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ABSTRACT

Objectives: Epidemiological studies have suggested that a higher consumption of
whole grain foods can significantly reduce the risk of chronic diseases including
cardiovascular diseases, type 2 diabetes and obesity. The objective of the current study
was to examine associations among the consumption of whole grains and nutrient
intakes and biochemical indicators associated with chronic diseases among generally
healthy middle-aged Korean women.

Methods: Using 24-hour recall data from the 2008-2009 National Health and Nutrition
Examination Surveys, whole grain intake (g/day) was calculated for a total of generally
healthy 1,953 subjects. The subjects were divided into three groups by the level of
whole grain consumption (0 g/day,>0 and <20 g/day or >20 g/day). Mean values or
proportions of various nutrient intakes and metabolic risk factors were compared
according to the level of whole grain consumption. All statistical analysis was
conducted using SAS software version 9.2.

Results: We observed that the overall consumption of whole grains was quite low.
Specifically, 58.2% of subjects reported no whole grain consumption on the day of the
survey, and the mean whole grain intake was only 15.3 g/day. The whole grain
consumption was positively associated with intakes of various macro and micronutrients,
namely, plant proteins and fats, dietary fiber, calcium, plant iron, potassium, zinc,
vitamin A, B-carotene, thiamin, riboflavin, niacin, vitamin B, and folic acid. In addition,
we found significantly decreasing trends in abdominal obesity and hypertriglyceridemia
as whole grain intake levels increase.

Conclusions: The study findings suggested the importance of promoting whole grain
consumption as an efficient tool for improving various dietary aspects and preventing
chronic diseases.
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I A7 AE A nE, G, 9
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60.7%x 7V =8kom, S3la= s 2ol 1~43]2kaL §
@t VA 56.3%, ATl 2~43]Q1 971 9.1%=E
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Table 1. General characteristics of the study subjects

Variables N (%)
Age(years) 40 - 49 1,026 (52.5)
50 - 59 674 (34.5)
60 - 65 253 (13.0)
Education Primary school graduate 496 (25.9)
Middle school graduate 367 (19.2)
High school graduate 714 (37.3)
College graduate 336 (17.6)
Household income Bottom 255(13.3)
Bofttom middle 467 (24.3)
Middle fop 563 (29.3)
Top 365 (19.0)
Marriage status Living with a partner 1,645 (84.2)
Not living with a partner 308 (15.8)
Smoking None 1,787 (93.3)
Past 51( 2.7)
Current 78 ( 4.1)
Drinking None 662 (34.6)
1 — 4 fime/month 1,079 (56.3)
2 — 4 fime/week 174( 9.1)
Moderate physical 0 -1 fimes/week 1,162 (60.7)
qctivity 2 — 4 times/week 377(19.7)
5 -7 times/week 376 (19.6)
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Table 2. Age-adjusted mean daily nutrient infakes according to the level of whole grain consumption

Whole grain infake level (g/day)

