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The relationship between intake of nutrients and food groups and insulin resistance
in Korean adults: Using the Fourth Korea National Health and
Nutrition Examination Survey (KNHANES IV, 2007-2009)*

Song, SuJin' - Paik, Hee-Young' - Song, YoonJu”
'Department of Food and Nutrition, Seoul National University, Seoul 151-742, Korea
*Major of Food and Nutrition, School of Human Ecology, The Catholic University of Korea, Bucheon 420-743, Korea

ABSTRACT

The aim of this study was to examine the relationship between dietary variables and the prevalence of insulin resis-
tance (IR) in middle-aged Korean adults using data from the 2007—2009 Korea National Health and Nutrition Exami-
nation Survey. Because IR is closely linked with metabolic syndrome, subjects were divided into three groups accord-
ing to symptoms of metabolic syndrome: the ‘Normal group’ without any symptoms, the ‘Risk group’ with one or two
symptoms, and the ‘Metabolic syndrome (MetS) group’ with three or more symptoms. Subjects between the ages of 30
and 65 years with no prior diagnosis or treatment for diabetes, hypertension, or dyslipidemia were selected. The num-
ber of subjects per group was as follows: 2,085 adults in the Normal group, 3,699 adults in the Risk group, and 1,160
adults in the MetS group. Metabolic syndrome was defined according to Adult Treatment Panel III criteria with modi-
fied waist circumference cutoff values (men > 90 cm, women > 85 cm). Subjects with HOMA-IR > 2.0 were classi-
fied as IR. Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was calculated using the following for-
mula: (fasting plasma glucose X fasting plasma insulin)/22.5. Nutrients and food groups intake were obtained from a
single 24-hour recall. Subjects with IR in the Normal group were more obese and less physically active than non-IR
subjects. In the MetS group, subjects with IR were more obese and had a lower prevalence of smoking and drinking,
compared with non-IR subjects. Men with IR in the Normal group had a tendency to consume more oils and sugars than
non-IR men, while women with IR in the same group had higher intake of carbohydrate, dietary glycemic index, and di-
etary glycemic load than non-IR women. Women with IR in the Risk group had lower energy intake but higher intake
of oils and sugars than non-IR women. In the MetS group, consumption of fruits was higher in subjects with IR than in
non-IR subjects. In conclusion, findings of this study suggest that dietary carbohydrate intake, including glycemic in-
dex, may be associated with IR in healthy women. Further research in prospective cohort studies in order to examine
the effects of dietary carbohydrate on IR incidence will be necessary. (Korean J Nutr 2013; 46(1): 61 ~ 71)
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Fig. 1. Flow chart of subjects selection.
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Fig. 2. Prevalence of insulin resistance (IR) by symptoms of meta-
bolic syndrome. 1) Insulin resistance (IR) was defined as HOMA-
IR > 2.0. Homeostasis model assessment of insulin resistance
(HOMAIR), a surrogate measure of IR, was calculated by the fol-
lowing formula: [fasting plasma glucose (mmol/L) x fasting plas-
ma insulin (uIU/mL)1/22.5. 2) Subjects without any symptoms of
metabolic syndrome were defined as the normal group. 3) Sub-
jects with 1 or 2 symptoms of metabolic syndrome were defined
as the risk group. 4) Subjects with 3 or more symptoms of metabol-
ic syndrome were defined as the MetS group.
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At iAo HetolA= 2laedl Zi?%*o frirol e & 2L A 2 iRkl sl FoAl e m wekar, A
B sl Bt folHel 2ol aom otek o] gk 4 Mk 917 ke okl AR 7k

ZF Aol A et AR 7ol wheh Aest xjwo) it dRbolA FoH o EdTh =R A4 Aol el
T3] Apol2 Auusrs w, RE HuolA d AR AT fol vk 38 A B Y FUE Ho)9 2ol
& 714 ogAle) HDL-2el 288 Batgto] & A3 mach
Table 1. Comparison of general characteristics between Non-IR and IR” subjects in the normal, risk, and MetS group

Normal group” (n = 2,085) Risk group” (n = 3,699) MetS group” (n = 1,160)
Non-IR IR 5  Non-IR IR s Non-IR IR 5
n=1529 (=556 PV (1_1968) (n=1731) PYI® (n-267) (n=sg93 PVIV®

Sex (%)

Men 34.9 31.8 0.1974 35.6 34.5 0.4720 59.6 50.5 0.0094
Education (%)

