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Background and Objectives: There is a need for simple risk scores that identify individuals at high risk for met-
abolic syndrome (MetS). Therefore, this study was performed to develop and validate a self-assessment score for 
MetS risk in non-obese Korean adults. Methods and Study Design: Data from the fourth Korea National Health 
and Nutrition Examination Survey (KNHANES IV), 2007-2009 were used to develop a MetS risk score. We in-
cluded a total of 5,508 non-obese participants aged 19-64 years who were free of a self-reported diagnosis of dia-
betes, hyperlipidemia, hypertension, stroke, angina, or cancer. Multivariable logistic regression model coeffi-
cients were used to assign each variable category a score. The validity of the score was assessed in an independ-
ent population survey performed in 2010 and 2011, KNHANES V (n=3,892). Results: Age, BMI, physical activi-
ty, smoking, alcohol consumption, dairy consumption, dietary habit of eating less salty and food insecurity were 
selected as categorical variables. The MetS risk score value varied from 0 to 13, and a cut-point MetS risk score 
of ≥7 was selected based on the highest Youden index. The cut-point provided a sensitivity of 81%, specificity of 
61%, positive predictive value of 14%, and negative predictive value of 98%, with an area under the curve (AUC) 
of 0.78. Consistent results were obtained in the validation data sets. Conclusions: This simple risk score may be 
used to identify individuals at high risk for MetS without laboratory tests among non-obese Korean adults. Fur-
ther studies are needed to verify the usefulness and feasibility of this score in various settings. 
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INTRODUCTION 
The metabolic syndrome (MetS) is a major escalating 
public-health and clinical challenge worldwide.1 MetS is 
characterized by accumulation of visceral fat, dys-
lipidemias, i.e., low HDL and high plasma triglycerides 
(TG), increased blood pressure, and high concentrations 
of fasting plasma glucose.2 MetS can be viewed as a pre-
cursor condition, which may increase the risk of type 2 
diabetes,3,4 cardiovascular diseases5 and some cancers.6 
Accumulating evidence suggest that the majority of MetS 
can be preventable if he/she changes their unhealthy life-
styles. 

An increasing trend of MetS also has been observed in 
Asian countries. In Korea, the age-adjusted prevalence of 
MetS increased significantly from 24.9% in 1998 to 
31.3% in 2007. Among the five components of MetS, 
dyslipidemia and abdominal obesity were major factors in 
increasing the prevalence of MetS in Koreans for the past 
10 years.7 At the same time, there has also been a rapid 
increase of colorectal cancer incidence and mortality,8 
which may be related to an increase of MetS in Korean 
adults over the past decade.9,10 The recent meta-analysis 
of prospective cohort studies reported that both men and 
women had about 1.3 times greater risk of developing 
colorectal cancer in the presence of MetS compared with 
those in the absence of MetS.6 Since lifestyle interven-
tions that can modify the risk of MetS can be used as an 
important strategy to prevent and control the MetS, there  

 
 
is a need to develop a MetS risk score questionnaire that 
can be useful for identifying high risk subjects who need 
health behaviour changes. Several risk score question-
naires for type 2 diabetes have been developed in differ-
ent populations including Korean adults,11-13 but a simple 
risk score for MetS has not been developed in Korean 
adults.  

Therefore, in this study, to provide a reliable and prac-
tical tool that easily screens individuals at high risk for 
MetS, we developed and validated a self-assessment 
score for MetS in Korean adults using simple anthropo-
metric and lifestyle factors without laboratory tests. Since 
obesity itself is a very strong risk factor for MetS in the 
Korean population, we limited our subjects to non-obese 
adults (BMI <25 kg/m2). Early identification and control 
of MetS is of great importance from a clinical and public 
health perspective, which could potentially reduce the 
incidence and mortality of several chronic diseases.  
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MATERIALS AND METHODS 
Data source and study subjects 
This study was based on data from the Korea National 
Health and Nutrition Examination Survey (KNHANES), 
which is the nationally representative dietary and health 
examination surveys of non-institutionalized Korean ci-
vilians (http://knhanes.cdc.go.kr).14 The KNHANES has 
been implemented annually to assess health related be-
haviours, health conditions, and nutritional states of the 
Koreans. Each survey data consists of independent sets of 
individuals from the Korean population. The KNAHNES 
used a stratified, multistage, probability sampling design 
based on geographical areas, gender, and age-groups. 
Details of the cross-sectional data in the KNAHNES have 
been previously described.8 

