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Dietary Behaviors Related to Metabolic Syndrome in Korean Adults
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Abstract

This study was conducted to investigate the cross-sectional associations between dietary factors and the risk of
metabolic syndrome (MetS) in 12,755 subjects (males 5,146, females 7,609) aged 19 years or above using data from
the 4th (2007-2009) Korea National Health and Nutrition Examination Survey (KNHANES). The prevalence of MetS
in Korean adults was 23.6% (males 26.1%, females 20.9%) with the criteria for modified National Cholesterol
Education Program Adult Treatment Panel III. While males had a higher prevalence of abdominal obesity,
hyperglycemia, hypertriglyceridemia, and high blood pressure than females, the prevalence of low HDL-cholesterol
level was higher in females than in males. Among dietary guidelines, the response of ‘yes’ for asking practice of
‘avoiding salty foods’, and ‘eating moderately and increasing physical activity for healthy weight’ were significantly
associated with the decreased risk of MetS in both males and in females. Especially, the risk of MetS was
significantly lower in the subjects that responded the practice of all items of Korean Dietary Guidelines. Significantly
negative associations with MetS were also found in the responding for practice of ‘limiting consumption of alcoholic
beverages’ in males, and taking dietary supplements in females. Skipping breakfast was positively associated with the
risk of MetS. In conclusion, dietary behaviors such as having breakfast, practice of dietary guidelines, and food
consumption in moderation could modify the prevalence of MetS, and our findings could be useful for establishing
guidelines for preventing MetS. (Korean J Community Nutr 17(5): 664~675, 2012)
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Table 1. Socio-demographic and lifestyle-related characteristics of Korean adults

Age

Household income level?

Cigaretfte smoking

Drinking®

Physical activity

19 — 29 years
30 - 39 years
40 - 49 years
50 - 59 years
60 - 69 years
More than 70 years

Lowest quartile
2nd
3 d
4th

Current smoker®
Non-smoker

Normal drinking
Abnormal drinking
Abuse of alcohol

Depending on alcohol

Less than moderate physical activity
More than moderate physical activity®

34 1
1. YRS 72N BY 2 YUSH BE SYE
TPIAES] QITALSIEA 54 9 QTG B 545
& Table 104 AABIGITE dl7d=t 4= 12,755 (¢
5,146, A&} 7,609W) 02, F B 11E AH BEE
e ARSIAAIA 914 7, &9, &7, AAEE &
© AT 8 ool JBE M 4 ol gdlow
(Katano 5 2010; Zuo 5 2011), FAR= 41.8%7}, 4=}
Total Males Females
(n=12,755) (n =5,146) (n = 7,609)
1,568 (12.3)" 654 (12.7) 914 (12.0)
2,646 (20.7) 976 (19.0) 1,670 (21.9)
2,581 (20.2) 1,011 (19.6) 1,570 (20.6)
2,165 (17.0) 885 (17.2) 1,280 (16.8)
2,059 (16.1) 897 (17.4) 1,162 (15.3)
1,736 (13.6) 723 (14.0) 1,013 (13.3)
3,125 (24.5) 1,267 (24.6) 1,858 (24.4)

3167 (248 1279  (249) 1,888  (24.8)
3254  (255) 1,297  (252) 1,957  (25.7)
3209 (252) 1,303 (25.3) 1,906  (25.0)

2557  (200) 2152  (41.8) 405  (5.3)
10,198 (80.0) 2994  (58.2) 7,204  (94.7)

9,269  (727) 2532  (49.2) 6,737  (88.5)

2,201 17.3) 1,524  (29.6) 677 ( 8.9)
626 ( 4.9) 535  (10.4) 91 (1.2
659 (5.2 555  (10.8) 104 (1.4

9428  (739) 3,643  (70.8) 5785  (76.0)
3327  (261) 1,503  (29.2) 1,824  (24.0)

)N (%)

2) Household income level: household equivalent income, monthly household income divided by square root of the number of
household member, was categorized to quartile groups within sex and 5-year age group

