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Nutritional Evaluation and Its Relation to the Risk of Metabolic Syndrome according
to the Consumption of Cooked Rice and Cooked Rice with Multi-grains in Korean Adults:
Based on 2007-2008 Korean National Health and Nutrition Examination Survey

Soo-Hyun Son, Hwa-Jung Lee", Kyong Park, Tae-Youl Ha?, Jung-Sook Seo’

Department of Food & Nutrition, Yeungnam University, Gyeongsan, Korea
YDepartment of Statistics, Yeungnam University, Gyeongsan, Korea
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Abstract

This study was conducted to investigate the nutrient intakes of subjects by quartile of percent energy intake from cooked
rice, consumption of cooked rice mixed with multi-grains and to evaluate rice consumption in relation to the risk of
metabolic syndrome. The subjects were 5,830 males and females aged between 20~64 years based on 2007-2008
KNHNES data. Levels of percent energy intake from cooked rice were classified into 4 groups (Q1, Q2, Q3, Q4 groups:
25% of each) using data of 24-hour recall method from KNHNES. Using medical examination and questionnaire,
subjects were classified according to diagnostic criteria of metabolic syndrome. The subjects with higher age, being
married , lower education, lower economic level were more likely to take higher percent energy intake from cooked rice.
Quartile Q3 of percent energy intake from cooked rice tended to show higher Index of Nutritional Quality (INQ) for
fiber, calcium, iron, potassium and vitamin A. INQ of protein, dietary fiber, calcium, thiamin, phosphorus, potassium,
riboflavin, niacin and vitamin C by consumption of cooked rice mixed with multi-grains was higher than that by
consumption of cooked white rice when adjusted for age. No association with a risk for metabolic syndrome was found
for quartile of percent energy intake from cooked rice or cooked rice mixed with multi-grains compared to cooked white
rice after adjusting for energy, gender, age, BMI, alcohol, smoking, income and physical activity. In conclusion,
consumption of over 54% energy intake from cooked rice or only cooked white rice showed relatively low INQs, but
was not associated with a higher risk for metabolic syndrome. (Korean J Community Nutr 18(1): 77~87, 2013)
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Table 1. General characteristics of the subjects by quartile of percent energy intake from cooked rice in KNHANES (2007 ~2008)

Variable Classification Qih Q2 Q3 Q4 x%value
Male 561 (48.4 559 (51.8) 560 (50.9) 561 (51.3)
Gender 4.29
Female 866 (51.6) 867 (48.2) 867 (49.1) 866 (48.7)
20~29 337 (32.5) 271 (28.9) 203 (21.9) 122 (13.7)
30~39 518(31.3) 480 (29.6) 476 (29.9) 356 (25.7)
Age 80.44%%+
40~49 360 (25.0) 392 (25.7) 382 (28.0) 382 (29.7)
50~64 212(11.2) 283 (15.8) 366 (20.2) 567 (30.9)
) Married 1,063 (72.1) 1,131 (75.2) 1,183 (81.5) 1,229 (83.7)
Marital status ) 6.40%**
Unmarried 295 (27.5) 226 (24.2) 172(17.5) 134 (15.4)
Middle school or lower 159 (11.1) 216(13.2) 312(20.5) 569 (36.1)
Education level High school 569 (49.1) 582 (49.2) 542 (43.7) 479 (41.6) 31,29k
College or higher 538 (39.8) 496 (37.6) 430 (35.8) 253 (22.3)
Low 278 (20.9) 266 (19.5) 336 (25.0) 434 (30.0)
i Middle low 336 (25.1) 371 (27.1) 340 (25.2) 347 (25.3)
Economic status i ) 4.06%**
Middle high 349 (25.1) 378 (27.5) 365 (26.0) 318 (24.5)
High 421 (28.9) 376 (25.9) 340 (23.8) 271 (20.2)
Seoul 295 (26.2) 245 (21.4) 215(19.2) 214 (18.5)
Busan 102( 7.0) 89( 7.3) 91 ( 0.) 111 ( 9.2
Doegu 71( 4.4 68( 3.8) 94 ( 6.6) 75( 5.4)
Incheon 71( 4.5) 88 ( 5.6) 72( 5.7) 69( 5.7)
Gwangju 69( 3.1) 67( 29 73( 3.0) 57( 2.8)
Daejon 65( 3.6) B50( 2.5) 46 ( 2.4) 42 ( 2.6)
Ulsan 38( 1.8) B56( 3.1) 42( 2.7) 30( 2.0
Gyeonggi 309 (24.2) 309 (24.4) 279 (22.0) 221 (20.2)
Area 1.9Q%**
Kangwon 39( 3.0 34( 3.0 49( 3.9) 43( 3.0
Chungbuk 40( 2.5) 40( 2.2) 42( 2.2) 51( 24)
Chungnam 45( 4.4) 64 ( 5.4) 52( 4.3) 72 ( 4.3)
Chonbuk 49( 2.2) 49 ( 2.3) 50( 2.5) 76 ( 3.7)
Chonnam 42 ( 3.0) 56( 2.2) 72 ( 3.0) 121 ( 5.7)
Gyeongbuk 83 ( 4.6) 100 ( 6.5) 112( 6.9) 121 ( 7.3)
Gyeongnam 77 ( 4.9) 86( 5.9 93( 7.5 107 ( 6.9)
Jeju 32( 1.4) 25( 1.1) 45( 1.8) 17( 0.8)
1) Quartile of percent energy intake from cooked rice
2) N (%)
*k% p < 0,001
AFNEO] e IFUTE 40~49419) 50~64419 1 Al YEREEE (p < 0.001), A&, A7, B, tid Xl
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Table 2. Mean daily INQ" of the total subjects by quartile of percent energy intake from cooked rice in KNHANES (2007 ~2008)?

