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Background: Recently, a metabolic syndrome severity score (MS score) using a dataset of the Korea National Health and Nutri-
tion Examination Surveys has been developed. We aimed to determine whether the newly developed score is a significant predic-
tor of cardiovascular (CV) events among the Korean population.

Methods: From the Korean National Health Insurance System, 2,541,364 (aged 40 to 59 years) subjects with no history of CV
events (ischemic stroke or myocardial infarction [MI]), who underwent health examinations from 2009 to 2011 and were fol-
lowed up until 2014 to 2017, were identified. Cox proportional hazard model was employed to investigate the association between
MS score and CV events. Model performance of MS score for predicting CV events was compared to that of conventional meta-
bolic syndrome diagnostic criteria (Adult Treatment Program ITI [ATP-IIT]) using the Akaike information criterion and the area
under the receiver operating characteristic curve.

Results: Over a median follow-up of 6 years, 15,762 cases of CV events were reported. MS score at baseline showed a linear asso-
ciation with incident CV events. In the multivariable-adjusted model, the hazard ratios (95% confidence intervals) comparing the
highest versus lowest quartiles of MS score were 1.48 (1.36 to 1.60) for MI and 1.89 (1.74 to 2.05) for stroke. Model fitness and
performance of the MS score in predicting CV events were superior to those of ATP-III.

Conclusion: The newly developed age- and sex-specific continuous MS score for the Korean population is an independent pre-
dictor of ischemic stroke and MI in Korean middle-aged adults even after adjusting for confounding factors.
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INTRODUCTION

Metabolic syndrome (MS) refers to a cluster of several interre-
lated risk factors for cerebro-cardiovascular diseases (CVDs)

[1] and is comprises five individual components (central obesi-
ty, hypertension, hypertriglyceridemia, low-high density lipo-
protein [HDL], and elevated fasting glucose) that are associat-
ed with insulin resistance. The underlying processes in MS in-
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clude cellular dysfunction, systemic inflammation, and oxida-
tive stress, which are well-known pathophysiological mecha-
nisms of CVD [2,3]. Although MS is not a disease in itself, it is
associated with incident CVD, diabetes, chronic kidney disease
[4], and even an increased risk of cancer. MS also increases the
risk of all-cause mortality and burden of healthcare costs [5].
Therefore, it is important to more carefully assess MS status
and track MS severity over time. However, the use of the con-
ventional MS diagnostic criteria (Adult Treatment Program IIT
[ATP-III]) have been limited by the dichotomy of the current
MS definitions (i.e., present/absent), and minimal changes in
the values of the criteria could result in classifying patients as
having MS or not [3,6]. The lack of a universal definition of MS
and the fact that MS has been defined as a dichotomous vari-
able have ushered in the development of a continuous MS se-
verity score (MS score) that is specific to sex and race/ethnicity
[7,8]. For the Western population, several researchers formu-
lated a MS severity Z score that serves as a continuous estimate
of metabolic derangement using confirmatory factor analysis
[9-12]. Moreover, studies have demonstrated that the continu-
ous MS score could well predict incident CVD or diabetes in
the United States population [13]. Recently, our research group
also developed a MS severity Z score for the Korean population
from a dataset of the Korea National Health and Nutrition Ex-
amination Surveys and using statistical methods similar to
those used to develop the score for Western countries [7].
However, whether this newly developed MS score works well
in disease prediction remains to be confirmed.

Thus, we aimed to determine whether the newly developed
MS score is a significant predictor of overall mortality and
CVD in the Korean population. We also aimed to assess the
predictive ability of the MS score for overall mortality and inci-
dent CVD by comparing it to other traditional MS diagnostic
tools, such as ATP-III, using large-scale cohort data from the
whole South Korean population.