Data from the 4th KNHANES 2007 -2009 were used to 
develop a risk score model for MetS in Korean adults, 
and data from the 5th KNAHNES 2010-2011 were used to 
validate the risk score. For the model development, we 
included 20,899 subjects who completed the health inter-
view, health examination, and nutrition survey among the 
24,871 participants from the 4th KNHANES 2007 
(n=4,594), 2008 (n=9,744), and 2009 (n=10,533). Sub-
jects were sequentially excluded from this study if they 
were aged <19 or ≥65 years (n=9,345), were obese (BMI 
≥25) (n=3,625), had a self-reported diagnosis of hyper-
tension, hyperlipidemia, diabetes, stroke, myocardial in-
farction, angina pectoris, or cancer (n=1,273), were preg-
nant (n=66), had missing information on laboratory 
measurements (e.g., fasting serum glucose, TG, HDL- 
cholesterol, systolic or diastolic blood pressure) (n=147), 
had no fasting (<8 h) status at blood test (n=230), and had 
extreme energy intake (≤500 or >6000 kcal/d) (n=45). 
Among the 6,168 participants, those with missing data on 
alcohol consumption (n=605), moderate physical activity 
(n=35), and smoking status (n=34) were excluded. 
Among the 5,555 participants, those with missing data on 
food intake-related variables (dairy consumption [n=34], 
dietary habit of eating less salty [n=3], and food insecuri-
ty [n=13]) were further excluded. As a result, 5508 partic-
ipants were included in the full model development. For 
the validation study of the developed risk score, we used 
independent data from the 5th KNHANES 2010 (n=8,958) 
and 2011 (n=8,518). The validation data sets went 
through the same exclusion criteria as the KNHANES 
2007-2009, which included 3,892 participants after the 
exclusion. The Institutional Review Board (IRB) of Ko-
rea Centers for Disease Control and Prevention (KCDC) 
provided formal ethics approval for the KNHANES data 
sets, and written informed consent was obtained from 
each subject. 

 
Assessment of metabolic syndrome  
Blood samples were collected after having fasted for at 
least 8 hours, and measurements of fasting serum glucose, 
TG, and HDL-cholesterol concentrations were performed 
by laboratory staff. Waist circumference was measured to 
the nearest 0.1 cm, at the narrowest point between the 
lower borders of the rib cage and the iliac crest. Blood 
pressure was measured by health professionals three 
times after the participants had rested for a period of 5 
minutes in a stable state. The average of the last two read-

ings for systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) was used for data analysis. 

We defined MetS according to the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP 
ATP III) criteria.15 The abdominal obesity criterion was 
modified using the WHO Asian-Pacific values.16 Under 
these definitions, a person has been considered to have 
MetS if at least three of the following criteria are present: 
1) waist circumference ≥90 cm for men and ≥ 80 cm for 
women; 2) TG ≥150 mg/dL; 3) fasting serum glucose 
≥100 mg/dL; 4) HDL cholesterol <40 mg/dL for men and 
<50 mg/dL for women; and 5) SBP ≥ 130 mmHg or DBP 
≥ 85 mmHg. 

 
Assessment of lifestyle factors and other covariates 
Using a self-administered questionnaire, participants were 
asked to report the frequency and the amount of alcohol 
drinking yearly, and we calculated the weekly servings of 
alcoholic beverages, which were determined by multiply-
ing the frequency of alcohol drinking by the amount of 
alcoholic beverage servings consumed. Smoking status 
was classified as non-smoker, past or current smoker. 
Dietary intake including dairy (milk and yogurt) con-
sumption was assessed using frequencies on the 63-item 
food frequency questionnaire. Participants were asked to 
indicate how frequently they consumed the specified 
foods over the previous year with 10 categories ranging 
from almost none to 3 times per day. In addition, infor-
mation on eating habits and food insecurity were also 
asked. Height and weight were assessed and recorded by 
the medical teams performing the health examination. 
BMI was calculated as weight divided by height2 (kg/m2). 
 
Statistical analyses 
Descriptive statistics in participants according to their 
clinical and lifestyle factors are summarized in Table 1. 
Continuous variables are expressed as means ± SEs, and 
categorical variables are indicated as percentages. The 
differences between participants with and without MetS 
in the characteristics were described using the Student’s t-
test and the χ2 test depending on the type of variables. 

For model development, we carried out multivariable 
logistic regression analyses by including variables con-
sidered to be potentially associated with MetS, based on 
the scientific evidence from previous epidemiological 
studies. Since the aim of this study was to create a simple 
risk score that can be used easily by individuals them-
selves, we included only parameters that are easy to as-
sess without any laboratory measurements. The logistic 
regression analyses were performed using the SUR-
VEYLOGISTIC procedure of SAS software (version 9.2; 
SAS Institute, Cary, NC). Coefficients (β) of the multi-
variable logistic regression model were used to assign a 
score value for each variable, and the score values were 
then added up to a total score for each individual. We 
calculated standard validation measures such as sensitivi-
ty (probability that the test is positive for subjects with 
MetS), specificity (probability that the test is negative for 
subjects without MetS), positive predictive value (PPV; 
probability that subjects with a positive test truly have 
MetS), negative predictive value (NPV; probability that 
subjects with a negative test are truly MetS-free), and the 
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area under the receiver operating characteristic curve 
(AUC). The AUC is commonly reported as a summary 
measure to evaluate the discriminatory accuracy of diag-
nostic or screening markers, which gives the probability 
that the predicted risk for a subject with MetS is higher 
than that for a subject without MetS. The AUC of 1.0 
represents perfect discrimination, while the AUC of 0.5 
reflects a random guess. To determine the optimal cut 
point for high risk of MetS, we selected the score that had 
the highest value of Youden-index (= sensitivity + speci-
ficity- 1).9 In addition, the developed MetS risk score was 
validated using independent data sets, KNHANES 2010-
2011. A p value <0.05 was considered statistically signif-
icant. 
 
