterol = 160 mg/dL

5) Low HDL cholesterol: HDL-cholesterol < 40 mg/dL

6) Hypertriglyceride: total triglyceride = 150 mg/dL

7) Metabolic syndrome: waist circumference male > 90 cm, female > 85 cm, total triglyceride > 150 mg/dL, HDL-cholesterol male
<40 mg/dL, female <50 mg/dL, SBP or DBP = 130/85 mmHg, glucose =110 mg/dL - more than 3 factors

8) Adjusted for age
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Table 4. Odds ratios (OR) for health risks among the obesity type groups

Male (n=1,518)

Female (n = 2,345)

BMI BMIWC wC BMI BMIWC WC

Crude OR

Hypertensionh 1.00 1.75(1.39,2.21) 1.23 (0.90, 1.69) Hypertensionh 1.00 229 (1.87,2.81) 1.50 (1.14,1.97)
(n=752) (n=1,038)

Diabetes mellitus” 100 202 (1.41,2.90) 203 (1.29,320) Diabetes mellitus” 1.00 2.23 (1.63,3.06) 2.24 (1.51,3.32)
(n =235) (n=2357)

Hypercholes’rerolemio3) 1.00 1.04 (0.73,1.48) 0.95 (0.58, 1.56) Hypercholes’rerolemio3) 1.00 1.39 (1.05,1.83) 1.54 (1.08,2.19)
(n=180) (n =383)

High LDL cholesterol” 1.00 0.81 (0.57,1.16) 0.80 (0.49,1.33)  High LDL cholesterol” 1.00  1.23 (0.94,1.61) 1.42 (0.99,2.01)
(n=169) (n=387)

Low HDL cholesterol” 100 093 (0.74,1.18) 0.6 (0.48,0.91)  Low HDL cholesterol” 1.00 1.29 (1.05,1.58) 1.07 (0.81, 1.43)
(n=756) (n=765)

Hypertriglycerideé’ 1.00 1.09 (0.85,1.40) 0.77 (0.54,1.10) Hypertriglycerideé’ 1.00 1.85(1.41,2.44) 1.58 (1.10, 2.26)
(n = 462) (n=432)

Metabolic syndrome” 1.00 6.72 (5.18,8.72)  4.51 (3.22,6.31)  Metabolic syndrome” 1.00 10.88 (8.58, 13.81) 8.32 (6.16,11.24)
(n = 837) (n=1,317)

Adjusted OR”

Hyperfension” 1.00 1.61 (1.27,2.04) 0.96 (0.69, 1.34) Hyperfension” 1.00 1.64 (1.32,2.03) 0.81 (0.60, 1.10)
(n=752) (n=1,038)

Diabetes mellitus” 1.00 1.88 (1.31,2.71) 1.71 (1.07,2.73) Diabetes mellitus” 1.00 1.81 (1.31,2.50) 1.62 (1.08, 2.44)
(n =235) (n=357)

Hypercholes’rerolemioa) 1.00 1.11(0.78,1.60) 1.15(0.69,1.91) Hypercholes’rerolemioa) 1.00  1.20 (0.91,1.60) 1.24 (0.86,1.79)
(n=180) (n=2383)

High LDL cholesterol”  1.00 0.87 (0.61,1.24)  0.94 (0.57,1.58)  High LDL cholesterol’ ~ 1.00  1.05 (0.80, 1.39) 1.12 (0.78, 1.61)
(n=169) (n=2387)

Low HDL cholesterol” 1.00 091 (0.72,1.15)  0.62 (0.45,0.86)  Low HDL cholesterol” 1.00  1.14 (0.92,1.41) 0.89 (0.66,1.19)
(n=756) (n=765)

Hypen‘riglycerideé‘ 1.00 1.14 (0.89,1.46) 0.85 (0.59, 1.23) Hypen‘riglycerideé‘ 1.00  1.66 (1.25,2.20) 1.33 (0.92,1.93)
(n = 462) (n =432)

Metabolic syndrome7’ 1.00 6.51 (5.02,8.46) 4.11 (2.92,5.80) Metabolic syndrome7’ 1.00 9.18 (7.19,11.73) 5.78 (4.23,7.90)
(n =837) (n=1,317)

1) Hypertension: SBP > 140 mmHg or DBP > 90 mmHg or hypotensive agent medication
2) Diabetes Mellitus: FBS > 126 mg/dL or hypoglycemic agent, insulin medication

3) Hypercholesterolemia: total cholesterol > 240 mg/dL
4) High LDL cholesterol: LDL-cholesterol > 160 mg/dL

5) Low HDL cholesterol: HDL-cholesterol < 40 mg/dL

6) Hypertriglyceride: fotal triglyceride > 150 mg/dL

7) Metabolic syndrome: waist circumference male > 90 cm, female > 85 cm, total triglyceride = 150 mg/dL, HDL-cholesterol male
<40 mg/dL, female < 50 mg/dL, SBP or DBP = 130/85 mmHg, glucose = 110 mg/dL - more than 3 factors

8) Adjusted for age
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