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BACKGROUND/OBJECTIVES: The aim of this study was to examine differences in nutrient intake and food consumption by 
the presence of metabolic syndrome in Korean adults.
SUBJECTS/METHODS: Study subjects in this cross-sectional study were recruited from four outpatient clinics in and near the 
Seoul metropolitan area of South Korea between 2006 and 2012. A total of 668 subjects (413 men and 255 women) aged 
≥ 30 y were included in the final data analyses. For each subject, daily nutrient intake and food consumption were calculated 
using three days of dietary intake data obtained from a combination of 24-hour recalls and dietary records. To evaluate food 
consumption, mean number of servings consumed per day and percentages of recommended number of servings for six 
food groups were calculated. Metabolic syndrome was defined using the National Cholesterol Education Program Adult Treatment 
Panel III criteria. The general linear model was performed to examine differences in nutrient intake and food consumption 
by sex and the presence of metabolic syndrome after adjustment for potential confounding variables.
RESULTS: Nutrient intake did not differ by the presence of metabolic syndrome in both men and women. Men with metabolic 
syndrome had lower consumption and percentage of the recommendation for fruits compared with those without metabolic 
syndrome (1.6 vs. 1.1 servings/day, P-value = 0.001; 63.5 vs. 49.5%, P-value = 0.013). Women with metabolic syndrome showed 
lower consumption and percentage of the recommendation for dairy foods than those without metabolic syndrome (0.8 vs. 
0.5 servings/day, P-value = 0.001; 78.6 vs. 48.9%, P-value = 0.001).
CONCLUSIONS: Low intakes of fruits and dairy foods might be associated with the risk of having metabolic syndrome among 
Korean adults. Dietary advice on increasing consumption of these foods is needed to prevent and attenuate the risk of metabolic 
syndrome.
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INTRODUCTION*

Metabolic syndrome, a cluster of abdominal obesity, dyslipi-
demia, glucose intolerance, and hypertension [1], is associated 
with increased risks for type 2 diabetes and cardiovascular 
diseases [2,3]. Metabolic syndrome is relatively prevalent world-
wide and one of the major public health issues [4]. A recent 
study reported that the prevalence of metabolic syndrome in 
Korean adults has been rapidly increasing [5].

Although the role of diet in the development of metabolic 
syndrome is not fully elucidated, prospective and cross- 
sectional studies among Western populations have reported 
that the risk of metabolic syndrome were inversely associated 
with intakes of fruits and vegetables [6,7], dairy foods [8-12], 
and nutrients that are predominant in these foods [9,12-14]. 
In addition, adherence to a healthy dietary pattern chara-
cterized by high consumption of fruits, vegetables, whole 
grains, and dairy foods but low intakes of meat, fats, and 
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sugars was reported to inversely relate to metabolic syndrome 
[15-18]. The associations between these dietary factors and the 
risk of metabolic syndrome in Asian adults have also been 
examined but limited data exist regarding the associations. 
Among Tehranian adults, intakes of fruits, vegetables, and dairy 
foods were inversely associated with the prevalence of 
metabolic syndrome [19,20]. 

Korean adults have unique dietary practices that are different 
from those of Western adults. The typical Korean meal includes 
grains, meat, and vegetables as staple foods and side dishes 
whereas fruits and dairy foods are consumed less frequently 
[21]. Based on the Korea National Health and Nutrition Exami-
nation Survey data [22], intakes of fruits and dairy foods in 
Korean adults were markedly lower than the recommended 
amounts and also lower compared to those in Western popula-
tions. However, only a few studies in Korean adults have 
examined foods and nutrients related to metabolic syndrome. 
In previous studies of Korean adults, intakes of dairy foods and 
calcium were inversely associated with the prevalence of 
metabolic syndrome [23-25] but the associations were stronger 
in women than in men [24,25]. In addition, poor adherence to 
the recommended consumption for dairy foods was associated 
with a higher risk of metabolic syndrome [26].

Investigation of dietary factors associated with metabolic 
syndrome is important to prevent and attenuate the risk of 
chronic diseases during the early stages. Therefore, the aim of 
this study was to examine differences in nutrient intake, food 
consumption, and adherence to a recommendation for food 
group intake according to the presence of metabolic syndrome 
using three days of dietary intake data among Korean men 
and women recruited from outpatient clinics in and near 
Seoul.

