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Original Article

Aims: Sweet preference has been reported to be associated with various health problems. This study examined 
the influence of sweet taste preference on the risk of dyslipidemia in Korean middle-aged women.

Methods: The study selected 3,609 middle-aged women from the Korean Genome and Epidemiology Study 
(KoGES) and classified them into two groups on the basis of whether or not they preferred sweet taste. Dietary 
intake was analyzed using a semiquantitative food frequency questionnaire. Serum lipid profiles and anthropo-
metric variables were measured.

Results: Subjects who preferred the sweet taste had significantly higher intakes of sugar products and sweet 
drink than those who did not prefer the sweet taste. Subjects who preferred the sweet taste showed higher carbo-
hydrate and fat intake and less fiber intake than those who did not prefer the sweet taste. The serum concentra-
tions of total cholesterol and low-density lipoprotein (LDL) cholesterol were significantly higher in subjects who 
preferred the sweet taste than those who did not prefer. Furthermore, subjects who preferred the sweet taste 
showed a significantly higher odds ratio (OR) for hypercholesterolemia (OR 1.22; 95% CI (1.01–1.45)) and 
hyper-LDL cholesterolemia (OR 1.33; 95% CI (1.11–1.60)) than those who did not prefer the sweet taste.

Conclusion: Our results suggested that preference for sweet taste may increase the consumption of sugar prod-
ucts and sweet drinks, which is partially linked to the risk of hypercholesterolemia and hyper-LDL cholesterol-
emia in Korean middle-aged women.

encouraging the choice of foods high in energy and 
carbohydrates5). Preference for sweet taste has been 
positively associated with a high consumption of 
energy-dense food6, 7). Excessive intake of sweet 
energy-dense food is thought to be a main contributor 
to a number of health problems such as overweight, 
obesity, and cardiovascular disease8-10). 

Results from the Multi-Ethnic Study of Athero-
sclerosis showed a significant effect of sugar-sweetened 
beverages on hypertriglyceridemia11). High consump-
tion of added sugars in American adults was associated 
with high odds of low HDL cholesterol levels12). Sweet 
preference is supposed to encourage the consumption 
of sugar-rich foods, which can affect the risk of dyslip-
idemia. In particular, sweet preferences were found to 
be more sensitive and greater among women than 

Introduction

Dyslipidemia is considered as one of the most 
significant cardiovascular risk factors, including 
increased concentrations of total cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, and triglycerides 
and decreased concentrations of high-density lipopro-
tein (HDL) cholesterol1). Each increase per 10 mg/dL 
in total cholesterol levels was correlated with an 
increase of 5% in overall mortality and 9% in cardio-
vascular disease mortality2). It is well known that the 
first line of therapy for individuals with dyslipidemia 
is lifestyle modification involving diet3, 4).

Taste is an important determinant of food intake 
control. Sweet taste is one of the five basic modalities 
and improves pleasure of meals and snacks, thereby 
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nutrients (energy, protein, carbohydrate, fat, fiber, cal-
cium, phosphorus, iron, sodium, potassium, vitamin 
A, retinol, β-carotene, vitamin B1, vitamin B2, niacin, 
and vitamin C). The SQFFQ consisted of questions 
over a period of 12 months (on nine categories of 
“almost never,” “once a month,” “twice or three times 
a month,” “once or twice a week,” “twice or three 
times a week,” “five or six times a week,” “once a day,” 
“twice a day,” and “three times a day”) and the average 
amount of intake (on three portion sizes of small, 
medium, and large). Sweet foods were selected from 
the list of SQFFQ and were categorized into five items 
based on previous articles18). Sweet foods included 
sugar products, such as cookies, candies/chocolates, 
breads (cake, chocolate pie, bread with small red 
beans, red bean steamed bun, and other breads), and 
ice cream/yogurts, and sweet drinks (soft drinks, soy 
milk, and other drinks). The average daily nutrient 
intake of each food item was calculated using a 
weighted frequency per day and a portion size per 
unit. The nutrient database of the Korean Nutrition 
Society was used to convert food intake into 23 nutri-
ents19). Nutrient intakes obtained by the SQFFQ were 
found to be slightly lower in protein and fat than in 
the dietary record, but total energy and carbohydrate 
intake were not significantly different17). Correlation 
between the nutrient intakes collected by these two 
methods was significant except in the case of iron, and 
the average correlation coefficient between them was 
0.22 ranging from 0.33 for energy to 0.11 for iron17). 
Preference for sweet was obtained by asking whether 
they liked the sweet food20). Subjects were categorized 
as Preferred (like and very like) or Non-preferred (nei-
ther dislike nor like, dislike, and very dislike) depend-
ing on whether they prefer the sweet taste or not.

