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Abstract

Background: Abnormalities in the clinical markers of metabolic syndrome (MS) are associated with the development
of cardiovascular disease, type 2 diabetes mellitus, and some cancers. MS prevalence in Korea increased between the
mid-1990s and mid-2000s; however, no data on the recent trends of MS prevalence are available. Thus, we aimed to
investigate the prevalence of MS, the five components of MS, and the related risk factors in Korean adults by using
recent data.

Methods: Data from the Korean National Health and Nutrition Examination Survey conducted between 2008 and 2013
were used. The revised National Cholesterol Education Program criteria were used for defining MS. A multivariate
logistic regression analyses was used to estimate the relationship between the related risk factors including behaviors,
dietary factors, and the prevalence of MS.

Results: A total of 34,587 men and women were included in the analysis. Age-adjusted prevalence of MS in 2013 was
28.9% without a significant increasing or decreasing trend between 2008 and 2013. Among the five components of
MS, abdominal obesity decreased in both men and women (annual percent change: —2.0 and —2.5%, respectively), the
decrease being significant only in women, whereas blood pressure and blood glucose significantly increased in men
(+1.9 and +2.7%, respectively). Age and obesity (odds ratio = 6.7, 95% confidence interval = 5.9-7.5 for body mass index
>25 kg/m? vs. body mass index <25 kg/m?) were associated with increased MS risk in both men and women. Smoking
and alcohol drinking were significantly associated with increased MS risk in men, and association between MS and
vitamin D deficiency was at the edge of statistical significance. Higher education and income level were significantly
associated with decreased MS risk in women. During this period, smoking rate and physical activity, sodium intake, and
serum vitamin D level significantly decreased. Education level, calorie intake, and intake of carbohydrate, fat, protein
and calcium significantly increased.

Conclusion: Several factors contribute to the stable MS prevalence—on the one hand, increased prevalence of high

blood sugar, high blood pressure, calorie intake, and physical inactivity, and on the other hand, decreased prevalence
of abdominal obesity and smoking. Lifestyle interventions to prevent and control non-communicable diseases should
be implemented at the national level to reduce the burden of MS.
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Background

Metabolic syndrome (MS) is a common metabolic
disorder defined as a cluster of metabolic abnormal-
ities characterized by the co-occurrence of at least
three of the following criteria,: hypertension, high tri-
glyceride (TG) levels, low high-density lipoprotein-
cholesterol (HDL-C) levels, abdominal obesity, and
high fasting plasma glucose (FPG) [1]. These factors
contribute to the increased risk of type 2 diabetes
mellitus, cardiovascular diseases (CVD), and all-cause
mortality. MS also is associated with a high risk of
colorectal, pancreatic, and breast cancers [2]. Other
criteria measurements of MS could also be used such
as the following: proinflammatory state (elevated
C-reactive protein [CRP]), prothrombotic state (increased
plasma plasminogen activator inhibitor (PAI)-1 and
fibrinogen), elevated small low-density lipoprotein (LDL)
level, physical inactivity, high resting heart rate, and low
heart rate variability. The prevalence of MS was ap-
proximately 35% in the adult population of United
States during 2003-2012, and 50% of those aged
60 years or older were estimated to have MS [3].
MS prevalence was found to be 24.3, 8.4, and 24.5%
in 10 European countries [4], Japan [5], and China
[6], respectively.

In Korea, major causes of death are non-communicable
diseases, comprising cancers, CVD, diabetes, and chronic
lung diseases [7]. These diseases are preventable by modi-
fying behavioral or intermediate risk factors like hyperten-
sion, pre-diabetic status, obesity, and MS.

According to a different definition of MS, its
prevalence in Korea 2001 was 1.6-29.6% in men and
10.1-32.8% in women [8]. The economic burden of MS-
related cancers in 2012 was USD 3.32 billion and that at-
tributable to MS was USD 199.8 million, accounting for
6.0% of the total cost including direct and indirect cost
in Korea [9]. These findings indicate that the increasing
prevalence of MS should be addressed in terms of can-
cer prevention and public health intervention programs.
The prevalence of MS, like those of chronic diseases, has
been rising steadily worldwide, and Korea is no excep-
tion. Well-known factors such as aging, increased life
expectancy, increased body fatness, and westernized diet
contribute to the prevalence of MS in Korea. In order to
develop strategies for MS prevention, the trend in the
prevalence of MS and its components and risk factors
needs to be characterized among a representative
Korean population.

We, therefore, report on the prevalence and trend of
MS and five of its components, as well as the related risk
factors including behaviors and dietary factors in Korean
adults aged at least 20 years by using the Korean
National Health and Nutrition Examination Survey
(KNHANES) data from 2008 to 2013.
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Methods
Design and data collection
This study was based on 6-year data obtained from the
KNHANES survey carried out from 2008 to 2013. The
details about the survey have been published elsewhere
[10]. In brief, KNHANES is an annual surveillance sys-
tem that uses a representative national sample and con-
sists of three surveys, health interview survey, health
examination survey, and nutrition survey, which collect-
ively assess the health and nutritional status of the
Korean population. The survey has been conducted by
the Korea Centers for Disease Control and Prevention.
A stratified multistage probability sampling method was
used, with selections made from sampling units based on
geographical area, sex, and age groups using household
registries. The households were screened for eligible per-
sons; those aged >1 year were selected from each house-
hold agreeing to participate. Each stage was generated to
reflect the probabilities of selection by using sampling
weights. Among 40,328 participants aged =20 years,
34,587 individuals who participated in the survey during
2008-2013 and had all the data required for defining
MS according to the revised National Cholesterol
Education Program (NCEP) definition were included
in the present study. Written informed consent was
obtained from all participants.

