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Association of Total Sugar Intakes and Metabolic Syndrome from
Korean National Health and Nutrition Examination Survey 2001-2002

Chung, Chin-Eun®
Department of Food and Nutrition, Ansan College, Ansan 426-701, Korea

ABSTRACT

The purpose of this study was to establish an association between the percent of energy from total sugar and disease
prevalence of obesity, hypertension, dyslipidemia, insulin resistance, and metabolic syndrome with the context of the
current population dietary practice in Korea. The Korean Naticnal Health and Nutrition Survey, 2001 and 2002 dataset
were used as the source of data for this research. Usual nutritional intakes for over 20 years old people were calculated
from the two non-consecutive dietary intake data from KNHANES 2001 and 2002 dataset. SAS and SUDAAN were
used for statistical analyses. Sample weighted means, standard errors, and population percentages were calculated, and
multiple logistic regression model with adjustment for covariates were used to determine the odds ratios (ORs) and
95% confidence intervals. Subjects were categorized as 3 ways and compared the LS means and ORs for heath factors.
First, subjects excluding pregnant women, were categorized according to percent of energy from the usual total sugar
intakes as < 10%, 11—15%, 16—20%, 21—25%, > 25%. Risk of LDL cholesterol showed a tendency to increase in
the *> 25%’ group compared to the ‘< 10%’ group. The risks of the other health effects did not show any significant
differences. Second, the subjects were categorized considering both Acceptable Macronutrient Distribution Range
(AMDR) from carbohydrate and %Energy from total sugar as ‘CHO < 55% & Total sugar < 10%’, ‘CHO 55—70%
& Total sugar 11—25%’, and ‘CHO = 70% & Total sugar = 25%’. The risk of obesity tended to increase in the ‘CHO
= 70% & Total sugar = 25% group compared to the ‘CHO < 55% & Total sugar < 10%’. Third, the subjects were
categorized as ‘CHO < 55% & Total sugar < 10%’, ‘CHO 55—70% & Total sugar 11—20%’, and ‘CHO = 70% &
Total sugar > 20%’. The risk of obesity also tended to increase in the ‘CHO = 70% & Total sugar = 20%’ group
compared to the ‘CHO < 55% & Total sugar = 20%’ group. In conclusion, risk of LDL cholesterol showed a tendency
to increase in the over 25% total sugar intake group, and the risk of obesity tended to increase in the 20—25% total
sugar intake and high carbohydrate intake group. The risks of hypertension, hyperlipidemia, insulin resistance, and
metabolic syndrome were not associated with total sugar intakes. More research to elucidate the association for Korean
between the intakes of total sugar, added sugar, glucose, fructose, and sweeteners and diseases prevalences shoud be
excuted in the future. (Korean J Nutr 2007; 40 (Suppl): 29~38)

KEY WORDS : total sugar, metabolic syndrome, disease prevalence, odds ratio, AMDR (acceptable macronutrient
distribution range) .
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Table 1. Adjusted means of health variables and disease prevalence by %Energy from Total Sugar for Korean Adults, KNHANES 2001

