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ABSTRACT

Objectives: This study was conducted to examine the relationship between white rice
and Kimchi intakes and the risk of metabolic syndrome (Mets) in Korean adults.

Methods: Dietary intake and health data of 8289 subjects aged 19 years and over from
the 2013-2015 Korea National Health and Nutrition Examination Survey (KNHANES)
were used. Daily total intake of white rice and Kimchi was assessed by 24-hour recall
data. Multivariate logistic regression analysis was used to estimate the risk of Mets
according to the daily intake of white rice and Kimchi.

Results: The highest intake of white rice and Kimchi was associated with a higher risk
of metabolic syndrome (Q1 vs QS, multivariable adjusted OR=1.45, 95% CI: 1.03-2.03)
in women. In addition, a significantly increased risk of elevated blood pressure
(multivariable adjusted P for trend 0.0459) was associated with a higher intake of white
rice and Kimchi in women. There was no significant trend in the risk of metabolic
syndrome according to the intake of white rice and Kimchi in men.

Conclusions: A higher intake of white rice and Kimchi was only associated with an
increased risk of metabolic syndrome in women indicating it is necessary to consume
more various food groups beside white rice and Kimchi, especially in women.
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Table 1. General characteristics of Korean adults according to quintiles of white rice and Kimchi intake

Men (n=3,335) Women (n=4,954)
Quintiles of white rice and Kimchi intake py Quintiles of white rice and Kimchi intake py
Ql Q3 Q5 Ql Q3 Q5
N 667 667 667 990 991 991
White rice (Q)
Mean + SE 765 £ 23 191.0+ 27 3019+ 52 392+ 1.3 1242 £ 1.9 2291 £ 40
Median 720 195.2 303.1 39.5 128.5 230.8
Kimchi (g)
Mean £ SE 321 £ 21 1047 £ 27 2992+ 74 181 £ 1.1 708 £ 1.8 2095 £+ 54
Median 215 95.3 260.1 55 64.5 185.1
White rice and kimchi intake (Q)
Mean =+ SE 101.9 £ 49.1 293.7 £ 26.0 609.1 £ 171.6 54,3 £ 31.1 1940 £ 19.5 4451 £ 144.6
Median 112.4 292.6 554.8 60.6 193.1 402.7
Age (yrs) 363 £ 06 415+ 06 446 £ 06 <0.0001 371+ 05 416 £ 05 456+ 05 <0.0001
Living area
City (%) 47.8 45.7 38.2 0.0079 48.1 491 38.2 <0.0001
Town (%) 39.6 36.9 412 41.5 37.9 42.4
Country (%) 12.6 17.4 20.5 10.4 12.9 19.4
Education level
Middle school (%) 12.3 21.3 30.1 <0.0001 14.2 21.1 34.1 <0.0001
High school (%) 43.9 36.1 36.1 40.2 38.1 33.6
College or higher (%) 43.8 42.6 33.7 45.6 40.8 32.3
Household income status
Middle low (%) 32.5 37 415 0.1644 33.1 36.6 43.6 0.0004
Middle high (%) 32.5 26.8 30.7 28.6 29.8 30.8
High (%) 34.9 36.1 27.7 38.3 33.6 25.6
Occupation
Yes (%) 71.4 77.7 81.7 <0.0001 55.2 56.3 55.1 0.7019
Monthly alcohol consumption?
Yes (%) 74.8 74.5 75.6 0.0517 49.5 46.4 40.0 0.0004
Smoking status
Current smoker (%) 39.0 40.2 43.9 <0.0001 6.1 3.9 5.1 0.0172
Regular exercise®
Yes (%) 45.7 41.8 39.1 0.1589 41.1 36.0 36.2 0.0882

Values are expressed as mean =+ SE for continuous variables and percentage for categorical variables.
Ql, Q3, Q5 are the lowest, middle, and highest quintiles, respectively.
1) P value is P for frend determined by GLM for continuous variables and P for difference by Chi-square fest for categorical variables.
2) Monthly alcohol consumption was defined as percentage of people who drank more than once a month for the past year.