Health examination and interview

In the health interview, participants were asked to pro-
vide information about age, education, smoking history,
and alcohol intake. Height and weight measurements
were performed with the participants wearing light
clothing and no shoes. Those with a body mass index
(BMI) =25 kg/m* were classified as obese [11]. Waist
circumference was measured from the narrowest
point between the lower border of the rib cage and
the iliac crest.

To overcome a systematic error in blood pressure (BP)
measurements caused by the height of the forearm in
the survey conducted between 2008 and 2010, we calcu-
lated adjusted BP according to the mean height of the
arm at the level of the heart and the mean of the second
and third measurements.

Smoking status was divided into two categories: no
smoking and current smoking. Alcohol consumption
was classified as current drinking and no drinking. Phys-
ical activity was measured by using the short version of
the International Physical Activity Questionnaire and
was divided into the following four categories: inactive,
walking, moderate physical activity, and high physical
activity [12]. Monthly household income was categorized
into quartiles (lowest, medium-low, medium-high, and
highest) according to the equivalent household income
(equivalent household income = monthly household
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income/square root of the number of household
members, after considering sex and each five-year
age stratum). Education level was divided into elem-
entary school, middle school, high school, and col-
lege or higher.

Assessment of nutrient intake

The usual dietary habits were ascertained by the 24-h re-
call method before assessing dietary intake, and nutrient
intake was estimated using the Can-Pro 2.0 nutrient in-
take assessment software developed by the Korean
Nutrition Society. Dietary intake information was obtained
via a face-to-face interview conducted using a validated
semi-quantitative food frequency questionnaire for Koreans,
and it took into consideration the participant’s consumption
of 63 food items [13]. We excluded those with a calorie in-
take <500 Kcal or 24000 Kcal because of implausible energy
intakes. The nutrient variables were used as continuous data
of daily intake of total calories (kcal), carbohydrates (g/dL),
fiber (g/dL), sodium (mg/dL), protein (mg/dL), fiber (mg/
dL), vitamin C (mg/dL), fat (g/dL), and calcium (mg/dL).
These variables were found to be significantly associated
with MS [14-18].

Blood sampling and blood assay

Blood samples were collected from the antecubital vein
after more than eight h of fasting and analyzed at a central
certified laboratory to determine serum concentration of
fasting glucose. HDL-C, TG, fasting plasma glucose
(FPG), and insulin levels were measured using enzyme or
radioimmunoassay methods. All samples were processed
according to the KNHANES protocol [19].

Because the analysis tool and the method of measuring
HDL-C were altered due to changes by the clinical
laboratory organization, revised HDL-C level was de-
rived since 2007 according to the Lipid Standardization
Program released by the Centers for Disease Control
and Prevention in the United States [20]. The revised
HDL-C extrapolations were based on the regression line,
and it may theoretically cause an excess residual error
for prediction.

The revised HDL cholesterol was calculated as
follows [21]:

Revised HDL cholesterol (2008-2011) : HDL,gjusted
= 0.872 x HDL + 2.460

Revised HDL cholesterol (2012-2013) : HDL,gjusted
= 0.952 x HDL + 1.096

Vitamin D deficiency was defined as a 25-hydroxyvitamin
D serum concentration <20 ng/mL.
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Definition of MS

The definition provided by the modified Third National
Cholesterol Education Program Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Choles-
terol in Adults (NCEP-ATP III) and the specific values
for waist circumference provided by the World Health
Organization and the Korean Society for the Study of
Obesity were used to determine MS and its components
[1] [22]. MS was diagnosed if three or more of the fol-
lowing criteria were met: (i) abdominal obesity (men
>90 cm and women >85 cm); (ii) elevated BP: systolic
BP >130 mm Hg and/or diastolic BP =85 mm Hg or cur-
rently undergoing treatment for hypertension; (iii) ele-
vated TGs: TGs 2150 mg/dL or current drug treatment
for high TGs; (iv) reduced HDL-C (men <40 mg/dL and
women <50 mg/dL) or current drug treatment for low
HDL-C; and (v) elevated fasting glucose: FPG =100 mg/
dL or current treatment with a hypoglycemic agent or
insulin. Those who fasted <8 h or were pregnant were
excluded while estimating the prevalence of MS.

Statistical analyses

The chi-square test and ANOVA were used to com-
pare differences between participant characteristics,
risk factors, MS components, and time. Age-
standardized prevalence was estimated by the direct
method using the 2005 Korean census population as
the standard. The sampling weight method was used
to assign participants as representatives of the Korean
population. We calculated P for trend using the quan-
tile regression model or logistic regression model,
both of which were age-adjusted.

