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Association between Glycemic Index, Glycemic Load, Dietary Carbohydrates and
Diabetes from Korean National Health and Nutrition Examination Survey 2005
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Department of Food Service Management and Nutrition, Sangmyung University, Seoul 110-743, Korea

ABSTRACT

The purpose of this study was to establish an association between glycemic index (GI), glycemic load (GL), dietary
carbohydrates and diabetes with the context of the current population dietary practice in Korea. The subjects of 3,389
adults (male 1,430, female 1,959) were divided into normal (serum fasting glucose < 100 mg/dL), impaired glucose
tolerance (100 < serum fasting glucose < 126 mg/dL), diabetes (serum fasting glucose > 126 mg/dL) by serum fast-
ing glucose. Anthropometric and hematologic factors, and nutrient intakes, dietary glycemic index (DGI), dietary gly-
cemic load (DGL) were assessed. Multiple logistic regression model was used to determine the odds ratios (ORs) and
95% confidence intervals for relationship of DGI, DGL, carbohydrates intakes, and diabetes. DGI and DGL were not
significantly correlated with impaired glucose tolerance and diabetes. However, the risk of impaired glucose tolerance
and diabetes showed a tendency to increase as increase of DGI after multivariate adjustment (age, education, income,
region area, diabetes family history, smoking, drinking, exercise, energy intake) in male. The risk of impaired glucose
tolerance and diabetes showed a tendency to increase in the DGI 71.1—74.8 after multivariate adjustment in female.
DGL was inversely related to impaired glucose tolerance and diabetes in male. In female, however, DGL was positively
related to impaired glucose tolerance and diabetes. In particular, the risk of diabetes increased positively in level of
DGL 260.5, and remained after multivariate adjustment (Q5 vs Q1 : 2.38, 0.87—6.48). When percent energy intakes
from carbohydrates were more than 70%, the risk of impaired glucose tolerance and diabetes increased in both male
and female. In particular, when percent energy intakes from carbohydrates were more than 69.9%, the risk of diabetes
increased positively in male (Q4 vs Q1 : 2.34, 1.16—4.17). In conclusion, above 70% energy intakes from carbo-
hydrates appeared to be a risk factor of diabetes. It seemed that the meal with high GI and GL value must be avoided it.
And also, the macronutrients of the meal must be properly balanced. In particular, it may be said that it is a preventive
way for treatment of the diabetes to avoid eating carbohydrates of much quantity. (Korean J Nutr 2009; 42(7): 622~630)
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Fig. 1. Distribution of diabetes and impaired glucose tolerance of subjects. *

= 0.05 by Chi-square test.

: Significantly different between two age groups at «

Table 1. General characteristics and macro-nutrient intake of subjects

Male Female
Variables Normal IGT" Diabetes Normal IGT Diabetes
(n = 979) (n = 305) (n = 146) (n=1,616) (n = 235) (n = 108)
Age (year) 430 + 0.47° 46.7 + 0.6° 50.6 + 0.8° 437 +0.3° 480 + 0.7° 517 £1.2°
Weight (k@) 68.8 + 0.4° 71.4 £0.8° 70.5 £ 1.1° 578 +0.2° 62.4 + 0.6° 612+ 1.1°
Height (cm) 169.6 +0.2° 168.8 +0.4%°  167.4+0.6° 157.4 +0.2° 157.1 + 0.4° 155.4 + 0.6°
Waist (cm) 83.4 +0.3° 87.2 + 0.6° 88.1 + 0.8° 77.4 +0.3° 83.6 + 0.7° 85.3 + 1.0°
BMI (kg/m?) 23.9 +0.1° 25.0 + 0.2° 25.1 +0.3° 233 +0.1° 25.3 + 0.2° 25.3 + 0.4°
Systolic blood pressure 119.2 +0.5° 124.9 = 1.0° 128.8 = 1.4° 112.2 = 0.6° 122.1 = 1.4° 1230 = 1.5°
(SBP: mmHg)
Diastolic blood pressure 80.6 + 0.4° 84.3 + 0.8° 84.2 + 1.3° 74.1 £ 0.4° 79.4 +£0.7° 782 £ 1.0°
(DBP: mmHg)
Serum fasting glucose 88.8 + 0.2° 104.9 + 0.5° 156.9 + 5.5° 87.1 £0.2° 105.1 + 0.6° 151.1 + 5.9°
(FG: mg/dL)
Glucose tolerance test 92.5 + 1.2° 122.8 = 3.6° 272.2 +17.9° 92.3 + 0.8° 1250 = 3.0° 240.1 = 15.1°
(GTT: mg/dL)
Energy (kcal) 2386.7 + 33.4 23242+ 668 2241.4+77.1 18437 +22.7 18550+ 41.4  1927.1 + 68.3
Protein (g) 925+ 1.6 89.8 + 27 86.4+ 50 703+ 1.0 702 + 2.2 722+ 39
Fat (@) 52.1 +£1.3° 462 +2.0% 417 +29° 382 +0.9 375+ 23 343+ 27
Carbohydrate (g) 3532 + 4.8 3524+ 123 3288+ 13.1 297.4 + 3.6 300.8 + 7.7 3238+ 11.8

1) Impaired glucose tolerance, 2) Mean + SE

a, b, c: Significantly different between three groups at @ = 0.05 by Bonferroni's multiple t-test
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Fig. 2. Dietary glycemic index and dietary glycemic load distribution according to blood glucose level. a, b : Significantly different
between three groups at ¢ = 0.05 by Bonferroni's multiple t-test.