SUBJECTS AND METHODS

Study subjects
The data used in this cross-sectional study were from those 

subjects who attended health examination centers, internal 
medicine or family medicine departments of four outpatient 
clinics in and near the Seoul metropolitan area of South Korea 
between 2006 and 2012. Of the records of 782 subjects who 
gave written informed consent to the current study, we 
excluded subjects who were younger than 30 years of age (n
= 17), had less than three days of dietary intake data (n = 91), 

or had incomplete information on anthropometric or biochemical 
variables (n = 6). A total of 668 subjects (413 men and 255 
women) were included in the final analyses. This study was 
approved by the Institutional Review Boards at the Seoul 
Medical Center, Bundang Jesaeng General Hospital, and Seoul 
National University Hospital.

Assessment of dietary variables
Three days of dietary intake data were obtained from a 

combination of 24-hour recalls and dietary records. Daily energy 
and nutrient intakes were calculated from three days of dietary 
intake data using the Diet Evaluation System (The Human 
Nutrition Lab., Seoul National University, Seoul, South Korea), 
a validated web-based computer program for dietary assessment 

[27,28] based on a Korean Food Composition Table [29]. Daily 
consumption of six food groups in numbers of servings was 
evaluated based on a newly developed food group database 
[22]. The database consisted of 4,370 Korean foods and provided 
common serving size and number of food group servings per 
100 grams of each food for six food groups (e.g., Grains; Meat, 
fish, eggs, and beans; Vegetables; Fruits; Dairy foods; and Oils, 
fats, and sugars). In addition, six food groups were further 
divided into subgroups: the vegetables group was divided into 
fresh vegetables and salted vegetables; the fruits group was 
divided into fresh fruits and fruit juice; and the dairy foods 
group was divided into milk and other dairy products. To 
evaluate food group consumption, percentage (%) of a 
recommendation for six food groups was assessed based on 
the Korean Food Guidance System which provides the recom-
mended amount of six food group consumption in number of 
servings per day according to sex and age groups based on 
energy and nutrients requirements of each group [30]. For 
adults, four recommendations are suggested according to sex 
and age groups: 1) men aged 19-64 years, 2) women aged 19-64 
years, 3) men aged 65 years or more, and 4) women aged 65 
years or more. For example, it is recommended that men aged 
19-64 years should consume 4 servings of grains, 5 servings 
of meat, fish, eggs, and beans, 7 servings of vegetables, 3 
servings of fruits, 1 serving of dairy foods, and 5 servings of 
oils, fats, and sugars. Percentage of recommended servings =
(consumed number of servings / recommended number of 

servings) × 100.

Assessment of demographic, lifestyle, anthropometric, and 
biochemical variables

Information on demographic and lifestyle variables was 
obtained through questionnaires. Smoking status was catego-
rized into current-, ex-, and non-smoker. Alcohol use was 
assessed based on the average frequency of alcohol drinking 
per week. Regular physical activity was determined by asking 
whether the subjects participated in exercise regularly during 
the last month. Height, weight, and waist circumference were 
measured using standardized techniques and calibrated 
equipment. BMI was calculated as weight (kg) / height (m2) and 
obesity was defined as BMI ≥ 25 kg/m2. Blood pressure was 
measured with a standardized sphygmomanometer. Blood samples 
were collected after the subjects had fasted for at least 8 hours. 
Fasting blood glucose, triglycerides, and HDL-cholesterol were 
analyzed at certified clinical laboratories.

Definition of metabolic syndrome
Metabolic syndrome was diagnosed using the National 

Cholesterol Education Program Adult Treatment Panel III criteria 
[1] with a modified waist circumference cutoff for Koreans [31]. 
Metabolic syndrome was defined as having three or more of 
the following components: 1) elevated waist circumference (≥
90 cm in men and ≥ 85 cm in women), 2) elevated triglycerides 

(≥ 150 mg/dL) or using medication for hyperlipidemia, 3) low 
HDL-cholesterol (< 40 mg/dL in men and < 50 mg/dL in 
women), 4) elevated fasting blood glucose (≥ 100 mg/dL) or 
using medication for diabetes, and 5) elevated blood pressure 
(systolic ≥ 130 mmHg or diastolic ≥ 85 mmHg) or using 
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Characteristics
Total

(n = 668)
Men

(n = 413)
Women
(n = 255)

P-value1)

Sex (%)