The multivariate logistic regression model was used to
estimate the predictive factors contributing to an in-
creased prevalence of MS. We used the Bayesian model
average (BMA) for selecting appropriate models. BMA
provides an approach that takes into account model
uncertainty by combining information from a pre-
determined subset of all possible models and obtaining a
weighted average of the quantity of interest over these
models and lists the five best models [23]. In the BMA
model, we included all risk factors stratified by sex such
as age, BMI (=25 kg/mz), income (quartiles), current
smoking (yes/no), drinking (yes/no), physical activity
(yes/no), intake of total calories (kcal), carbohydrates (g/
dL), fiber (g/dL), calcium (mg/dL), sodium (mg/dL), pro-
tein (g/dL), fiber (g/dL), vitamin C (mg/dL), and fat (g/
dL), and vitamin D deficiency. Variables that were less
important had smaller weights. Therefore, we chose the
best model with five variables among men (age group,
obesity (BMI, =25 kg/m?), drinking, smoking, and vita-
min D deficiency) with the highest posterior model
probability in the final analysis. Among women, the best
posterior model probability included variables such as
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age group, obesity (BMI, =25 kg/m?), income (quartiles),
and education.

The odds ratio (OR) and 95% confidence interval (CI)
were used to estimate the association between all risk
factors selected from the BMA model as independent
variables, and MS was examined as a dependent variable.
All analyses were performed using STATA (version 13.0)
and R-language statistical software.

Results

Table 1 shows the descriptive statistics of the characteris-
tics, health behavior, nutrient factors, and anthropometric
and biochemical parameters of participants during the
survey period 2008-2013. Smoking rate decreased from
25.7% in 2008 to 23.2% in 2013 (P for trend < 0.01).
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Physical activity also decreased from 56.7% in 2008 to
45.5% in 2013 (P for trend < 0.001), especially in the walk-
ing and moderate level of activity. Prevalence of obesity
(BMI >25.0 kg/m?) remained stable. Calorie intake and
nutrient intake including carbohydrate, fat, protein, and
calcium significantly increased, whereas sodium intake
and serum vitamin D level significantly decreased.

Table 2 reveals the prevalence of MS and the five com-
ponents of MS. The overall and sex-specific prevalence
(30.8% in men and 26.3% in women in 2013) of MS in
the Korean adult population remained stable during the
period observed.

The most prevalent component of MS was low HDL-C
(45.8% in 2013), followed by high BP (33.4%), high FPG
(30.8%), abdominal obesity (30.1%), and high TG (29.4%).

Table 1 Age-adjusted anthropometric, nutrient intake, and biochemical parameters from 2008 to 2013

Year 2008 2009 2010 2011 2012 2013 p-value P for trend
N =34,587 6,215 6,872 5661 5667 5263 4,909
Age (years) 49.1+£02 49.1+£02 493+0.2 509+0.2 514+02 492402 <0.001
Male (%) 417 435 432 426 418 43.1 0.201
Income (Quiartile) <0.001 038
Qliowest 16.0 16.9 175 155 138 154
Q2pmedium-lowest 266 226 26.7 282 26.5 258
Q3 pedium highest 279 29.5 29.8 29.7 29.1 283
Qdpighest 295 310 26.0 266 306 305
Education <0.001 <0.001
Elementary school 196 189 186 180 176 159
Middle school 1.1 104 102 10.7 9.0 91
High school 392 404 36.8 373 406 386
College and over 30.1 303 344 340 328 364
Smoking (%)* 257+0.7 258+0.7 252+09 249+09 236+09 232+09 0.006 <0.01
Alcohol drinking (%)? 115405 12.14+047 109+0.5 103+06 9.94+05 99+06 0.001 047
Physical activity (%) 56.7 56.17 50.2 464 46.0 455 <0.001 <0.001
High (%)® 174+0.7 18107 162+07 139+06 143+08 182+0.7 <0.001 0.12
Moderate (%) 142408 140+0.7 108+0.8 92+06 6.5+0.50 64+05 <0.001 <0.001
Walking (%)® 469+0.1 455+08 402+09 380+£09 399+0.1 374£10 <0.001 <0.001
Obesity, BMI = 25 (%) 316+08 31.9+08 316+09 325+10 320+10 332+08 0.57 0.15
Energy intake (kcal)® 19023+166  19280+128  20681+171 20535+181 20033+£183  20579+150  <0.001 <0.001
Carbohydrate (g/dL)? 3082+26 3116£23 3328+30 3250+27 3184 £3.1 3200+ 26 <0.001 <0.001
Fat (g/dL)® 37506 393+05 436+06 440+08 449+08 472+09 <0.001 <0.001
Fiber (g/dL)® 75£0.1 76£0.1 78+0.1 74£0.1 75£0.1 78=x0.1 0.006 042
Protein (g/dL)? 682+08 69.8+0.7 764 +£08 75510 744+£09 75609 <0.001 <0.001
Vitamin C (mg/dL)? 1058 +22 1062+ 1.9 1123+22 1088+ 2.1 1122+28 99.8£29 <0.001 0.55
Calcium (mg/dL)? 4939+63 500.0 £ 6.2 5370+ 69 5205+ 68 5090+ 7.7 5133+68 <0001 004
Sodium (mg/dL)? 4970.1 £62.1 50604 +556  52490+678  5179.7+75.1 4860.7 715 43146 +59.1 <0.001 <0.001
Serum vitamin D (ng/mL)?* 194 +0.3 17802 18003 17302 16.8+0.2 172+03 <0.001 <0.001