METHODS

Study population

This study was approved by the Institutional Review Board of
Yonsei University Wonju College of Medicine, Republic of Ko-
rea (No. CR318352) and this study was conducted in accor-
dance with the provisions of the Declaration of Helsinki.
Anonymous and de-identified information was used for analy-
sis and, therefore, informed consent was not obtained.
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In this retrospective study, we used a database provided by
the National Health Insurance Services-Health Screening
(NHIS-HEALS) Cohort in Korea. The insurance system was es-
tablished by the Korean government and covers approximately
97.2% of residents. Individuals aged >40 years are entitled to
undergo a general health screening program every 2 years. The
screening includes standardized self-report questionnaires on
medical history and lifestyle behaviours, anthropometric and
blood pressure measurements, and routine laboratory tests us-
ing blood and urine. The cohort profile of the NHIS-HEALS is
described elsewhere [14]. Moreover, the NHIS provided a re-
search-specific database from the NHIS-HEALS according to
the conditions set by the researcher. This data is only available
for researchers who are permitted by NHIS. Our research-spe-
cific database included 2009 to 2011 data of subjects aged 19 to
69 years who underwent at least two general health screening
programs in 2009 to 2011. To exclude subjects with myocardial
infarction (MI) or ischemic stroke, subjects who had the follow-
ing International Classification of Diseases, 10th Revision
(ICD-10) codes (as main diagnosis or sub-diagnosis at baseline)
were not included: 121, 122, 123, 163, or 164. We excluded those
who were aged <40 years in 2009 and those who did not partic-
ipate in a general health screening program in 2009. Therefore,
4,709,862 subjects were assessed for eligibility. Subjects aged
>60 years in 2009 or who had one or more missing values in the
MS components were excluded (n=971,452) because MS scores
were not available. Subjects receiving medications for hyperten-
sion (1=1,093,687) or diabetes (n=281,126) were also excluded
(n=1,197,046) as these medications possibly affect MS score.
Medication status was determined by prescriptions or survey
responses. A total of 2,541,364 subjects were enrolled in this
study (Supplementary Fig. 1).

Measurements and definitions

Healthcare institutions for screening are designated according
to the Framework Act on Health Examinations and must meet
the standards of manpower, facilities, and equipment [14]. To
minimize errors in the measurement, average values of all lab-
oratory test data from 2009 to 2011 were used. Values outside
the extreme outlier were treated as missing values. Height,
weight, and waist circumference were measured, and body
mass index (BMI) was calculated as the subject’s weight in ki-
lograms divided by the square of the subject’s height in meters.
Blood samples for serum glucose and total cholesterol (TC)
level measurement were obtained after an overnight fast [15].
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Low-density lipoprotein cholesterol (LDL-C) levels were cal-
culated from TC, HDL-C, and triglyceride (TG) levels or mea-
sured directly. Diabetes was defined as fasting glucose level
>126 mg/dL and hypertension as systolic/diastolic blood pres-
sure >140/90 mm Hg in the 2009 to 2011 health screening
program. Medication use for dyslipidaemia was defined as the
use of statin, fibrates, bile acid sequestrants, nicotinic acid,
ezetimibe, niacin derivatives, or a mixture containing them or
determined based on survey response. Income level was divid-
ed into four categories based on insurance premium calcula-
tion. Information on smoking, alcohol consumption, and reg-
ular exercise was obtained by questionnaire. Smoking status
was dichotomized as current smoker and not; alcohol con-
sumption as heavy drinker (i.e., consumption of 14 and seven
units of alcohol per week in men and women, respectively)
and not. Regular exercise was defined as moderate to vigorous
intensity physical activity for more than 3 days per week.

Definition of MS and MS score
Based on the modified NCEP ATP-III criteria, MS was defined
as the presence of three or more of the following components
[16]: abdominal obesity (waist circumference >90 cm for men
and >85 cm for women, which is according to the Korean So-
ciety of Obesity) [17], hypertriglyceridemia (serum TG con-
centration >150 mg/dL), low HDL-C (serum HDL-C <40
mg/dL for men or <50 mg/dL for women), high blood pres-
sure (systolic blood pressure >130 mm Hg, diastolic blood
pressure 285 mm Hg, or treatment with antihypertensive
agents), and high fasting glucose (fasting serum glucose =100
mg/dL or a previous diagnosis of type 2 diabetes mellitus) [18].
Our research group previously demonstrated a continuous
MS severity Z score based on data from the Korean popula-
tion. Prior researchers calculated the MS severity Z scores at
baseline using sex- and race/ethnicity-based formulas. The MS
score was derived from the five traditional MS components
(i.e., waist circumference, TG, HDL-C, systolic blood pressure,
fasting glucose) using a factor analysis approach. Because of
differences in traditional MS criteria by race/ethnicity and in
MS-related risk by sex, we performed a confirmatory factor
analysis on a sex- and age-specific basis and found differences
in the factor loadings of the five MS components between sex-
es and between age groups among Korean adults [7]. Equa-
tions based on the factor coefficients from confirmatory factor
analysis results are presented in Supplementary Table 1 and
Supplementary Fig. 2.
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Study outcome