3) Regular exercise was defined as walking at least 30 minutes a day, more than 5 times per week.
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Table 2. Energy and age adjusted food infake according to quintiles of white rice and Kimchi intake in Korean adults

Men (n=3335) Women (n=4954)
Quintiles of white rice and Kimchi infake P for frend” Quintiles of white rice and Kimchi intake P for frend
Q1 Q3 Q5 Q1 Q3 Q5

N 667 667 667 990 991 991
Food intake (g/day)
White rice 765 £ 23 1910+ 27 3019 £ 52 <0.0001 392+ 1.3 1242+ 1.9 229.1 £ 4.0 <0.0001
Grains 362 £ 2.7 328 + 20 244 + 20 0.0004 321 £ 1.9 307 £ 1.6 270+ 1.8 0.0836
Noodle and dumpling 83.6 £ 4.9 47.6 £ 3.7 279+ 40 <0.0001 706 £ 35 506 + 2.7 259 + 28 <0.0001
Flour and bread 558 £ 4.7 310+ 33 10.7 £ 3.2 <0.0001 480 £ 3.0 301 £ 23 109 £ 1.7 <0.0001
Cereal and snack 155+ 23 118+ 1.7 37+ 15 0.0003 191 £ 24 121 £ 1.6 51 16 <0.0001
Kimchi 321 £ 21 104.7 £ 2.7 2992 £ 7.4 <0.0001 181 £ 1.1 708 £ 1.8 2095 £ 54 <0.0001
Vegetable without Kimchi 249.7 £ 83 2458 £ 7.5 2204 £ 7.6 0.0110 209.9 £ 6.8 206.8 £ 5.8 1988 £ 7.0 0.1278
Alcohol beverage 309.8 £ 25.2 197.4 £ 22.1 1743 £ 19.9 <0.0001 1041 £ 9.8 743 £ 7.7 534 £ 7.6 <0.0001
Coffee 869 £ 9.1 922 £ 104 751+ 85 0.0549 1060 £ 9.6 766 £ 59 453 £ 4.8 <0.0001
Other beverage 1635 £ 12.8 116.4 + 10.2 47,6 £ 9.0 <0.0001 1345 + 9.6 82.1 £ 6.3 497 £ 7.1 <0.0001
Potatoes 477 £ 52 345+ 29 307 £ 58 0.0300 624 £ 59 48.7 £ 3.6 244 £ 3.6 <0.0001
Sweets 1563+ 1.0 128 £ 0.9 98+ 09 <0.0001 139 £ 0.8 119+ 09 80+ 06 <0.0001
Beans 1.3+ 47 453 £ 3.1 437 £ 47 0.6522 311+ 26 307+ 1.9 353+ 28 0.2456
Nuts 92+ 1.1 83 16 78 £ 1.4 0.3729 94+ 1.1 118+ 1.8 56+ 1.1 0.0289
Mushroom 60 £ 08 58+ 08 50+ 09 0.9697 67+ 07 74 £ 09 58 £ 09 0.7411
Fruit 204.7 £ 12.2 1799 £ 11.2 152.8 = 14.7 0.0032 2722 £ 11.8 2319 £ 11.4 195.6 = 10.7 <0.0001
Meat 1487 £ 7.5 1326 £ 6.6 986 £ 7.3 <0.0001 1050 =+ 4.3 868 £ 3.5 667 £ 3.8 <0.0001
Egg 293+ 20 322+ 19 265+ 2.2 0.5043 270+ 1.6 27.7 £ 15 232+ 1.4 0.1229
Fish 1079 £ 8.3 1121 £ 6.7 1057 £ 8.2 0.9925 722 £ 54 892 £ 5.2 847 £ 52 0.0128
Seaweed 23.7 £ 4.2 232+ 34 260 £ 47 0.7925 186 £ 26 284 = 3.7 333 £ 47 0.0021
Milk 1088 =+ 8.3 805+ 59 418 £ 54 <0.0001 1298 £ 6.2 81.9 £ 47 61.6 £ 5.1 <0.0001
Qil 11.3+£ 05 110+ 05 7.0+ 04 <0.0001 83+ 03 7.8 £ 0.3 66+ 04 <0.0001
Seasoning 53.7 £ 3.1 463 £ 1.9 372+ 25 0.0004 357+ 15 354+ 1.7 310+ 14 0.0271