3) Cument smoker: proportion of people who have smoked at least 100 cigaretftes in their lifetime and are sfill smoking

4) Drinking: subjects divided by alcohol use disorders identfification fest score; normal drinking (< 7), abnormal drinking (8 — 15),

abuse alcohol (16 -19), depending on alcohol (> 20)

5) More than moderate physical activity: proportion of people who engaged in 'vigorous intensity’ activity for at least 20 minutes
a day on at least 3 days in the past 7 days or 'moderate intensity’ activity for af least 30 minutes a day on at least 5 days

in the past 7 days
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Table 2. Prevalence of the metabolic syndrome and its components in Korean adults

Total Males Females
(n=12.759) (n = 5,146) (n = 7,609)

Metabolic syndrome’ *#: 23.6 (0.5 26.2(0.8) 20.9(0.6)
Abdomninal obesity** 24.1(0.6) 25.4(0.8) 22.9(0.7)
Hyperglycemio+* 23.7(0.6) 27.8(0.8) 19.6 (0.6)
Hyperfriglyceridernia 27.7(09) 36.0(08) 19.4(0.9)
Low HDL-cholesterol#* 420(0.6) 32.5(0.8) 51.5(0.7)
High blood pressure*** 32.5(0.6) 38.5(0.9) 26.4(0.7)

1) Metabolic syndrome was defined by meeting > 3 of the listed criteria
1. Abdominal obesity: waist circumference > 90 cm in men, > 85 cm in women
2. Hyperglycemia: fasting plasma glucose > 100 mg/dl or drug treatment(the use of oral antihyperglycemic agents or insulin

3. Hypertriglyceridemia: Blood friglyceride > 150 mg/dl

4. Low HDL-cholesterol: Blood HDL-cholesterol < 40 mg/dl in men, < 50 mg/dl in women
5. High blood pressure: Blood pressure systolic > 130 mmHg or diasfolic > 85 mmHg or drug freatment(the use of antihypertensive

agents
2) % (SE)

**: p < 0.001, ***: p < 0.0001 show the sex difference in the logistic regression model adjusting for age groups



Table 3-1. Odds ratios (ORs) and 95% confidence intervals (Cls) for the metabolic syndrome and its components by dietary behaviors in Korean males

Dietary habits and behaviors

Metabolic syndrome

Components

Abdominal obesity Hyperglycemia Hypertriglyceridemia  Low HDL-cholesterol  High blood pressure
Having breakfast”
No 1.24% (1.01 -1.512  1.14(0.94-1.38) 1.2(0.98 —1.46) 1.04 (0.89 - 1.23) 1.12(0.93 -1.35) 0.95(0.79-1.15)
Yes 1 1 1 1 1 1
Frequency of snacks
More than 3 times a day 1.03 (0.72-1.48) 0.72 (0.49 - 1.04) 1.08 (0.76 — 1.53) 0.96 (0.68 -1.37) 0.89 (0.64 —1.25) 0.93 (0.67 —1.30)
Twice a day 0.99 (0.78 - 1.24) 0.96(0.76 -1.21) 1.23 (0.97 - 1.55) 1.01 (0.81 - 1.25) 0.892(0.71-1.12) 0.99(0.79 - 1.24)
Once a day 0.90 (0.75-1.08) 0.93(0.77 -1.14) 1.04(0.87 —1.25) 0.99(0.83-1.19) 0.93(0.78-1.12) 0.94(0.78-1.12)
Once per two days 1.02(0.79-1.31) 1.15(0.88 — 1.50) 1.12(0.87 - 1.45) 1.18 (0.93 - 1.51) 0.94(0.72-1.23) 1.11(0.87 - 1.43)
Hardly (Less than 3 times a week) 1 1 1 1 1 1
Frequency of eating-out
More than twice a day 1.06 (0.77 - 1.47) 1.14(0.81 -1.61) 1.23(0.89 - 1.70) 0.88 (0.66-1.18) 0.75(0.55-1.03) 1.40* (1.04 - 1.89)
Once a day 1.12(0.83 - 1.50) 1.38* (1.01 - 1.87) 1.19(0.88 - 1.60) 1.06 (0.81 - 1.39) 0.86(0.64-1.14) 1.28 (0.97 - 1.70)
1 -6 fimes a week 1.15(0.89 - 1.47) 1.24(0.96-1.61) 1.09 (0.86 - 1.39) 1.02 (0.80 - 1.30) 093(0.72-1.19) 1.20 (0.95-1.52)
1 - 3 fimes a month 1.28 (0.97 - 1.69) 1.51*(1.14 - 2.01) 1.17 (0.90 - 1.52) 1.17 (0.90 - 1.53) 0.89 (0.67 - 1.16) 1.20(0.92-1.57)
Hardly (Less than once a month) 1 1 1 1 1 1
Toking dietary supplements®
No 1.15(0.98 — 1.36) 1.12(0.96 -1.32) 1.04(0.88 -1.22) 1.14(0.98 -1.31) 1.07 (0.91 - 1.27) 1.12(0.95-1.31)
Yes 1 1 1 1 1 1
Using nutrition labels
Not use or do not know them 0.97 (0.75-1.25) 0.82 (0.66-1.02) 1.13(0.89 - 1.44) 1.14(0.92-1.43) 1.20(0.97 - 1.5) 0.98 (0.80 - 1.20)

