
Cardiovascular mortality is markedly increased in subjects with
the metabolic syndrome.1 In the US, the unadjusted and age-
adjusted prevalence of the metabolic syndrome have been
estimated to be 21.8% and 23.7%, respectively.2 The Third
Report of the National Cholesterol Education Program Adult

Treatment Panel (NCEP ATP III) has recommended appropriate
measures to identify individuals with the metabolic syndrome
and to manage their care prior to development of cardiovascular
complications.3 For example, abdominal obesity has been found
to promote insulin resistance, which further predisposes
individuals to type 2 diabetes4–6 and contributes to an increase
in cardiovascular risk factors.7,8

Over the past several decades, South Korea has experienced
rapid socioeconomic growth, resulting in lifestyle changes that
have promoted the development of components of the
metabolic syndrome within the population. For example, con-
sumption of a contemporary high-fat diet, consisting of meat,
fast food, and processed foods, has increased, such that, between
1969 and 1998, the fat intake of South Koreans increased
threefold, from 7.2% to 19.0% of total energy consumption.9 In
addition, industrialization and the growth of the technology
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Introduction The importance of managing the metabolic syndrome has been emphasized in
the prevention of cardiovascular disease. Although South Koreans have a low
prevalence of obesity, little information is available about the prevalence of the
metabolic syndrome and its associated risk factors.

Methods Data was obtained from individuals aged 20–79 years from the Korean National
Health and Nutrition Examination Survey 1998, a cross-sectional health survey
of a nationally representative sample of non-institutionalized civilian South
Koreans. The prevalence of the metabolic syndrome, as defined by the Third
Report of the National Cholesterol Education Program Adult Treatment Panel
(NCEP ATP III), was determined, and lifestyle factors associated with
predisposition to the metabolic syndrome were analysed.

Results Among South Korean adults, the age-adjusted prevalence of the metabolic
syndrome was 14.2% for men and 17.7% for women, whereas the age-adjusted
prevalence of obesity (body mass index (BMI) �30 kg/m2) was 1.7% and 3.0%
for men and women, respectively. Age, unemployment, higher BMI, and current
smoking were associated factors for the metabolic syndrome regardless of gender.
Moderate exercise (2–3 sessions/week) in men and light alcohol drinking
(�15 g/day) in women decreased the odds of the metabolic syndrome.

Conclusions Metabolic syndrome is present in more than 15% of South Koreans despite a low
prevalence of obesity. Higher BMI and current smoking were identified as
independent modifiable risk factors of the metabolic syndrome. Weight control
and smoking cessation may therefore decrease the prevalence of the metabolic
syndrome in South Korean adults.
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sector have led to a decrease in physical activity. Cardiovascular
disease is therefore becoming more prevalent in South Korea
and is now a leading cause of death, while stroke is currently
ranked second as a cause of mortality in Korean men and
women.10 Compared with Caucasians, Asians generally tend to
have a higher prevalence of cardiovascular diseases at lower
body mass index (BMI), which may be due to the propensity of
Asians to have central obesity and increased incidence of
diabetes.8

Using BMI as a measure of obesity, it has been estimated that
19.5% of men and 25.0% of women in Western countries are
obese, and that there is a correlation between the prevalence of
obesity and the metabolic syndrome.11 The resident population
of South Korea has a lower average BMI than do residents of
Western countries, suggesting that the prevalence of the
metabolic syndrome may also be lower. Although modification
of lifestyle-associated risk factors is known to be essential for
preventing and managing the metabolic syndrome, there is
currently insufficient information available on the prevalence of
the metabolic syndrome and associated factors in Asian
countries. We therefore investigated the prevalence of the
metabolic syndrome and lifestyle factors contributing to the
development of this syndrome in South Korean adults.

Methods
Study population

The Korean Ministry of Health and Welfare conducted the
Korean National Health and Nutrition Examination Survey in
non-institutionalized Korean civilians in 1998. A stratified
multistage probability sampling design was used, with selection
made from sampling units based on geographical area, sex, and
age groups using household registries. Weights indicating the
probability of being sampled were assigned to each respondent,
enabling the results to represent the entire Korean population.
The staff conducted surveys in households, administering
questionnaires to adults and children. Household surveys
included the demographic, socioeconomic, dietary, and medical
history of each respondent.