We enrolled the population at risk between 2009 and 2011 in
this study and investigated the study outcomes in the follow-
up period from 2014 to 2017, following a 2-year washout peri-
od (2012 to 2013). The primary endpoints of the study were
newly diagnosed cardiovascular (CV) events (ischemic stroke
or MI) during the follow-up period. MI was determined by ei-
ther the recording of ICD-10 code 121 or 122 during hospital-
ization of >4 days or the recording of these codes at least twice.
Ischemic stroke was described as the recording of the ICD-10
code 163 or 164 during hospitalization of >4 days with claims
for brain magnetic resonance imaging or brain computed to-
mography [15]. Subjects were considered to have completed
the study at the date of their CV events or at the end of the fol-
low-up, whichever came first (Supplementary Table 2).

Statistical analysis

Baseline characteristics are presented as mean +standard devi-
ation or number (%). Participants were classified into four
groups according to MS score quartiles. The incidence rate of
primary and secondary outcomes was calculated by dividing
the number of incident cases by the total follow-up duration
(person-years). The multivariable-adjusted proportional haz-
ards model was applied: model 1 was adjusted for age, BMI,
smoking status, alcohol consumption, regular exercise, and in-
come; model 2 was adjusted for the presence of hypertension,
diabetes, medication for dyslipidaemia and TC. Hazard ratios
and 95% confidence interval (CI) values of MI and stroke were
analyzed using the Cox proportional hazards model for the
quartile groups of MS score. Model performance was also ana-
lyzed. We compared the model performance of ATP-III-based
MS and that of MS score for predicting CVD using the Akaike
information criterion (AIC) and area under receiver operating
characteristic (AUC) of receiver operating characteristic curve
(ROC) analysis. Smaller AIC values indicated a better fit. Sta-
tistical analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA), and a P<0.05 was considered
statistically significant.

RESULTS

Baseline characteristics of the study population

A total of 2,541,364 subjects who were naive to antihyperten-
sive and antidiabetic medical treatments and had available MS
scores were identified. Baseline characteristics of the subjects
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Table 1. Baseline characteristics of participants according to MS score quartiles

Characteristic Total MS score MS score MS score MS score Palue
1st quartile 2nd quartile 3rd quartile 4th quartile

Number 2,541,364 635,341 635,341 635,341 635,341

MS score (standard error) -0.12(0.28) -1.04 (0.32) -0.38(0.14) 0.10 (0.14) 0.84(0.41) <0.001
Age, yr 47.52+5.35 46.72+5.23 47.35+5.30 47.87+5.39 48.14+5.49 <0.001
BMI, kg/m’ 23.52+2.33 21.57+2.09 22.94+2.19 24.05+2.32 25.54+2.68 <0.001
Waist circumference, cm 79.32£6.52 73.69+6.08 77.56+6.37 80.91+6.51 85.14+7.09 <0.001
Male sex 1,340,573 (52.75) 325,324 (51.20) 311,191 (48.98)  340,135(53.54) 363,923 (57.28) <0.001
Systolic BP, mm Hg 119.60£10.68 115.10£10.55 118.08+10.58 120.75£10.59 124.45+10.97 <0.001
Diastolic BP, mm Hg 75.25+7.57 72.38+7.50 74.26+7.53 75.99+7.53 78.37+7.72 <0.001
Fasting glucose, mg/dL 94.43+11.95 89.61+8.30 92.20+8.85 94.68+9.88 101.25+£18.07 <0.001
Total cholesterol, mg/dL 199.44+30.81 190.14£28.70 195.59+30.05 201.98+31.11 210.05£33.20 <0.001
Triglyceride, mg/dL 131.01£58.67 72.58+2291 99.61+30.80 133.41+43.69 218.43+101.91 <0.001
HDL-C, mg/dL 55.50+9.80 65.56+11.74 57.341+9.66 52.36+8.99 46.75+£8.49 <0.001
LDL-C, mg/dL 117.88+28.36 109.71£25.42 118.09+£26.98 122.88+28.43 120.84£32.16 <0.001
Family income quartiles <0.001