RESULTS 
The characteristics of non-obese Korean adult partici-
pants in the KNHANES 2007-2009 are presented accord-
ing to MetS status in Table 1. Of the 5,508 participants, 
438 subjects were classified to have MetS. Compared 
with participants without MetS, those with MetS tended 
to be older, be men, and have higher BMI. For the life-
style-related variables, the subjects with MetS seemed to 
have unhealthy personal behaviours compared with those 
without MetS. The subjects with MetS tended to be past 
or current smokers, be alcohol drinkers, be less physically 
active, have low dairy consumption, and were less likely 
to have dietary habits of eating less salty. For the food 
insecurity variable, subjects with MetS were more likely 
to experience insufficient food intake due to economic 
difficulty than those without MetS. For the MetS risk 
components, we confirmed that fasting serum glucose and 
TG concentrations, blood pressure, and waist circumfer-

ence were higher, but serum HDL concentrations were 
lower in subjects with MetS, compared with those with-
out MetS.  

The multivariable logistic regression models using the 
development data sets are presented in Table 2. A total of 
5,555 subjects with complete data were included in the 
concise model, and of these individuals, 439 subjects had 
MetS. For the full model, 5,508 subjects including 438 
MetS cases were included. The concise model includes 
variables which are well-known risk factors for MetS 
including increased age, increased BMI, higher alcohol 
consumption, more smoking, and less physical activity 
only, and all of the five variables were statistically signif-
icant. The full model also included food intake-related 
variables such as higher food insecurity, higher dairy con-
sumption, and more dietary habit of eating less salty, all 
of which were significant determinants of MetS as well. 
In the full model, however, the variable of smoking status, 
which was significant in the concise model, was no long-
er statistically significant, but the smoking variable was 
still included in the full model to emphasize the im-
portance of non-smoking in the prevention of MetS. In 
the univariable model, gender was a significant determi-
nant of MetS risk; the OR for men vs. women was 1.67 
(95% CI 1.33-2.08), but when the gender variable was 
included in the multivariable models, the significance 
disappeared and did not change the coefficients of the 
other independent variable substantially. Therefore, we 
did not include gender in the MetS risk score model. 

The MetS risk score values were estimated based on 
the β-coefficients of the full model, as follows: for 
β=0.01-0.6, the score was 1; for β=0.61-1.2, the score was 
2; for β=1.21-1.8, the score was 3; and for β >1.8, the 

Table 1. Characteristics of non-obese Korean adult participants with and without MetS in KNHANES 2007 and 
2009 
 

Characteristics 
No MetS 

(N=5,070) 
MetS 

(N=438) p value 

Age,† y 36.2±0.22 44.5±0.59 <0.001 
Men, % 46.5 59.1 <0.001 
BMI,† kg/m2 21.6±0.03 23.2±0.08 <0.001 
MetS risk components†    

Waist circumference, cm    
Men 78.5±0.18 84.4±0.44 <0.001 
Women 72.5±0.17 81.0±0.47 <0.001 

HDL-cholesterol, mg/dL    
Men 47.3±0.32 38.0±0.54 <0.001 
Women 52.6±0.28 42.0±0.56 <0.001 

Fasting glucose, mg/dL 89.5±0.18 107±1.49 <0.001 
Systolic blood pressure, mmHg 108±0.24 121±0.84 <0.001 
Diastolic blood pressure, mmHg  71.8±0.19  81.9±0.59 <0.001 
Triglycerides, mg/dL  97.5±1.05 233±9.92 <0.001 

Past or current smoking, %   44.9 59.3 <0.001 
Alcohol drinking (≥1 drink/day), % 25.4 39.9 <0.001 
Dairy consumption (<once per day), %  66.2  77.4  <0.001 
Food insecurity (yes), % 4.98 8.58 0.003 
Moderate physical activity (<twice per week), %  64.5  69.8  0.062 
Dietary habit of eating less salty (no), % 67.2 71.8 0.067 
 
MetS: metabolic syndrome; KNHANES: Korea National Health and Nutrition Examination Survey. 
†Values are means±SEs.  
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score was 4. The total MetS risk score was calculated as 
the sum of the individual scores and the maximum total 
score for this risk model was 13. The eight risk factors 
jointly yielded an AUC of 0.776 in the full model based 
on the development data sets. Figure 1 shows a sample of 
a self-assessment questionnaire that can be used by non-
obese Korean adults to screen for MetS risk. 