Men 61.8

Women 38.2

Age (Mean ± SD)

Yrs  51.4 ± 10.4  49.1 ± 10.3  55.1 ± 9.4 < 0.001

BMI (Mean ± SD)

kg/m2  25.4 ± 3.0  25.8 ± 2.7  24.7 ± 3.2 < 0.001

Smoking status (%)

Current-smoker 24.0 36.6 3.5 < 0.001

Ex-smoker 26.2 40.7 2.8

Non-smoker 49.9 22.8 93.7

Alcohol use (%)

< 1 time/week 59.7 41.4 89.4 < 0.001

1-2 times/week 23.1 33.9 5.5

≥ 3 times/week 17.2 24.7 5.1

Regular physical activity (%)

Yes 69.8 71.4 67.1 0.260

No 30.2 28.6 32.9

Prevalence of obesity (%)

Obesity (BMI ≥ 25 kg/m2) 52.8 58.6 43.5 < 0.001

Prevalence of metabolic syndrome and its components (%)

Elevated waist circumference 50.5 55.9 41.6 < 0.001

Elevated triglycerides 57.8 66.1 44.3 < 0.001

Low HDL-cholesterol 40.1 32.9 51.8 < 0.001

Elevated fasting blood glucose 45.7 50.4 38.0 0.002

Elevated blood pressure 58.8 61.7 54.1 0.053

Metabolic syndrome 50.0 55.5 41.2 < 0.001

Table 1. Characteristics of the study subjects by sex

medication for hypertension.

Statistical analysis
All statistical analyses were conducted using the SAS software 

package version 9.3 (SAS Institute, Cary, NC, USA). All statistical 
analyses were performed by sex because general characteristics 
and dietary intakes differed by sex. The t-test for continuous 
variables and the chi-square test for categorical variables were 
used to test the differences in characteristics by sex. Continuous 
variables (e.g., age, BMI, and dietary variables) were expressed 
as means and SD and categorical variables (e.g., smoking status, 
alcohol use, regular physical activity, and prevalence of obesity 
and metabolic syndrome components) were expressed as 
percentages by the presence of metabolic syndrome in men 
and women. The general linear model (GLM) for continuous 
variables and the chi-square test for categorical variables were 
performed to examine the differences in these variables by the 
presence of metabolic syndrome. Differences in nutrient intake 
and food consumption (mean number of servings consumed 
per day and percentages of the recommendation for six food 
groups) by the presence of metabolic syndrome were tested 
using the GLM after adjustment for age, BMI, smoking status, 

alcohol use, regular physical activity, and total energy intake. 
All statistical tests were two-sided and a P-value of < 0.05 
represented statistical significance.

RESULTS

Characteristics of the study subjects by sex
Characteristics of the study subjects by sex are shown in Table 

1. Men were more likely to be younger, have higher BMI, be 
current- or ex-smokers, and drink alcohol frequently than 
women. Percentages of subjects with BMI ≥ 25 kg/m2 were 
58.6% in men and 43.5% in women. The prevalence of 
metabolic syndrome in this study sample was 50% (55.5% in 
men and 41.2% in women, P-value < 0.001). Elevated triglycerides 
in men (66.1%) and low HDL-cholesterol in women (51.8%) were 
the most prevalent component of metabolic syndrome. Prevalence 
of all the components of metabolic syndrome, except for 
elevated blood pressure significantly differed by sex. Men had 
higher intakes of total energy, energy from fat, and energy from 
protein but a lower intake of energy from carbohydrate than 
women.



Characteristics

Men (n = 413)

P-value1)

Women (n = 255)

P-value1)
Non-MetS
(n = 184)

MetS
(n = 229)

Non-MetS
(n = 150)

MetS
(n = 105)

Age (Mean ± SD)

Yrs 48.0 ± 9.8 50.1 ± 10.6 0.041 54.0 ± 9.7 56.7 ± 8.9 0.024

BMI (Mean ± SD)2)

kg/m2 24.9 ± 2.4 26.6 ± 2.7 < 0.001 23.6 ± 2.6 26.3 ± 3.4 < 0.001

Smoking status (%)

Current-smoker 32.1 40.2 0.005 2.7 4.8 0.389

Ex-smoker 38.0 42.8 2.7 2.9

Non-smoker 29.9 17.0 94.7 92.4

Alcohol use (%)