?Data are percentage (+SE) and mean (+SE) with appropriate sampling weights. Direct age adjustment of the data was done for the Korean population aged >20 years

in the year 2005
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Table 2 Age-standardized prevalence of the metabolic syndrome and its components in Korea from 2008 to 2013
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Year 2008 2009 2010 2011 2012 2013 P trend % changing
annually
N =34,587 6,215 6,872 5,661 5,667 5,263 4,909
Metabolic syndrome
Unadjusted 264+09 274408 264+09 283+09 27.1+10 290+09 0.06 15
Age-adjusted 275+08 283+07 27.1£07 286+08 270+09 289+08 0.50 0.5
Men 279+0.1 294+0.1 280+£0.1 297+0.1 255+0.1 308+0.1 0.59 0.6
Women 264+09 265+09 256+08 267+09 276+10 263+09 063 04
Waist circumference 345+10 325+09 31.0£09 342411 31.1+£10 30.1+09 0.00 -23
Men(>90 cm) 274+12 247 +1.1 244+13 277+13 226+13 248+12 0.09 -20
Women(>80 cm) 410+14 395+12 387+1.1 399+13 388+14 344412 0.002 =25
Triglycerides (>150 mg/dL) 286+08 287+08 285+08 282+08 292+09 294409 044 0.5
Men 362+12 368+12 378+£13 36113 357+14 378+14 0.72 03
Women 205+08 200+08 189+09 19.9+09 220+10 205+09 0.36 0.9
HDL cholesterol 433+09 456+09 430+08 423+0.1 369+09 458+09 0.06 -1.0
Men(<40 mg/dL) 353+12 365+12 357+£13 339+14 267+13 387+13 0.15 -13
Women(<50 mg/dL) 509+ 1.1 542+10 500£1.0 500+12 470+12 526+ 1.1 0.15 -0.8
Blood pressure (2130/85 mmHg) 31.8+07 344+08 335+08 363+08 357411 334+09 0.03 13
Men 363+12 407+12 387+£13 433+12 415+16 397+13 0.02 19
Women 269+08 276+08 27.7+07 288+08 291+11 26.7+09 0.56 04
Fasting glucose (2100 mg/dL) 268+08 275+08 255+08 25.1+09 274+09 308+09 0.00 20
Men 307+12 325+ 1.1 304+ 1.1 305+12 321+13 370+13 0.00 27
Women 228+08 225+08 206+09 19.03+1.0 226+10 246+10 0.25 1.0

Data are percentage (+SE) with appropriate sampling weights. Direct age adjustment of the data was done for the Korean population aged >20 years in the year 2005

HDL high density lipoprotein

The prevalence of high TG, high BP, and high FPG was
higher in men than in women, whereas the prevalence of
low HDL-C and abdominal obesity was higher in women
than in men. The prevalence of abdominal obesity de-
creased in both men and women (annual percent change:
-2.0 and -2.5%, respectively); moreover, the decrease was
significant only in women. The prevalence of high BP and
high FPG (+1.9 and +2.7%, respectively) increased signifi-
cantly only in men. No significant changes were noted in
TG and low HDL-C prevalence between 2008 and 2013.

Table 3 shows the relationship between risk factors
and MS using a logistic regression model stratified by
sex. In men, the risk of MS increased with age, BMI
>25 kg/m?, current alcohol drinking, current smoking,
and vitamin D deficiency. Education and household in-
come were not significantly related to MS risk. In
women, the risk of MS increased with age and BMI
>25 kg/m?) and decreased with higher education and
higher income. Alcohol drinking, smoking, and vitamin
D deficiency were not significantly related to MS risk.

Discussion
A few studies investigated the prevalence of MS in the
Korean population, but with little consistency in the MS

criteria used. The reported prevalence range of MS var-
ied widely from 1.6 to 29.6% in men and 10.1 to 32.8%
in women [8]. The NCEP-ATP III-derived definition of
MS was used in this study, and the MS prevalence was
similar with that reported in other studies using the
same definition [24, 25].

The prevalence of MS increased annually by ~0.6%
over 10 years, from 24.9% in 1998 to 31.3% in 2007
based on KNHANES [26]. The increase in the preva-
lence of the components during 1998-2007 has been
explained by a rapid recovery of the economic crisis in
1998, which affected their lifestyle, especially the adop-
tion of westernized diets. Since then, the Korean govern-
ment and the Korean National Assembly approved laws
on health promotion and disease prevention, and one of
the main targets of Health Plan 2020 is to reduce smok-
ing, alcohol drinking, and obesity. This policy includes
lifestyle interventions, food safety, and public education
about healthy eating behaviors and physical activity.