A cut-point MetS risk score of ≥7 was selected as it re-
sults in the highest value for the Youden index to indicate 
an individual at high risk for MetS. In the development 
data sets, the cut-point yielded a sensitivity of 81%, speci-
ficity of 61%, PPV of 14%, and NPV of 98%, with an 
AUC of 0.78. Relatively similar results were observed 
when we applied this score to the KNHANES 2010-2011 
validation data sets. For the independent data sets, the 
cut-point of ≥7 yielded a sensitivity of 78%, specificity of 
71%, PPV of 14%, and NPV of 98%, with an AUC of 
0.80. Table 3 presents the prevalence of MetS by the four 
MetS risk score categories in the development and valida-
tion data sets. The mean prevalence of MetS in the devel-
opment data sets was 0.85, 4.21, 9.22, and 20.7% in indi-
viduals with total risk score of ≤4, 5-6, 7-8, and ≥9, re-

spectively. Similar results were observed in the validation 
data sets (i.e., 0.83, 3.18, 10.3, and 20.3%). The risk of 
MetS was remarkably elevated in the two highest catego-
ries in both model development and validation data sets. 
 
DISCUSSION 
We developed and validated a self-assessment score to 
identify high-risk subjects for MetS in Korean non-obese 
adults. The risk score model included age, BMI, physical 
activity, smoking, alcohol consumption, dairy consump-
tion, dietary habit of eating less salty and food insecurity 
as determinants for MetS risk. We aimed to develop a 
simple MetS risk score questionnaire to screen individu-
als at high risk for MetS without laboratory tests, and the 
variables in our risk model emphasize the importance of 
lifestyle interventions that can modify the risk of MetS. 

Although there was no published data on undiagnosed 
MetS in Korea, one study from Italy showed that 16.4-28 
% of people with MetS were not aware of their illness, 
and the prevalence of undiagnosed MetS was 5.2-8.9 % in 
normal-BMI individuals.17 As MetS is associated with 
increased risk of type 2 diabetes,3,4 cardiovascular dis-

Table 2. Multivariable logistic regression models of related factors for MetS among non-obese Korean adults† 
 
 
 

Concise model: n=5,555  
(439 of whom had MetS) 

  Full model§: n=5,508  
(438 of whom had MetS) Score‡ 

OR (95% CI) β-coefficient  OR (95% CI) β-coefficient 
Intercept ─ -5.147 ─ -5.519  
Age (years)      

  19 to <35 1.00 (ref)  1.00 (ref)   
  35 to <45 2.51 (1.78-3.53) 0.919 2.46 (1.74-3.47) 0.899 2 
  45 to <65 4.49 (3.23-6.24) 1.502 4.49 (3.22-6.27) 1.502 3 

BMI (kg/m2)      
<21 1.00 (ref)  1.00 (ref)   

 21 to <23 2.33 (1.52-3.57) 0.846 2.32 (1.52-3.55) 0.841 2 
 23 to <24 5.44 (3.53-8.38) 1.694 5.43 (3.53-8.36) 1.692 3 
 24 to <25 8.23 (5.49-12.3) 2.108 8.20 (5.47-12.3) 2.104 4 

Alcohol consumption       
<1 drink/d 1.00 (ref)  1.00 (ref)   
≥1 drink/d 1.58 (1.22-2.05) 0.457 1.57 (1.21-2.05) 0.453 1 

Moderate physical activity      
≥twice/week 1.00 (ref)  1.00 (ref)   
<twice/week 1.48 (1.14-1.92) 0.391 1.45 (1.12-1.89) 0.374 1 

Smoking status      
   Never  1.00 (ref)  1.00 (ref)   
   Past/current smoking 1.32 (1.03-1.68) 0.274 1.24 (0.96-1.61) 0.218 1 
Food insecurity       
   No   1.00 (ref)   
   Yes   1.63 (1.05-2.51) 0.487 1 
Dietary habit of eating less salty      
   Yes   1.00 (ref)   
   No   1.33 (1.04-1.71) 0.286 1 
Dairy consumption      

≥once/day   1.00 (ref)   
<once/day   1.32 (1.01-1.75) 0.278 1 

Area under the ROC curve  
0.773  0.776 0.766 

 
MetS: metabolic syndrome; ref: reference. 