< 1 time/week 41.9 41.1 0.437 89.3 89.5 0.688

1-2 times/week 36.4 31.9 6.7 3.8

≥ 3 times/week 21.7 27.1 4.0 6.7

Regular physical activity (%)

Yes 76.6 67.3 0.038 63.3 72.4 0.139

No 23.4 32.8 36.7 27.6

Prevalence of obesity (%)

Obesity (BMI ≥ 25 kg/m2) 44.6 69.9 < 0.001 30.7 61.9 < 0.001

Prevalence of MetS components (%)

Elevated waist circumference 29.9 76.9 < 0.001 20.0 72.4 < 0.001

Elevated triglycerides 41.9 85.6 < 0.001 28.7 66.7 < 0.001

Low HDL-cholesterol 18.5 44.5 < 0.001 33.3 78.1 < 0.001

Elevated fasting blood glucose 30.4 66.4 < 0.001 21.3 61.9 < 0.001

Elevated blood pressure 34.8 83.4 < 0.001 33.3 83.8 < 0.001

1) P-value was obtained from the Mantel-Haenszel chi-square test for categorical variables and the general linear model (GLM) for continuous variables.
2) P-value was obtained from the GLM after adjustment for age (continuous).

Table 2. Characteristics by the presence of metabolic syndrome (MetS) in men and women
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Characteristics
Total

(n = 668)
Men

(n = 413)
Women
(n = 255)

P-value1)

Daily energy and nutrient intake (Mean ± SD)

Total energy (kcal) 1,780 ± 446.7 1,916 ± 451.4 1,560 ± 338.9 < 0.001

Energy from carbohydrate (%)  61.9 ± 7.2  61.1 ± 7.2  63.3 ± 6.9 < 0.001

Energy from fat (%)  21.4 ± 5.8  21.9 ± 5.8  20.7 ± 5.6 0.007

Energy from protein (%)  16.7 ± 2.9  17.0 ± 3.0  16.0 ± 2.6 < 0.001

Daily food consumption (Mean ± SD)

(number of servings)

Grains   2.8 ± 0.7   2.9 ± 0.7   2.5 ± 0.7 < 0.001

Meat, fish, eggs, and beans   4.6 ± 2.0   5.0 ± 2.0   3.9 ± 1.7 < 0.001

Vegetables   7.4 ± 2.9   7.7 ± 2.9   6.8 ± 2.8 < 0.001

Fruits   1.5 ± 1.5   1.3 ± 1.5   1.9 ± 1.5 < 0.001

Dairy foods   0.6 ± 0.7   0.5 ± 0.7   0.7 ± 0.7 0.004

Oils, fats, and sugars   4.9 ± 2.8   5.4 ± 3.1   4.2 ± 2.1 < 0.001

(% of recommended servings)2)

Grains  77.6 ± 20.9  73.5 ± 18.2  84.2 ± 23.1 < 0.001

Meat, fish, eggs, and beans 104.3 ± 46.9 102.3 ± 41.2 107.5 ± 54.8 0.191

Vegetables 107.2 ± 42.2 110.5 ± 42.1 101.9 ± 42.0 0.011

Fruits  76.4 ± 89.7  55.7 ± 83.5 109.8 ± 89.4 < 0.001

Dairy foods  56.4 ± 69.3  50.3 ± 67.8  66.4 ± 70.7 0.004

Oils, fats, and sugars 109.2 ± 59.6 108.5 ± 62.7 110.3 ± 54.4 0.693

1) P-value was obtained from the Mantel-Haenszel chi-square test for categorical variables and the t-test for continuous variables.
2) The recommendation for six food groups was obtained from the Korean Food Guidance System of Dietary Reference Intakes for Korean published by the Korean Nutrition 

Society in 2010. Percentage (%) of recommended servings = (consumed number of servings / recommended number of servings) x100.