During the period 2008 and 2013, which were covered
in the present study, no significant increasing or de-
creasing trend of MS prevalence was noted. In men, the
prevalence of high BP and high FPG increased, whereas
that of other components remained constant. Interestingly,
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Table 3 The association of risk factors and metabolic syndrome
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Variables Men Women
crude OR(95% Cl) adj. OR(95% Cl) P(Wald's test) crude OR(95% Cl) adj. OR(95% Cl) P(Wald's test)
Age (years) <0.001 <0.001
20-29 1 1 1 1
30-39 28 (2.2-37) 26 (1.9-34) <0.001 2.1 (1.56-2.72) 1.9 (1.5-2.5) <0.001
40-49 54 (4.25-6.85) 53 (4.1-6.7) <0.001 50 (3.8-6.5) 39 (3.0-5.0) <0.001
50-59 7.2 (5.7-9.0) 8.5 (6.7-10.9) <0.001 11.1 (8.6-144) 7.2 (55-9.3) <0.001
60-69 8.7 (6.7-10.8) 134 (103-174) <0.001 25.7 (19.7-33.6) 142 (10.8-18.8) <0.001
70 and over 6.8 (5.3-8.70) 12.0 (9.2-15.8) <0.001 35.0 (26.9-45.6) 205 (154-274) <0.001
Obesity (BMI = 25) 54 (49-6.0) 6.7 (59-7.5) <0.001 7.6 (6.9-83) 7.3 (6.6-8.2) <0.001
Current alcohol drinking 1.1 (09-1.2) 1.2 (1.1-14) <0.001 - - -
Current smoking 1.0 (09-1.1) 1.2 (1.1-13) 0.001 0.8 (0.7-0.9) - -
Vitamin D deficiency 0.9 (0.8-1.0) 1.1 (1.0-13) 0.059 0.52 (0.5-0.6) - -
Education <0.001
Elementary school 1 - - 1 1
Middle school 1.1 (09-1.2) - - 043 (04--0.5) 0.7 (0.6-0.9) <0.001
High school 0.6 (0.5-0.7) - - 0.17 (0.16-0.19) 067 (0.57-0.79) <0.001
College and over 0.6 (0.5-0.7) - - 0.07 (0.06-0.08) 0.5 (04-06) <0.001
Income (Quartile) - - - <0.001
Qliowest 1 - - 1 1
Q2 medium-lowest 0.8 (0.7-0.9) - - 042 (04-0.5) 0.90 (0.8-1.1) 0221
Q3 pedium highest 09 (0.7-1.0) - - 0.29 (0.26-0.33) 0.8 (0.7-0.9) 0.024
Q4pighest 0.8 (0.7-1.0) - - 022 (02-0.3) 0.8 (0.6-09) <0.001
Adjusted R’ 16.95% <0.001 29.12% <0.001

Vitamin D deficiency was defined by 25-hydroxyvitamin D serum concentration <20 ng/mL
BMA Model selections by sex: age, obesity (=25 kg/m?), income (quartile), education, smoking (yes/no), drinking (yes/no), physical activity (yes/no), total calorie
intake (kcal), carbohydrates (g/dL), fiber (g/dL), sodium (mg/dL), protein (g/dL), fiber (g/dL), vitamin C (mg/dL), fat intake (g/dL), and vitamin D deficiency (yes/no)

the trend prevalence of abdominal obesity among women
declined significantly during this period and that of the
other four components of MS remained constant.

One of the explanations of increased levels of BP and
FPG in men could be that calorie intake and nutrient in-
take including carbohydrate and fat, which are closely
related to high blood sugar and high BP [27], have in-
creased in Korean men and women, although sodium in-
take significantly decreased. Moreover, physical activity,
a preventive factor of high FPG [28] and high BP [29],
has decreased.

A decreasing trend of abdominal obesity in women
could be expected in consideration of changes in obesity
as expressed by BMIL. Many studies indicate that obesity
is closely associated with hypertension, type 2 diabetes,
and hypercholesterolemia [30, 31]. Currently, our under-
standing of the association between MS and obesity is
well established owing to rapidly growing research. One
study focusing on multiple products discharged from ad-
ipocytes explained the underlying relationship between
obesity and MS. The presence of certain products, such
as non-esterified fatty acids, inflammatory cytokines,

PAI-1, adiponectin, leptin, and resistin, cause an in-
creased risk of developing the components of MS [32].

In the present study, obesity (BMI >25.0 kg/m?) was
significantly related to MS. According to previous inves-
tigations, obesity prevalence increased till the year 2007
[33], after which the prevalence of obesity in adults
stopped increasing [19, 34], and has even decreased in
women; the same trend has also been observed with re-
gard to the prevalence of abdominal obesity [34]. In the
population as a whole, obesity prevalence appeared
stable during 2008-2013, which may have contributed
to the stabilization of MS prevalence.

The prevalence of other factors significantly independ-
ently related to MS, such as smoking and alcohol con-
sumption in men and socioeconomic status and
education level in women, could also contribute to the
stabilization of MS prevalence from 2008-2013.