Ql

Q2

Q3

Q4

Nutient (n = 1,427) (n = 1,426) (n = 1,427) (n = 1,427) Fvalue
Profein 1.63 £ 0.016° 1.59 + 0.012% 157 £ 0.014° 1.44 + 0.011° 54.92%%
Fiber 0.36 + 0.007° 0.38 + 0.007™ 0.40 + 0.006° 0.38 + 0.006° 8.43%%+
Calcium 0.80 + 0.014% 0.83 + 0.014%® 0.85 + 0.013° 0.79 + 0.015° 5.19%+
Phosphorus 76 + 0.017° 1.87 + 0.015° 1.95 + 0.016° 1.94 + 0.014° 31.60%*
ron 49 + 0.036° 54 + 0.027° 63 £ 0.036° 1.53 + 0,034° 2.76%
Sodium 3.86 + 0.063 3.96 + 0.059 4.02 + 0.060 394 + 0077 1.21
Potassium 097 + 0011° 1.01 £ 0.011° 1.02 £ 0011° 095 + 0.011° 11.66%+
Vitarnin A 1.33 £ 0.039° 1.38 + 0.036° 1.50 £ 0.052° 1.30 + 0.042° 3.48%
Thiamin 1.32 £ 0.017° 29 + 0.016° 24 + 0.012° 113 + 0.012° 32.30%**
Riboflavin 1.04 £ 0.014° 1.02 £ 0.011° 098 + 0.013° 0.86 + 0.010° 52.16%%%
Niacin 1.24 + 0,016 1.21 + 0.012° 20 + 0.013° 111 + 0010° 23.40%
Vitamin C 1.23 + 0,040 28 + 0.038° 25 + 0.030° 111 + 0.026° 6.69%%*

1) INQ: Index of Nutritional Quality

2) Age-adjusted results

Values with different lefter within the row are significantly different by Bonferroni method (p < 0.05)

* p < 0.05 **: p<0.01, **+ p < 0,001

Table 3. Mean daily INQ" of male and female subjects by quartile of percent energy intake from cooked rice in KNHANES