A total of 10 876 people were identified to take part in the
survey. Of these, 1105 individuals either had missing anthro-
pometric measurements or did not fast properly prior to the
blood test. Complete data were obtained for the remaining 9771
participants (89.8%). The mean age of the 9771 individuals
(37.1 years for men, 38.1 years for women) was similar to that
of the initial 10 876 individuals recruited for the survey
(36.4 years for men, 38.1 years for men). Data from subjects
�20 (n = 1809) and �80 (n = 97) years of age were excluded,
leaving data from 7865 respondents available for analysis. Since
the survey utilized a stratified multistage probability sampling
method, a weight variable was generated to back-calculate the
original population distribution. Such use of weight allows
unbiased point estimates of population parameters for the
entire population and its subsets.12 This weighting of 7865
observations resulted in 8650 subjects representative of the
census population.

The characteristics of the study population, stratified by
gender, are presented in Table 1. Of the study participants,

45.5% were men (n = 3937) and 54.5% were women
(n = 4713). Accounting for all the participants, the mean age
was 43 years, and the mean BMI was 23.2 kg/m2. The
percentage of total energy intake from fat was 15% in men and
16% in women. Almost half of all male and female respondents
lived in large cities. More than 70% of subjects were married,
and 17% of men and 32% of women had �6 years of
education. Additionally, 17% of men and 52.3% of women
were unemployed. Approximately 10% of both men and
women earn more than US$2000 per month, which is US$1000
more than the nationwide average monthly income.

Definition of the metabolic syndrome

We used the definition of the metabolic syndrome proposed by
the NCEP ATP III3 since it is easier to apply to the study popu-
lation than the World Health Organization (WHO)13 and other
guidelines.14–17 As detailed in the NCEP ATP III report,3

participants having three or more of the five following criteria
were defined as having the metabolic syndrome: high blood
pressure (�130/�85 mmHg), elevated fasting blood glucose
(�110 mg/dl or �6.05 mmol/l), hypertriglyceridaemia
(�150 mg/dl or �1.65 mmol/l), low high density lipoprotein
(HDL)-cholesterol (men, �40 mg/dl or �1.05 mmol/l; women,
�50 mg/dl or �1.30 mmol/l), and abdominal obesity, as
measured by a waist circumference of �102 cm for men and
�88 cm for women. Participants receiving pharmacological
treatment for hypertension (i.e. ACE inhibitors, angiotensin
receptor blockers, �-blockers, �-blockers, calcium channel
blockers, or diuretics) were included in the high blood pressure
group (3.7% of participants), while participants receiving
pharmacological treatment for diabetes (i.e. sulphonylurea,
biguanide, �-glucosidase inhibitors, or insulin) were included in
the high fasting blood glucose group (1.9% of participants).

Anthropometric measurements

Anthropometric measurements on individuals wearing light
clothing and without shoes were conducted by well-trained
examiners. Height was measured to the nearest 0.1 cm using
the portable stadiometer (850–2060 mm; Seriter®). Weight was
measured in the upright position to the nearest 0.1 kg using a
calibrated balance beam scale (Giant-150N; HANA®). BMI was
calculated by dividing weight (kg) by height squared (m2).
Waist circumference measurements were taken at the end of
normal expiration to the nearest 0.1 cm, measuring from the
narrowest point between the lower borders of the rib cage and
the iliac crest.

Lifestyle factors

Dietary intake was assessed by the single 24-hour dietary recall
method. All subjects were requested to maintain their usual diet
before testing. Experienced interviewers instructed respondents
to recall and describe the foods and beverages consumed over
the previous 24 hours. Food models and measuring bowls, cups,
and spoons were used to assist in estimating portion sizes. The
record for each subject was coded, and standard reference tables
were used to convert household portions to gram weights.
Nutrient analysis of the records was quantified using a
computerized program (CAN, Korean Nutrition Society, Seoul,
Korea).18 As one relevant measure of dietary composition,
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Table 1 Characteristics of the study population, Korean National Health and Nutrition Examination Survey 1998