Associations between smoking and MS and alcohol
consumption and MS have been found in many studies.
Smoking raises LDL-cholesterol and TGs but reduces
HDL-C, causing an increased risk of CVD [35]. Several
studies show that smoking may be closely related to high
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TG, low HDL-C, and abdominal obesity [36, 37]. In
addition, in a meta-analysis of 13 prospective studies,
long-term observation of the development of MS has re-
vealed smoking to be a contributing factor [38]. Con-
cerning alcohol consumption, a previous study showed
that several alcohol-drinking patterns, including: “usual
drinking quantity”, “drinking frequency”, “frequency of
high-risk drinking”, “frequency of feeling guilty after
drinking”, “frequency of inability to stop drinking”, and
“frequency of inability to remember after drinking” posi-
tively correlated with the prevalence of MS in men [39].
Frequent binge drinking and higher drinking quantity
together are indicators of a higher prevalence of MS,
and the association strength is thought to be gender-
specific [40]. A meta-analysis confirmed that alcohol
consumption might be associated with an increased risk
of MS [41]. Some biological mechanisms may explain a
positive correlation between alcohol drinking and MS
risk. Abdominal obesity tends to be more common in
excessive drinkers than average drinkers, and this may
be a contributing factor in the development of MS [42].
Alcohol drinking also appears to stimulate appetite, thus
in part inhibiting the increase in FPG levels [43]. In fact,
the prevalence of high FPG in this study was very preva-
lent among men. During 2008-2013, smoking preva-
lence significantly decreased, and alcohol consumption
remained stable.

In this study, MS risk decreased in women with higher
education level and higher income. According to a study
by Park et al. [44], women with a higher socioeconomic
status are more likely to take care of their health, choose
healthy foods, exercise, and undergo regular health
check-ups. In contrast, lower socioeconomic status has
been linked to health risk behaviors such as smoking,
drinking, and lack of physical activity. During the period
observed there were no significant changes in socioeco-
nomic status of the Korean population, but changes in
education level were significant, with an increase in
those with a higher education level (college and over)
and a decrease of those with elementary and middle
school education.

In this study, vitamin D deficiency was not inde-
pendently associated with MS. The association be-
tween MS and vitamin D deficiency among men was
at the edge of statistical significance (p =0.059). The
potential involvement of vitamin D in conditions in-
cluding high BP, cancer, and CVD development and
progression have been described in other investiga-
tions [45-47]; one study also described an association
between vitamin D deficiency and MS [48]. Several
studies show similar results. Shokoufeh et al. reported
no significant decrease in serum 25-hydroxyvitamin D
concentration irrespective of the MS status in an
Iranian population [49].
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A major strength of our study is that the KNHANES
has large, representative samples and observes annual
trends. The possible major limitation is that changes in
the laboratory methods for measuring serum concentra-
tions of glucose and cholesterol occurred in 2008, which
could affect current results of glucose and cholesterol
tests; however, a parallel test for quality control of the
laboratory analysis conducted by KNHANES confirmed
the stability of the blood analysis.

Conclusions

In conclusion, we found that MS prevalence in Korea is
high, but did not follow a significant trend during 2008—
2013. Several factors contributed to the stable MS preva-
lence: on the one hand, increased prevalence of high FPG,
high BP, calorie intake, and physical inactivity, and on the
other hand, decreased prevalence of abdominal obesity
and smoking. Greater awareness of MS and its health con-
sequences can help optimize the treatment of risk factors.
Furthermore, risk factors such as smoking, alcohol drink-
ing, obesity, diet, and physical inactivity need to be consid-
ered in public health interventions. A multidimensional
approach is vital to prevent future increases in MS.

Abbreviations

BMA: Bayesian model average; BMI: Body mass index; BP: Blood pressure;
Cl: Confidence interval; CVD: Cardiovascular diseases; FPG: Fasting plasma
glucose; HDL-C: High-density lipoprotein cholesterol; KNHANES: Korean
National Health and Nutrition Examination Survey; MS: Metabolic syndrome;
OR: Odds ratio; TG: Triglyceride

Acknowledgements
Not applicable.

Funding
This study was partially supported by the National Cancer Center of Korea
(grant number: NCC-1610410).

Availability of data and materials
All data supporting our findings will be shared upon request.

Authors’ contributions

BTT and JKO designed the study, interpreted the data, and wrote the main
manuscript text. BTT analyzed the data. BYJ provided technical support for
statistical analysis and interpretation. All authors read and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Received: 27 September 2016 Accepted: 13 December 2016
Published online: 13 January 2017

References

1. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute scientific statement.
Circulation. 2005;112:2735-52.



Tran et al. BMC Public Health (2017) 17:71

20.

22.

23.

24.

25.

26.

Pothiwala P, Jain SK, Yaturu S. Metabolic syndrome and cancer. Metab
Syndr Relat Disord. 2009;7:279-87.

Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the metabolic
syndrome in the United States, 2003-2012. JAMA. 2015;313:1973-4.