Values are presented as mean =+ SE.

Ql, Q3, Q5 are the lowest, middle, and highest quintiles, respectively.

Y P for trend determined by GLM adjusted for energy intake and age..
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Table 3. Energy and age adjusted nutrient infake according to quintiles of white rice and Kimchi intake in Korean adults

Men (N=3335) Women (n=4954)
Quintiles of white rice and Kimchi intake P for trend” Quintiles of whife rice and Kimchi intake P for frend”
Ql [SK} QB Ql QA3 Qb5

N 667 667 667 990 991 991
Nutrient intake
Energy (kcal/day)? 1,952.6 + 34.6 2,213.2 £ 30.9 2,667.0 £ 30.5 <0.0001 1,560.4 = 251 1,679.3 £ 209 2,0928 =+ 253 <0.0001
Carbohydrate (Q) 3202 = 3.1 349.8 £ 2.4 389.8 £ 2.9 <0.0001 261.8 = 2.3 284.6 + 1.5 310.9 = 2.0 <0.0001
Protein (Q) 89.6 £ 1.7 85.8 = 1.2 79.3 = 1.3 <0.0001 66.0 = 0.9 635 = 0.7 604 + 0.8 <0.0001
Fat (g) 655 £ 1.2 540 = 0.8 39.1 = 1.1 <0.0001 50.8 = 0.8 41.7 £ 0.6 314 = 0.7 <0.0001
Percentage from total energy
Carbohydrate (%) 58.5 + 0.5 64.4 0.4 69.7 0.4 <0.0001 60.0 = 0.5 65.7 £ 0.3 703 *+ 0.4 <0.0001
Protein (%) 160 = 0.3 1562 + 0.2 144 = 0.2 <0.0001 1560 = 0.2 142 + 0.1 13.7 £ 0.2 <0.0001
Fat (%) 2556+ 04 204 £ 03 159+ 03 <0.0001 250+ 04 200+ 0.3 160 £ 0.3 <0.0001
Fiber(Q) 13.7 = 0.7 142 + 0.6 160 = 0.7 0.0150 11.9 + 0.5 123 = 0.5 13.0 £ 0.5 0.1574
Calcium (mg) 530.7 £ 119 5633 £ 11.1 5944 £ 135 0.0005 468.1 £ 8.7 450.0 £ 7.8 4719 + 7.4 0.6014
Iron (Mg) 184+ 04 194+ 04 223+ 05 <0.0001 143+ 03 156+ 02 17.4 £ 0.3 <0.0001
Sodium (mQ) 4,747.8 £ 123.0 4,684.6 £ 99.4 51529 + 101.5 0.0449 3,204.4 = 69.1 3,636.2 £ 69.3 3,889.1 £ 77.8 <0.0001
Potassium (mgQ) 3,315.8 =+ 58.3 3,363.2 + 44.2 3,586.4 =+ 61.5 0.0033 2,930.6 = 47.1 2,903.1 = 34.1 2,9165 £ 407 0.9649
Sodium/Potassium 1.6 £ 0.0 1.5 = 0.0 1.5 = 0.0 0.1014 1.2 + 0.0 1.3 = 0.0 1.4 £ 0.0 0.0006
Vitamin A (ugRE) 763.4 £ 498 7627 £ 264 9142 £ 57.1 0.1709 703.7 = 30.2 689.6 £ 257 6725 = 321 0.3619
Carotene (uQ) 3,267.1 £ 226.7 3,729.6 = 146.4 4,534.5 + 184.8 0.0006 3,073.2 £ 159.3  3,288.9 £ 146.7 3,673.6 £ 185.1 0.1091
Thiomine (Mg) 2.3 = 0.0 23 = 0.0 2.6 = 0.0 <0.0001 1.7 = 0.0 1.8 = 0.0 20 = 0.0 <0.0001
Riboflavin (mg) 1.7 0.0 1.6 0.0 1.6 0.0 0.0135 1.4 = 0.0 1.3 £ 0.0 1.2 + 0.0 <0.0001
Niacin (mg) 20.1 + 0.4 194 + 0.4 184 = 0.4 0.0041 15.6 = 0.2 1560 = 0.2 140 + 0.2 <0.0001
Vitamin C (mg) 99.5 + 5.0 96.7 3.8 95.7 4.6 0.3467 118.1 £ 5.7 109.7 £ 4.6 107.4 + 4.7 0.1124

