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Background/Aims: Although metabolic syndrome has been associated with in-
creasing medical costs worldwide, there have been no studies using a nationwide 
and longitudinal South Korean dataset. We investigated trends in subsidized 
medical costs among Korean adults with metabolic syndrome.
Methods: This study was based on the National Sample Cohort database of South 
Korea. We used data of national health checkups in 2009 as well as data of sub-
sidized prescription drugs and the Korean Classification of Disease diagnosis 
codes from claims in 2007 to 2008 to identify underlying diseases. We calculated 
the direct medical costs, which were subsidized by the Korean National Health 
Insurance, among 204,768 individuals older than 20 years from 2009 to 2013.
Results: The proportion of subjects with metabolic syndrome was 27.2%. Direct 
medical costs for 5 years differed by a magnitude of 2.16 between subjects with 
and without metabolic syndrome. The costs increased by approximately 41.8% 
in the metabolic syndrome group in 5 years. Direct medical costs increased with 
every additional risk factor, even if a subject had less than three risk factors of 
metabolic syndrome. Metabolic syndrome per se and all of its components, except 
low serum high-density lipoprotein cholesterol level, resulted in a significant in-
crease in medical costs.
Conclusions: The medical costs of subjects with metabolic syndrome were higher 
than that of those without metabolic syndrome and it increased with the number 
of risk factors. Further research using cumulative data of more than 10 years, in-
cluding unsubsidized and indirect costs, is needed in the future.

Keywords: Metabolic syndrome; Direct medical costs; Korea; Korean National 
Health Insurance

Predictive costs in medical care for Koreans with 
metabolic syndrome from 2009 to 2013 based on 
the National Health Insurance claims dataset
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INTRODUCTION

Metabolic syndrome (MetS) is composed of multiple 
risk factors including high blood pressure, abdominal 
obesity, dyslipidemia, and abnormal glucose metabo-
lism. There is no unified definition of MetS [1]. How-
ever, all of the above conditions are useful indicators to 

help identify patients at increased risk for not only car-
diovascular disease but also for all-cause mortality [2].

MetS has emerged as a major public health concern 
worldwide. The prevalence of MetS has increased by 
more than 25% in the United States [3]. There have been 
several studies on medical costs of MetS and related dis-
eases because the economic burden of MetS has been 
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greatly increasing. In the Cardiovascular Health Study 
(CHS), the total costs to Medicare were 20% higher 
among participants with MetS than that of those with-
out MetS [4,5]. The economic burden of medical care for 
MetS in patients with hypertension is forecasted to in-
crease by 59%, 179%, and 157% in Germany, Spain, and 
Italy, respectively, by 2020 [5].

In this global trend, South Korea is no exception. The 
age-adjusted prevalence of MetS increased sharply from 
24.9% in 1999 to 31.3% in 2007 according to data from 
the Korean National Health and Nutrition Examination 
Survey conducted between 1998 and 2007 [6]. The local 
government of Seoul has operated public health centers 
participating in the MetS management program since 
2010 [7]. In a cross-sectional study, Kong et al. [8] report-
ed that workers in small-scale enterprises were more 
likely to have MetS and to spend more on medical costs 
for major diseases related to MetS. However, nationwide 
cost analyses of MetS using a longitudinal database are 
lacking.

The aim of this study was to analyze the direct med-
ical costs of MetS using longitudinal data of the South 
Korean population and to examine the influence of each 
component of MetS on medical costs in South Korea.

METHODS

Statement of ethics
This study adhered to the tenets of the Declaration of 
Helsinki and was approved by the Institutional Review 
Board of Catholic Kwandong University International 
St. Mary’s Hospital, South Korea (IS14EISI0015). The 
requirement for written informed consent was waived.

Database
This study used a retrospective cohort design and in-
cluded data from the National Sample Cohort database, 
collected from 2002 to 2013 which was released by the 
Korean National Health Insurance Service (KNHIS). It 
is compulsory for all citizens and medical providers in 
South Korea to participate in the Medical Assistance 
Program or the Medical Care for Patriots and Veterans 
Affairs Scheme conducted by the KNHIS. Therefore, a 
complete enumeration of medical costs, except any un-
subsidized costs such as those of cosmetic surgery or 

novel, unproven treatment, is centralized in the KNHIS 
databases. Claims submitted by medical providers are 
accompanied by data, including diagnostic codes, pro-
cedures, prescription drugs, personal information of 
the patient, and direct medical costs of both inpatient 
and outpatient care. The KNHIS uses the Korean Clas-
sification of Diseases (KCD) [9], which is similar to the 
International Classification of Diseases (ICD).