and 2002-Spring
%Energy from total sugar Total <10% 11-15% 16-20% 21-25% >25%

Health variables N Mean SE Mean SE Mean SE  Mean SE  Mean SE  Mean SE
BMI (kg/m”) 794 2377 011 23817 020 2373 022 2391038 2324 039 2390 0.44
Systolic blood pressure (SBP: mmHg) 720 12254 1.02 12523 147 12004 181 12190 175 11781 1.61" 11844 201"
Diastolic blood pressure (DBP: mmHg) 720 77.46 0.67 7888 096 7562 097* 7690113 7567 1.18 7645 1.37
Serum total cholesterol (mg/db) 789 187.5 1.45188.84 2.18 189.14 273 18537 3.03 179.17 4.44 18826 497
Serum triglyceride (mg/dL) 766 14207 429 15133 594 12994 738 12785784 14346 1034 14545 13.03
Serum HDL-cholesterol (mg/dL) 794 4546 052 4478 0.66 4676 1.00 4533 1.09 4615 1.56 4571 1.48
Serum LDL-cholesterol (mg/dL) 758 11213 1.26 11208 162 11544 256 11163 303 10404 397 11290 498
Serum fasting glucose (FG: mg/dL) 779 9772 106 9864 127 9542 1.53 9921 188 9490 267 98.49 3.44
Disease Prevalence (%)
Obesity (BMI = 25) 671 33.01 004 3199 230 3476 387 3418 400 3202 571 3332 699
Hypertension (SBP = 130 and DBP = 85) 794 17.81 1.41 2224 3.0 1270 230% 14.42 3.60 966 4.36% 1993 535
Dyslipidemia (TG = 150) 720 3536 199 4132 357 3028 491 2636 453% 3266 557 3335 9.30

(HDL M <40 and F<50) 766 5611 239 5584 357 5298 4.62 60.41 426 5648 677 57.50 9.23

Insulin resistance (FG = 10) 794 1642 239 1893 273 1242 288 1524 3.55 11.78 4.45 1972 7.66
metabolic syﬁdrome§ 779 2086 1.79 2393 3.14 1547 298 2037 424 2308 496 1431 6.00

*: Means were dignificantly different compared to the ' < 10%' group by LSD method.
Means were adjusted for age, gender, region, education, inccome, and energy infake.

data were sample weighted using SUDAAN 9.1

Table 2. Odd ratios (and 95% confidence intervals) by %Energy from Total Sugar of Korean Adults, KNHANES 2001 and 2002-Spring

%Energy from total sugar  <70% 11-15% 16—20% 21-25% > 25% Wald
Risk factors P
OR OR 95%ClI OR 95%Cl OR  95%CI OR 95%Cl
Risk of obesity (BMi = 25) 1 125 080 195 129 082 204 109 057 210 1.14 0.54 241 0.6474
Risk of hypertension 1 062 036 1.05 0.66 036 122 044 0.13 1.46 1.14 0.50 261 0.2504
(SBP = 130 and DBP = 85 mmHg)
Risk of dyslipidemia (TG = 150 mg/dL) 1 068 039 1.19 062 036 1.08 082 0.42 1.61 094 038 235 0.3496
Risk of dyslipidemia 1 077 0.48 1.22 105 0.5 1.49 090 0.46 175 0.88 0.38 206 0.6262
(HDL: Men < 40 and Women < 50)
Risk of Insulin resistance (FG = 110 mg/dl) 1 070 0.40 1.23 099 047 209 071 032 1.59 1.43 0.47 438 0.4499
Risk of metabolic syndrome 1 061 036 105 085 041 174 111 051 244 0.62 021 180 02782
Bormore of above symptoms) el
Risk of elevated systolic blood pressure 1 0.69 045 107 0.42 033 1.17 058 0.28 1.17 1.18 0.52 2.64 0.1620
(= 130 mmHg)
Risk of elevated diastolic blood pressure 1 075 0.48 1.15 0.82 048 1.41 051 021 1.24 1.03 051 209 0.3672
(= 85 mmHg)
Risk of total cholesterol (= 240 mg/dL) 1 071 030 1.67 084 037 189 045 009 222 177 072 436 0.5220
Risk of elevated LDL cholesterol 1 1.30 057 299 1.18 048 289 086 021 355 271 101 7.34 0.3858

(=160 mg/dLin 20 +yr)

dds ratios were adjusted for age, gender, region, edcation, income, and energy intake.

data were sample weighted using SUDAAN 9.1
=: P value based on Wald F statistic
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Table 3. Adjusted means of health variables and disease prevalence by %Energy from Total sugar and %Energy from Carbohydrate

for Korean Adults, KNHANES 2001 and 2002-Spring: Method 1

%Energy from carbohydrate CHO <55% CHO 55-70% CHO>70%
ZEnergy from total sugar Total sugar< =10% Total sugar 11-25%  Total sugar> 25% chue