Variables P
0Mn=1137) >08& < 20(n = 531) >20(n = 285)
Energy (Kcal/day) 1,618.95 £ 22.42Y 1,586.13 £ 30.21 1,709.34 + 43.68 2.58 0.077
Protein (g/day) 59037 £ 1.19° 60.38 £  1.59® 6609 £ 222° 3.71 0.025%*
Plant protein (g/day) 36.57 £+ 0.74° 37.36 £ 1.10° 4461 £ 1.78° 8.85 < 0.007***
Animal protein (g/day) 22,79 £ 091 2302+ 098 2148 £ 1.26 0.48 0.620
Carbohydrate (g/day) 273.96 £ 3.82° 26414 £ 5.21° 203.08 + 7.54° 4.91 0.008**
Lipid (g/day) 30.36 £ 091 31.48 £ 1.06 3215+ 1.68 0.56 0.571
Plant lipid (g/day) 15681 £ 0.42° 17.65 £ 0.61° 17.96 + 0.78° 4.68 0.010*
Animal lipid (g/day) 1455 £ 0.75 1383 £ 0.70 1419 £ 1.31 0.23 0.794
SFA (g/day) 499 =+ 032 504 £ 0.28 511 £ 054 0.02 0.982
PUFA (g/day) 432+ 016 476 £ 0.24 418 £ 0.29 1.45 0.237
MUFA (g/day) 557 £ 0.33 571 =+ 0.29 576 £ 0.61 0.06 0.940
Fiber (g/day) 21.89 £ 0.70° 2211 = 0.68° 27.60 £ 1.05° 13.48 < 0.007***
Calcium (mg/day) 49007 £ 12.79° 496.86 + 14.67° 560.37 = 23.84° 3.47 0.032%*
Plant Calcium (mg/day) 32245 + 8.57° 329.55 £ 10.23° 382.15 = 19.48° 3.96 0.020%*
Animal Calcium (mg/day) 167.62 + 8.54 167.32 £ 9.35 17822 + 15.12 0.20 0.818
Iron (Mmg/day) 13.87 £ 0.41° 13.656 £ 0.35° 17.01 £ 0.68° 12.20 < 0.007***
Plant Iron (mg/day) 11.53 £ 0.38° 11.23 £ 0.32° 14.82 £ 0.64° 16.32 < 0.007***
Animal Iron (mg/day) 235 0.11 232t 011 219 £ 0.15 0.34 0.710
Phosphorus (mg/day) 861.02 £ 16.11° 892.90 = 19.41° 1,043.14 £ 27.23° 16.56 < 0.007***
Sodium (mg/day) 4,034.96 = 146.17 3,902.68 = 104.86 3.856.83 = 171.93 0.44 0.647
Potassium (mg/day) 2,712.24 £ 63.57° 2,854.07 £ 85.21° 3,327.88 £ 136.06° 8.86 < 0.007#***
Zinc (mg/day) 804 £ 0.19° 795+ 0.23° 898 £ 0.33° 4.54 0.011*
Vitamin A (ugRE/day) 673.89 £ 21.20° 677.60 = 28.18° 830.68 = 52.18° 4.24 0.015*
Retinol (ug/day) 7211 £ 534 60.88 £ 4.04 70.08 £ 6.76 1.85 0.160
B-carotene (ug/day) 3,629.53 + 173.29° 4,119.63 + 552,76%® 4,563.64 £ 398,14° 3.21 0.042%*
Thiamine (mg/day) 1.03 £ 0.03° 1.01 £ 0.02° 118 £ 0.04° 6.28 0.002%*
Riboflavin (mg/day) 097 £+ 0.03° 095+ 0.03° 110 £ 0.06%® 3.10 0.046%*
Vitamin B, (mg/day) 185 £+ 0.05° 1.88 £ 0.05° 206 £ 0.06° 3.83 0.023+*
Niacin (mg/day) 1475 £ 0.32° 15626 £ 0.46° 17.47 £ 0.69° 7.07 < 0.007***
Vitamin C (mg/day) 11237 £ 4.35 118.88 + 547 130.21 £ 7.03 2.39 0.093
Folic acid (ug/day) 23594 £ 5.91° 258,53 £  9.14%® 28522 = 11.20° 7.88 < 0.007***
Vitamin E (mg/dayay) 1210 £ 0.99 11.59 £ 0.54 1615 £ 226 1.93 0.147
1) Mean * SE

ab: Different lefters within a category represent statistical differences by whole grain intakes from Tukey-Kramer's multiple compar-

ison test
* p < 0.05 **: p<0.01, ** p<0.00]
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Table 3. Mean daily nutrient density according to the level of whole grain consumption

Whole grain infake level (g/day)