Ql 542,415(21.34) 135,128 (21.27) 139,475 (21.95) 134,460 (21.16) 133,352 (20.99)

Q2 489,681 (19.27) 128,167 (20.17) 124,446 (19.59) 119,611 (18.83) 117,457 (18.49)

Q3 601,366 (23.66) 149,225 (23.49) 146,502 (23.06) 149,913 (23.60) 155,726 (24.51)

Q4 907,902 (35.72)  222,821(35.07) 224918(35.40) 231,357 (36.41) 228,806 (36.01)

Heavy drinker 514,038 (20.23) 112,658 (17.73) 115,194 (18.13)  129,835(20.44) 156,351 (24.61) <0.001
Current smoker 612,115(24.25) 134,517 (21.32) 135,546 (21.48) 155,636 (24.66) 186,416 (29.54) <0.001
Regular exercise 844,681(33.24) 221,366 (34.84) 212,598 (33.46) 209,223 (32.93) 201,494 (31.71) <0.001
MS present (ATP-III) 251,317 (9.89) 201 (0.03) 2,544 (0.40) 22,569 (3.55) 226,003 (35.57) <0.001
MS component number <0.001

0 1,045,421 (41.14) 501,767 (78.98) 369,595 (58.17) 162,442 (25.57) 11,617 (1.83)

1 790,055 (31.09) 119,341 (18.78) 220,781 (34.75) 310,096 (48.81) 139,837 (22.01)

2 454,571 (17.89) 14,032 (2.21) 42,421 (6.68) 140,234 (22.07) 257,884 (40.59)

3 193,171 (7.60) 201 (0.03) 2,539 (0.40) 22,039 (347) 168,392 (26.50)

4 51,930 (2.04) 0 5(0.00) 530 (0.08) 51,395 (8.09)

5 6,216 (0.24) 0 0 0 6,216 (0.98)
Hypertension 140,282 (5.52) 13,960 (2.20) 22,974 (3.62) 35,757 (5.63) 67,591 (10.64) <0.001
Diabetes 45,930 (1.81) 1,037 (0.16) 2,426 (0.38) 5,946 (0.94) 36,521 (5.75) <0.001
Medication for dyslipidemia 223,301 (8.79) 26,472 (4.17) 41,094 (6.47) 60,206 (9.48) 95,529 (15.04) <0.001

Values are presented as mean + standard deviation or number (%).
MS, metabolic syndrome; BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-

protein cholesterol; ATP-III, Adult Treatment Program III.

according to MS score quartiles are shown in Table 1.

Mean age was 47.52+5.35 years, 52.75% were male, and MS
prevalence was 9.89%. As MS score increased, mean age, waist
circumference, systolic/diastolic blood pressure, fasting glu-
cose, TC, LDL-C, and TG tended to increase, and HDL-C
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tended to decrease. Regarding lifestyle factors, the ratio of
heavy drinkers and current smokers was higher in the higher
MS score quartile. Subjects who performed regular exercise
were more likely to be distributed to the lower MS score quar-
tile. Moreover, hypertension, diabetes, and the use of medica-
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Table 2. Risk of cardiovascular events according to MS score quartiles
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Incidence rate

Multivariate HR (95% CI)