Elementary 9.7 8.1 0.0700 17.0 15.8 0.2394 30.0 22.5 0.0245

Lower secondary 10.6 9.2 14.1 13.1 15.7 15.3

Upper secondary 42.4 41.7 39.3 40.8 322 38.2

College or more 37.3 41.0 29.6 30.3 22.1 24.0
Income (%)

Lowest 8.5 6.3 0.0304 1.3 10.3 0.5092 18.0 12.7 0.3997

Medium-low 21.2 20.9 23.2 25.8 24.0 28.2

Medium-high 33.4 30.4 33.1 33.2 30.7 323

Highest 37.0 42.5 32.3 30.7 27.3 26.9
BMI (%)

<18.5 kg/m’ 9.9 2.9 < 0.0001 4.2 1.6 < 0.0001 0.8 0.1 <0.0001

18.5-25.0 kg/m’ 83.4 84.4 77.8 61.9 45.7 29.5

> 25.0 kg/m’ 6.7 12.8 18.0 36.5 53.6 70.4
Current smoking (%)

Yes 20.5 16.7 0.0562 20.6 17.2 0.0081 34.8 26.8 0.0105
Current alcohol use® (%)

Yes 56.9 55.2 0.4928 55.6 52.1 0.0341 65.5 57.9 0.0254
Physical activity” (%)

Yes 19.0 15.1 0.0423 19.3 15.5 0.0026 16.5 17.3 0.7704
Age (year) 43.0+0.2° 408+0.4 <00001 457+02 445+02 00002 49.2+0.6 47.1+03  0.0009
Waist circumference 753+ 0.1 759+0.2 00031 80.8+0.1 81.1+0.1 0.0870 89.0+03 89.4+0.2 0.2324

(cm)

Fasting blood glucose 87.5+02 91.0+03 <0.0001 902+0.2 965+0.2 <0.0001 965+1.5 108.1+0.8 <0.0001
(mg/dL)

Serum triglycerides 767+0.7 84.4+12 <0.0001 1222+1.7 1322+19 <0.0001 213.5+88 2257 +47  0.2269
(mg/dL)

Serum HDL-Cholesterol ~ 55.6+0.2 54.4+03  0.0026 46.6+02 460+02 00395 41.8+05 404+02  0.0095
(mg/dL)

Systolic blood pressure  105.9 £0.2 107.0+0.4 0.0200 112.8+0.3 113.1+£0.3 0.4904 123.9+1.0 123.6+0.5 0.7217
(mmHg)

Diastolic blood pressure  70.1 £0.2 70.9 £0.3 0.0183 749+0.2 753+0.2 0.2078 829+0.6 82.1+0.3 0.2942
(mmHg)

1) Insulin resistance (IR) was defined as HOMA-IR > 2.0. Homeostasis model assessment of insulin resistance (HOMAIR), a surrogate
measure of IR, was calculated by the following formula: [fasting plasma glucose (mmol/L) x fasting plasma insulin (wlU/mL)1/22.5
2) Subjects without any symptoms of metabolic syndrome were defined as the normal group  3) Subjects with 1 or 2 symptoms of
metabolic syndrome were defined as the risk group 4) Subjects with 3 or more symptoms of metabolic syndrome were defined
as the metabolic syndrome (MetS) group 5) p-values were obtained from chi-square tests for categorical variables and from
general linear model (GLM) for continuous variables after adjustment for sex (men or women), age (continuous), and BMI (con-
tinuous) 6) Current alcohol use was assigned “yes” if a subject drank a glass of alcohol or more per month over the previous
year 7) Physical activity was assigned “yes" if a subject engaged in physical activity at high intensity more than 20 minutes at
least 3 days or more per week over the previous week 8) Mean + Standard error (all such values) were obtained from general
linear model (GLM) after adjustment for sex (men or women), age (continuous), and BMI (continuous)
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Table 2. Comparison of adjusted” mean intake of nutrient and food groups between Non-IR and IR subjects in the normal group? (n =

