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Whole Grain Consumption Reduces Insulin Demand, Lipid Peroxidation and Plasma
Homocysteine Concentrations in Patients with Coronary Artery Disease
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ABSTRACT

BackgroundJ Although current dietary guidelines recommend to increase the consumption of whole grain,
these recommendations are mainly derived from the belief that replacing fats with carbohydrate may reduce
risk of coronary artery disease (CAD) by improving serum lipids. Our objective was to evaluate whether the
isocalorical replacement of refined rice with whole grain reduce CAD risk factors such as insulin demand and
lipid peroxidation in CAD patients. Methods[] Thirty-eight male patients with CAD were provided with 70 g
powder of whole grain (220 kcal) for 16 weeks, replacing cooked refined rice as a carbohydrate source of
breakfast. An oral glucose tolerance test (OGTT) was performed in all subjects to determine the effect of whole
grain consumption on serum concentrations of insulin and glucose in CAD patients with different degree of
glucose tolerance. Results[] With the substitution of whole grain for refined rice, serum glucose concentrations
decreased by 24% without altering body weight and energy intake. Estimates of daily fiber and vitamin E
intakes increased by 24% and 50%, respectively. Whole grain consumption in CAD patients without diabetes
decreased fasting glucose (22%) and the area under the curve (AUC) for insulin (26%) and glucose (19%) during
an OGTT. CAD patients with diabetes also showed reductions in fasting glucose (27%) and AUC for glucose
(25%) during the OGTT, compared with baseline values. Whole grain consumption reduced plasma malon-
dialdehyde and homocysteine and urinary 8-epi-prostaglandin F,q concentrations by about 30%. Lipid-corrected
concentrations of O-carotene, retinol, O- and y-tocopherol and lycopene increased by 22—46%, compared
with baseline values. Whole grain consumption decreased the percentage composition of w6 fatty acids of
serum phospholipid increased by 14%. Conclusion[] The replacement of refined rice with whole grain as a
carbohydrate source of a meal showed significant beneficial effects on glucose, insulin and homocysteine
concentrations and lipid peroxidation in CAD patients. These effects are likely to substantially reduce the risk
factors of CAD and diabetes in CAD patients. (KKorean Circulation J 2000530(6)-693-701)
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Table 1. Body mass index, blood pressure and estimates of daily nutrient intakes on CAD male patients

Total subjects (nO 38)

0 week 8 week 16 week

Weight (kg) 71.0+ 1.54 70.9+ 1.51 70.4+ 1.49
Body mass index (kg/m?) 25.4+ 0.42 25.3x 0.41 25.2+ 0.42
Systolic BP (mmHg) 132+ 3 128+ 4 132+ 7
Diastolic BP (mmHg) 85+ 1 83+ 3 83+ 2
Glucose (mg/dl) 112.3+ 3.47 84.8+ 2.24* 85.2+ 2.98*
Insulin (u U/ml) 14.6+ 2.22 129+ 1.5 11.1+¢ 0.73
Estimates of daily nutrient intakes?)

TCI2) (Kcal/d) 2178+ 47 2224+ 45 2159+ 36

Percent carbohydrate 63+ 2 61+ 1 61+ 1

Percent protein 18+ 1 19+ 1 19+ 1

Percent fat 19+ 1 20 1 20 1

Vitamin E (mg/d) 6t 1 8+ 9 9+ 17

Folate (p g/d) 71+ 8 76+ 9 78+ 10
Fiber (g/d) 21+ 2 25+ 1* 26+ 17
TEE3) (Kcal/d) 2356+ 33 2381+ 33 2373+ 39
TEE/TCI 1.09+ 0.03 1.08+ 0.03 1.10+ 0.02

Data are expressed as Mean+ SEM

*p<0.05, T p<0.01, ¥ p<0.001, compared with initial value in each group
1)0 Nutrient intakes, obtained from weighed food records and calculated using the database of the computerized
Korean food-code, 2)0 Total calory intake, 3)0 Total energy expenditure
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Table 2. Glucose and insulin responses on 75g oral glucose tolerance test in CAD male patients with and without
diabetes before and after 16 weeks of whole grain consumption