Scuteri A, Laurent S, Cucca F, Cockcroft J, Cunha PG, Manas LR, et al.
Metabolic syndrome across Europe: different clusters of risk factors. Eur J
Prev Cardiol. 2015;22:486-91.

Urashima M, Wada T, Fukumoto T, Joki M, Maeda T, Hashimoto H, et al.
Prevalence of metabolic syndrome in a 22,892 Japanese population and its
associations with life style. Japan Med Assoc J. 2005;48:441.

Jing X, Jian-Ping H, Guang-Fei X, De-Xi C, Gui-Yun W, Min Z, et al.
Association of alcohol consumption and components of metabolic
syndrome among people in rural China. Nutr Metab. 2015;12:5.

Shin HY, Lee JY, Song J, Lee S, Lee J, Lim B, et al. Cause-of-death statistics in
the Republic of Korea, 2014. J Korean Med Assoc. 2016;59:221-32.

Kim HC, Kim DJ. Causes of different estimates of the prevalence of
metabolic syndrome in Korea. Korean J Intern Med. 2011,26:440-8.

Kim D, Yoon SJ, Gong YH, Kim YA, Seo HY, Yoon J, et al. The economic
burden of cancers attributable to metabolic syndrome in Korea. J Prevent
Med Pub Health. 2015;48:180-7.

Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile:
the Korea National Health and Nutrition Examination Survey (KNHANES). Int
J Epidemiol. 2014;43:69-77.

Kim MK, Lee WY, Kang JH, Kang JH, Kim BT, Kim SM, Kim EM, Suh SH, Shin
HJ, Lee KR, Lee KY. 2014 clinical practice guidelines for overweight and
obesity in Korea. Endocrinol Metab. 2014;29:405-9.

Chun MY. Validity and reliability of Korean version of international physical
activity questionnaire short form in the elderly. Korean journal of family
medicine. 2012;33:144-51.

Kim DW, Song S, Lee JE, Oh K, Shim J, Kweon S, et al. Reproducibility and
validity of an FFQ developed for the Korea National Health and Nutrition
Examination Survey (KNHANES). Public Health Nutr. 2015;18:1369-77.

Um YJ, Oh SW, Lee CM, Kwon HT, Joh HK, Kim YJ, et al. Dietary fat intake
and the risk of metabolic syndrome in Korean adults. Korean J Fam Med.
2015;36:245-52.

Cho GJ, Park HT, Shin JH, Hur JY, Kim YT, Kim SH, et al. Calcium intake is
inversely associated with metabolic syndrome in postmenopausal women:
Korea National Health and Nutrition Survey, 2001 and 2005. Menopause.
2009;16:992-7.

Liu S, Song Y, Ford ES, Manson JE, Buring JE, Ridker PM. Dietary calcium,
vitamin D, and the prevalence of metabolic syndrome in middle-aged and
older US women. Diabetes Care. 2005,28:2926-32.

Yoo KB, Suh HJ, Lee M, Kim JH, Kwon JA, Park EC. Breakfast eating patterns and
the metabolic syndrome: the Korea National Health and Nutrition Examination
Survey (KNHANES) 2007-2009. Asia Pac J Clin Nutr. 2014;23:128-37.

Park S, Ahn J, Lee BK. Very-low-fat diets may be associated with increased risk
of metabolic syndrome in the adult population. Clin Nutr. 2016;35:1159-67.
Kim HJ, Kim Y, Cho Y, Jun B, Oh KW. Trends in the prevalence of major
cardiovascular disease risk factors among Korean adults: results from the
Korea National Health and Nutrition Examination Survey, 1998-2012. Int J
Cardiol. 2014;174:64-72.

Myers G, Cooper G, Winn C, Smith S. The Centers for Disease Control-
National Heart, Lung and Blood Institute Lipid Standardization Program. An
approach to accurate and precise lipid measurements. Clin Lab Med.
1989;9:105-35.

Korean Centre for Disease Control. Guideline for Korean National Health and
Nutrition Examination Survey 5th (2010-2012). 2014. https;//knhanes.cdc.go.
kr. Accessed 23 Nov 2016.

Lee SY, Park HS, Kim DJ, Han JH, Kim SM, Cho GJ, et al. Appropriate waist
circumference cutoff points for central obesity in Korean adults. Diabetes
Res Clin Pract. 2007;75:72-80.

Hoeting JA, Madigan D, Raftery AE, Volinsky CT. Bayesian model averaging:
a tutorial. Stat Sci. 1999;14:382-401.

Park S, Kim S-J, Lee M, Kang K-A, Hendrix E. Prevalence and associated
factors of metabolic syndrome among South Korean adults. J Comm Health
Nursing. 2015;32:24-38.

Kim J, Choi YH. Physical activity, dietary vitamin C, and metabolic syndrome
in the Korean adults: the Korea National Health and Nutrition Examination
Survey 2008 to 2012. Pub Health. 2016;135:30-7.

Lim S, Shin H, Song JH, Kwak SH, Kang SM, Won Yoon J, et al. Increasing
prevalence of metabolic syndrome in Korea. The Korean National Health

27.

28.

29.

30.

31

32.

33

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Page 8 of 8

and Nutrition Examination Survey for 1998-2007. Am Diabetes Assoc.
2011,34:1323-8.