Definition of Lipid Abnormalities
Lipid abnormalities were defined according to 

the criteria of the Korean Society of Lipidology and 
Atherosclerosis21). Total cholesterol levels over 230 
mg/dL were defined as hypercholesterolemia, HDL 
cholesterol levels under 40 mg/dL were defined as 
hypo-HDL cholesterolemia, LDL cholesterol levels 
over 150 mg/dL were defined as hyper-LDL cholester-
olemia, and triglyceride levels over 200 mg/dL were 
defined as hypertriglycemia.

General Characteristics, Anthropometric Measure-
ments, and Biochemical Variables

General information on age, exercise (metabolic 
equivalent task hours/d), alcohol intake (g/d), smok-
ing status (current smoker or non-current smoker), 
and education (＜high school or ≥ high school) was 
collected by using an interview administered through 

men13, 14), and the management to reduce serum lipids 
to prevent cardiovascular disease is essential for mid-
dle-aged adults. However, the influence of preference 
for sweet taste on serum lipid profiles in middle-aged 
women has yet to be investigated.

The objective of this study was to evaluate the 
association of preference for sweet taste with dietary 
intake and the risk of serum lipid abnormalities in 
Korean middle-aged women.

Materials and Methods

Participants
The study subjects were participants in the 

Korean Genome and Epidemiology Study (KoGES) 
in 200115). The population was collected from two 
different communities in South Korea, the Ansan 
cohort representing an urban community and Ansung 
cohort representing a rural community. The initial 
cohort included 10,038 participants between 39 and 
70 years old, and 8,840 (4,182 men and 4,658 
women) data were released in public. This study’s sub-
jects were restricted to middle-aged women who com-
pleted the survey (n=3,984). The records with 
implausibly low or high energy intake (＜500 or ＞
4,000 kcal) were excluded (n=191). Because of the 
possibility of change in serum lipid profile post medi-
cation, subjects who had received treatment for dyslip-
idemia were excluded from the study (n=184). 
Finally, the total number of study subjects used in our 
analyses was 3,609. The present study was approved 
by the Institutional Review Board of Ewha Womans 
University (85-4, December 2014), and the proce-
dures followed were in accordance with the Helsinki 
Declaration of 1975, as revised in 2009.

Assessment of Preference for Sweet Taste
Food intake was obtained by well-trained inter-

viewers using a semiquantitative food frequency ques-
tionnaire (SQFFQ). The SQFFQ was developed and 
evaluated for validity by the KoGES16, 17). Briefly, the 
dietary data for designing the SQFFQ were obtained 
from the Korea National Health and Nutrition Exam-
ination Survey (KNHANES) in 199816). Two hundred 
and forty-nine food items, which were selected on the 
basis of their 0.9 cumulative percent contribution, and 
254 items, which were selected on the basis of their 
0.9 cumulative multiple regression coefficients, respec-
tively, were classified into 97 food groups according to 
their nutrient contents. Because of the seasonality of 
the survey, several popular Korean foods that were 
missing from the list were included. Finally, 103 food 
items were included in the questionnaire. The food 
list in the SQFFQ covered 84.8% of the intake of 17 
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tion, and total energy intake. Multivariate logistic 
regression analysis was applied to obtain odds ratio 
(OR) and 95% confidence interval (CI) for the risk of 
lipid abnormalities. All statistical analyses were per-
formed by using SAS v9.4 (SAS Institute Inc., Cary, 
NC, USA), and a P value of 0.05 was considered to be 
statistically significant.

Results

The general characteristics of participants are 
listed in Table 1. Subjects who preferred the sweet 
taste were older than those who did not prefer the 
sweet taste. There were no significant differences in 
body weight, waist circumstance, BMI, blood pres-
sure, exercise, alcohol intake, smoking status, and edu-
cation level between the two groups.