Table 1. continued
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Energy and nutrient intake

Men (n = 413) Women (n = 255)

Non-MetS
(n = 184)

MetS
(n = 229)

Non-MetS
(n = 150)

MetS
(n = 105)

Mean ± SD Mean ± SD P-value1) Mean ± SD Mean ± SD P-value1)

Total energy (kcal) 1,899 ± 431.9 1,930 ± 466.9 0.448 1,560 ± 334.1 1,560 ± 347.3 0.832

Energy from carbohydrate (%)  61.0 ± 7.6  61.1 ± 6.9 0.709  62.8 ± 6.8  64.0 ± 7.1 0.366

Energy from fat (%)  22.0 ± 6.1  21.8 ± 5.6 0.737  21.1 ± 5.7  20.1 ± 5.4 0.361

Energy from protein (%)  16.9 ± 3.1  17.1 ± 3.0 0.809  16.1 ± 2.4  16.0 ± 2.9 0.679

Mean ± SD Mean ± SD P-value2) Mean ± SD Mean ± SD P-value2)

Carbohydrate (g) 282.5 ± 60.3 281.2 ± 65.2 0.802 250.3 ± 52.5 253.5 ± 56.3 0.572

Fat (g)  47.2 ± 20.8  45.3 ± 17.4 0.082  38.1 ± 15.0  36.2 ± 13.5 0.185

Protein (g)  79.3 ± 23.5  79.3 ± 22.3 0.162  64.7 ± 17.2  64.3 ± 20.4 0.775

Dietary fiber (g)  22.2 ± 6.7  23.0 ± 8.1 0.572  20.7 ± 5.8  22.4 ± 7.0 0.046

Vitamin A (μg RE) 756.3 ± 309.4 723.8 ± 372.2 0.533 728.2 ± 408.1 745.1 ± 378.6 0.619

Thiamin (mg)   1.2 ± 0.4   1.2 ± 0.4 0.095   1.0 ± 0.3   1.0 ± 0.3 0.103

Riboflavin (mg)   1.2 ± 0.4   1.2 ± 0.4 0.191   1.0 ± 0.3   1.0 ± 0.3 0.537

Niacin (mg)  16.3 ± 5.5  16.5 ± 6.0 0.418  13.3 ± 3.9  13.4 ± 4.6 0.837

Vitamin C (mg)  94.9 ± 41.3  95.0 ± 49.3 0.893 100.9 ± 51.5  99.8 ± 42.2 0.781

Calcium (mg) 526.7 ± 201.7 519.0 ± 200.5 0.540 500.8 ± 191.0 475.1 ± 189.6 0.140

Phosphorus (mg) 1,126 ± 329.0 1,131 ± 302.2 0.374 983.8 ± 244.4 989.8 ± 291.1 0.976

Sodium (mg) 4,692 ± 1,424 4,841 ± 1,607 0.878 3,729 ± 1,259 3,964 ± 1,239 0.058

Potassium (mg) 2,901 ± 823.2 2,880 ± 821.5 0.353 2,685 ± 794.7 2,770 ± 913.0 0.187

Iron (mg)  15.9 ± 4.8  16.4 ± 5.9 0.704  13.6 ± 4.0  14.5 ± 5.6 0.335

Cholesterol (mg) 306.7 ± 165.0 289.3 ± 140.0 0.121 237.7 ± 133.8 220.5 ± 115.0 0.509

1) P-value was obtained from the general linear model (GLM) after adjustment for age (continuous), BMI (continuous), smoking status (current-, ex-, or non-smoker), alcohol 
use (< 1 time/week, 1-2 times/week, or ≥ 3 times/week), and regular physical activity (yes or no).

2) P-value was obtained from the GLM after adjustment for age (continuous), BMI (continuous), smoking status (current-, ex-, or non-smoker), alcohol use (< 1 time/week, 
1-2 times/week, or ≥ 3 times/week), regular physical activity (yes or no), and total energy intake (continuous).

Table 3. Daily energy and nutrient intake by the presence of metabolic syndrome (MetS) in men and women

Characteristics by the presence of metabolic syndrome in men 
and women

Men with metabolic syndrome were likely to be older, have 
higher BMI, be current- or ex-smokers, and be less physically 
active than those without metabolic syndrome. Women with 
metabolic syndrome were likely to be older and have higher 
BMI than those without metabolic syndrome. However, there 
were no differences in smoking status, alcohol use, and physical 
activity level by the presence of metabolic syndrome in women. 
Prevalence of obesity and all components of metabolic 
syndrome significantly differed by the presence of metabolic 
syndrome in both men and women (P-value < 0.001) (Table 2).