(2007~2008)?
Gender Nutrient Ql Q2 Q3 Q4 Fvalue
(n = 561) (n = 559) (n = 560) (n = 561)
Fiber 0.31 + 0.009° 0.34 + 0.007° 0.38 + 0.008° 0.37 £ 0.008° 14,57 k*
Calcium 0.76 £ 0.019° 0.82 £ 0.018° 0.85 £ 0.019° 0.83 £ 0.022° 4,52%*
Phosphorus 1.87 £ 0.026° 2.03 + 0.021° 2.14 £ 0.023° 2.15 + 0.019° 31.63%k%*
Iron 1.72 £ 0.063 1.76 £ 0.043 1.94 £+ 0.058 1.84 + 0.056 2.39
Male Potassium 0.99 £ 0.017¢° 1.05 £ 0.015% 1.10 £ 0.017° 1.05 + 0.015% 7.67 %%
Vitamin A 1.20 £ 0.058° 1.29 + 0.041° 1.53 £ 0.090° 1.31 £ 0.047° 2.74%
Riboflavin 0.97 + 0.020° 0.98 + 0.016° 0.96 £ 0.019° 0.86 £ 0.015° 13,344
Vitamin C 1.09 £ 0.043° 1.23 + 0.047° 1.25 + 0.046° 1.18 + 0.037%° 2.72%
(n = 8606) (n = 867) (n = 867) (n = 866)
Fiber 0.40 £ 0.012%® 0.43 + 0.010° 0.41 + 0.008° 0.38 £ 0.008° 4,70%*
Calcium 0.83 £ 0.019° 0.83 £ 0.018° 0.86 £ 0.019° 0.75 £ 0.019° 6,79
Phosphorus 1.65 £ 0.020° 1.71 £ 0.016° 1.75 £ 0.017° 1.71 £ 0.015> 5.63***
Female Iron 1.26 + 0.025® 1.31 £ 0.029° 1.30 + 0.032° 1.19 £ 0.030° 3.60*
Potassium 0.95 £ 0.0160° 0.96 £ 0.014° 0.94 £ 0.012° 0.85 £ 0.012° 18.48%k%*
Vitamin A 1.46 £ 0.048 1.46 = 0.058 1.46 £ 0.051 1.27 £ 0.066 2.42
Riboflavin 1.09 £ 0.020¢ 1.04 £ 0.015° 0.99 + 0.015° 0.84 £ 0.014° 49,07 #k*
Vitamin C 1.36 £ 0.063° 1.33 £ 0.052° 1.23 + 0.037° 1.02 + 0.034° 13.26%*%*

1) INQ: Index of Nutritional Quality
2) Age-adijusted results
Values with different lefter within the row are significantly different by Bonferroni method (p < 0.05)

* p < 0.05 **: p<0.01,

% p < (0,001
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Table 4. Mean daily INQ" of the total subjects by consumption of
cooked rice mixed with multi-grains in KNHANES

(2007~2008)?
Cooked rice
Nufrient Cooked white rice mixgd wi.’rh tvalue
(n=743) multti-grains
(n=1,569)
Protein 1.51 £ 0.018 1.56 £ 0.013 5.31*
Fiber 0.37 £ 0.008 0.41 £ 0.005 16,92
Calcium 0.79 £ 0.021 0.85 £ 0.014 5.38*
Phosphorus 1.87 £ 0.021 1.98 £ 0.015 14.55%%*
Iron 1.62 £ 0.056 1.70 £ 0.030 1.59
Sodium 402 £+ 0.088 4,08 £ 0.067 0.30
Potassium 0.96 £ 0.014 1.08 £ 0.010 16.87%**
Vitamin A 1.38 £ 0.065 1.44 £+ 0.039 0.80
Thiamin 1.18 £ 0.020 1.25 £ 0.014 6.32%
Riboflavin 0.89 £ 0.014 094 £ 0.012 7.47%*
Niacin 1.15 £ 0.015 1.20 £ 0.011 7.16%*
Vitamin C 1.12 £ 0.035 1.26 £ 0.029 10.10%*

1) INQ: Index of Nufritional Quality
2) Age-adjusted results

* p <005 **: p<0.01, ** p<0.001

Table 5. Mean daily INQ" of age group by consumption of
cooked rice mixed with multi-grains in KNHANES

(2007~2008)
Age Nutient CooﬁiecdeWh"e m;?:g I\(/jfcrjw rrl'(r:wil‘ri- tvalue
grains
(n =65 (n=138)
Iron 1.83 £ 0265 1.59 £0076 0.72
20-29 Thiomin ~ 1.46 £ 0.089 1.51 &+ 0.051 0.22
(n = 230) (n = 437)
30~39 Iron 1.36 £ 0.064 1.47 + 0.051 1.64
Thiomin ~ 1.23 £ 0.029 1.26 £ 0.024 0.61
(n=212) (n=451)
40~49 Iron 159 £ 0104 1.99 £ 0042 028
Thiomin ~ 1.25 £ 0.035 1.39 £ 0.023 0.10
(n = 236) (n = 543)
50~64 Iron 1.68 £ 0.090 2.09 £ 0.060 15.00%**
Thiomin ~ 0.98 = 0.025 1.15 £ 0.020 25.35%**
1) INQ: Index of Nutritional Quality
*** p < 0.001

ARt A3p= Table 70 A& 81 &h7)ehe wh=yt
= A AE 7o ®2 At AF o dike S
AHE] FRGE A s Aol wakIxbE B &
< Model 13} oY=, 5, A8, BMIE 273k Model 2,
g ouA], A, 7, BMIL 25, 59, &5, AAgs
°] =5 1A Model 3 B5ollA] 423k 2jo] = Kol
&3kTE.