Values are presented as mean + SE

Ql, Q3, Q5 are the lowest, middle, and highest quintiles, respectively
1) P for frend determined by GLM adjusted for energy intfake and age.
2) Mean = SE adjusted for age.
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Table 4. BMI and biochemical indicators by quintiles of white rice and Kimchi intake in Korean adults

Men (n=3335) Women (n=4954)
Quintiles of white rice and Kimchi infake P for trend” Quintiles of white rice and Kimchi intake P for frend
Q1 Q3 Qb5 Ql Q3 Q5

N 667 667 667 990 991 991

BMI

Crude 242 + 0.2 24.1 £ 0.2 240 £ 0.1 0.9525 226 £ 0.1 225 £ 0.1 23.0 £ 0.1 0.0511
Age adjusted 24.1 £ 0.2 24.1 £ 0.2 240 £ 0.1 0.6768 229 £ 0.1 22,6 £ 0.1 23.0 £ 0.1 0.5914
Multivariable adjusted? 24,1 £ 0.2 24,1 £ 0.1 241 £ 0.2 0.7017 229 £ 0.1 22,6 £ 0.1 229 £ 0.1 0.4064
Waist Circumference (cm)

Crude 834+ 04 84.1 £ 04 835 = 04 0.3017 752 £ 04 754 + 0.3 77.4 £ 0.3 <0.0001
Age adjusted 840+ 04 84.3 £ 04 83.6 £ 04 0.9088 76.6 £ 0.3 7569 + 0.3 77.2 £ 0.3 0.5640
Multivariable adjusted 83.8+ 0.2 842 £ 02 83.7 £ 0.2 0.9176 764 £ 0.2 764 £ 0.2 76.7 £ 0.2 0.2357
Systolic blood pressure (mmHg)

Crude 1160+ 0.5 1172 £ 05 1184 £ 0.6 0.0037 1074 £ 04 109.5 £ 05 1124 = 0.6 <0.0001
Age adjusted 117.9 £ 0.6 118.1 =+ 0.5 118.7 £ 0.6 0.4543 1105 £ 05 1106 £ 05 111.8 £ 0.5 0.1752
Multivariable adjusted 117.7 £ 0.5 1180 £ 05 118.7 £ 0.6 0.3805 1102 £ 04 1107 £ 04 111.4 £ 05 0.1291
Diastolic blood pressure (mmHg)

Crude 765+ 04 77.7 £ 0.4 77.9 £ 05 0.0231 710 £ 0.3 717 £ 0.3 729 + 0.3 0.0001
Age adjusted 77.1 £ 04 780 + 0.4 779 = 05 0.1618 721 = 0.3 721 + 0.3 72.7 £ 0.3 0.5200
Multivariable adjusted 772 £ 04 77.9 £ 04 778 £ 0.5 0.4315 720 £ 0.3 722 + 0.3 72.7 £ 0.3 0.3321
Fasting blood glucose (mg/dl)