Variables F P
0 >08&< 20 >20
Protein (/1000 kcal) 36.38 = 0.40" 38.61 £ 081 3853 £+ 0.80 5.35 0.052
Plant protein (g/1000 kcal) 2259 =+ 0.30° 2401 £ 0.68%® 25,69 £ 0.71° 9.24 < 0.007***
Animal protein (g/1000 kcal) 13.79 £ 0.46 14.60 £ 0.53 1284 £ 0.66 2.08 0.127
Carbohydrate (g/1000 kcal) 17090 = 1.23° 167.47 £ 1.32° 17236 £ 1.83% 3.11 0.046*
Lipid (9/1000 kcal) 18.27 £ 0.38 19.42 £ 0.41 1843 £ 0.61 2.32 0.099
Plant lipid (g/1000 kcal) 9.71 £ 0.21° 10.96 £ 0.28° 1039 + 0.371° 7.06 < 0.007 ##*
Animal lipid (g/1000 kcal) 855t 0.35 8.45 £ 0.31 8.04 + 054 0.30 0.739
SFA (g/1000 kcal) 287 £ 0.14 301 £ 013 285+ 0.21 0.36 0.695
PUFA (g/1000 kcal) 255t 0.07° 287 + 0.11° 238 £ 013 413 0.017*
MUFA (g/1000 kcal) 321 £ 0.14 343+ 014 317 £ 024 0.79 0.453
Fiber (/1000 kcal) 13.50 £ 0.25° 1425 £ 0.29° 1617 =+ 0.44° 14.51 < 0.007 #**
Calcium (mg/1000 keal) 303.21 £ 6.10 31923 £ 8.05 329.22 £ 10.63 2.71 0.068
Plant Calcium (mg/1000 kcal) 200.58 £ 3.99° 213.33 £ 579%® 22125 £  7.4% 3.96 0.020*
Animal Calcium (mg/1000 kcal) 102.62 = 4.78 106.89 =+ 5.38 107.97 + 8.87 0.19 0.827
Iron (Mg/1000 kcal) 8.47 £ 0.17¢ 8.75 £ 0.22¢ 9.79 + 0.28° 7.81 0.001*
Plant Iron (mg/1000 kcal) 701 £ 0.16° 7.25 + 0.20° 8.48 £ 0.27° 10.97 < 0.007 ##*
Animal Iron (mg/1000 kcal) 1.46 £ 0.07 + 0.06 1.31 £ 009 1.41 0.245
Phosphorus (mg/1000 kcal) 531.26 = 5.47° 57117 £ 7.31° 621.00 £ 10.30° 34.85 < 0.007 ##*
Sodium (mg/1000 kcal) 2,581.69 + 92.34 2,596.89 £ 66.29 2,354.54 £ 96.83 2.20 0.113
Potassium (mg/1000 kcal) 1,672.64 £ 24.99° 1,827.65 £ 36.60° 1,922.74 £ 49.95° 14.21 < 0.007 ##*
Zinc (mg/1000 kcal) 494 + 0.08 509+ 0.15 528 £ 0.13 2.33 0.099
Vitamin A (ugRE/1000 keal) 421.79 £ 12.10° 440.80 £ 17.21¢ 505.43 + 31.86% 3.06 0.048*
Retinol (ng/1000kecal) 42,61 £ 3.01 3680 + 1.87 4250 £ 457 2.05 0.130
p-carotene (1g/1000 keal) 2,161.93 + 78.60°  2,596.44 + 24890°  2,684.50 £ 195.91% 3.98 0.020%
Thiamine (mg/1000 kcal) 0.63 = 0.01°¢ 0.65 £ 0.01¢ 0.69 + 0.01° 6.14 0.002%*
Riboflavin (mg/1000 kcal) 0.59 = 0.01 0.61 £ 0.02 0.63 = 0.02 1.69 0.186
Vitamin B, (mg/1000 kcal) 1.13 £ 0.02° + 0.02¢ 123 + 0.03%® 5.08 0.007%**
Niacin (mg/1000 kcal) 9.07 £ 0.13° 9.74 £ 0.20° 1023 £+ 0.27° 10.82 < 0.007 ##*
Vitamin C (mg/1000 kcal) 70.34 £ 249 77.37 £ 3.49 7898 £ 4.36 2.35 0.097
Folic acid (ug/1000 kcal) 147.20 = 3.06° 167.79 £ 6.12° 169.83 =+ 5.56° 8.17 < 0.007 ##*
Vitamin E (mg/1000 kcal) 6.81 £ 0.29 + 027 834 £ 0.69 2.38 0.094