Men (n = 3937) Women (n = 4713)

Variables Mean ± SD Mean ± SD

Age (year) 42.9 ± 14.7 43.2 ± 15.7

Body mass index (kg/m2) 23.2 ± 3.1 23.2 ± 3.5

Waist circumference (cm) 82.9 ± 8.8 78.2 ± 10.2

Total calories (kcal) 2285 ± 1014 1816 ± 789

Carbohydrate (%) 63.7 ± 12.5 66.7 ± 10.7

Fat (%) 16.3 ± 8.6 15.5 ± 8.7

Protein (%) 15.1 ± 5.3 14.6 ± 5.5

No (%) No (%)

Residential area Large city 1923 (48.8) 2295 (48.7)

Medium-sized city 1201 (30.5) 1421 (30.2)

Rural area 813 (20.7) 998 (21.2)

Marital status Married 3082 (78.3) 3411 (72.4)

Unmarried 728 (18.5) 578 (12.3)

Others 127 (3.2) 725 (15.4)

Education level (years) �7 668 (17.0) 1510 (32.0)

7–9 526 (13.4) 687 (14.6)

10–12 1564 (39.7) 1648 (35.0)

�12 1179 (30.0) 869 (18.4)

Occupation Professional, administrative 358 (9.1) 217 (4.6)

Office worker 484 (12.3) 285 (6.0)

Sales, service 681 (17.3) 738 (15.7)

Agricultural, fishing 422 (10.7) 430 (9.1)

Labourer 1121 (28.5) 474 (10.1)

Others 202 (5.1) 106 (2.3)

Unemployed 669 (17.0) 2463 (52.3)

Income (US$/month) �500 797 (20.2) 1059 (22.5)

500–1000 1216 (30.9) 1438 (30.5)

1000–2000 1509 (38.3) 1708 (36.2)

�2000 416 (10.6) 509 (10.8)

Alcohol (g/day) None 894 (22.7) 2555 (54.2)

�15 1335 (33.9) 1912 (40.6)

15–30 616 (15.7) 155 (3.3)

�30 1092 (27.7) 91 (1.9)

Smoking None 659 (16.7) 4210 (89.3)

Ex-smoker 620 (15.7) 113 (2.4)

Current smoker 2659 (67.5) 391 (8.3)

Exercise None 2225 (58.9) 3417 (74.2)
(sessions/week)

�1 952 (25.2) 689 (15.0)

2–3 306 (8.1) 221 (4.8)

�4 296 (7.8) 280 (6.1)

carbohydrate intake was selected19,20 and expressed as a
percentage of total energy. In this study, the percentage intake
of carbohydrates was divided into quartiles (�45%, 45–60%,
60–70%, and �70%).

Self-reported alcohol intake, smoking frequency, and physical
exercise were estimated from the questionnaire. Alcohol
consumption was estimated from the usual daily intake of
alcoholic beverages. Drinkers were divided into four groups by the
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amount of alcohol consumed: none, �15 g/day, 15–30 g/day,
and �30 g/day. Regarding smoking, individuals were classified
based on whether the respondent was a non-smoker, an ex-
smoker, or a current smoker. Participants were also asked about
the frequency and extent of physical activity on a weekly basis,
including sports, physically active hobbies, and fitness exercises
over the past 30 days. Physical exercise was defined as any
activity causing light perspiration or a slight to moderate
increase in breathing or heart rate for at least 30 minutes.
Physical exercise was categorized into four groups: not at all,
once per week, 2–3 sessions per week, or �4 sessions per week.

Cardiovascular risk factors

A mercury sphygmomanometer (Baumanometer®) was used
to measure the blood pressure of each subject in the sitting
position after a 10-minute rest period. During the 30 minutes
preceding the measurement, subjects were required to refrain
from smoking or consuming caffeine. The appearance of the
first sound (phase 1 Korotkoff sound) was used to define
systolic blood pressure and the disappearance of sound (phase 5
Korotkoff sound) was used to define diastolic blood pressure.21

Two readings, each of systolic and diastolic blood pressure were
recorded and the average of each measurement was used for
data analysis. If the first two measurements differed by more
than 5 mmHg, additional readings were obtained.