Crude 941 £ 0.6 965 £ 0.7 98.1 £ 0.8 <0.0001 91.1 £ 0.3 923 £ 04 942 £ 0.7 <0.0001
Age adjusted 96.7 £ 0.7 97.7 £ 0.6 98.5 £ 0.8 0.1506 925 + 04 92.8 £ 04 93.9 £ 0.7 0.0983
Multivariable adjusted 96.7 £ 0.7 97.7 £ 0.6 98.7 £ 0.8 0.1909 925 £ 0.3 93.1 £ 04 93.6 £ 0.6 0.0690
HPA1C (%)

Crude 551 = 0.02 559 + 0.02 563 £ 0.03 0.0001 5.46 £ 0.01 550 = 0.02 558 £ 0.02 <0.0001
Age adjusted 5.62 + 0.03 5.64 £ 0.02 5.65 £ 0.02 0.2728 553 £ 0.01 552 £ 0.01 557 £ 0.02 0.1426
Multivariable adjusted 562 £ 0.03 5.65 £ 0.02 564 £ 0.03 0.4759 553 £ 0.01 553 £ 0.01 555 £ 0.02 0.3053
Triglyceride (mg/dl)

Crude 143.3 £ 5.1 147.4 £ 49 161.0 £ 53 0.0159 924 £ 1.9 963 = 2.1 107.7 £ 2.4 <0.0001
Age adjusted 149.5 + 5.3 150.3 = 4.9 161.9 £ 52 0.0896 1000 £ 1.9 99.1 £ 2.1 106.1 £ 2.3 0.0070
Multivariable adjusted 148.8 + 5.2 149.0 £ 4.7 160.6 £ 5.1 0.1014 99.5 £ 1.9 1005 £ 20 104.6 £ 2.2 0.0052
HDL-Cholesterol (mg/dL)

Crude 48.7 £ 0.5 47.7 £ 05 482 + 0.6 0.5767 56.5 £ 0.5 55.1 £ 05 542 + 0.5 <0.0001
Age adjusted 48.1 £ 0.5 47.4 £ 0.5 48.1 £ 0.6 0.8630 55.7 £ 05 548 £ 0.5 54.4 + 0.5 0.0091
Multivariable adjusted 48.2 £ 0.5 475 £ 0.5 48.0 £ 0.6 0.9001 56.0 £ 0.5 549 £ 05 548 £ 0.5 0.0207

Values are means * SE
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Ql, Q3, Q5 are the lowest, middle, and highest quintiles, respectively.
1) P for frend determined by GLM
2) Adjusted for age, energy, living areq, education level, house income status, occupation, monthly alcohol consumption, smoking status, regular exercise and BMI



Table 5. Odds ratfios and 95% confidence intervals for metatbolic syndrome and components across quintile of white rice and Kimchi intake in Korean adults