Use

1

1

1

1

1

1

1) Subjects having skipped breakfast (having breakfast ‘No’): subjects who had skipped breakfast before 1 day or 2 days
2) Values are ORs (95% Cl), adjusted for age, income level, smoking and drinking status, and physical activity
3) Subjects having taken diefary supplement: subjects who responded had taken dietary supplement continuously more than 2 weeks within the recent one year

* p < 0.05 shows significant ORs
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Table 3-2. Odds ratios (ORs) and 95% confidence intervals (Cls) for the metabolic syndrome and its components by dietary behaviors in Korean females (continued)

) ) ) ) Components
Dietary habits and behaviors Metabolic syndrome - - - - - - -
Abdominal obesity Hyperglycemia Hypertriglyceridemia  Low HDL-cholesterol  High blood pressure
Having breakfast”
No 1.27* (1.04 - 1.54)? 1.15(0.97 - 1.36) 1.24* (1.02 - 1.50) 1.04(0.87 —1.25) 1.1 (0.96 —1.26) 1.09 (0.89 - 1.33)
Yes 1 1 1 1 1 1
Frequency of snacks
More than 3 fimes a day 0.92(0.67 - 1.26) 0.94(0.69 - 1.28) 0.77 (0.57 - 1.05) 0.98(0.73-1.31) 0.96(0.76 - 1.22) 0.89 (0.66 —1.20)
Twice a day 0.84 (0.67 - 1.006) 0.86 (0.69 - 1.07) 0.83 (0.66 - 1.04) 0.79* (0.62 -0.99) 1.00(0.84 - 1.20) 0.83(0.67-1.02)
Once a day 1.01 (0.82-1.25) 0.95(0.80-1.14) 0.85(0.70-1.03) 0.98(0.81-1.19) 1.12(0.93-1.33) 1.19 (0.99 - 1.43)
Once per two days 1.00 (0.77 - 1.32) 1.11(0.88 - 1.40) 0.93(0.72-1.21) 0.96(0.73-1.27) 1.20(0.94 - 1.53) 1.25(0.97 - 1.62)
Hardly (Less than 3 times a week) 1 1 1 1 1 1
Frequency of eating-out
More than twice a day 0.96 (0.60 - 1.54) 0.88 (0.57 — 1.36) 0.95(0.62-1.47) 0.74(0.45-1.22) 0.81(0.58-1.14) 1.06 (0.69 — 1.62)
Once a day 0.94(0.68 - 1.31) 0.80(0.58-1.11) 0.86 (0.61 -1.22) 1.12(0.81 - 1.54) 0.91(0.71-1.17) 0.72(0.52-1.01)
1 - 6 fimes a week 0.77* (0.63 - 0.93) 0.85(0.70-1.02) 0.95(0.79-1.15) 0.89(0.73 -1.09) 0.87 (0.73 -1.04) 0.86 (0.69 — 1.06)
1 - 3 times a month 0.94(0.78 -1.14) 0.97 (0.81-1.17) 1.00 (0.83-1.21) 0.97 (0.80-1.18) 0.99(0.84-1.17) 0.84 (0.68 —1.04)
Hardly (Less than once a month) 1 1 1 1 1 1
Toking dietary supplements®
No 1.29% (1.11 = 1.50) 1.48* (1.29 - 1.70) 1.32% (1.14-1.52) 0.99(0.86-1.14) 1.12% (1.00 - 1.25) 1.26* (1.08 — 1.47)
Yes 1 1 1 1 1 1
Using nutrition labels
Not use or do not know them 1.06 (0.87 - 1.29) 1.04 (0.88 - 1.23) 1.16 (0.97 - 1.39) 0.99(0.83-1.18) 1.05(0.92-1.19) 1.14 (0.95-1.37)