The KNHIS has managed national health checkup 
programs biennially for all insured individuals and 
their dependents since 1980. Approximately, 66% of the 
target population was reported to have participated in 
these health checkup programs in 2009 [10].

Study sample
The National Sample Cohort database represented ap-
proximately 2.2% of the entire population in the KNHIS 
in 2002. The database was sampled systematically to 
represent the individual total annual medical expenses 
within each of the 1,476 strata defined by age, sex, em-
ployment condition, and income level combinations (n 
= 46,605,433). Subjects who underwent a national health 
checkup and were older than 20 years in 2009 were en-
rolled (n = 204,768). Patients who had been treated for 
cancer (denoted by KCD codes C, corresponding to ICD, 
9th Revision, Clinical Modification [ICD-9-CM] codes 
140-239) between 2007 and 2008 or who died between 
2009 and 2013 were excluded because of a sudden in-
crease in medical care costs near the verge of death and 
after cancer diagnosis.

Definitions of metabolic syndrome and related 
diseases
We defined MetS according to the modified National 
Cholesterol Education Program-Adult Treatment Panel 
III criteria, the abdominal obesity criteria of the Korean 
Society for the Study of Obesity [11], and the usage of 
anti-hyperlipidemic drugs. The following components 
were considered:

(1) �Abdominal obesity (waist circumference ≥ 90 cm in 
men and ≥ 85 cm in women); 

(2) �Elevated triglycerides (≥ 150 mg/dL) or use of an-
ti-hyperlipidemic drugs; 

(3) �Low level of high density lipoprotein cholesterol 
(HDL-C) (< 40 mg/dL in men and < 50 mg/dL in 
women); 
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(4) �Elevated blood pressure (systolic blood pressure ≥ 
130 mm Hg; diastolic blood pressure ≥ 85 mmHg) 
or use of antihypertensive drugs; 

(5) �Elevated fasting plasma glucose levels (≥ 100 mg/dL)  
or use of hypoglycemic drugs.

Individuals having three or more of the above compo-
nents were defined as having MetS.

We used the health checkup data of 2009 because the 
KNHIS did not include data of waist circumference 
and HDL-C and triglyceride levels until late 2008. Pa-
tients using antihyperglycemic, antihypertensive, and 
antihyperlipidemic agents were considered to have 
diabetes mellitus, hypertension, and dyslipidemia, 
respectively, even though they showed normal clini-
cal values for the associated tests. All diagnosis codes 
were collected from claims in 2007-2008 for cardiac 
disorders (KCD codes I20-25, corresponding to ICD-
9-CM codes 410-414), stroke (KCD codes I60-169, cor-
responding to ICD-9-CM codes 430-438), hypertension 
(KCD codes I10-13, corresponding to ICD-9-CM codes 
401-404), dyslipidemia (KCD codes I20-25 and I60-69, 
corresponding to ICD-9-CM codes 272.4), and diabetes 
mellitus (KCD codes E10-14, corresponding to ICD-
9-CM codes 249-259). The questionnaires of national 
health checkups were also used to define the underly-
ing diseases of the subjects.

Cardiovascular and cerebrovascular diseases that are 
not directly related with MetS or have ambiguous defi-
nition were not considered in this study. More specif-
ically, cardiac disorders such as valvular heart disease 
(KCD codes I05-09 and I35-39) and arrhythmia (KCD 
codes I44-49) and cerebrovascular diseases such as cere-
bral hemorrhage (KCD codes I60-62) and cerebral aneu-
rysm (KCD codes I64-69) were excluded.

Lifestyle assessment
Lifestyle factors like smoking status [12], alcohol con-
sumption [13], and level of physical exercise [14] are as-
sociated with MetS. For lifestyle assessment, a health 
checkup questionnaire that gathered data about smok-
ing, drinking, and exercise status was used [15]. Exercise 
status was reclassified according to the recommenda-
tions of the World Health Organization [16]. Drinking 
levels were redefined according to the criteria of the 
National Institute on Alcohol Abuse and Alcoholism 
[17].