†Only subjects with no missing data on the risk factors were included into the specific model.  
‡The score values were estimated based on the β coefficients of the multivariable logistic regression model and are provided for the full 
model.  
§The full model includes food intake-related variables in addition to the variables included in the concise model.  
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ease5 and several cancers,6 the early detection of people 
with undiagnosed MetS and early treatment of MetS 
might be important for reducing the burden of many dis-
eases. If this simple and easy risk assessment score could 
efficiently identify high-risk individuals and help them 
change their unhealthy lifestyles for prevention and 
treatment of MetS, it would be greatly helpful to promote 
public health and improve the quality of life of individu-
als in Korea.  

The number of people with MetS increases rapidly 
every year,7 but no screening tool of MetS has been pro-
vided in the Korean population so far. It is important to 
establish different risk models of MetS for different eth-
nic groups, because some criteria such as waist circum-
ference are different according to ethnicity, and the preva-
lence of MetS of Asians is higher than that of whites con-
sidering body size.18 There were several published risk 
models based on Asian ethnic groups,19-21 but all of the 
models required biomarkers through blood tests. To the 
best of our knowledge, this is the first study to develop a 
simple risk score of MetS using eight answerable ques-
tions for the identification of high-risk individuals in the 
Korean population. In addition, validation assessments 
confirmed that our risk score performed well in the pre-
diction of MetS in the independent data sets.  

Our risk model is based on scientific evidence from re-
cent investigations. This model includes adjustable factor 
such as BMI,22-24 smoking,25-27 physical activity,28,29 alco-
hol consumption,26,27,30 dairy consumption,31 sodium in-
take32 and food security.33 A four-year follow-up study 
from Taiwan showed that people with overweight BMI 
(23≤BMI<25) were more than twice as likely to have 
MetS risk compared with those who had optimal BMI 
(18≤BMI<23) in both men and women.24 A recent meta-
analysis reported that heavy drinkers (>35 g/d of alcohol) 
had an 84% higher risk of MetS compared with non-
drinkers.30 Two observational studies from cohort26 and 
cross-sectional studies27 also suggested that smoking ces-
sation and the restriction of alcohol consumption may be 
good interventions to reduce the prevalence of MetS. One 
study from Taiwan confirmed that a moderate and high 
level of physical activity significantly reduced the risk of 
MetS.28 With regard to food consumption, several studies 
reported that high dairy consumption31 and low sodium 
intake32 are associated with reduced risk of MetS. In addi-
tion, results from the National Health and Nutrition Ex-
amination Survey showed that people with marginal and 
very low food security had an increased risk of MetS by 
80% and 65%.33 

Our self-assessment score is unique in that it considers 

Question Answer (score) Your 
score 

1 Your age category <35 y (0 point) 
35 to 44 y (2 points) 
45 to <65 y (3 points) 

 

2 Your BMI (kg/m2) <21 (0 point) 
21 to <23 (2 points) 
23 to <24 (3 points) 
24 to <25 (4 points) 

 

3 Do you drink alcohol on a daily basis (≥1 drink per day)? No (0 point) 
Yes (1 point) 

 

4 Have you ever been smoking (in the past or currently) No (0 point) 
Yes (1 point) 

 

5 Have you ever experienced insufficient food in a household due to economic difficulty?  No (0 point) 
Yes (1 point) 

 

6 Do you get moderate-intensity of physical activity often (≥twice per week)? Yes (0 point) 
No (1 point) 

 

7 Do you avoid salty foods and try to eat a low sodium diet? Yes (0 point) 
No (1 point) 

 

8 Do you consume dairy products on a daily basis 
(≥once per day)?  

Yes (0 point) 
No (1 point) 

 

Calculate total score by adding all points from questions 1-8. 
(If the total score is ≥7, you are at high risk for MetS, so see your doctor for laboratory test) 

 
Total Score is ___________ 

 
Figure 1. Self-assessment questionnaire for MetS risk in non-obese Korean adults. 
 

 
Table 3. The MetS risk by the risk score among non-obese Korean adults in the development data sets (KNHANES 
2007-2009) and validation data sets (KNHANES 2010-2011) 
 

Score 

Model development data sets  
(KNHANES 2007-2009) 

 Model validation data sets  
(KNHANES 2010-2011) 

Subjects  MetS risk  Subjects  MetS risk 
n  n %  n  n % 

 0-4 1602   18   0.85  1481  10   0.83 
 5-6 1481   70   4.21  1095  45   3.18 
 7-8 1490  146   9.22   914  97 10.3 