2,085)
Men (n = 710) Women (n = 1,375)
Non-IR(n=533) IR (n=177) p-value’ Non-IR(n =996 IRY (n=379) p-value”
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Nutrient
Total energy (kcal) 2,310.2 (32.1) 2,181.3 (56.7) 0.0510 1,657.4 (19.4) 1,694.2 (31.8) 0.3282
Carbohydrate (g) 360.8 ( 3.5) 355.5 ( 0.4639 282.4( 1.6) 290.2 ( 2.7) 0.0146
Fat (9) 457 ( 0.9) 47.6 ( 0.2971 33.9(0.5 31.7 (0.9 0.0316
Protein (g) 81.8( 0.9) 84.0 ( 0.2310 59.7 ( 0.5) 58.7( 0.9) 0.3249
% Energy from carbohydrate 66.5( 0.4) 66.0 ( 0.5699 67.8 ( 0.3 69.1 (0.5 0.0317
% Energy from fat 18.5( 0.3 18.7 ( 0.7039 17.8( 0.3) 16.7 ( 0.4) 0.0270
% Energy from protein 150( 0.2 15.3 ( 0.5479 14.3( 0.1) 14.1( 0.2) 0.3287
Dietary glycemic index” 58.4( 0.3) 57.8 ( 0.3243 57.9 (0.2 58.8 ( 0.4) 0.0312
Dietary glycemic load” 211.8 ( 2.6) 206.4 ( 0.3081 164.5( 1.3) 171.4( 2.1) 0.0064

Food groups (servings)
Grains 3.7 ( 0.0) 3.5( 0.0610 2.8 (0.0 2.9(0.0) 0.2217
Meat, fish, eggs, and beans 4.6(0.1) 4.8 ( 0.5179 3.1(0.1) 29(0.1) 0.1371
Vegetables 10.5( 0.2) 10.1( 0.4) 0.3346 7.7 (0.1) 7.7 (0.2 0.8633
Fruits 1.5(0.1) 1.9 ( 0.1310 2.1(0.1) 2.4(0.2) 0.1506
Milk and dairy products 0.4 ( 0.0) 0.4 ( 0.9956 0.5( 0.0) 0.5( 0.0) 0.9610
Qils and sugars 6.5(0.2) 7.7 ( 0.0075 45(0.1) 4.6 (0.2 0.5481

1) All values were adjusted for age (continuous), BMI (continuous), and energy intake (continuous) 2) Subjects without any symp-
toms of metabolic syndrome were defined as the normal group  3) IR was defined as HOMA-IR > 2.0. Homeostasis model assess-
ment of insulin resistance (HOMAIR), a surrogate measure of IR, was calculated by the following formula; [fasting plasma glucose
(mmol/L) x fasting plasma insulin (WlU/mL)]1/22.5 4) p-values were obtained from general linear model (GLM) after adjustment
for age (continuous), BMI (continuous), and energy intake (continuous) 5) Dietary glycemic index and dietary glycemic load were

calculated using glucose as the reference food
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Table 3. Comparison of adjusted” mean intake of nutrient and food groups between Non-IR and IR subjects in the risk group? (n =
3,699)

Men (n = 1,298) Women (n = 2,401)
Non-IR (n =701) IR” (n=597) p-value’ Non-R (n=1,267) IR’ (n=1,134) p-value’
Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Nutrient
Total energy (kcal) 2,319.6 (29.6)  2,258.1 (32.2) 0.1687 1,691.4 (16.8) 1,641.4(17.7) 0.0441
Carbohydrate (g) 355.9 ( 3.1) 356.2 ( 3.3) 0.9456 290.4 ( 1.4) 290.3 ( 1.5) 0.9805
Fat (9) 43.2(0.8) 45.4( 0.8) 0.0595 30.6 ( 0.5) 30.9 ( 0.5) 0.7004
Protein (g) 82.4( 0.9) 82.9( 1.0) 0.7123 59.6( 0.5) 59.0( 0.5 0.3460
% Energy from carbohydrate 67.1(0.4) 66.7 ( 0.4) 0.5151 69.8 (0.3 69.7 ( 0.3 0.7699
% Energy from fat 17.5(0.3) 18.0( 0.3) 0.2283 16.0( 0.2) 16.2( 0.2 0.5069
% Energy from protein 15.4(0.2) 153 (0.2 0.5342 142 ( 0.1) 14.1 ( 0.1) 0.5824
Dietary glycemic index” 59.0( 0.3) 58.6 ( 0.3) 0.3027 58.9 (0.2 59.0( 0.2) 0.5925
Dietary glycemic load” 210.7 ( 2.3) 209.2 ( 2.5) 0.6651 171.8 ( 1.1) 171.7 ( 1.2) 0.9331
Food groups (servings)
Grains 3.7 (0.0 6 (0.0 0.4276 3.0( 0.0 2.9(0.0) 0.0923
Meat, fish, eggs, and beans 4.7 (0.1) 8(0.1) 0.4724 3.0(0.1) 3.0(0.1) 0.9773
Vegetables 10.7 ( 0.2) 10. 7( 0.2) 0.9553 8.0( 0.1 8.0( 0.1) 0.8265
Fruits 1.5(0.1) 7(0.0) 0.1271 22(0.1) 2.4(0.1) 0.0789
Milk and dairy products 0.3 (0.0 4( 0.0 0.1272 0.4 ( 0.0 0.4 ( 0.0) 0.6374
Qils and sugars 6.2(0.2) 2(0.2) 0.9869 3.9(0.1) 42(0.0) 0.0394