Energy and nutrient intakes by the presence of metabolic 
syndrome in men and women

In men, daily intakes of total energy and nutrients did not 
differ by the presence of metabolic syndrome. In women, 
subjects with metabolic syndrome had a higher intake of dietary 
fiber compared to those without metabolic syndrome (20.7 
g/day in women without metabolic syndrome vs. 22.4 g/day 
in women with metabolic syndrome, P-value = 0.046). It was 
attributed to difference in dietary fiber intake from beans (data 
not shown). In addition, there was a marginally significant 
difference in sodium intake by the presence of metabolic 
syndrome in women (3,729 mg/day in women without metabolic 
syndrome vs. 3,964 mg/day in women with metabolic syndrome, 
P-value = 0.058). Intakes of total energy and other nutrients did 

not differ by the presence of metabolic syndrome in women 
(Table 3).

Food consumption by the presence of metabolic syndrome in men 
and women

Mean number of servings consumed and percentages of the 
recommendation for food groups by the presence of metabolic 
syndrome among men and women are presented in Table 4. 
Men with metabolic syndrome had a lower consumption of 
fruits compared to those without metabolic syndrome (1.6 
servings/day in men without metabolic syndrome vs. 1.1 
servings/day in men with metabolic syndrome, P-value = 0.001). 
Fresh fruits and fruit juice were inversely associated with 
metabolic syndrome, respectively. The mean daily consumption 
of oils, fats, and sugars differed by the presence of metabolic 
syndrome in men (5.8 servings/day in men without metabolic 
syndrome vs. 5.0 servings/day in men with metabolic syndrome, 
P-value = 0.015). Percentages of the recommendation for fruits 
and oils, fats, and sugars were significantly lower in metabolic 
syndrome men compared to non-metabolic syndrome men.

In women, subjects with metabolic syndrome had a 
significantly lower intake of dairy foods than subjects without 
metabolic syndrome (0.8 servings/day in women without 
metabolic syndrome vs. 0.5 servings/day in women with 
metabolic syndrome, P-value = 0.001). According to subgroups 
of the dairy foods group, consumption of other dairy products 
significantly differed by the presence of metabolic syndrome 
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Food consumption

Men (n = 413) Women (n = 255)

Non-MetS
(n = 184)

MetS
(n = 229)

Non-MetS
(n = 150)

MetS
(n = 105)

Mean ± SD Mean ± SD P-value1) Mean ± SD Mean ± SD P-value1)

Number of servings

Grains   2.9 ± 0.7   2.9 ± 0.7 0.155   2.5 ± 0.7   2.6 ± 0.7 0.063

Meat, fish, eggs, and beans   4.9 ± 2.1   5.1 ± 1.9 0.671   3.9 ± 1.5   4.0 ± 2.0 0.554

Vegetables   7.6 ± 2.7   7.8 ± 3.2 0.561   6.5 ± 2.7   7.1 ± 2.8 0.198

Fresh vegetables   5.2 ± 2.1   5.4 ± 2.6 0.350   4.8 ± 2.4   5.0 ± 2.1 0.555

Salted vegetables   2.4 ± 1.5   2.4 ± 1.5 0.578   1.7 ± 1.0   2.0 ± 1.3 0.121

Fruits   1.6 ± 1.5   1.1 ± 1.4 0.001   2.0 ± 1.5   1.8 ± 1.4 0.265

Fresh fruits   1.3 ± 1.4   1.0 ± 1.3 0.009   1.9 ± 1.4   1.6 ± 1.4 0.179

Fruit juice   0.3 ± 0.6   0.2 ± 0.5 0.047   0.1 ± 0.3   0.2 ± 0.5 0.266

Dairy foods   0.6 ± 0.7   0.4 ± 0.6 0.095   0.8 ± 0.8   0.5 ± 0.5 0.001

Milk   0.3 ± 0.5   0.2 ± 0.4 0.118   0.4 ± 0.5   0.3 ± 0.4 0.060

Other dairy products   0.3 ± 0.4   0.2 ± 0.4 0.164   0.4 ± 0.6   0.2 ± 0.3 0.002

Oils, fats, and sugars   5.8 ± 3.4   5.0 ± 2.8 0.015   4.4 ± 2.3   4.0 ± 1.9 0.078

Percentage (%) of recommended servings2)

Grains  72.3 ± 17.6  74.4 ± 18.6 0.144  82.8 ± 23.0  86.2 ± 23.3 0.063

Meat, fish, eggs, and beans  99.7 ± 43.1 104.4 ± 39.5 0.746 103.7 ± 43.4 112.9 ± 67.7 0.503