≥9  935  204 20.7   402  80 20.3 
 
MetS: metabolic syndrome; KNHANES: Korea National Health and Nutrition Examination Survey. 
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diet-related risk factors in addition to lifestyle factors. 
Several potential mechanisms can explain the association 
between dietary factors and MetS. Calcium in dairy prod-
ucts may help reduce obesity by reducing fat absorption 
and lipogenesis or promoting lipolysis through increased 
excretion of bile acids and regulation of serum calcium 
levels.2,34 Dairy proteins such as casein and whey protein 
also may decrease blood pressure by mediating renin-
angiotensin system through the inhibition of angiotensin-
converting enzyme.2,34 Although the downstream mecha-
nism about the effect of sodium intake on MetS is not 
fully understood, previous studies have suggested that 
insulin resistance,35 hypertension36 and obesity37 are asso-
ciated with salt sensitivity, which responds to changes in 
dietary sodium intake. For food insecurity, it has been 
shown in several studies that a positive association exists 
with hypertension,38 dyslipidemia39 and diabetes.40 

This risk model for MetS is simple to use because it 
does not need any blood tests to acquire a MetS risk score. 
Thus, people can easily derive their own risk score for 
MetS by themselves, and they also can be aware of vari-
ous risk factors for MetS through reading the question-
naire and filling in the MetS risk score. If they get a high 
score and recognize risk factors for MetS, they should 
have a blood test for diagnosis of MetS in the hospital or 
try to modify their lifestyles including diet, exercise, 
smoking, and alcohol drinking for prevention and treat-
ment of MetS. For food insecurity, some policies and 
programs should be conducted to provide nutrition sup-
port to members of households with food insecurity. 

The present study has some limitations, which could be 
resolved by additional research. The results of this risk 
score should be interpreted with caution because it was 
derived from a national cross-sectional study, which is 
difficult to draw causal or directional inferences from our 
findings. However, we excluded subjects with a self-
reported diagnosis of hypertension, hyperlipidemia, dia-
betes, and other chronic diseases to eliminate possible 
reverse causation. Nevertheless, there is still a possibility 
that the risk model might be unable to accurately predict 
the risk of future development of MetS. Further studies 
based on prospective studies with a long duration of fol-
low-up will be necessary in the Korean population. For 
the validation tests of our risk score, we confirmed that it 
was valid in the independent data sets, but additional ex-
ternal validation is needed. 

Our simple self-assessment score for MetS risk has 
been developed to screen individuals at high risk of MetS 
and increase the recognition of modifiable healthy life-
styles for prevention of MetS in the Korean population. 
We believe that this easy, simple and inexpensive risk 
assessment tool is an alternative approach at the screening 
phase, because this can be used without laboratory tests in 
communities and clinical situations. Further studies are 
warranted to verify the usefulness and eligibility of our 
risk tool and improve the accuracy of this score in various 
settings. 
 
ACKNOWLEDGEMENTS 
This work was supported by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Science, ICT & Future Planning 

(NRF-2014R1A1A1002736, NRF-2015R1A1A1A05001362). 
The funding source had no role in the conception and design of 
the study, planning and conduct of the analyses, or writing of 
the manuscript. 
 
AUTHOR DISCLOSURES 
No conflict of interest in this study. 
 
REFERENCE 
1. Kaur J. A comprehensive review on metabolic syndrome. 

Cardiol Res Pract. 2014;943162. doi: 10.1155/2014/943162. 
2. Grundy SM. Metabolic syndrome: a multiplex cardiovascu-

lar risk factor. J Clin Endocrinol Metab. 2007;92:399-404. 
doi: 10.1210/jc.2006-0513. 

3. Lorenzo C, Okoloise M, Williams K, Stern MP, Haffner SM, 
San Antonio Heart S. The metabolic syndrome as predictor 
of type 2 diabetes: the San Antonio heart study. Diabetes 
Care. 2003;26:3153-9. doi: 10.2337/diacare.26.11.3153. 

4. Ford ES, Li C, Sattar N. Metabolic syndrome and incident 
diabetes: current state of the evidence. Diabetes Care. 2008; 
31:1898-904. doi: 10.2337/dc08-0423. 

5. McNeill AM, Rosamond WD, Girman CJ, Golden SH, 
Schmidt MI, East HE, Ballantyne CM, Heiss G. The 
metabolic syndrome and 11-year risk of incident 
cardiovascular disease in the atherosclerosis risk in 
communities study. Diabetes Care. 2005;28:385-90. doi: 10. 
2337/diacare.28.2.385. 

6. Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. 
Metabolic syndrome and risk of cancer: a systematic review 
and meta-analysis. Diabetes Care. 2012;35:2402-11. doi: 10. 
2337/dc12-0336. 

7. Nestel P, Lyu R, Low LP, Sheu WH, Nitiyanant W, Saito I, 
Tan CE. Metabolic syndrome: recent prevalence in East and 
Southeast Asian populations. Asia Pac J Clin Nutr. 2007;16: 
362-7. 

8. Lim S, Shin H, Song JH, Kwak SH, Kang SM, Won Yoon J, 
Choi SH, Cho SI, Park KS, Lee HK, Jang HC, Koh KK. 
Increasing prevalence of metabolic syndrome in Korea: the 
Korean National Health and Nutrition Examination Survey 
for 1998-2007. Diabetes Care. 2011;34:1323-8. doi: 10. 
2337/dc10-2109. 