Dietary intake of participants classified by their 
preference for sweet taste is shown in Table 2. After 
adjustment of age, BMI, exercise, alcohol drinking, 
smoking, education, and total energy intake, the Pre-
ferred group showed higher consumption of sugar 
products, such as cookies, candies/chocolates, breads, 
ice cream/yogurts, and sweet drink compared with the 
Non-preferred group. Subjects who preferred the 
sweet taste had significantly higher energy, carbohy-
drate, protein and fat intake and lower fiber intake. In 
the Preferred group, the carbohydrate energy ratio and 
fat energy ratio were higher, whereas the protein 
energy ratio was not significantly different from the 
Non-preferred group.

Biochemical variables according to preference for 
sweet taste are shown in Table 3. The serum levels of 

a questionnaire. Body weight and height of the sub-
jects were measured using a standardized procedure. 
Weight in light clothes with no shoes was measured 
with a metric scale to the nearest 0.01 kg, and height 
was measured with a stadiometer to the nearest 0.1 
cm. Blood pressures were measured with the subjects 
in a lying position after 5 min of rest. Blood samples 
were taken after having fasted for more than 8 h. Con-
centrations of total cholesterol, HDL cholesterol, and 
triglyceride were measured using biochemical assays 
performed by a central laboratory (Seoul Clinical Lab-
oratories, Seoul, Republic of Korea). LDL cholesterol 
levels were calculated by the following equations 
described by Friedewald for subjects with triglyceride 
concentrations ＜400 mg/dL22): LDL cholesterol=  
Total cholesterol (mg/dL)－{HDL cholesterol (mg/dL) 
－(Triglycerides (mg/dL)/5)}.

Statistical Analysis
Data were expressed as mean±standard error for 

continuous variables and as percentages for categorical 
variables, and the P value was obtained through Stu-
dent’s t-test and chi-square test. To determine the dif-
ferences in means and distribution of general charac-
teristics, dietary intakes, and biochemical variables, 
the general linear model and the Cochran–Mantel–
Haenszel analysis was used with adjustment. Adjust-
ment was performed for potential confounding vari-
ables that were either statistically significant in univar-
iate analyses or known to be potentially important 
factors related to sweet taste preference and risk of 
lipid abnormalities, such as age, body mass index 
(BMI), exercise, alcohol drinking, smoking, educa-

Table 1. General characteristics of participants according to sweet taste preference

Non-preferred
(n=2,399)

Preferred
(n=1,210)

P
Adjusted

P

Age (year)
Height (cm)
Weight (kg)
Waist circumstance (cm)
BMI (kg/m2)
Blood pressure (mmHg)

Systolic 
Diastolic 

Exercise (MET-h/day)
Alcohol intake (g/day)
Current smokers (%)
High school education (%)

49.5±0.1
154.4±0.1
59.3±0.2
80.5±0.2
24.9±0.1

 
114.4±0.4

72.7±0.2
3.4±0.1
1.5±0.1

3.3
38.5

52.0±0.2
154.3±0.1
59.6±0.2
81.4±0.3
25.0±0.1

 
116.7±0.6
73.7±0.3

3.4±0.2
1.1±0.1

3.3
33.3

＜0.0001
0.543
0.373
0.003
0.192

 
0.001
0.023
0.999
0.073
0.913
0.002

 
0.026
0.245
0.653
0.857

 
0.736
0.646
0.843
0.180
0.892
0.326

Values are mean±SE or percentage. BMI=body mass index; KRW=Korean Won; MET=metabolic equivalent task. P was conducted 
by Student’s t-test and chi-square tests. Adjusted P was obtained from general linear model analysis and Cochran-Mantel-Haenszel analy-
sis with adjustment for age.
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Discussion

Preference for sweetness is positively linked to 
energy-dense foods6, 7), which may affect dyslipidemia. 
This study investigated the influence of sweet taste 
preference on the odds for dyslipidemia in relation to 
dietary intake among Korean middle-aged women.

Subjects who preferred the sweet taste showed 
higher consumption of sugar products and sweet 
drinks compared with those who did not prefer the 
sweet taste. These results are in line with a previous 
work6) in French adults that showed an association 
between the liking for sweets and intake of sugary 
products and sugar-sweetened soft drinks. In general, 
sugar is known to increase blood lipid levels23). Sugar-
sweetened drinks were reported to be positively associ-
ated with the risk of dyslipidemia24, 25). Taken together, 
these results indicate that the preference for sweet taste 

total cholesterol and LDL cholesterol were signifi-
cantly higher in the Preferred group than in the Non-
preferred group, after adjustment of age, BMI, exer-
cise, alcohol drinking, smoking, education, and total 
energy intake. There were no significant differences in 
HDL cholesterol and triglyceride between the two 
groups.