Blood samples were obtained from an antecubital vein into
vacutainer tubes containing EDTA in the morning after a
12-hour, overnight fasting period. Samples were subsequently
analysed at a central, certified laboratory. Plasma glucose, total
cholesterol, triglyceride, and HDL-cholesterol were measured
by an autoanalyser (Hitachi 747 auto-analyzer, Japan).

Statistical analysis

Sampling weights were used to take the complex sampling into
account, and statistical analyses were conducted with the
weighting using the statistical software, SAS version 8.1.
Multiple logistic regression analysis was performed to examine
the determinants of the metabolic syndrome among
demographic, anthropometric, and lifestyle factors. Covariates
included age, residential area, marital status, education level,
occupation, economic status, BMI, carbohydrate intake, alcohol
consumption, cigarette smoking, and physical exercise. The
adjusted odds ratios (OR) are presented together with their 95%
CI. Adjustments were carried out for all independent variables,
including demographic, anthropometric, and lifestyle factors.
The linear trend in odds was evaluated using the trend test. All
analyses were two-tailed and a P-value � 0.05 was considered
statistically significant.

Results
Prevalence of the metabolic syndrome

The unadjusted and age-adjusted prevalence of the metabolic
syndrome were 15.2% and 14.2% in Korean men, and 19.1%
and 17.7% in Korean women, respectively. The age-adjusted
prevalence for each component of the metabolic syndrome and
the clustering of metabolic components are shown in Table 2.
Men had a higher prevalence of high blood pressure, high
fasting blood glucose level, and high triglyceride content,

whereas women had a higher prevalence of abdominal obesity,
low HDL-cholesterol, and a clustering of three or more
components of the metabolic syndrome.

Figure 1 shows the age-specific prevalence of the metabolic
syndrome in the study population. Prevalence of the metabolic
syndrome increased with age for both men and women. Under
the age of 50, men had a higher prevalence than women, but
this was reversed among the participants who were over 50.
The prevalence of the metabolic syndrome in older women
exceeded the prevalence in men by more than 100%.

Table 2 Age-adjusted prevalence of each component of the
metabolic syndrome and clustering of components among Korean
adults, Korean National Health and Nutrition Examination Survey 1998

Men (n = 3937) Women (n = 4713)

Variables (%) (%)

Abdominal obesitya 1.3 15.3

Blood pressure 44.7 29.9
�130/85 mmHg

Fasting blood glucose 20.4 17.3
�110 mg/dl

Triglycerides �150 mg/dl 35.0 20.5

Low HDL-cholesterolb 24.5 45.8

�1 component 71.2 67.4

�2 components 37.7 35.9

�3 components 14.2 17.7

�4 components 2.6 6.5

5 components 0.1 1.4

a Abdominal obesity: waist circumference �102 cm for men, �88 cm for
women.

b Low high density lipoprotein-cholesterol: �40 mg/dl for men, �50 mg/dl
for women.

Figure 1 Age-specific prevalence of the metabolic syndrome among
Korean adults by sex, Korean National Health and Nutrition
Examination Survey 1998
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Table 3 Adjusted odds ratios (OR) for the metabolic syndrome as a dependent variable and the associated factors as independent variables
among Korean men (n = 3937)