Variable Person-year  No. of events (10,000 HR (95% CI)
person-year) Model 1 Model 2
Risk of ischemic stroke or myocardial infarction according to MS score quartiles
Total no. 15,219,169.53 15,762 10.36 2,541,364 2,524,015 2,524,015
MS score 1st quartile 3,808,590.65 2,197 5.77 1 1 1
MS score 2nd quartile 3,806,562.79 3,148 8.27 1.43(1.36-1.51) 1.31(1.24-1.38) 1.26(1.19-1.33)
MS score 3rd quartile 3,804,195.27 4,201 11.04 1.92(1.82-2.02) 1.56(1.48-1.65) 1.43(1.35-1.51)
MS score 4th quartile 3,799,820.82 6,216 16.36 2.84(2.70-2.98) 2.05(1.94-2.17) 1.67 (1.58-1.77)
P for trend <0.001 <0.001 <0.001
Risk of ischemic stroke according to MS score quartiles
Total no. 15,237,009.79 7,762 5.09 2,541,364 2,524,015 2,524,015
MS score 1st quartile 3,810,619.30 1,236 3.24 1 1 1
MS score 2nd quartile 3,809,710.03 1,702 4.47 1.38(1.28-1.48) 1.28(1.18-1.37) 1.25(1.16-1.35)
MS score 3rd quartile 3,809,099.26 2,021 5.31 1.64 (1.52-1.76) 1.37(1.27-1.48) 1.30(1.21-1.40)
MS score 4th quartile 3,807,581.20 2,803 7.36 2.27(2.12-2.43) 1.72(1.59-1.86) 1.48 (1.36-1.60)
P for trend <0.001 <0.001 <0.001
Risk of myocardial infarction according to MS score quartiles
Total no. 15,233,494.65 8,197 5.38 2,541,364 2,524,015 2,524,015
MS score 1st quartile 3,810,834.06 990 2.60 1 1 1
MS score 2nd quartile 3,809,699.77 1,484 3.90 1.50 (1.38-1.63) 1.35(1.24-1.46) 1.27(1.17-1.38)
MS score 3rd quartile 3,807,932.96 2,228 5.85 2.25(2.09-2.43) 1.79(1.66-1.94) 1.57 (1.46-1.70)
MS score 4th quartile 3,805,027.86 3,495 9.19 3.54(3.30-3.80) 2.45(2.26-2.66) 1.89(1.74-2.05)
P for trend <0.001 <0.001 <0.001

Model 1: adjusted for age, body mass index, current smoking, heavy alcohol consumption, regular exercise, and family income; Model 2: model
1+further adjusted for the presence of hypertension, diabetes, medication for dyslipidemia, and total cholesterol.

MS, metabolic syndrome; HR, hazard ratio; CI, confidence interval.

tions for dyslipidaemia increased as the MS score increased.
The higher the MS score, the higher the MS prevalence and the
greater the number of MS components.

Relationship between MS score and cardiovascular
outcomes

A total of 15,762 CV events (7,762 MI and 8,197 ischemic
stroke) were recorded during a median follow-up of 6 years.
The incidence of CV events during the follow-up period in-
creased with an increase in MS score quartiles (Table 2). The
incidence of stroke and MI increased as the MS score quartile
increased. Incidence rates of CV events were approximately 2.5
times higher in the fourth MS score quartile group than in the
tirst MS score quartile group. CVD risk was incrementally
higher in the higher MS score quartile group than in the lowest

https://e-dmj.org  Diabetes Metab J 2021;45:569-577

MS score quartile group in all models. The risk of MI increased
more sharply than that of ischemic stroke as the MS score in-
creased; the fully adjusted hazard ratios of ischemic stroke and
MI were 1.89 and 1.48, respectively, in the fourth MS score
quartile group.

To assess the linear trends of the risk, we investigated the risk
of CV events (MI or ischemic stroke) by MS score decile
groups, with the first decile group as the reference (Fig. 1). The
risk of both MI and ischemic stroke increased continuously in
the second decile group.

Predictive ability of MS score for CV events

With regard to predicting CV events, the AUC of the MS score
was 0.720 (95% CI, 0.716 to 0.724), while that of ATP III-diag-
nosed MS was 0.718 (95% CI, 0.714 to 0.722) (Table 3).
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Fig. 1. Incidence rates, hazard ratios (HRs), and 95% confidence intervals (CIs) of (A) cardiovascular (CV) events (myocardial
infarction or ischemic stroke), (B) myocardial infarction, and (C) ischemic stroke by deciles of age, sex-specific metabolic syn-
drome (MS) severity score. Adjusted for age, body mass index, current smoking, heavy alcohol consumption, regular exercise, in-
come, presence of hypertension, diabetes, medication for dyslipidemia, and total cholesterol.