We examined the association between sweet taste 
preference and risk of lipid abnormalities (Table 4). 
The prevalence of hypercholesterolemia and hyper-
LDL cholesterolemia in the Preferred group was sig-
nificantly higher than the Non-preferred group. More-
over, OR (95% CI) comparing the Preferred group 
versus the Non-preferred group for hypercholesterol-
emia and hyper-LDL cholesterolemia were 1.21 
(1.01–1.45), and 1.33 (1.11–1.60), respectively, after 
adjustment of age, BMI, exercise, alcohol drinking, 
smoking, education, and total energy intake.

Table 2. Dietary intakes of participants according to sweet taste preference

Non-preferred
(n=2,399)

Preferred
(n=1,210)

P
Adjusted

P

Sugar products (g/day)
Cookies
Candies/chocolates
Breads
Ice cream/yogurts

Sweet drink (g/day)

52.2±1.4
4.2±0.2
1.2±0.1
8.4±0.3

38.4±1.2
33.8±1.3

66.0±2.2
6.6±0.4
2.6±0.2

12.3±0.6
44.4±1.9
42.1±2.3

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.007
0.002

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.014
0.002

Energy (kcal/day)
Carbohydrate (g/day)
Protein (g/day)
Fat (g/day)
Fiber (g/day)
Carbohydrate energy ratio (%)
Protein energy ratio (%)
Fat energy ratio (%)

1827.4±11.4
325.9±2.0
62.3±0.5
28.6±0.3

7.0±0.1
71.7±0.1
13.5±0.05
13.7±0.1

1879.4±15.9
335.0±2.7

62.9±0.7
30.1±0.5

6.9±0.1
71.9±0.2
13.3±0.06
13.9±0.1

0.008
0.009
0.469
0.010
0.267
0.584
0.0003
0.386

0.0002
0.042
0.048
0.0002
0.041
0.021
0.053

＜0.0001

Values are mean±SE. P was conducted by Student’s t-test. Adjusted P was obtained from the generalized linear model with adjustment 
for age, BMI, exercise, alcohol drinking, smoking, education, and total energy intake.

Table 3. Biochemical profiles of participants according to sweet taste preference

Non-preferred
(n=2,399)

Preferred
(n=1,210)

P
Adjusted

P

Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Triglyceride (mg/dL)

195.8±0.7
51.3±0.2

118.7±0.6
131.3±1.9

202.8±1.1
51.1±0.3

124.6±1.0
138.2±2.5

＜0.0001
0.597

＜0.0001
0.025

0.004
0.980
0.003
0.671

HDL-cholesterol=high density lipoprotein cholesterol; LDL-cholesterol= low density lipoprotein cholesterol. Values are mean±SE. 
LDL-cholesterol was measured in 2,365 individuals with the ‘Non-preferred’ and 1,187 with the ‘Preferred’. P was conducted by Stu-
dent’s t-test. Adjusted P was obtained from general linear model analysis with adjustment for age, BMI, exercise, alcohol drinking, smok-
ing, education, and total energy intake. 
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olemia in Iranian population with low fat intake30). 
This report showed undesirable lipid profiles of the 
subjects, even though their dietary fat intake was 
within the recommended daily allowance limits. We 
speculated that increased fat intake in subjects who 
preferred the sweet taste may have partially contrib-
uted to elevated concentrations of total and LDL cho-
lesterol.

Subjects who preferred the sweet taste showed 
significantly lower intake of dietary fiber. These were 
similar to a previous report31) that a high-sugar intake 
was negatively associated with dietary fiber intake in 
American subjects. According to the analysis of 67 
controlled clinical trials 32), high-fiber diets can 
decrease total and LDL cholesterol. Dietary fiber 
binds to cholesterol during intraluminal formation of 
micelles33). The resulting reduction in the cholesterol 
content of liver cells induces LDL receptor upregula-
tion and thus increased clearance of LDL cholesterol. 
If such results are taken into consideration, it is postu-
lated that low intake of dietary fiber in subjects who 
preferred the sweet taste may be partially associated 
with high risk of hypercholesterolemia and hyper-
LDL cholesterolemia.

This study has several limitations. Because the 
relation between preference for sweet taste and serum 
lipid abnormalities was analyzed with a cross-sectional 
study design, it was not possible to establish a cause–
effect. Our data may be used only to assess direction-

may increase sugar-rich food intake, which is partly 
related to the risk of lipid abnormalities.