9. Ryu SY, Crespi CM, Maxwell AE. Colorectal cancer among 
Koreans living in South Korea versus California: incidence, 
mortality, and screening rates. Ethn Health. 2014;19:406-23. 
doi: 10.1080/13557858.2013.801404. 

10. Je Y, Jeong S, Park T. Coffee consumption patterns in Kore-
an adults: the Korean National Health and Nutrition Exami-
nation Survey (2001-2011). Asia Pac J Clin Nutr. 2014;23: 
691-702. doi: 10.6133/apjcn.2014.23.4.11. 

11. Lee YH, Bang H, Kim HC, Kim HM, Park SW, Kim DJ. A 
simple screening score for diabetes for the Korean 
population: development, validation, and comparison with 
other scores. Diabetes Care. 2012;35:1723-30. doi: 10.2337/ 
dc11-2347. 

12. Lindstrom J, Tuomilehto J. The diabetes risk score: a 
practical tool to predict type 2 diabetes risk. Diabetes Care. 
2003;26:725-31. doi:10.2337/diacare.26.3.725. 

13. Xie J, Hu D, Yu D, Chen CS, He J, Gu D. A quick self-
assessment tool to identify individuals at high risk of type 2 
diabetes in the Chinese general population. J Epidemiol 
Community Health. 2010;64:236-42. doi: 10.1136/jech.2009. 
087544. 

14. Korea Center of Disease and Control and Prevention by 
Korea Ministry of Health and Welfare. Users’ Guide for Ko-
rean National Health and Nutrition Examination Survey, 
Daejeon: Statistics Korea; 2011. 

15. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 



226                                                                          Y Je, Y Kim and T Park 

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. doi: 10.1161/CIR 
CULATIONAHA.105.169404. 

16. World Health Organization. International Association for the 
Study of Obesity, International Obesity Task Force. The 
Asia Pacific Perspective: Redefining Obesity and Its 
Treatment. Sydney: Health Communications; 2000. pp. 15-
21. 

17. Bo S, Ciccone G, Pearce N, Merletti F, Gentile L, Cassader 
M, Pagano G.Prevalence of undiagnosed metabolic 
syndrome in a population of adult asymptomatic subjects. 
Diabetes Res Clin Pract. 2007;75:362-5. doi: 10.1016/ 
j.diabres.2006.06.031. 

18. Araneta MR, Wingard DL, Barrett-Connor E. Type 2 
diabetes and metabolic syndrome in Filipina-American 
women : a high-risk nonobese population. Diabetes Care. 
2002;25:494-9. doi: 10.2337/diacare.25.3.494. 

19. Hsiao FC, Wu CZ, Hsieh CH, He CT, Hung YJ, Pei D. 
Chinese metabolic syndrome risk score. South Med J. 
2009;102:159-64. doi: 10.1097/SMJ.0b013e3181836b19. 

20. Obokata M, Negishi K, Ohyama Y, Okada H, Imai K, 
Kurabayashi M. A risk score with additional four 
independent factors to predict the incidence and recovery 
from metabolic syndrome: development and validation in 
large Japanese cohorts. PLoS One. 2015;10:e0133884. doi: 
10.1371/journal.pone.0133884. 

21. Zhang W, Chen Q, Yuan Z, Liu J, Du Z, Tang F, Jia H, Xue 
F, Zhang C. A routine biomarker-based risk prediction 
model for metabolic syndrome in urban Han Chinese 
population. BMC Public Health. 2015;15:64. doi: 10.1186/ 
s12889-015-1424-z. 

22. Mikkola I, Keinanen-Kiukaanniemi S, Laakso M, Jokelainen 
J, Harkonen P, Meyer-Rochow VB, Juuti AK, Peitso A, 
Timonen M. Metabolic syndrome in connection with BMI in 
young Finnish male adults. Diabetes Res Clin Pract. 2007;76: 
404-9. doi:10.1016/j.diabres.2006.09.019. 

23. Sakurai M, Takamura T, Miura K, Kaneko S, Nakagawa H. 
BMI may be better than waist circumference for defining 
metabolic syndrome in Japanese women. Diabetes Care. 
2008;31:e12. doi: 10.2337/dc07-0309. 

24. Yang FY, Wahlqvist ML, Lee MS. Body mass index (BMI) 
as a major factor in the incidence of the metabolic syndrome 
and its constituents in unaffected Taiwanese from 1998 to 
2002. Asia Pac J Clin Nutr. 2008;17:339-51. 

25. Sun K, Liu J, Ning G. Active smoking and risk of metabolic 
syndrome: a meta-analysis of prospective studies. PLoS One. 
2012;7:e47791. doi: 10.1371/journal.pone.0047791. 