Table 2. Odds ratios (and 95% confidence intervals) of diabetes and impaired glucose tolerance according to quintiles of dietary

glycemic index

Dietary glycemic index

Variable p for trend
Ql Q2 Q3 Q4 Q5
Male
Range <63.8 63.8—68.5 68.5-71.7 71.7-75.7 >75.7
Median 56.8 66.4 70.1 73.4 77.7
Diabetes 25 29 22 34 36
OR
Crude 1 1.08 (0.60—1.95) 0.60 (0.31-1.18) 0.99 (0.53—1.86) 1.24 (0.66—2.31) 0.1168
Age adjusted 1 1.08 (0.59—1.96) 0.55 (0.28—1.09) 0.87 (0.46—1.65) 0.91 (0.48—1.72) 0.6918
Multivariate adjusted” 1 1.09 (0.58—2.06) 0.54 (0.25—1.19) 0.92 (0.45—-1.86) 0.89 (0.43—1.85) 0.7942
Diabetes and dysglycemia 76 85 90 99 101
OR
Crude 1 0.88 (0.55—1.41) 0.88 (0.60—1.31) 1.46 (0.98—2.19) 0.96 (0.61—1.51) 0.0088
Age adjusted 1 1.10 (0.73—1.66) 1.07 (0.68—1.66) 1.24 (0.80—1.93) 1.28 (0.79—2.07) 0.1384
Multivariate adjusted” 1 1.11 (0.71-1.72) 1.12 (0.70—-1.79) 1.26 (0.79-2.02) 1.25(0.74-2.12) 0.3034
Female
Range <62.3 62.3-67.5 67.5-71.1 71.1-74.8 >74.8
Median 55.5 65.0 69.4 72.9 77.5
Diabetes 18 20 20 27 23
OR
Crude 1 1.03 (0.54—1.95) 0.96 (0.49—1.91) 1.62 (0.86—3.07) 1.08 (0.49—-2.37) 0.2336
Age adjusted 1 0.93 (0.49—1.77) 0.83 (0.43—1.61) 1.37 (0.71-2.64) 0.80 (0.37—1.74) 0.7869
Multivariate adjusted” 1 1.02 (0.53—1.95) 0.80 (0.38—1.67) 1.28 (0.64—2.56) 0.81 (0.36—1.80) 0.6158
Diabetes and dysglycemia 63 63 63 82 72
OR
Crude 1 0.88 (0.55—1.41) 0.88 (0.60—1.31) 1.46 (0.98—2.19) 0.96 (0.61—1.51) 0.1302
Age adjusted 1 0.82 (0.51-1.33) 0.80 (0.54—1.19) 1.31 (0.86—2.01) 0.78 (0.49—1.24) 0.9733
Multivariate adjusted” 1 0.81(0.50—1.32) 0.73 (0.48—1.10) 1.16 (0.75—1.78) 0.65 (0.39—-1.09) 0.5285

1) Adjusted for age, education, income, region area, diabetes family history, smoking, drinking, exercise, energy intake
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Table 3. Odds ratios (and 95% confidence intervals) of diabetes and impaired glucose tolerance according to quintiles of dietary