1) Mean + SE

ab: Different lefters within a category represent statistical differences by whole grain infakes from Tukey-Kramer's multiple compar-

ison test
* p <0.05 **: p<0.01, ** p<0.001
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Table 4. Mean % Dietary Reference Intakes according to the level of whole grain consumption

Whole grain intake level(g/day)

voriabiles 0(n=1,137) > 0&<20(n = 531) >20 (n = 285) F P
Protein (%DRI) 13226 £ 2.66°" 135.15 =+ 3.50° 147.59 + 4.88% 3.92 0.021*
Dietary Fiber (%DRI) 109.37 £ 3.49° 110.35 + 3.3¢° 137.85 + 5.19° 13.47 < 0.007 #**
Calcium (%DRI) 7298 £ 1.89° 7451 £ 2.22° 83.58 = 3.53° 3.45 0.033*
Phosphorus (%DRI) 123.24 + 2.31° 128.24 + 2.77° 14953 + 3.87° 16.87 < 0.007 ##*
Sodium (%DRI) 278.50 £ 10.11 268.96 £ 7.12 266.22 £ 11.81 0.42 0.655
Potassium (%DRI) 77.59 £ 1.81° 81.82 + 2.42° 95.29 + 3.84° 9.09 < 0.007 ##*
Vitamin A (%DRI) 112.47 £ 3.54° 113.37 = 4.60° 138.77 + 8.76° 4,24 0.015*
Vitamin E (%DRI) 121.42 £ 9.99 117.09 £ 5.33 162.37 £ 22.55 1.91 0.150
Vitamin C (%DRI) 112.29 £ 4.30 118.66 + 5.51 130.04 = 7.00 2.35 0.097
Thiamine (%DR) 94.28 £ 2.38° 92,76 £ 2.29° 107.82 + 3.75° 6.26 0.002**
Riboflavin (%DRI) 81.21 £ 2.76° 80.20 + 2.59° 92,65 + 4.62° 3.08 0.047*
Niacin (%DR) 105.83 + 2.35° 110.36 = 3.3¢° 125.78 + 4.90° 7.63 0.010%*
Vitamin B, (%DRI) 132.18 = 3.68° 134.41 + 3.64° 14716 + 4.42° 3.83 0.023*
Folic acid (%DRl) 58.94 £ 1.46° 64.50 + 2.24° 71.20 £ 2.79%® 7.81 < 0.007 #**
1) Mean + SE
ab: Different lefters within a category represent statistical differences by whole grain infakes from Tukey-Kramer's multiple compar-
ison test

* p <0.05 **: p<0.01, *** p<0.00]
Table 5. Subjects meeting Dietary Reference Intakes according to the level of whole grain consumption

) Whole grain infake level (g/day)
vriaoles 0N =1.137) S 0&<20N=531)  >20(n =285 P
Protein (%DRI) 715 (64.5)" 349 (68.1) 214 (72.9) 2.49 0.083
Dietary Fiber (%DRI) 491 (43.4) 255 (49.8) 177 (61.7) 12.46 < 0.007#%#*
Calcium (%DRI) 225 (20.7) 112(21.0) 67 (24.7) 0.86 0.426
Phosphorus (%DRI) 645 (58.2) 344 (67.6) 228 (78.1) 15.61 < 0.007##*
Sodium (%DRI) 1,053 (93.4) 491 (92.7) 255 (88.8) 2.77 0.063
Potassium (%DRI) 232 (20.9) 115 (22.4) 88 (30.2) 4.41 0.012*
Vitamin A (%DRI) 474 (42.1) 228 (44.6) 139 (50.7) 2.47 0.085
Vitamin E (%DR]) 423 (38.8) 224 (46.1) 139 (49.1) 5.60 0.004**
Vitamin C (%DRI) 460 (40.2) 227 (44.0) 143 (49.8) 3.40 0.033*
Thiamine (%DRI) 360 (32.3) 173 (34.0) 129 (42.7) 4,30 0.014*
Riboflavin (%DRI) 271 (25.7) 114 (22.7) 82 (27.8) 1.20 0.303
Niacin (%DR) 479 (44.9) 247 (49.3) 166 (55.2) 3.82 0.022*
Vitamin B, (%DRI) 642 (57.6) 314 (62.0) 215(74.0) 9.04 < 0.007#%#*
Folic acid (%DRl) 136 (12.7) 62(12.6) 49 (17.6) 1.86 0.155