(1) �Smoking: Subjects were classified as nonsmokers, 
past smokers, and current smokers. Nonsmokers 
were subjects who had never smoked a cigarette. 
Past smokers were subjects who had smoked but 
quit prior to 2009. Current smokers were subjects 
who smoked consistently in 2009.

(2) �Alcohol consumption: Drinking was classified by 
the frequency of alcohol consumption and the 
number of glasses of alcohol consumed on each 
occasion. Nondrinkers were subjects who drank 
less than once a week and one glass at a time. Social 
drinkers were subjects who drank one to two times 
a week and one to four glasses at a time. Heavy 
drinkers were subjects who drank three or more 
times a week and five or more glasses at a time.

(3) �Exercise status: Physical activity was classified into 
nonactive and active categories. The nonactive cat-
egory included subjects who performed < 150 min-
utes of moderate-intensity exercise or 75 minutes 
of vigorous-intensity exercise per week. The active 
category included subjects who performed > 300 
minutes of moderate-intensity exercise or 150 min-
utes of vigorous-intensity exercise per week.

Household income level
Low income appears to be associated with a high preva-
lence of MetS [18]. The major sources of KNHIS financ-
ing are contributions from insured individuals and from 
government subsidies. Almost all citizens are registered 
with and contribute to the KNHIS. Contributions differ 
according to income and wealth [19]. The National Sam-
ple Cohort database classified insured individuals and 
their dependents into 11 levels according to the amount 
of contribution [20]. We used their classification as a 
substitute variable for household income level. 

Costs and statistical analysis
Direct medical costs included the cost of a defined in-
tervention and all follow-up costs including those for 
other medications and health care interventions in am-
bulatory, inpatient, and nursing care. Direct non-medi-
cal costs included costs for transportation and addition-
al paid caregiver time. Indirect costs included the value 
of lost output (impairment or disability to work) due to 
a disease or disorder [21]. 

We obtained medical claims data from the KNHIS 
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Table 1. Comparison of baseline characteristics of the overall study population according to metabolic syndrome status

Characteristic Overall
Metabolic syndrome

No Yes p value
No. of subjects 204,768 149,093 (78.0) 55,675 (22.0)
Age, yr < 0.0001

20–44 94,013 (45.91) 80,932 (54.28) 13,081 (23.5)
45–65 85,006 (41.51) 56,348 (37.79) 28,658 (51.47)
Above 65 25,749 (12.57) 11,813 (7.92) 13,936 (25.03)

Men 112,023 (54.71) 81,809 (54.87) 30,214 (54.27) 0.0149
BMI, kg/m2 23.49 (23.48–23.20) 22.75 (22.74–22.77) 25.59 (25.57–25.62) 0.006
Waist, cm 79.71 (79.67–79.75) 77.38 (77.34–77.42) 86.29 (86.22–86.36) < 0.0001
SBP, mmHg 120.60 (121.50–121.60) 118.50 (118.50–118.60) 130.10 (130.00–130.20) < 0.0001
DBP, mmHg 75.70 (75.66–75.74) 74.08 (74.03–74.13) 80.21 (80.13–80.29) 0.002
FBG, mg/dL 95.33 (95.25–95.40) 91.23 (91.17–91.30) 107.20 (107.00–107.40) < 0.0001
TC, mg/dL 191.90 (191.70–192.00) 189.30 (189.10–189.50) 199.00 (198.60–199.30) < 0.0001
TG, mg/dL 112.80 (112.60–113.10) 92.52 (97.26–97.78) 166.80 (166.00–167.60) < 0.0001
HDL-C, mg/dL 53.69 (53.62–53.76) 56.27 (56.19–56.35) 47.34 (47.34–47.46) < 0.0001
LDL-C, mg/dL 107.50 (107.30–107.60) 107.50 (107.30–107.70) 107.40 (107.00–107.80) < 0.0001
Cr, mg/dL 0.938 (0.936–0.940) 0.935 (0.933–0.937) 0.945 (0.942–0.948) < 0.0001
AST, mg/dL 23.39 (23.35–23.42) 22.49 (22.46–22.53) 25.96 (25.88–26.05) < 0.0001
ALT, mg/dL 21.29 (21.24–21.34) 19.70 (19.65–19.75) 26.23 (26.11–26.35) < 0.0001
gGT, mg/dL 26.35 (26.27–26.43) 23.81 (23.73–23.90) 34.55 (34.33–34.77) < 0.0001
Hypertension 42,483 (21.77) 14,767 (10.48) 27,716 (51.13) < 0.0001
Diabetes mellitus 30,680 (14.5) 12,571 (7.8) 18,109 (36.6) < 0.0001
Cardiac disorders 12,992 (6.67) 4,492 (3.19) 8,500 (15.71) < 0.0001
Stroke 5,049 (2.59) 1,578 (1.12) 3,471 (6.41) < 0.0001
Smoking status < 0.0001