Sugar products usually produce most of their cal-
ories from two main ingredients, carbohydrate and 
fat26). Ice cream is composed of carbohydrate 47% 
and fat 46%, and milk chocolate is composed of car-
bohydrate 44% and fat 50%27). These sugar products 
derive large amounts of their calories from fat, even 
though they are commonly viewed as carbohydrate-
rich foods. Our study demonstrated that subjects who 
preferred the sweet taste showed significantly higher 
fat intake compared with those who did not prefer the 
sweet taste. It can be suggested that the increased fat 
intake in subjects who preferred the sweet taste may 
be due to increased consumption of sugar products.

Dietary fat consumption was reported to be asso-
ciated with serum concentrations of total cholesterol 
and LDL cholesterol1). Sugar products, such as cook-
ies, chocolates, and ice cream, contain large amounts 
of fat26). Major dietary sources of fat in the United 
States are full-fat dairy products, such as cheese and 
butter, and red meat28). However, Korean middle-aged 
women tend to have considerably low consumption of 
these full-fat dairy products and red meat29). Sugar 
products are supposed to be able to supply a signifi-
cant amount of fat in Korean middle-aged women. 
The fat intake in the current subjects was lower than 
that of KNHANES29). However, there is a report on 
the association between fat intake and hypercholester-

Table 4. Association between sweet taste preference and risk of lipid abnormalities

Non-preferred
(n=2,399)

Preferred
(n=1,210)

P

Hypercholesterolemia
Prevalence (%)
Crude OR (95% CI)
Adjusted OR (95% CI)

Hypo-HDL cholesterolemia
Prevalence (%)
Crude OR (95% CI)
Adjusted OR (95% CI)

Hyper-LDL cholesterolemia
Prevalence (%)
Crude OR (95% CI)
Adjusted OR (95% CI)

Hypertriglycemia
Prevalence (%)
Crude OR (95% CI)
Adjusted OR (95% CI)

  
16.8

1.0
1.0
  

14.8
1.0
1.0
  

15.1
1.0
1.0
  

13.9
1.0
1.0

  
22.3

1.42 (1.19 - 1.68)
1.21 (1.01 - 1.45)

  
16.3

1.12 (0.93 - 1.35)
1.02 (0.84 - 1.24)

  
21.0

1.49 (1.25 - 1.78)
1.33 (1.11 - 1.60)

  
15.3

1.12 (0.92 - 1.36)
0.99 (0.80 - 1.21)

  
＜0.0001

  
  
  

0.243
  
  
  

＜0.0001
  
  
  

0.269
  
  

OR=odds ratio; CI=confidence interval; HDL=high density lipoprotein; LDL= low density lipoprotein. OR (95% 
CI) was conducted by logistic regression model. Adjusted OR (95% CI) was obtained after adjustment for age, 
BMI, exercise, alcohol drinking, smoking, education, and total energy intake.
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ER, Brodie BR, Grines CL, Danias PG, Gregoratos G, 
Hlatky MA, Hochman JS, Kaul S, Lichtenberg RC, Lind-
ner JR, O’Rourke RA, Pohost GM, Schofield RS, Shu-
brooks SJ, Tracy CM, Winters WL Jr: Integrating com-
plementary medicine into cardiovascular medicine: a 
report of the American college of cardiology foundation 
task force on clinical expert consensus documents (writing 
committee to develop an expert consensus document on 
complementary and integrative medicine). J Am Coll 
Cardiol, 2005; 46: 184-221

5) Hladik CM, Pasquet P, Simmen B: New perspectives on 
taste and primate evolution: the dichotomy in gustatory 
coding for perception of beneficent versus noxious sub-
stances as supported by correlations among human 
thresholds. Am J Phys Anthropol, 2002; 117: 342-348

6) Lampuré A, Castetbon K, Deglaire A, Schlich P, Péneau S, 
Hercberg S, Méjean C: Associations between liking for 
fat, sweet or salt and obesity risk in French adults: a pro-
spective cohort study. Int J Behav Nutr Phys Act, 2016; 
13: 74

7) Olson CM, Gemmill KP: Association of sweet preference 
and food selection among four to five year old children. 
Ecol Food Nutr, 1981; 11: 145-150