1) All values were adjusted for age (continuous), BMI (continuous), and energy intake (continuous) 2) Subjects with 1 or 2 symp-
toms of metabolic syndrome were defined as the risk group  3) Insulin resistance (IR) was defined as HOMA-IR > 2.0. Homeostasis
model assessment of insulin resistance (HOMAIR), a surrogate measure of IR, was calculated by the following formula; [fasting
plasma glucose (mmol/L) x fasting plasma insulin (uIU/mL)1/22.5 4) p-values were obtained from general linear model (GLM) af-
ter adjustment for age (continuous), BMI (continuous), and energy intake (continuous) 5) Dietary glycemic index and dietary gly-
cemic load were calculated using glucose as the reference food
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Table 4. Comparison of adjusted” mean intake of nutrient and food groups between Non-IR and IR subjects in the MetS group” (n =

1,160)
Men (n = 610) Women (n = 550)
Non-IR (n =159)  IR?(n = 451) p-value” Non-R (n=108) IR”(n = 442) p-value”
Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Nutrient
Total energy (kcal) 2,372.7 (60.0) 2,223.8 (35.2) 0.0344 1,647.5 (58.5) 1,585.6 (28.5) 0.3455
Carbohydrate (g) 352.0 ( 6.6) 355.5( 3.9) 0.6470 279.2 ( 4.7) 280.7 ( 2.3) 0.7683
Fat (9) 41.3( 1.5) 42.2(0.9) 0.6011 25.7 ( 1.4) 27.2(0.7) 0.3471
Protein (g) 77.4(1.8) 80.3( 1.1) 0.1704 53.3( 1.6) 55.7( 0.8) 0.1860
% Energy from carbohydrate 67.7 ( 0.8) 67.7 ( 0.4) 0.9880 72.3(0.9) 71.1(0.4) 0.2207
% Energy from fat 17.6 ( 0.6) 17.2( 0.4) 0.6192 142(0.7) 149 (0.3 0.3968
% Energy from protein 148 ( 0.3) 15.1( 0.2 0.3836 13.4( 0.4) 140( 0.2 0.1991
Dietary glycemic index” 59.6( 0.6) 58.7 ( 0.3) 0.2262 60.4 ( 0.7) 59.8 ( 0.4) 0.4192
Dietary glycemic load” 211.1( 4.9) 209.1 ( 2.9) 0.7240 169.4 ( 3.9) 168.6 ( 1.9) 0.8512

Food groups (servings)
Grains 3.6(0.1) 3.6(0.1) 07650 (o 2.9 (0.0 0.0695
Meat, fish, eggs, and beans 43(0.2) 4.4(0.1) 0.5827 (0.2 2.8(0.1) 0.1975
Vegetables 10.6 ( 0.5) 10.6 ( 0.3) 0.8826 7.0( 0.5) 8.0( 0.2 0.0607
Fruits 1.2(0.2) 1.7(0.1)  0.0502 (0.3 1.9(0.0) 0.0358
Milk and dairy products 0.3(0.1) 3(0.0 0.9856 (0.1 0.3( 0.0 0.6225
Oils and sugars 6.0( 0.4) 6.0(0.2 0.9771 (03) 3.5(0.2) 0.2919

1) All values were adjusted for age (continuous), BMI (continuous), and energy intake (continuous) 2) Subjects with 3 or more symp-
toms of metabolic syndrome were defined as the MetS group  3) Insulin resistance (IR) was defined as HOMA-IR > 2.0. Homeosta-
sis model assessment of insulin resistance (HOMAIR), a surrogate measure of IR, was calculated by the following formula; [fasting
plasma glucose (mmol/L) x fasting plasma insulin (ulU/mL)]1/22.5 4) p-values were obtained from general linear model (GLM) af-

ter adjustment for age (continuous), BMI (continuous), and energy intake (continuous)

5) Dietary glycemic index and dietary

glycemic load were calculated using glucose as the reference food
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