1) N (%), * p <0.05, **: p<0.01, *** p < 0.001

Table 6. Multivariate-adjusted” mean biochemical & anthropometric parameters according to the level of whole grain consumption

Whole grain intake level (g/day)

Variables 0 S 0%<20 =20 F p
Blood glucose (mg/dL) (n = 1,831) 92.65 + 0.79? 9220 £ 1.04 91.92 £ 0.98 0.50 0.610
Insulin (ulu/mL) (N = 956) 9.32 £ 0.50° 8.38 + 0.48° 8.91 + 0.52® 560 0.004**
Total cholesterol (mg/dL) (N = 1,840) 198.65 + 2.48 198.76 = 2.57 195.34 + 3.38 0.81 0.448
HDL-cholesterol (mg/dL) (n = 956) 56.57 £ 1.33° 57.41 £ 1.64° 53.10 + 1.67° 6.96 < 0.0071%**
LDL-cholesterol (mg/dL) (n = 244) 125.44 + 5.48 12413 + 6.51 126,59 + 6.95 0.10 0.905
Triglyceride (mg/dL) (n = 1,840) 124.86 + 7.35° 117.35 = 7.41° 111.89 + 7.99° 4.76 0.009%**
Waist circumference (cm) (n = 1,881) 78.25 + 0.55 77.54 £ 0.68 7791 £ 0.74 1.08 0.341
Body mass index (kg/m?) (n = 1,883) 23.06 £ 0.17 22,92 £ 0.22 23.21 £ 0.26 0.76 0.470
Systolic blood pressure (MmHg) (n = 900) 109.86 + 1.43 109.48 + 1.94 109.556 + 1.77 0.05 0.951
Diastolic blood pressure (mmHg) (n = 200) 73.0 £ 0.95 71.69 £ 1.25 72.80 £ 1.20 0.98 0.377

1) Adjusted for age, smoking status, educational status, income status, and marriage status

2) Mean *+ SE

ab: Different letfters within a category represent statistical differences by whole grain intakes from

ison test

* p <0.05 **: p<0.01, *** p<0.00]

Tukey-Kramer's multiple compar-



Table 7. Multivariate-adjusted" proportions of metabolic risks according to the level of whole grain consumption

Whole grain intake level (g/day)

Variables F P

0 >08&< 20 >20
Waist circumference (cm) > 85 21.4 + 2,6%° 17.0 £ 3.2° 15,5 + 3.5° 3.10 0.046*
Triglyceride (mg/dL) > 150 20.4 + 2.6° 16.8 £ 3.1° 12.8 £ 3.5° 4.20 0.016*
HDL-cholesterol (mg/dL) < 50 72.1 £ 4.2 68.8 £ 5.6 64.6 £ 6.1 1.20 0.303
Blood glucose (mg/dL) > 100 202 £ 2.9 174 £ 3.3 166 £ 3.3 1.37 0.256
Blood pressure (mmHg) > 130/85 67 1.8 26 £ 24 4,1 £ 3.1 1.53 0.219

1) Adjusted for age, smoking status, educational status, income status, and marriage status

2) Mean + SE

ab: Different lefters within a category represent statistical differences by whole grain intakes from Tukey-Kramer's multiple compar-

ison test
* p < 0.05 **: p<0.01, **+ p<0.001
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