Table 3. Model fit analysis and model performance of metabolic syndrome indicators

Event Model MS indicator AIC AUC (95% CI) Pvalue®
CV events
1 ATP-III 181,473.2 0.718 (0.714-0.722) <0.001
MS score 181,292.2 0.720 (0.716-0.724)
2 ATP-1II 183,029.2 0.704 (0.700-0.708) <0.001
MS score 182,600.6 0.708 (0.704-0.712)
Stroke
1 ATP-III 100,892.9 0.705 (0.699-0.711) 0.003
MS score 100,828.8 0.707 (0.701-0.712)
2 ATP-III 101,508.2 0.693 (0.688-0.699) 0.003
MS score 101,406.9 0.696 (0.690-0.702)
MI
1 ATP-III 103,820.7 0.741 (0.735-0.746) <0.001
MS score 103,696.9 0.743 (0.738-0.748)
2 ATP-III 105,174.2 0.720 (0.714-0.725) <0.001
MS score 104,813.0 0.726 (0.721-0.731)

Model 1: adjusted for age, body mass index, current smoking, heavy alcohol consumption, regular exercise, and family income; Model 2: Model
1+further adjusted presence of hypertension, diabetes, medication for dyslipidemia, and total cholesterol.

MS, metabolic syndrome; AIC, Akaike information criterion; AUC, the area under the receiver operating characteristic curve; CI, confidence
interval; CV; cardiovascular; ATP-III, Adult Treatment Program IIT; MI, myocardial infarction.

“DeLong’s test for receiver operating characteristic (ROC) curves of two metabolic syndrome indicators.

Similarly, in predicting the incidence of ischemic stroke and
MI, the AUC values of MS score were higher than those of ATP
III-diagnosed MS. We also compared the model performance
of the newly developed MS score and ATP III-diagnosed MS
(Table 3). Overall, the MS score plus age, BMI, smoking status,
alcohol consumption, regular exercise, and income model had
a higher performance than the ATP III-diagnosed MS in terms
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of AIC values, thereby suggesting that MS score could more
properly predict the occurrence of CV events.

DISCUSSION

In this large-scale and nationally representative population-
based study, we found that MS score, which is a continuous es-
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timate of MS severity, could well predict CVD risk among the
relatively healthy Korean population. The age- and sex-specific
continuous MS score is an independent predictor of ischemic
stroke and MI even after adjusting for confounding factors, in-
cluding diabetes, hypertension, and cholesterol levels, which
are also individual MS components. Furthermore, we ob-
served that the MS score could predict future CV events better
than traditional MS defined using ATP-III criteria could. To
the best of our knowledge, this is the first study to demonstrate
the potential utility of continuous MS score in identifying Ko-
rean adults at a higher risk of CV events.

In this study, we confirmed that our newly developed contin-
uous MS score could be used as a significant predictor of CVD
among the Korean population aged 40 to 59 years. This finding
is consistent with the hypothesis that a higher degree of MS se-
verity, which potentially serves as an estimate of the underlying
metabolic dysfunction driving the abnormalities of the individ-
ual MS components, may contribute to future risk of CVD
[19,20]. Our result is also in line with the results of previous
studies which demonstrated that MS score is strongly associated
with coronary heart disease [21]. Thus, the results of our study
suggest that the continuous MS score could provide informa-
tion on metabolic derangement as well as future CVD risk.