Vegetables 108.8 ± 37.9 111.8 ± 45.2 0.561  97.7 ± 41.0 108.0 ± 42.9 0.180

Fruits  63.5 ± 86.9  49.5 ± 80.3 0.013 111.7 ± 84.0 107.1 ± 96.9 0.340

Dairy foods  58.0 ± 74.1  44.2 ± 61.7 0.095  78.6 ± 78.8  48.9 ± 52.6 0.001

Oils, fats, and sugars 116.4 ± 69.1 102.2 ± 56.6 0.014 113.5 ± 58.2 105.8 ± 48.3 0.059

1) P-value was obtained from the general linear model (GLM) after adjustment for age (continuous), BMI (continuous), smoking status (current-, ex-, or non-smoker), alcohol 
use (< 1 time/week, 1-2 times/week, or ≥ 3 times/week), regular physical activity (yes or no), and total energy intake (continuous).

2) The recommendation for six food groups was obtained from the Korean Food Guidance System of Dietary Reference Intakes for Korean published by the Korean Nutrition 
Society in 2010. Percentage (%) of recommended servings = (consumed number of servings / recommended number of servings) × 100.

Table 4. Daily food consumption by the presence of metabolic syndrome (MetS) in men and women

but milk consumption did not reach significance. Percentage 
of the recommendation for dairy foods was also lower in 
metabolic syndrome women (48.9%) compared to non- 
metabolic syndrome women (78.6%).

DISCUSSION

In the study of Korean adults from outpatient clinics, the 
association between nutrient intake, food consumption and 
metabolic syndrome was evaluated based on three days of 
dietary intake data by sex. Fruits consumption in men and dairy 
foods consumption in women were inversely associated with 
the prevalence of metabolic syndrome. In addition, lower 
percentages of the recommended servings for fruits and dairy 
foods were observed in metabolic syndrome subjects compared 
to non-metabolic syndrome subjects. However, nutrient intake 
did not differ by the presence of metabolic syndrome in both 
men and women.

Our finding on the inverse association between dairy foods 
and metabolic syndrome are consistent with those from 
previous epidemiologic studies. A higher intake of dairy foods 
was associated with lower risks for metabolic syndrome and 
its components in Western [8-12] and Asian populations 
[20,23,24]. Dairy foods are major sources of calcium, vitamin 
D, potassium, and magnesium, which have been inversely 
associated with individual components of metabolic syndrome, 
including elevated fasting blood glucose, elevated blood 

pressure, elevated triglycerides, and obesity [9,10,12] although 
the present study did not find any inverse association between 
these nutrients and metabolic syndrome. In addition, Tehranian 
adult study [20] indicated that the association between dairy 
foods consumption and metabolic syndrome became weaker 
after additional adjustment for calcium intake. It might explain 
the beneficial effects of calcium and other nutrients that are 
predominant in dairy foods on the development of metabolic 
syndrome.

As dairy foods can be classified into high-fat or low-fat dairy 
foods, several studies in Western populations have examined 
the associations with metabolic syndrome by the types of dairy 
foods. The inverse associations of high-fat dairy foods, low-fat 
dairy foods, and total milk with metabolic syndrome were 
observed among middle-aged and older US women [9]. In 
addition, the prevalence of metabolic syndrome was inversely 
associated with yogurt consumption but positively associated 
with cheese consumption based on data from the National 
Health and Nutrition Examination Survey in 1999-2004 [12]. In 
this study, when the total dairy foods group was divided into 
milk and other dairy products (e.g., yogurt, cheese, and 
ice-cream), consumption of other dairy products rather than 
milk significantly differed by the presence of metabolic 
syndrome in women. Previous studies in Korean adults reported 
that milk and other dairy products, such as yogurt were 
inversely associated with the risk of metabolic syndrome, 
respectively [23,24,32]. Compared to dairy foods consumption 
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in Western countries, the amount of dairy food consumed in 
Korean population is lower since the typical Korean meal does 
not include dairy foods. Inadequate consumption of dairy foods 
below the recommendation is prevalent among Korean adults 
and it was known to be associated with metabolic syndrome 
[26]. Therefore, the amount of dairy foods consumption is 
needed to be increased to bring better health outcomes.