Non-smokers 119,724 (59.91) 87,149 (59.86) 32,575 (60.06)
Past smokers 27,825 (13.92) 19,238 (13.21) 8,587 (15.83)
Current smokers 52,282 (26.16) 39,209 (26.93) 13,073 (24.01)

Alcohol consumption < 0.0001
Non-drinkers 94,919 (46.98) 65,151 (44.30) 29,768 (54.16)
Social drinkers 17,018 (8.42) 13,524 (9.20) 3,494 (6.36)
Heavy drinkers 90,089 (44.59) 68,385 (46.50) 21,704 (39.49)

Exercise status < 0.0001
Non-active 173,062 (86.10) 126,460 (86.46) 46,602 (85.12)
Active 27,948 (13.90) 19,803 (13.54) 8,145 (14.88)

House hold income level < 0.0001
0–3 44,415 (21.69) 32,178 (21.58) 12,237 (21.98)
4–7 83,411 (40.74) 63,171 (42.37) 20,240 (36.35)
8–10 79,942 (37.58) 53,744 (36.05) 23,198 (41.66)

Modified NCEP-ATP III criteria
Abdominal obesity 47,079 (22.99) 15,241 (10.22) 31,838 (57.19) < 0.0001
Hypertriglyceridemia 82,340 (40.21) 35,172 (23.59) 47,168 (84.72) < 0.0001
Low HDL-C level 41,661 (20.35) 17,287 (11.59) 24,374 (43.78) < 0.0001
High blood pressure 97,795 (47.76) 49,061 (32.91) 48,734 (87.53) < 0.0001
Hyperglycemia 71,550 (34.94) 30,580 (20.51) 40,970 (73.59) < 0.0001

Values are presented as number (%) or geometric mean (95% confidence interval). Percentages may not sum to 100% because of missing 
data. Abdominal obesity, waist circumference ≥ 90 cm in men and ≥ 85 cm in women; hypertriglyceridemia, serum triglyceride ≥ 150 
mg/dL; low HDL-C level, HDL-C < 40 mg/dL in men and < 50 mg/dL in women; high blood pressure, blood pressure ≥ 130/85 mmHg 
or current use of antihypertensive medication; hyperglycemia, serum glucose ≥ 100 mg/dL or current use of medication for diabetes.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; 
TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Cr, creatinine; AST, aspar-
tate transaminase; ALT, alanine aminotransferase; γGT, gamma-glutamyl transpeptidase; NCEP-ATP, National Cholesterol Education 
Program-Adult Treatment Panel. 
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to describe direct medical costs, including inpatient, 
outpatient, laboratory, and pharmacy utilization, which 
covered all subsidized medical services of medical insti-
tutions, pharmacies, and dental and oriental medicine 
clinics, for each subject from 2009 to 2013. Patient co-
payments and deductibles were included in the direct 
medical costs. 

These costs were valued in 2013 Korean won [22] and 
then converted to US dollar (USD) according to the ex-
change rate in 2009 to 2013 (1 USD = 1,152 Korean won) 
[23].

Descriptive statistics of the study population at base-
line were presented using numbers and frequencies for 
categorical variables and using geometric means with 
standard deviations (SD) for continuous variables. Stu-
dent’s t tests were performed to compare continuous 
variables. The chi-square test and analysis of variance 
were performed for comparing between categorical vari-
ables of the two groups. Medical costs were presented as 
unadjusted means with standard errors. 