8) Swinburn BA, Sacks G, Hall KD, McPherson K, Fine-
good DT, Moodie ML, Gortmaker SL: The global obesity 
pandemic: shaped by global drivers and local environ-
ments. Lancet, 2011; 378: 804-814

9) Bellisle F, Drewnowski A: Intense sweeteners, energy 
intake and the control of body weight. Eur J Clin Nutr, 
2007; 61: 691-700

10) Kavey RE: How sweet it is: sugar-sweetened beverage con-
sumption, obesity, and cardiovascular risk in childhood. J 
Am Diet Assoc, 2010; 110: 1456-1460

11) Chen L, Appel LJ, Loria C, Lin PH, Champagne CM, 
Elmer PJ, Ard JD, Mitchell D, Batch BC, Svetkey LP, 
Caballero B: Reduction in consumption of sugar-sweet-
ened beverages is associated with weight loss: the PRE-
MIER trial. Am J Clin Nutr, 2009; 89: 1299-1306

12) Welsh JA, Sharma A, Abramson JL, Vaccarino V, Gillespie 
C, Vos MB: Caloric sweetener consumption and dyslipid-
emia among US adults. Jama, 2010; 303: 1490-1497

13) Zucker I: Hormonal determinants of sex differences in 
saccharin preference, food intake and body weight. Physi-
ology & Behavior, 1969; 4: 595-602

14) Valenstein ES, Kakolewski JW, Cox VC: Sex differences 
in taste preference for glucose and saccharin solutions. 
Science, 1967; 156: 942-943

15) Lim S1, Jang HC, Lee HK, Kimm KC, Park C, Cho NH: 
A rural-urban comparison of the characteristics of the 
metabolic syndrome by gender in Korea: the Korean 
Health and Genome Study (KHGS). J Endocrinol Invest, 
2006; 29: 313-319

16) Ahn Y, Lee JE, Paik HY, Lee HK, Jo I, Kimm K: Devel-
opment of a semi-quantitative food frequency question-
naire based on dietary data from the Korea National 
Health and Nutrition Examination Survey. Nutritional 
Sciences, 2003; 6: 173-184

17) Ahn Y, Lee JE, Cho NH, Shin C, Park C, Oh BS, Kimm 
K: Validation and calibration of semi-quantitative food 
frequency questionnaire: with participants of the Korean 

ality or temporality of the associations observed. 
Another limitation was that dietary intake was ana-
lyzed through the SQFFQ and thus may be inaccurate 
quantifications of real consumption amounts. 
Although well-trained interviewers with a validated 
SQFFQ and pictures of portion sizes, measurement 
errors in dietary intake seems unavoidable. Despite 
these limitations, this is the first study in our knowl-
edge to assess the association between preference for 
sweet taste and the risk of dyslipidemia.

Conclusions

The present study used data from the KoGES to 
demonstrate that preference for sweet taste is linked to 
the risk of hypercholesterolemia and hyper-LDL cho-
lesterolemia among middle-aged women. In addition, 
subjects who preferred the sweet taste showed higher 
consumption of sugar products and sweet drinks com-
pared with those who did not prefer the sweet taste. 
These findings suggested that the preference for sweet 
taste may increase sweet food intake, which is related 
to the risk of hypercholesterolemia and hyper-LDL 
cholesterolemia in Korean middle-aged women.

Acknowledgements

This study was provided with bioresources from 
the National Biobank of Korea, the Center for Disease 
Control and Prevention, Republic of Korea (4845-
301, 4851-302, and -307) and supported by the 
National Research Foundation of Korea (NRF), 
funded by the BK 21 plus (No. 22A20130012143).

Conflict of Interest Disclosure

The authors declared no conflict of interest.

References
1) Expert Panel on Detection, Evaluation, and Treatment of 

High Blood Cholesterol in Adults: Executive summary of 
the Third Report of the National Cholesterol Education 
Program (NCEP) expert panel on detection, evaluation, 
and treatment of high blood cholesterol in adults (Adult 
Treatment Panel III). JAMA, 2001; 285: 2486-2497

2) Anderson KM, Castelli WP, Levy D: Cholesterol and 
mortality: 30 years of follow-up from the Framingham 
Study. JAMA, 1987; 257: 2176-2180

3) Varady KA, Jones PJ: Combination diet and exercise 
interventions for the treatment of dyslipidemia: an effec-
tive preliminary strategy to lower cholesterol levels? J 
Nutr, 2005; 135: 1829-1835