% with
metabolic Adjusted OR

Variables Categories syndrome (95% CI) P-value

Age (years)a 20–29 6.7 1.0

30–39 14.4 2.1 (1.4, 3.2) 0.0003

40–49 17.8 2.4 (1.6, 3.8) �0.0001

50–59 21.1 3.1 (1.9, 4.9) �0.0001

60–69 18.1 2.6 (1.6, 4.7) 0.0003

�70 16.7 2.6 (1.4, 5.0) 0.0030

Residential area Large city 15.4 1.0

Medium-sized city 13.8 0.9 (0.7, 1.2) 0.33

Rural area 16.5 0.9 (0.7, 1.2) 0.61

Marital status Married 16.9 1.0

Unmarried 8.1 0.9 (0.6, 1.4) 0.82

Others 12.8 0.7 (0.4, 1.2) 0.16

Education level (years) �7 18.8 1.0

7–9 18.0 0.9 (0.7, 1.3) 0.75

10–12 14.5 0.8 (0.6, 1.1) 0.27

�12 12.7 0.9 (0.6, 1.3) 0.49

Occupationa Blue collar 12.7 1.0

White collar 14.6 1.2 (0.9, 1.6) 0.27

Unemployed 20.3 2.0 (1.4, 2.8) 0.0002

Income (US$/month) �500 17.9 1.0

500–1000 14.0 0.9 (0.7, 1.2) 0.38

1000–2000 14.0 0.9 (0.7, 1.2) 0.49

�2000 17.6 1.2 (0.8, 1.7) 0.46

Body mass index (kg/m2)a �18.5 8.6 1.0

18.5–22.9 7.8 1.0 (0.6, 1.8) 0.97

23.0–24.9 17.4 2.6 (1.5, 4.6) 0.0012

25.0–26.9 21.8 3.5 (1.9, 6.2) �0.0001

�27 35.9 7.5 (4.1, 13.6) �0.0001

Carbohydrate (%) �45 16.0 1.0

45–60 15.4 1.0 (0.7, 1.3) 0.92

60–70 14.6 0.9 (0.7, 1.2) 0.51

�70 14.4 0.9 (0.7, 1.1) 0.24

Alcohol (g/day) None 16.3 1.0

�15 12.3 0.8 (0.7, 1.1) 0.21

15–30 15.8 1.0 (0.7, 1.4) 0.95

�30 17.3 1.0 (0.8, 1.3) 0.97

Smokinga None 12.9 1.0

Ex-smoker 15.6 1.1 (0.8, 1.5) 0.55

Current smoker 15.6 1.4 (1.1, 1.8) 0.0161

Exercise None 15.8 1.0

(sessions/week) �1 14.6 1.0 (0.8, 1.3) 0.78

2–3 10.9 0.6 (0.5, 0.9) 0.0332

�4 17.5 0.9 (0.7, 1.3) 0.72

a P � 0.05 from trend test.

Associated factors of the metabolic syndrome

Tables 3 and 4 show the adjusted OR for associations between
demographic, socioeconomic, anthropometric, and lifestyle
factors and the risk of the metabolic syndrome in men and

women, respectively. The relation with age remained after
multivariate adjustment. The association between the metabolic
syndrome and age increased gradually in men, whereas in
women it increased abruptly in those over 50 years of age. The
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Table 4 Adjusted odds ratios (OR) for the metabolic syndrome as a dependent variable and the associated factors as independent variables
among Korean women (n = 4713)