Use

1

1

1

1

1

1

1) Subjects having skipped breakfast  (having breakfast ‘No’): subjects who had skipped breakfast before 1 day or 2 days

2) Values are ORs (95% Cl), adjusted for age, income level, smoking and drinking status, and physical activity

3) Subjects having taken dietary supplement: subjects who responded had taken dietary supplement contfinuously more than 2 weeks within the recent one year
* p < 0.05 shows significant ORs



Table 4-1. Odds rafios (ORs) and 95% confidence infervals (Cls) for the metabolic syndrome and its components by the practice of Korean Dietary Guidelines in Korean males

Components

Korean diefary guidelines Metabaic syndrome Abdominal obesity  Hyperglycemia  Hypertiglyceridemia Low HDL-cholesterol Hgt;;ﬁgd

All items of Korean dietary guidelines
Not practice or try practicing 1.46* (1.10-1.94)) 1.59%(1.21 —2.08) 1.26 (0.98 —1.63) 1.37*(1.06-1.78) 1.22(0.96-1.56) 1.1(0.86 -1.42)
Practice 1 1 1 1 1 1

Eat various foods such as cereals, vegetables, fruits, meats, fishes,
and dairy products
Not practice or fry practicing 0.950.81-1.11) 0.92(0.80-1.06) 1.03(0.88-1.20) 0.95(0.83-1.09) 0.98(0.84-1.14) 1.05(0.91-1.20)
Practice 1 1 1 1 1 1

Avoid salty foods
Not practice or fry practicing 1.56* (1.33-1.82) 1.49*(1.27 —1.75) 1.46* (1.24-1.73) 1.30* (1.12-1.51) 1.24* (1.07 - 1.44) 1.02(0.88-1.18)
Practice 1 1 1 1 1 1

Eat moderately and increase physical activity for maintaining
healthy weight
Not practice or try practicing 1.43* (1.23 - 1.65) 1.60* (1.35-1.89) 1.19* (1.02 - 1.39) 1.43* (1.24 - 1.66) 1.25* (1.07 — 1.45) 1.16* (1.00 — 1.34)
Practice 1 1 1 1 1 1

Eat pleasantly and have breakfast
Not practice or fry practicing 1.156(0.96-1.37) 1.18(0.99-1.40) 1.07(0.90-1.28) 1.12(0.96-1.32) 1.08 (0.91 -1.27) 0.96(0.82-1.12)
Practice 1 1 1 1 1 1

Prepare foods sanitarily and moderately in amount
Not practice or fry practicing 1.05(0.89-1.24) 1.05(0.88-1.24) 0.87(0.72-1.04) 1.13(0.96-1.33) 1.03(0.88-1.21) 1.02(0.88-1.19)
Practice 1 1 1 1 1 1