Health variables LSmean SE LSmean SE LSmean SE
BMI (kg/m? 23.6" 0.47 23.37 0.25 24.31 053  Ns?
Systolic blood pressure (SBP: mmHg) 121.34 1.78 118.48 1.31 120.02 2.49 NS
Diastolic blood pressure (DBP: mmHg) 79.24 1.23 76.31 0.94 76.85 1.91 NS
Serum total cholesterol (mg/dL) 186.18 4.69 184.52 3.05 186 6.04 NS
Serum triglyceride (mg/dL) 143.78 11.57 127.33 6.61 145.95 14.74 NS
Serum HDL-cholesterol (mg/dL) 47.74 1.07 46.9 1.32 45.5 1.8 NS
Serum LDL-cholesterol (mg/dL) 109.7 3.49 110.19 3.01 110.46 5.86 NS
Serum fasting glucose (FG: mg/dL) ' 98.73 2.24 95.09 1.62 100.61 4.3 NS
Disease prevalence (%)
Obesity (BMI = 25) 23.27 4.81 30.95 3.04 39.56 7.83 NS
Hypertension (SBP = 130 and DBP = 85) 21.54 5.86 1017 3 23.37 7.04 NS
Dyslipidemia (TG = 150) 40.62 7.96 29.22 498 28.77 9.25 NS

(HDL M <40 and F<50) 43.22 5.79 54.1 473 60.96 11.04 NS
Insulin resistance (FG = 10) 19.55 5.48 10.03 3.04 24.07 9.34 NS
metabolic syndrome (3 or more of above symptoms) 19.58 6.39 15.13 3.1 17.56 7.79 NS

l’Mec:ns were adjusted forage, gender,region, education, inccome, and energy intake.

? Not significant by Wald F test.
data were sample weighted using SUDAAN 9.1,

Table 4. Odd ratios (and 95% confidence infervals) by %Energy from total sugar and %Energy from carbohydrate of Korean adults,

KNHANES 2001 and 2002-Spring: Method 1

%Energy from carbohydrate  CHO <55% CHO 55-70% CHO>70%

%Energy from total sugar Total sugar<10% Totalsugar 11-25% Total sugar>25% vq::e*
Risk factors OR OR 95% ClI OR 95% ClI
Risk of obesity (BMI = 25) 1 196 097 397 303 107 858 0.0852
Risk of hypertension (SBP = 130 and DBP = 85 mmHg) 1 0.55 0.17 174 143 032 6.37 0.2286
Risk of dyslipidemia (TG = 150 mg/dL) 1 0.84 033 215 067 019 235 08175
Risk of dyslipidemia (HDL: Men < 40 and Women < 50) 1 1.12 054 236 155 049 490 0.7414
Risk of insulin resistance (FG = 110 mg/dl) 1 052 0.17 1.58 1.51 029 7.99 0.1422
Risk of metabolic syndrome (3 or more of above symptoms) 1 1.02 035 294 128 026 631 0.9397
Risk of elevated systolic blood pressure (= 130mmHg) 1 049 0.9 124 098 028 3.45 0.1907
Risk of elevated diastolic blood pressure (= 85 mmHg) 1 0.89 035 227 158 046 549 0.443]
Risk of total cholesterol (= 240 mg/dL) 1 1.79 052 6.9 484 095 24.65 0.1558
Risk of elevated LDL cholesterot (= 160 mg/dL in 20 +yr) 1 253 052 1244 632 080 50.06 02100
Odds ratios were adjusted for age, gender, region, edcation, income, and energy intake.
data were sample weighted using SUDAAN 9.1
*2 P value based on Wald F statistic
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Table 5. Adjusted means of health variables and disease prevalence by %Energy from total sugar and %Energy from carbohydrate