We found that a high intake of fruits was inversely associated 
with the risk of metabolic syndrome in men and it was in 
agreement with previous studies [6,7,19]. A cross-sectional 
study of Finnish adults [7] showed that high berries consump-
tion was related to a low prevalence of metabolic syndrome 
in men. Among Tehranian women, subjects in the highest 
quintile of fruits intake had significantly lower risks for metabolic 
syndrome and its components compared to those in the lowest 
quintile [19]. High consumption of fruits may reduce the risk 
of metabolic syndrome through their beneficial compounds, 
such as fruits fiber [33] and antioxidants [14]. However, the 
effect of a single nutrient on metabolic syndrome might be 
too small to detect and beneficial nutrients in healthy foods 
are highly correlated [34] so that it is difficult to completely 
separate the independent effects of these nutrients on the risk 
of having metabolic syndrome in this study. Further mechanism 
studies are needed to determine what nutrients are responsible 
for the potential beneficial effects of these foods on the 
development of metabolic syndrome.

Gender differences in the association between food consump-
tion and metabolic syndrome were observed in this study. 
Several previous studies showed that an inverse association 
between dairy foods consumption and metabolic syndrome was 
stronger in women, especially in middle-aged or elderly subjects, 
than in men [9,24,35]. They explained that the effects of sex 
hormones and menopausal status on calcium metabolism might 
lead to gender differences in this association. In post- 
menopausal women, decreases in intestinal calcium absorption 
and renal calcium conservation were observed by a drop in 
estrogen level, and increases in calcium binding to fatty acids 
or bile acids resulted in interference with absorption of 
cholesterol and lipids [25,36]. High calcium intake might also 
lower body weight or waist circumference by binding to fatty 
acids and excreting from the body [37]. Therefore, the inverse 
association of dairy foods with metabolic syndrome has been 
more frequently found in women than in men. In this study, 
about 76% of women subjects were aged 50 years or more, 
but we could not examine the effects of sex hormones or 
menopausal status on the association between dairy foods 
intake and metabolic syndrome due to the lack of information. 
In addition, the distinct features of metabolic syndrome might 
exist by gender. Food consumption might have differential 
influence on each metabolic syndrome component and it can 
lead to different associations between food consumption and 
metabolic syndrome by gender. Limited studies investigating 
gender differences in the association between diet and metabolic 
syndrome were conducted among Korean adults. Additional 
studies are needed to identify different mechanisms and 
associations between dietary factors and metabolic syndrome 
by gender.

In this study, consumed servings and percentage of the 

recommendation of oils, fats, and sugars were lower in meta-
bolic syndrome men than in non-metabolic syndrome men. On 
the other hand, a previous study in Korean men aged 30 years 
and older reported that subjects with metabolic syndrome had 
significantly higher intakes of oily foods compared with those 
without metabolic syndrome [38]. We could not explain this 
inconsistent finding clearly. Although there was the difference 
in consumption of oils, fats, and sugars by the presence of 
metabolic syndrome in the current study, consumption of oils, 
fats, and sugars in both non-metabolic syndrome and metabolic 
syndrome subjects exceeded the recommended intake level. 
Excessive consumption of this food group has been associated 
with obesity and other chronic diseases [39,40], so Korean 
adults, regardless of having metabolic syndrome, need to 
reduce the consumption of oils, fats, and sugars to prevent 
further progression of chronic diseases.

Several limitations should be considered to correctly interpret 
findings from this study. Cross-sectional design cannot define 
the causal relationship between dietary factors and the risk of 
metabolic syndrome. As the subjects of this study were 
recruited at outpatient clinics, they were more likely to be obese 
and have a high risk of metabolic syndrome although they had 
no serious illness. Therefore, our findings may not be directly 
generalized to the general Korean adult population. However, 
we examined various dietary variables, including nutrients, 
foods, and percentage of the recommendation for food group 
consumption, associated with metabolic syndrome by sex using 
three days of dietary intake data that could closely estimate 
the intake of dietary variables in this study sample.

In conclusion, low consumption of fruits and dairy foods 
might be associated with the risk of metabolic syndrome in 
Korean adults. Dietary recommendations for individuals and 
populations who are at high risk of metabolic syndrome can 
be suggested based on the results of this study. In addition, 
findings of the present study can be used to extend the 
knowledge about the mechanism of dietary variables related 
to the development of metabolic syndrome and its compo-
nents. Prospective and intervention studies are needed to 
confirm the cause-effect association between the specific dietary 
attributes and metabolic syndrome.
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