4) Vogel JH, Bolling SF, Costello RB, Guarneri EM, Krucoff 
MW, Longhurst JC, Olshansky B, Pelletier KR, Tracy 



Sweet Liking and Hypercholesterolemia

1221

25) He B, Long W, Li X, Yang W, Chen Y, Zhu Y: Sugar-
sweetened beverages consumption positively associated 
with the risks of obesity and hypertriglyceridemia among 
Children aged 7–18 years in South China. J Atheroscler 
Thromb, 2018; 25: 81-89

26) Jarlenski MP, Wolfson JA, Bleich SN: Macronutrient 
composition of menu offerings in fast food restaurants in 
the US. Am J Prev Med, 2016; 51: e91-e97

27) The Korean Nutrition Society: Food values, The Korean 
Nutrition Society, Seoul, 2009

28) US Department of Agriculture and US Department of 
Health and Human Services: Dietary Guidelines for 
Americans, 2010. 7th Ed, US Government Printing 
Office, Washington DC, 2010

29) Ministry of Health and Welfare: Part 2 Main health statis-
tics. In: Korea Health Statistics 2015: Korea National 
Health and Nutrition Examination Survey (KNHANES 
VI-3), pp 171-178, The Korea Centers for Disease Con-
trol and Prevention, Cheongjui, 2016

30) Kelishadi R, Pour MH, Zadegan NS, Kahbazi M, Sadry 
G, Amani A, Ansari R, Alikhassy H, Bashardoust N: 
Dietary fat intake and lipid profiles of Iranian adolescents: 
Isfahan Healthy Heart Program–heart health promotion 
from childhood. Preventive medicine, 2004; 39: 760-766

31) Welsh JA, Sharma A, Cunningham SA, Vos MB: Con-
sumption of added sugars and indicators of cardiovascular 
disease risk among US adolescents. Circulation, 2011; 
123: 249-257

32) Brown L, Rosner B, Willett WW, Sacks FM: Cholesterol-
lowering effects of dietary fiber: a meta-analysis. Am J 
Clin Nutr, 1999; 69: 30-42

33) Anderson JW, Tietyen-Clark JT: Dietary fiber: hyperlipid-
emia, hypertension and coronary artery disease. Am J 
Gastroenterol, 1986; 81: 907-919 

Health and Genome Study. Korean J Community Nutr, 
2004; 9: 173-182

18) Ahn SC, Kim YS: Study on body mass index (BMI), 
dietary intake attitudes, and nutrient intake status accord-
ing to sugar-containing food intake frequency of college 
students in Gyeonggi-do. J Korean Soc Food Sci Nutr, 
2016; 45: 1649-1657

19) The Korean Nutrition Society: Korean food composition 
table. In: Recommended dietary allowances for Koreans 
7th Ed, pp 259-464, The Korean Nutrition Society, 
Seoul, 2000 

20) Matsushita Y, Mizoue T, Takahashi Y, Isogawa A, Kato M, 
Inoue M, Noda M, Tsugane S: Taste preferences and body 
weight change in Japanese adults: the JPHC Study. Int J 
Obes, 2009; 33: 1191-1197

21) Committee for Establishing Treatment Instruction for 
Dyslipidemia of the Korean Society of Lipidology and 
Atherosclerosis: Treatment instruction for dyslipidemia. 
2nd ed, Korean Society of Lipidology and Atherosclerosis, 
Seoul, 2009

22) Friedewald WT, Levy RI, Fredrickson DS: Estimation of 
the concentration of low-density lipoprotein cholesterol 
in plasma, without use of the preparative ultracentrifuge. 
Clin Chem, 1972; 18: 499-502

23) Frayn KN, Kingman SM: Dietary sugars and lipid metab-
olism in humans. Am J Clin Nutr, 1995; 62: 250S-261S

24) Stanhope KL, Schwarz JM, Keim NL, Griffen SC, Bremer 
AA, Graham JL, Hatcher B, Cox CL, Dyachenko A, 
Zhang W, McGahan JP, Seibert A, Krauss RM, Chiu S, 
Schaefer EJ, Ai M, Otokozawa S, Nakajima K, Nakano T, 
Beysen C, Hellerstein MK, Berglund L, Havel PJ: Con-
suming fructose-sweetened, not glucose-sweetened, bever-
ages increases visceral adiposity and lipids and decreases 
insulin sensitivity in overweight/obese humans. J Clin 
Invest, 2009; 119: 1322-1334 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