MS score is distinct from the traditional MS defined using
the ATP-III criteria: MS severity could be tracked with a con-
tinuous MS score, and any metabolic abnormality slightly be-
low the cut-oft value of the ATP-III criteria may be detected
with it. Moreover, because the influence of MS components on
MS differ between sex and between racial/ethnic groups, MS
score could provide a more specialized calculation. Thus, MS
score could be clinically useful in predicting CVD risk, espe-
cially in relatively healthy adults who are free of chronic dis-
eases such as diabetes or hypertension. Hence, our research
group developed an age- and sex-specific MS severity Z score,
and in this study we confirmed its usefulness in predicting fu-
ture CVD occurrence in the Korean population. Nonetheless,
calculating MS score may be time-consuming in clinical prac-
tice; thus, an automated system (e.g., MS score calculator that
automatically uses electronic medical records) is needed.

Our study result may not be surprising as MS is known to be
associated with CVD [22]. However, the traditional ATP-III
MS criteria are limited by identifying risk only when a person
exhibits abnormalities beyond the cutoffs for three of the com-
ponents. In case of an individual with measurements in the MS
components just below the threshold for all five components,
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although they may be at higher risk of CVD than someone
who just exceeds the cutoffs in three components but has low
or normal levels of the other two, they are considered as sub-
jects with lower CV risk by traditional ATP-III criteria. One of
the two major features in which the MS score model differs
from the ATP-III model is that each MS component has a dif-
ferent contribution. The second feature is that each MS compo-
nent contributes linearly to the score. As demonstrated in the
preceding study, the effect of each MS component on MS se-
verity varies according to its contributions to the latent MS fac-
tor [7]. The MS score reflects the differences in such contribu-
tions of each component, which resulted in more sophisticated
results than the ATP-IIT model. Actually, we found that the
continuous MS severity Z score model showed improved pre-
dictive power for CV events over the traditional ATP-III model
in the ROC curve analysis. Furthermore, we are not able to fol-
low metabolic risk change over time in individuals using the
binary traditional ATP-III criteria. While, the continuous MS
score can follow for the degree of change in metabolic risk over
time in individuals. Tracking the change of metabolic risk in
population using continuous MS severity score can help to
identify specific groups or periods of time of intensive inter-
vention. For these reasons, the newly developed MS score
might have more benefit than the traditional ATP-III criteria in
predicting CV events and assessing CV risk changes overtime.
This study has a number of strengths. The continuous MS
severity Z score developed in the preceding study is the first MS
score for the Korean population; however, it is not to be verified
yet by large external data. Our study is the first to verify the MS
score for the Korean population. Moreover, we validated the
score system with a large, representative population sample,
which could increase the reliability of results. Nevertheless,
this study has some limitations. Considering the retrospective
design, our study was not completely free of potential bias dur-
ing data collection. Furthermore, although the preceding study
suggested Z scores for three age groups, only one was verified
in our study. We limited the age of subjects to 40 to 59 years for
clarity of results and for obtaining a representative sample con-
sidering the eligibility for the general health screening pro-
gram. Although the proportion was small, lack of data regard-
ing the specific lipid lowering treatment may influence on MS
score was the limitation of our study. Another limitation of our
study was the short follow-up period. We enrolled the subjects
from 2009 to 2011, and CVD incidence and mortality were
observed between 2014 and 2017. Thus, the maximum follow-
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up period from the study enrolment was 6 years, which may
not be long enough to investigate chronic diseases, such as
CVD, or death. Moreover, the NHIS-HEALS data per se imply
the possibility of errors. Owing to the conflict between the
health insurance policy and the interests of individual patients,
some doctors may have used ICD codes for their patients that
do not exactly match. Although such issues could be prevented
by a monitoring system, it remains a potential source of bias
and may thus affect the study results. However, we adjusted the
problem with a careful operational definition of CVD.

In conclusion, we found that a sex- and age-specific continu-
ous MS score is associated with the risk of future CVD among
relatively healthy Korean middle-aged adults based on models
that included each MS component. We also confirmed the
good predictive ability of the continuous MS score for incident
CVD, and MS score had better predictive ability for CVD de-
velopment than the ATP-III criteria. Thus, our finding pro-
vides evidence of the potential utility of MS score tracking in
clinical practice to identify those at a higher risk of CVD who
would need intervention. Further studies with a long-term fol-
low-up might be warranted to generalize the MS score’s utility
in predicting various types of health outcomes in Korean mid-
dle-aged adults.
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