glycemic load

Dietary glycemic load

Variable p for trend
Q1 Q2 Q3 Q4 Q5
Male
Range <173.9 173.9—215.6 215.6—251.4 251.4—297.1 >297.1
Median 132.8 196.4 233.4 272.4 370.7
Diabetes 42 23 23 32 26
OR
Crude 1 0.53 (0.30—0.93) 0.55 (0.29-1.02) 0.71 (0.38—1.34) 0.62 (0.34—1.12) 0.2025
Age adjusted 1 0.54 (0.31-0.95) 0.51 (0.27-0.97) 0.65 (0.33—1.26) 0.58 (0.32—1.06) 0.0807
Multivariate adjusted” 1 0.61 (0.34-1.10) 0.58 (0.30—1.11) 0.78 (0.38—1.58) 0.64 (0.30—1.36) 0.2750
Diabetes and dysglycemia 113 75 87 97 79
OR
Crude 1 0.59 (0.39-0.88) 0.74 (0.51-1.08) 0.79 (0.53—1.20) 0.68 (0.47—0.99) 0.0658
Age adjusted 1 0.60 (0.39—0.90) 0.71 (0.49—-1.05) 0.75 (0.49—-1.14) 0.66 (0.45—0.96) 0.0199
Multivariate adjusted” 1 0.61 (0.40—0.95) 0.73 (0.48—1.11) 0.78 (0.47—1.29) 0.64 (0.37—1.11) 0.2069
Female
Range <141.1 141.1-178.1 178.1-215.1 215.1-260.5 >260.5
Median 110.9 159.9 196.3 235.8 315.0
Diabetes 20 19 18 19 32
OR
Crude 1 1.01 (0.51-2.01) 0.97 (0.50—1.89) 1.08 (0.48—2.45) 2.34 (1.34—4.06) 0.0893
Age adjusted 1 0.95 (0.47-1.91) 0.89 (0.45—-1.76) 1.02 (0.45-2.36) 2.15(1.22-3.79) 0.2651
Multivariate adjusted” 1 1.02 (0.48—2.15) 1.02 (0.45-2.29) 1.02 (0.39—-2.69) 2.38 (0.87—6.48) 0.3773
Diabetes and dysglycemia 64 64 70 60 85
OR
Crude 1 1.13 (0.69-1.87) 1.18 (0.73—1.91) 1.07 (0.67-1.72) 1.75 (1.17-2.62) 0.1136
Age adjusted 1 1.09 (0.65—-1.82) 1.12 (0.68—1.84) 1.03 (0.64—1.68) 1.66 (1.10—2.49) 0.3398
Multivariate adjusted” 1 1.14 (0.65-2.01) 1.17 (0.66—2.07) 0.97 (0.56—1.70) 1.56 (0.84-2.91) 0.3612

1) Adjusted for age, education, income, region area, diabetes family history, smoking, drinking, exercise, energy intake
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Table 4. Odds ratios (and 95% confidence intervals) of diabetes and impaired glucose tolerance according to quintiles of % energy

from carbohydrate intake

% Energy from carbohydrate intake

Variable p for trend
Ql Q2 Q3 Q4 Q5
Male
Range <58.5 58.5—-65.1 65.1-69.9 69.9-75.3 >753
Median 51.5 61.9 67.6 72.5 80.3
Diabetes 18 22 26 39 41
OR
Crude 1 1.63 (0.73—3.63) 1.44 (0.74—2.82) 2.46 (1.32—4.59) 2.90 (1.47-5.70) 0.0004
Age adjusted 1 1.67 (0.74—3.75) 1.33 (0.67-2.65) 2.16 (1.14—4.12) 1.98 (0.96—4.08) 0.0512
. Multivoriote adjusted” 1 181 (0747441) 135 (065-278) 234 (1.16471) 171 0757392 02645
Diabetes and dysglycemia 74 83 80 107 107
OR
Crude 1 1.25 (0.80—1.96) 1.15(0.74—1.78) 1.92 (1.29-2.86) 1.86 (1.24—2.79) 0.0002
Age adjusted 1 1.26 (0.80—1.99) 1.10 (0.70—1.72) 1.79 (1.19—2.70) 1.48 (0.96—2.28) 0.0314
Multivariate adjusted” 1 1.22 (0.76—1.94) 1.07 (0.68—1.69) 1.66 (1.06—2.58) 1.27 (0.79—2.03) 0.3280
Female
Range <598 59.8—-65.5 65.5—70.6 70.6—75.7 >75.7
Median 52.1 62.9 68.2 73.1 79.8
Diabetes 11 20 20 23 34
OR
Crude 1 2.06 (0.89—4.75) 1.64 (0.77—3.51) 1.97 (0.95-4.10) 2.95 (1.31-6.61) 0.0009
Age adjusted 1 1.88 (0.81—-4.40) 1.32 (0.62—-2.81) 1.53 (0.75—3.14) 1.93 (0.88—4.27) 0.0898
Multivariate adjusted” 1 1.95 (0.81—4.65) 1.39 (0.63—-3.06) 1.61 (0.77—3.04) 2.11 (0.91-4.91) 0.1205
" Diabefes and dysglycemia . 55 ¢ 8 0 - &
OR
Crude 1 1.34 (0.88—2.06) 0.98 (0.63—1.53) 1.25(0.82—1.91) 1.69 (1.12—2.56) 0.0050
Age adjusted 1 1.27 (0.82—1.96) 0.85 (0.53—1.35) 1.05 (0.69—1.60) 1.25(0.81—1.93) 0.3230
Multivariate adjusted” 1 1.25 (0.80—1.95) 0.86 (0.53—1.37) 1.06 (0.68—1.65) 1.14 (0.72—1.79) 0.6357

1) Adjusted for age, education, income, region areaq, diabetes family history, smoking, drinking, exercise, energy intake
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