Non-diabetic CAD (nO 26) Diabetic CAD (n 12)
0 week 16 week 0 week 16 week

Fasting level

Glucose (mg/dl) 103.5 + 2.63 80.4 + 3.14% 1313 + 681° 955 + 562

Insulin (u U/ml) 162 + 3.22 1.4+ 092 112+ 1045 103+ 1.18
Response area

Glucose (mg/dix hr) 307.3 £ 102 248.4 + 812} 427.3 + 1878 321.5 + 212"

Insulin (U U/mlix hr) 1282 + 142 955 + 11.2" 71.1 +10.6° 62.9 + 10.4
HOMA equation

B -cell function % 158.2 + 27.7 326.9 + 40.8* 63.2 £ 5998 140.0 + 18.5*

Insulin resistance 422+ 0.88 2.27+ 0.20* 3.71+ 0.48 2.58+ 0.45

Data are expressed as Mean+ SEM
*p<0.05, T p<0.01, ¥ pP<0.001 compared with initial value in each group, § pP<0.05, compared with non-diabetic
CAD patients at baseline

Table 3. Effects of whole grain consumption on palsma malondialdehyde and homocysteine, urinary 8-epi-PGFaq ,
serum vitamins and carotenoids and fatty acids of serum phpspholipid in CAD male patients

Total subjects (nO 38)

0 week 8 week 16 week

Malondialdehyde (nmol/ml) 482+ 0.33 4,63+ 0.30 3.38+ 0.27F
8-epi- PGF2q  (pmol/mmol creatinine) 571.8 + 66.9 5162 + 69.7 375.8 + 50.7*
Homocysteine (u mol/L) 128 £ 0.53 120 £ 0.64 8.75+ 0.44*
Folate (ng/mL) 4.69+ 0.37 4.47+ 0.32 4,08+ 0.24
Lipid-corrected levels

o -carotene (p g/mmol) 4,79+ 0.51 587+ 0.68* 583+ 0.51"

B -carotene (u g/mmol) 32.7 £+ 520 33.7 £ 439 36.6 £ 4.59

Retinol (u g/mmol) 190.1 + 15.7 220.8 + 169" 232.7 + 17.0

a -tocopherol (u g/mmol) 0.49+ 0.05 0.65+ 0.04* 0.68+ 0.05"

y -tocopherol (p g/mmol) 0.13x 0.02 0.19+ 0.02* 0.19+ 001"

Cryptoxanthin (4 g/mmol) 73.6 + 8.54 80.8 + 8.48 65.9 + 7.86

Lycopene (4 g/mmol) 39.4 £ 401 39.3 £ 5.61 521+ 5717
Serum phospholipid fatty acids

w -6% (of total fatty acids)? 18.1 £ 0.61 20.9 + 0.60" 20.7 + 0.77

w -3% (of total fatty acids)? 5.80+ 0.38 6.09+ 0.32 5.77+ 0.34

Data are expressed as Mean+ SEM

*0<0.05, T p<0.01, ¥ p<0.001 compared with initial value in each group

1)0 Each level of vitamins and carotenoids is divided by sum of cholesterol and triacylglycerol (mmol/L)
2)0Sumof C1802 w6, C1803 w6, C2003 wéb, C2004 w6, C2204 w6, C2205 wb

3)0Sumof C180 3 w3, C200 3w 3, C200 5 w3, C2205 w3, C2206 w3
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Fig. 1. Relationship between urinary 8-epi-PGF2, con-
centration and plasma total homocysteine concent-
ration before and after whole grain powder ingestion
in CAD male patients (open circlest before ingestion,
closed circlesO after ingestion). Regression equations
and r valuesO Ln (y)O 0.875 Ln (X)+3.78, r0 0.42, pO
0.001.
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Fig. 2. Relationship between urinary 8-epi-PGF2, con-
centration and serum lipid corrected o -tocopherol
concetnration before and after whole grain powder
ingestion in CAD male patients (open circlesOd before
ingestion, closed circlesd after ingestion). Regression
equations and r valuesd Ln (y)O —0.75 Ln (X)+6.21,
r0 —0.351, p0 0.007.
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