Men(n=3335) Women(n=4954)
Quintiles of white rice and Kimchi intake P for trend? Quintiles of white rice and Kimchi intake P for frend?
Ql Q3 Q5 Ql Q3 Q5
N 667 667 667 990 991 991
Metabolic syndrome (risk factor >3)
unadijusted OR (95% Cl) 1.00 1.27(0.94-1.71)  1.32(0.97 -1.78) 0.1243 1.00 1.11(0.82-1.50) 2.12(1.61-2.79) <0.0001
age-adjusted OR (95% C) 1.00 1.13(0.84-1.52)  1.09 (0.81 —1.48) 0.8133 1.00 087 (0.64-1.19)  1.39(1.03-1.86) 0.0465
multivariable” OR (95% Cl) 1.00 1.11(0.79 -1.55) 1.09 (0.75-1.5) 0.8474 1.00 1.00 (0.69 - 1.43) 1.45(1.03 -2.03) 0.0319
Waist circ. >90cm (men), >85 cm (women)
unadjusted OR (95% Cl) 1.00 1.21 (0.91 -1.61) 1.00(0.74 -1.37) 0.3039 1.00 0.95(0.70-1.29) 1.48(1.13-1.93) 0.0094
age-adjusted OR (95% Cl) 1.00 1.17(0.88-1.56) 0.95(0.70-1.31) 0.5090 1.00 0.82(0.60-1.13) 1.14(0.87 -1.51) 0.4827
mulfivariable” OR (95% Cl) 1.00 1.52(0.98 —2.3¢) 1.01 (0.62 - 1.67) 0.7355 1.00 0.89(0.58 - 1.37) 1.13(0.76 - 1.68) 0.3476
SBP > 130 or DBP > 85 mmHg
unadijusted OR (95% Cl) 1.00 1.14(0.86-1.52) 1.22(0.93-1.59) 0.0757 1.00 157(1.16-2.12)  2.15(1.63 —2.85) <0.0001
age-adjusted OR (95% Cl) 1.00 099(0.74-1.32) 0.98(0.75-1.29) 0.9036 1.00 1.22(0.88 - 1.68) 1.32(0.97 - 1.78) 0.0534
mulfivariable™ OR (95% Cl) 1.00 0.95(0.71-1.28)  0.92(0.69 —1.25) 0.7082 1.00 1.28(0.92-1.79)  1.33(0.95-1.85) 0.0459
Fasting glucose >100 mg/dl
unadijusted OR (95% Cl) 1.00 1.49(1.14-1.94)  1.96(1.50 — 2.50) <0.0001 1.00 1.40(1.05-1.86)  1.78(1.34-2.38) 0.0012
age-adjusted OR (95% C) 1.00 1.23(0.94-1.61)  1.47(1.11-1.90) 0.0311 1.00 1.17(0.87-1.57) 1.27(0.94-1.72) 0.5697
multivariable" OR (95% Cl) 1.00 1.20 (0.91 - 1.58) 1.46 (1.08 - 1.97) 0.0754 1.00 1.25(0.92-1.69) 1.25(0.91 -1.73) 0.5937
HDL <40 mg/di(men), <50 mg/dl (women)
unadjusted OR (95% Cl) 1.00 1.05(0.82-1.35) 1.13(0.88 —1.4¢) 0.6577 1.00 1.13(0.93-1.38) 1.18 (0.96 —1.44) 0.0300
age-adjusted OR (95% Cl) 1.00 1.02(0.8 -1.31) 1.08 (0.83 —1.40) 0.9696 1.00 1.06 (0.87 —1.29) 1.04 (0.85-1.28) 0.3841
mulfivariable” OR (95% Cl) 1.00 1.05(0.81 —1.35) 1.16(0.88 - 1.52) 0.6644 1.00 1.09 (0.89 - 1.33) 1.02(0.83-1.27) 0.4359
Triglycerides >150 mg/dl
unadiusted OR (95% Cl) 1.00 1.20(0.93-1.55) 1.32(1.02-1.72) 0.0139 1.00 1.04(0.80-1.37) 1.69(1.31-2.19) <0.0001
age-adjusted OR (95% C) 1.00 1.12(0.87-1.45)  1.19(0.91 -1.55) 0.1035 1.00 0.89(0.68-1.18)  1.27 (0.96—1.68) 0.0360
mulfivariable™ OR (95% Cl) 1.00 1.09(0.82-1.44) 1.15(0.85-1.55) 0.2022 1.00 0.95(0.71-1.27)  1.22(0.91 -1.65) 0.0660

1) Adjusted for age, energy, living area, education level, house income status, occupation, monthly alcohol consumption, smoking status, regular exercise and BMI

2) P for frend determined by GLM
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