for Korean adults, KNHANES 2001 and 2002-Spring: Method 2

%Energy from crbohydrate

CHO<K55%
Z%Energy from total sugar Total sugar<=10% Total sugar 11-20%

CHO>70%
Total sugar>20%

CHO 55-70%

value

Health vriables LSmean SE LSmean SE LSmean SE
BMI (kg/m?) 23.56" 0.46 23.53 0.27 23.99 028 Ns”
Systolic blood pressure (SBP: mmHg) 121.26 1.88 119.09 1.67 119.48 216 NS
Diastolic blood pressure (DBP: mmHg) 79.07 1.27 75.92 1.05 75.85 139 NS
Serum total cholesterol (mg/dL) 185.9 4.66 188.8 3.13 187.36 468 NS
Serum triglyceride (mg/dL) 143.83 11.73 126.54 7.3 143.34 9.64 NS
Serum HDL-cholesterol (mg/dL) 47.5 1.14 46.96 1.21 45.44 1.25 NS
Serum LDL-cholesterol (mg/dL) 109.66 3.69 114.43 3.07 112.64 432 NS
Serum fasting glucose (FG: mg/dL) 98.93 241 96.01 1.66 97.6 28 NS
Disease prevalence (%)

Obesity (BMI = 25) 22.48 4.69 31.67 3.66 37.24 4.63 NS

Hypertension (SBP = 130 and DBP = 85) 20.93 574 11.5 3.53 16.64 393 NS

Dysfipidemia (TG = 150) 39.25 7.84 30.96 5.86 31.76 599 NS

(HDL M< 40 and F< 50) 43.54 5.75 51.88 5.23 60.39 6.96 NS
Insulin resistance (FG = 10) 20.39 6.07 10.45 3.23 15.68 447 NS
Mtabolic syndrome (3 or more of above symptoms) 19.57 6.24 14.82 3.22 21.94 447 NS

" Means were adjusted forage, gender, region, education, inccome, and energy intake.

? Not significant by Wald F test.
data were sample weighted using SUDAAN 9.1.

Table 6. Odd ratios (and 95% confidence intervals) by %Energy from total sugar and %Energy from carbohydrate of Korean adults,

KNHANES 2001 and 2002-Spring: Method 2

%Energy from carbohydrate

CHO<55%
%Energy from total sugar_Total sugar<10% Total sugar 11-20% Total sugar> 20%

CHO 55-70% CHO>70%

Risk factors OR ok 9mC  OR  esmal | Vave
Risk of obesity (BMI = 25) 1 192 080 4.08 234 1.02 536 0.1239
Risk of hypertension (SBP = 130 and DBP = 85 mmHg) 1 0.51 015 1.70 0.75 021 258 0.4362
Risk of dyslipidemia (TG = 150 mg/dL) 1 076 030 193 079 030 209 0.8394
Risk of dyslipidemia (HDL: Men <40 and Women < 50) 1 095 045 200 120 048 3.0 0.8726
Risk of Insulin resistance (FG = 110 mg/dl) 1 0.53 0.7 1.68 085 0.23 3.23 0.3980
Risk of Metabolic syndrome (3 or more of above symptoms) 1 0.80 026 244 139 043 4.47 03950
Risk of elevated systolic blood pressure (= 130 mmHg) 1 0.48 0.9 1.21 0.64 023 1.77 0.2862
Risk of elevated diastolic blood pressure (= 85 mmHg) 1 085 035 208 092 031 272 09206
Risk of total cholesterol (= 240 mg/dL) 1 1.50 039 5.67 229 0.56 9.46 0.4988
Risk of elevated LDL cholesterol (= 160 mg/dL in 20 + yr) 1 273 0.51 14.65 4.47 0.66 30.45 0.3013

Odds ratios were adjusted for age, gender, region, edcation, income, and energy intake.

data were sample weighted using SUDAAN 9.1
*. P value based on Wald F stafistic
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