% with
metabolic Adjusted OR

Variables Categories syndrome (95% CI) P-value

Age (years)a 20–29 4.5 1.0

30–39 6.7 1.5 (0.9, 2.4) 0.06

40–49 15.5 3.4 (2.1, 5.3) �0.0001

50–59 33.6 7.8 (4.8, 12.6) �0.0001

60–69 47.2 15.3 (9.1, 25.7) �0.0001

�70 46.6 17.0 (9.6, 30.3) �0.0001

Residential area Large city 17.3 1.0

Medium sized city 16.1 0.8 (0.6, 1.1) 0.13

Rural area 27.6 0.8 (0.6, 0.9) 0.03

Marital status Married 17.5 1.0

Unmarried 6.2 2.0 (1.2, 3.3) 0.01

Others 37.0 0.8 (0.7, 1.1) 0.14

Education level (years) �7 36.1 1.0

7–9 20.4 0.9 (0.7, 1.2) 0.40

10–12 9.6 0.9 (0.7, 1.3) 0.67

�12 6.8 1.1 (0.7, 1.6) 0.79

Occupationa Blue collar 5.5 1.0

White collar 19.3 1.3 (0.8, 2.2) 0.27

Unemployed 21.8 1.7 (1.0, 2.7) 0.03

Income (US$/month) �500 30.8 1.0

500–1000 17.1 0.9 (0.7, 1.1) 0.30

1000–2000 15.1 1.0 (0.8, 1.3) 0.89

�2000 14.3 1.0 (0.7, 1.4) 0.81

Body mass index (kg/m2)a �18.5 2.8 1.0

18.5–22.9 8.3 3.7 (1.7, 8.4) 0.0014

23.0–24.9 19.7 8.0 (3.5, 18.0) �0.0001

25.0–26.9 30.5 14.0 (6.2, 31.6) �0.0001

�27 51.4 38.5 (17.0, 87.4) �0.0001

Carbohydrate (%) �45 22.1 1.0

45–60 11.6 0.7 (0.5, 1.0) 0.08

60–70 16.0 1.1 (0.8, 1.4) 0.60

�70 20.8 1.0 (0.8, 1.2) 0.64

Alcohol (g/day) None 24.9 1.0

�15 11.5 0.8 (0.7, 0.9) 0.02

15–30 15.7 0.9 (0.5, 1.4) 0.56

�30 23.2 1.7 (0.9, 3.0) 0.10

Smokinga None 18.0 1.0

Ex-smoker 22.4 0.9 (0.5, 1.6) 0.70

Current smoker 30.0 1.6 (1.2, 2.1) 0.0015

Exercise None 19.9 1.0

(sessions/week) �1 13.8 1.1 (0.8, 1.4) 0.58

2–3 16.9 0.9 (0.6, 1.5) 0.79

�4 20.1 0.8 (0.5, 1.1) 0.21

a P � 0.05 from trend test.
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OR for metabolic syndrome in women residing in urban areas
was higher than for women residing in rural areas, and was
higher in unmarried than married women. The same findings
were not observed in men. No significant associations were
found between the metabolic syndrome and education level or
economic status. However, the OR for the metabolic syndrome
in unemployed men and women was significantly higher than in
employed subjects, and the OR increased in the following
order: blue collar workers, white collar workers, and the
unemployed.

A prominent dose–response relationship across the BMI
category was observed, and the linear trend was statistically
significant for both men and women. The adjusted OR for the
metabolic syndrome according to BMI increased abruptly with
incremental increases in BMI for women relative to men. The
OR for the metabolic syndrome were similar across the
categories of carbohydrate intake. Additionally, light alcohol
consumption (�15 g/day) lowered the OR for the metabolic
syndrome in women. Smoking was found to be a significant risk
factor in both men and women. Compared with non-smokers,
the risk was significantly higher in current smokers but not in
ex-smokers. A graded association across smoking status was
noted with statistical significance in both genders. Moderate
exercise (2–3 sessions/week) lowered the OR for the metabolic
syndrome in men only.

Discussion
Using the NCEP ATP III definition of the metabolic syndrome,
we have found that its age-adjusted prevalence was 14.2% in
Korean men and 17.7% in Korean women, although only 2.3%
of this population was obese, as defined by a BMI �30 kg/m2.
These results support earlier findings that central obesity and
insulin resistance in Asians are associated with a high
prevalence of cardiovascular risk.8 Our findings may be
explained by the thrifty genotype or phenotype theory,22–25 in
which the ability to store fuels in periods of food deprivation
could lead to weight gain following rapid changes in
socioeconomic status, increasingly sedentary lifestyles, or
excessive energy consumption during a short period of time.

Despite the abundant research on the subject, definitions of the
metabolic syndrome and the various cutoffs for its components
have varied widely.14–17 To aid in research, the WHO consul-
tation for the classification of diabetes and its complications13 and
the NCEP ATP III3 have recently published definitions of the
metabolic syndrome. Using the WHO definition,13 the
prevalence of the metabolic syndrome among Korean adults
might be lower than that reported here, in as much as the WHO
criteria require the inclusion of glucose intolerance, impaired
glucose tolerance or diabetes mellitus, and/or insulin resistance
as components of the metabolic syndrome.