Park SH, Lee KS, Park HY. Dietary carbohydrate intake is associated with
cardiovascular disease risk in Korean: analysis of the third Korea National
Health and Nutrition Examination Survey (KNHANES IIl). Int J Cardiol.
2010;139:234-40.

Wilson PW, D'Agostino RB, Parise H, Sullivan L, Meigs JB. Metabolic
syndrome as a precursor of cardiovascular disease and type 2 diabetes
mellitus. Circulation. 2005;112:3066-72.

Archer E, Blair SN. Physical activity and the prevention of cardiovascular
disease: from evolution to epidemiology. Prog Cardiovasc Dis. 2011,53:387-96.
Oh SW, Shin S-A, Yun YH, Yoo T, Huh B-Y. Cut-off point of BMI and obesity-
related comorbidities and mortality in middle-aged Koreans. Obes Res.
2004;12:2031-40.

Grundy SM, Hansen B, Smith SC, Cleeman JI, Kahn RA. Clinical management
of metabolic syndrome. Circulation. 2004;109:551-6.

Grundy SM. Obesity, metabolic syndrome, and cardiovascular disease. J Clin
Endocrinol Metab. 2004;89:2595-600.

Korean Centre for Disease Control: Korea National Health and Nutrition
Examination Survey (KNHANES) Korea. 2015. https://knhanes.cdc.go.kr.
Accessed 12 Aug 2016.

Oh SW. Obesity and metabolic syndrome in Korea. Diabetes Metab J.
2011,35:561-6.

Freeman DJ, Griffin BA, Murray E, Lindsay GM, Gaffney D, Packard CJ,
Shepherd J. Smoking and plasma lipoproteins in man: effects on low
density lipoprotein cholesterol levels and high density lipoprotein
subfraction distribution. Eur J Clin Investig. 1993;23:630-40.

Kang JH, Song YM, Lee JH, Kim HE. Association between smoking status and
metabolic syndrome in Korean adults: Korean National Health And Nutrition
Examination Survey (KNHANES 2007-2010). Eur J Intern Med. 2013;24:2106.
Katano S, Nakamura Y, Nakamura A, Murakami Y, Tanaka T, Nakagawa H, et
al. Relationship among physical activity, smoking, drinking and clustering of
the metabolic syndrome diagnostic components. J Atheroscler Thromb.
2010;17:644-50.

Sun K, Liu J, Ning G. Active smoking and risk of metabolic syndrome: a
meta-analysis of prospective studies. PLoS One. 2012;7:e47791.

Lee KW, Park BJ, Kang HT, Lee YJ. Alcohol-drinking patterns and metabolic
syndrome risk: the 2007 Korean National Health and Nutrition Examination
Survey. Alcohol. 2011;45:499-505.

Lee K. Gender-specific relationships between alcohol drinking patterns and
metabolic syndrome: the Korea National Health and Nutrition Examination
Survey 2008. Public Health Nutr. 2012;15:1917-24.

Sun K, Ren M, Liu D, Wang C, Yang C, Yan L. Alcohol consumption and risk
of metabolic syndrome: a meta-analysis of prospective studies. Clin Nutr.
2014;33:596-602.

Yokoyama H, Hiroshi H, Ohgo H, Hibi T, Saito I. Effects of excessive ethanol
consumption on the diagnosis of the metabolic syndrome using its clinical
diagnostic criteria. Intern Med (Tokyo, Japan). 2007;46:1345-52.

Caton SJ, Ball M, Ahern A, Hetherington MM. Dose-dependent effects of
alcohol on appetite and food intake. Physiol Behav. 2004;81:51-8.

Park MJ, Yun KE, Lee GE, Cho HJ, Park HS. A cross-sectional study of
socioeconomic status and the metabolic syndrome in Korean adults. Ann
Epidemiol. 2007;17:320-6.

Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, Mohr SB, et al. The
role of vitamin D in cancer prevention. Am J Public Health. 2006,96:252-61.

Li YC, Qiao G, Uskokovic M, Xiang W, Zheng W, Kong J. Vitamin D: a
negative endocrine regulator of the renin-angiotensin system and blood
pressure. J Steroid Biochem Mol Biol. 2004;89-90:387-92.

Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, ethnicity, and
blood pressure in the Third National Health and Nutrition Examination
Survey. Am J Hypertens. 2007;20:713-9.

Awad AB, Alappat L, Valerio M. Vitamin d and metabolic syndrome risk
factors: evidence and mechanisms. Crit Rev Food Sci Nutr. 2012,52:103-12.
Bonakdaran S, Fakhraee F, Karimian MS, Mirhafez SR, Rokni H, Mohebati M,
et al. Association between serum 25-hydroxyvitamin D concentrations and
prevalence of metabolic syndrome. Adv Med Sci. 2016;,61:219-23.


https://knhanes.cdc.go.kr
https://knhanes.cdc.go.kr
https://knhanes.cdc.go.kr

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design and data collection
	Health examination and interview
	Assessment of nutrient intake
	Blood sampling and blood assay
	Definition of MS
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