Keep Korean traditional meal with rice as a main dish
Not practice or try practicing 099(0.79-1.24) 095(0.74-1.22) 0.85(0.66-1.08) 1.00(0.81-1.23) 1.07(0.86-1.33) 0.88(0.7-1.1)
Practice 1 1 1 1 1 1

Limit consumption of alcoholic beverages
Not practice or try practicing 1.24*(1.04-1.48) 1.14(0.95-1.38) 1.16(0.96-1.4) 1.28*(1.06-1.54) 0.89(0.75-1.07) 1.14(0.96 —1.35)
Practice 1 1 1 1 1 1

1) Values are ORs (95% Cl), adjusted for age, income level, smoking and drinking status, physical activity
* p < 0.05 shows significant ORs
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Table 4-2. Odds ratios (ORs) and 95% confidence intervals (Cls) for the metabolic syndrome and its components by the practice of Korean Dietary Guidelines in Korean females (continued)

Components
Hypertriglyceridemia Low HDL-cholesterol High blood pressure

Korean diefary guidelines Metabolic syndrome

Abdominal obesity Hyperglycemia

All items of Korean dietary guidelines
Not practice or try practicing
Practice

Eat various foods such as ceredls, vegetables, fruits, meats,
fishes, and dairy products

Not practice or try practicing
Practice

Avoid salty foods
Not practice or try practicing
Practice

Eat moderately and increase physical activity for
maintaining healthy weight

Not practice or try practicing
Practice
Eat pleasantly and have breakfast
Not practice or try practicing
Practice
Prepare foods sanitarily and moderately in amount
Not practice or try practicing
Practice
Keep Korean fraditional meal with rice as a main dish
Not practice or try practicing
Practice
Limit consumption of alcoholic beverages
Not practice or try practicing
Practice

1.14(0.90 - 1.45)"
1

0.92 (0.80 - 1.06)
1

1.19% (1.03-1.38)
1

1.49*% (1.28 - 1.73)
1

1.16 (0.96 - 1.39)
1

1.04 (0.87 - 1.25)
1

1.07 (0.8 - 1.43)
1

1.16 (0.87 - 1.53)
1

1.15(0.93 - 1.41)
1

0.93 (0.82 - 1.07)
1

1.25% (1.1 - 1.42)
1

1.59* (1.39 -1.82)
1

1.15 (0.99 - 1.35)
1

1.1(0.94-1.28)
1

1.20 (0.96 - 1.5)
1

1.31* (1.03 - 1.66)
1

1.17 (0.94 - 1.45)
1

0.88 (0.76 - 1.02)
1

1.07 (0.93 - 1.23)
1

1.18% (1.02-1.37)
1

1.10(0.93-1.31)
1

1.05(0.89 - 1.23)
1

1.07 (0.83 - 1.39)
1

1.12(0.85 - 1.47)
1

1.25(0.97 - 1.60)
1

0.97 (0.85-1.11)
1

1.17% (1.01 - 1.36)
1

1.27*% (1.09 - 1.47)
1

1.21% (1.02 - 1.45)
1

0.99 (0.84 - 1.16)
1

0.97 (0.75 - 1.26)
1

1.02 (0.78 - 1.33)
1

1.02(0.85-1.23)
1

1.03(0.92-1.14)
1

1.04 (0.92-1.18)
1

1.19* (1.06-1.34)
1

1.11 (0.98-1.27)
1

1.00 (0.88 - 1.14)
1

0.99(0.83-1.19)
1

0.82(0.67-1.01)
1

1.20 (0.96 - 1.50)
1

1.02(0.88 - 1.18)
1

1.11 (0.96 - 1.28)
1

1.17% (1.00 - 1.36)
1

1.01 0.85-1.2)
1

0.92 (0.77 - 1.09)
1

0.90 (0.68 - 1.20)
1

0.99(0.75-1.32)
1

1) Values are ORs (95% Cl), adjusted for age, income level, smoking and drinking status, physical activity

* p < 0.05 shows significant ORs
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