In Korean men, the prevalence of the metabolic syndrome
reached a plateau during the middle years of life and beyond.
In Korean women, however, the prevalence of the metabolic
syndrome increased abruptly in women over 50 years of age.
Menopause may be a contributing factor for this increase.
Gender differences in the prevalence of the metabolic syndrome
after age 50 may be related to the higher prevalence of
abdominal obesity and prominent weight gain associated with
ageing in women compared with men in Korea.9

Many studies have reported that low socioeconomic status is
associated with a higher mortality rate from cardiovascular
disease.26–29 We have found that the OR for the metabolic
syndrome among Korean adults was significantly increased in
the unemployed, regardless of gender. We also found that the
OR increased with BMI, regardless of gender, and that BMI was
the most sensitive marker among associated factors for the
metabolic syndrome. This finding is consistent with results
for US adults, in which BMI was shown to be a strong predictor
for the metabolic syndrome independent of ethnicity.30 Asians
have been shown to be more prone to obesity-related
co-morbidities than Caucasians, even at lower BMI and/or
smaller waist circumferences.31 Since we found a greater
preponderance of metabolic syndrome in overweight young
men in this study, our results point to the need for measures to
prevent and treat obesity in this and other high risk groups.

Current smoking was found to be a significant independent
risk factor for the metabolic syndrome in both men and women,
in accordance with previous cross-sectional studies.30,32

Furthermore, smoking is known to impair insulin action and
may lead to insulin resistance.33 Smokers have been shown to
be hyperinsulinaemic34 and dyslipidaemic compared with a
matched group of non-smokers.35 Cigarette smoking may also
induce an increase in abdominal obesity,36 as well as causing
high blood pressure by increasing sympathetic activity, and it
may elevate triglyceride levels and lower HDL-cholesterol.37

The clustering of metabolic abnormalities associated with
insulin resistance has been shown to be sixfold higher in
smokers than in non-smokers.32

In our study, mild alcohol consumption (�15 g/day)
decreased the odds for the metabolic syndrome in women, but
not in men. Slight and moderate alcohol consumption has been
found to be associated with beneficial effects on HDL-
cholesterol levels38,39 and blood pressure.40,41 In addition,
casual drinking, but not binge drinking, has been reported to
have significant cardioprotective effects.42 Since our study did
not distinguish between normal casual and binge drinking,
however, associations between alcohol consumption and the
metabolic syndrome should be interpreted cautiously.

A high intake of rapidly absorbed carbohydrates, characterized
by a high glycaemic load, may increase the risk of coronary heart
disease by aggravating glucose intolerance and dyslipidaemia (i.e.
an increase in triglyceride and a decrease in HDL-cholesterol).43

We did not find any significant association between carbohydrate
intake and the metabolic syndrome, possibly because there was
only a small variation in reported nutrient intake among subjects.
In addition, there may be misclassifications of macronutrient
intake from a single 24-hour dietary recall. These findings suggest
that a potential modification of diet pattern among the subjects by
their BMI or physical activity would be possible.

The OR for the metabolic syndrome was significantly
decreased in men exercising moderately (2–3 sessions/week).
Moderate exercise is beneficial to promote weight loss in obese
individuals and favourably modifies components of the
metabolic syndrome, including promoting loss of abdominal fat
accumulation,43 reduction of blood pressure,44 improved
insulin sensitivity,45 lower triglyceride levels,46 and increased
HDL cholesterol levels.47

A major limitation of this study is its cross-sectional nature,
suggesting that caution should be used in causal interpretation
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of these findings. Other limitations include the possible misclas-
sification of risk status, recall bias, and confounding factors.
Estimates from the single 24-hour recall method cannot be
corrected for intra-individual daily variation in consumption.
Although single recalls are useful for estimating population
means, the variation of intake might in fact be under or
overestimated.48 The daily variations within a 24-hour dietary
recall most probably lead to an attenuation of the effect size,
thus explaining the null result for macronutrients in this study.
We could not analyse other dietary factors, including those that
might influence components of the metabolic syndrome, such
as ingestion of fruits, vegetables, cereal fibre, and particular fatty
acids, or the overall glycaemic index of the diet.

In conclusion, our study revealed that the metabolic
syndrome is present in more than 15% of South Koreans,
despite a low prevalence of obesity. The contributing risk factors

for the metabolic syndrome were age, unemployment, higher
BMI, and current smoking in both men and women. Moderate
exercise in men and mild alcohol consumption in women were
found to be protective factors for the metabolic syndrome.
Controlling weight and smoking cessation need to be reinforced
in order to effectively prevent and manage the metabolic
syndrome in Korean adults.
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