Table 6. Odds ratfio and 95% Cl for metabolic syndrome and metabolic risk factors by quartile of percent energy intake fron cooked

ice in KNHANES (2007~2008)

R

el -

cu} 7 - s - A% - 83

Quartile of percent energy

Odds ratio (5% Cl)

Varicioles intake fromn cooked rice Model 1" Model 22 Model 3%
Ql 1 1 1
) QR 1.082 (0.821~1.427) 0.999 (0.718~1.389) 1.017 (0.727~1.423)
Metabolic syndrome
(S} 1.148 (0.874~1.509) 0.993 (0.720~1.369) 1.009 (0.727~1.399)
(S7) 1.542 (1.189~2.001) 0.999 (0.718~1.389) 1.089 (0.773~1.534)
Ql 1 1 1
o (S 1.087 (0.859~1.376) 1.240 (0.881~1.745) 1.323 (0.925~1.890)
Waist circumference
QA3 0.979 (0.771~1.243) 1.085 (0.742~1.588) 1.109 (0.747~1.646)
Q4 1.352 (1.074~1.702) 1.147 (0.785~1.677) 1.151 (0.783~1.691)
Ql 1 1 1
) ) QN 0.991 (0.794~1.237) 0.954 (0.748~1.218) 0.950 (0.746~1.211)
Triglyceride
Q3 1.119(0.884~1.417) 1.045 (0.794~1.377) 1.108 (0.841~1.460)
(S7) 1.450(1.159~1.815) 1.275 (0.964~1.685) 1.303 (0.976~1.740)
Ql 1 1 1
QR 0.990 (0.807~1.214) 1.017 (0.825~1.254) 0.928 (0.753~1.144)
HDL-cholesterol
QA 1.212 (0.995~1.477) 1.184 (0.957~1.466) 1.062 (0.850~1.325)
(87 1.329 (1.0831~1.632) 1.218 (0.979~1.516) 1.098 (0.874~1.378)
Ql 1 1 1
) Q2 1.044 (0.822~1.326) 0.940 (0.721~1.22¢) 0.984 (0.755~1.283)
Fasting blood glucose
[SK} 1.105 (0.859~1.421) 0.943 (0.719~1.237) 0.956 (0.732~1.248)
Q4 1.081 (0.845~1.383) 0.780 (0.579~1.051) 0.816 (0.607~1.097)
Ql 1 1 1
: QR 0.972 (0.759~1.244) 0.881 (0.670~1.158) 0.918 (0.695~1.213)
Hypertension
Q3 1.106 (0.854~1.433) 0.962 (0.737~1.257) 1.015(0.770~1.337)
(S7) 1.287 (1.020~1.624) 0.953 (0.729~1.245) 1.026 (0.776~1.356)

1) Model 1: Crude

2) Model 2: Adjusted for age, energy, sex, BMI
3) Model 3: Adjusted for age, energy, sex, BMI, alcohol, smoke, income, activity

Table 7. Odds ratio and 95% CI for metabolic syndrome and metabolic risk factors by consumption of cooked rice mixed with multi-

grains in KNHANES (2007 ~2008)

Variables

Consumption of

Odds ratio (95% Cl)

cooked rice mixed
with mutti-grains

Model 1"

Model 2%

Model 3%

Metabolic syndrome

Waist circumference

Triglyceride

HDL-cholesterol

Fasting blood glucose

Hypertension

0
= 1/day
0
1/day
0
1/day
0
1/day
0
1/day
0
= 1/day

1\

1\

1\

v

1

1.095 (0.908~1.321)

1

0.990 (0.752~1.303)

1

1.294 (1.015~1.650)

1

1.077 (0.879~1.320)

1

1.021 (0.759~1.374)

1

1.042 (0.782~1.389)

1

0.877 (0.697~1.105)

1

0.704 (0.477~1.039)

1

1.314(1.010~1.709)

1

1.037 (0.837~1.285)

1

0.928 (0.683~1.260)

1

0.947 (0.686~1.307)

1
0.921 (0.725~1.170)
1
0.685 (0.463~1.015)
1
1.288 (0.983~1.688)
1
1.061 (0.838~1.343)
1
1.008 (0.740~1.373)
1
1.029 (0.722~1.468)

1) Model 1: Crude

2) Model 2: Adjusted for age, energy, sex, BMI

3) Model 3: Adjusted for age, energy, sex, BMI

, dlcohol, smoke, income, activity
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