26. Slagter SN, van Vliet-Ostaptchouk JV, Vonk JM, Boezen 
HM, Dullaart RP, Kobold AC, Feskens EJ, van Beek AP, 
van der Klauw MM, Wolffenbuttel BH. Combined effects of 
smoking and alcohol on metabolic syndrome: the LifeLines 
cohort study. PLoS One. 2014;9:e96406. doi: 10.1371/  
journal.pone.0096406. 

27. Yu M, Xu CX, Zhu HH, Hu RY, Zhang J, Wang H et al. 
Associations of cigarette smoking and alcohol consumption 
with metabolic syndrome in a male Chinese population: a 
cross-sectional study. J Epidemiol. 2014;24:361-9. doi: 10. 
2188/jea.JE20130112. 

28. Lin CH, Chiang SL, Yates P, Lee MS, Hung YJ, Tzeng WC, 
Chiang LC. Moderate physical activity level as a protective 

factor against metabolic syndrome in middle-aged and older 
women. J Clin Nurs. 2015;24:1234-45. doi: 10.1111/jocn. 
12683. 

29. Chen LJ, Lai YJ, Sun WJ, Fox KR, Chu D, Ku PW. 
Associations of exercise, sedentary time and insomnia with 
metabolic syndrome in Taiwanese older adults: a 1-year 
follow-up study. Endocr Res. 2015:40:220-6. doi: 10.3109/ 
0743 5800.2015.1020547. 

30. 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. 
doi: 10.1016/j.clnu.2013.10.003. 

31. Kim Y, Je Y. Dairy consumption and risk of metabolic 
syndrome: a meta-analysis. Diabetic Medicine. 2015;33: 
428-40. doi: 10.1111/dme.12970.   

32. Baudrand R, Campino C, Carvajal CA, Olivieri O, Guidi G, 
Faccini G, Vöhringer PA, Cerda J, Owen G, Kalergis AM, 
Fardella CE. High sodium intake is associated with 
increased glucocorticoid production, insulin resistance and 
metabolic syndrome. Clin Endocrinol (Oxf). 2014;80:677-84. 
doi: 10.1111/cen.12225. 

33. Parker ED, Widome R, Nettleton JA, Pereira MA. Food 
security and metabolic syndrome in U.S. adults and 
adolescents: findings from the National Health and Nutrition 
Examination Survey, 1999-2006. Ann Epidemiol. 2010;20: 
364-70. doi: 10.1016/j.annepidem.2010.02.009. 

34. van Meijl LE, Vrolix R, Mensink RP. Dairy product 
consumption and the metabolic syndrome. Nutr Res Rev. 
2008;21:148-57. doi: 10.1017/S0954422408116997. 

35. Yatabe MS, Yatabe J, Yoneda M, Watanabe T, Otsuki M, 
Felder RA, Jose PA, Sanada H. Salt sensitivity is associated 
with insulin resistance, sympathetic overactivity, and 
decreased suppression of circulating renin activity in lean 
patients with essential hypertension. Am J Clin Nutr. 2010; 
92:77-82. doi: 10.3945/ajcn.2009.29028. 

36. Barba G, Galletti F, Cappuccio FP, Siani A, Venezia A, 
Versiero M, Della Valle E, Sorrentino P, Tarantino G, 
Farinaro E, Strazzullo P. Incidence of hypertension in 
individuals with different blood pressure salt-sensitivity: 
results of a 15-year follow-up study. J Hypertens. 2007;25: 
1465-71. 

37. Strazzullo P, Barba G, Cappuccio FP, Siani A, Trevisan M, 
Farinaro E, Pagano E, Barbato A, Iacone R, Galletti F. 
Altered renal sodium handling in men with abdominal 
adiposity: a link to hypertension. J Hypertens. 2001;19: 
2157-64. 

38. Irving SM, Njai RS, Siegel PZ. Food insecurity and self-
reported hypertension among Hispanic, black, and white 
adults in 12 states, Behavioral Risk Factor Surveillance 
System, 2009. Prev Chronic Dis. 2014;11:E161. doi: 10. 
5888/pcd11.140190. 

39. Shin JI, Bautista LE, Walsh MC, Malecki KC, Nieto FJ. 
Food insecurity and dyslipidemia in a representative 
population-based sample in the US. Prev Med. 2015;77:186-
90. doi: 10.1016/j.ypmed.2015.05.009. 

40. Seligman HK, Bindman AB, Vittinghoff E, Kanaya AM, 
Kushel MB. Food insecurity is associated with diabetes 
mellitus: results from the National Health Examination and 
Nutrition Examination Survey (NHANES) 1999-2002. J 
Gen Intern Med. 2007;22:1018-23. doi: 10.1007/s11606-00 
7-0192-6. 

 