We used generalized linear mixed models to analyze 
trends of direct medical costs on a yearly basis or by the 
number of MetS components. Simple and multiple re-
gression models were used to assess the independent 
contributions of each MetS component. We used SAS 
version 9.4 (SAS Institute, Cary, NC, USA) for all analyses, 
and p < 0.05 was considered to be statistically significant.

RESULTS

Baseline characteristics
Characteristics of subjects at baseline are listed in Table 
1. Twenty-two percent of the subjects met the modified 
National Cholesterol Education Program-Adult Treat-
ment Panel III criteria for MetS. The proportion of sub-
jects older than 65 years was higher in the MetS group 
than in the non-MetS group. The number of men was 
slightly higher than the number of women in the MetS 
group. As expected, the subjects with MetS were more 
likely to have high blood pressure, high levels of fasting 
blood glucose and triglycerides, greater waist circum-
ference, and low levels of HDL-C than subjects without 
MetS. Among the parameters evaluated using blood 
test, serum creatinine level, which reflects renal func-
tion, was the only parameter that was not significantly 

different between the two groups (p = 0.336). Further-
more, subjects with MetS had a higher chance of having 
hypertension, diabetes mellitus, cardiac disorders, and 
stroke than those without MetS. Subjects without MetS 
were more physically active. Unexpectedly, subjects in 
the MetS group were less likely to smoke or drink al-
cohol, compared to non-MetS group. Furthermore, 
subjects with MetS had higher house-hold income than 
those without MetS. Similar patterns were observed af-
ter stratification by sex (Supplementary Tables 1 and 2).

The direct medical costs of metabolic syndrome 
Fig. 1 shows the direct medical costs subsidized by the 
KNHIS from 2009 to 2013. The direct medical costs of 
subjects with MetS for 5 years were 2.16 times higher 
than that of those without MetS. Women and older in-
dividuals spent more than males and young individuals, 
respectively, in both groups in total and in each year. 
The annual costs increased consistently in 5 years in 
both groups (Fig. 2). The intra- and inter-group differ-
ences of yearly costs were significant (p < 0.001).

The influence of metabolic syndrome components 
on medical costs
Fig. 3 shows annual costs according to the number of 
MetS components. The medical care costs incurred over 
5 years increased with each additional MetS component 
present. Presence of every additional risk factor resulted 
in a significant increase in medical costs (p < 0.05), even 
if the patient had less than three of the mentioned MetS 
components.

Table 2 shows the results of the simple and multiple 
regression models. In models I to VI, we examined how 
much the cost increased by each MetS component us-
ing the simple regression model. MetS and all five of its 
components were significantly associated with higher 
medical costs over the 5 years. Even after controlling for 
age, sex, household income level, smoking status, drink-
ing level, and exercise status, MetS and each of its com-
ponents had incurred more medical costs, except low 
HDL-C level (p = 0.601). The parameter estimates of each 
component ranged from 1,335 USD for abdominal obe-
sity to 2,401 USD for MetS per se in multiple regression 
models I to VI. When we analyzed the effects of mul-
tiple risk factors simultaneously using model VII, the 
parameter estimates decreased but remained highly sta-
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tistically significant (p < 0.001 for all components except 
p = 0.485 for low HDL-C level). After further adjustment 
for cardiac disorders and stroke in the multiple regres-
sion model VIII, a modest but not significant decrease 
was observed in the size of estimates for MetS per se and 
for each component. After stratifying by sex, low HDL-C 
level was statistically significant but had no economic 
impact (Supplementary Tables 3 and 4).

DISCUSSION

In this retrospective cohort study, we found that the di-
rect medical costs subsidized by the KNHIS were asso-
ciated with MetS per se and with each of its components 
during a 5-year period. There have been several studies 
investigating the relationship between medical costs 
and MetS. However, they either covered only an age 
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Figure 1. Direct medical costs of subjects with or without metabolic syndrome (MetS) for 5 years, stratified by (A) sex and (B) 
age. Data are unadjusted mean ± standard error. ap < 0.001.
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group and region [4,8,24] or were cross-sectional studies 
[8,25]. To our knowledge, this is the first study using a 
nationwide and longitudinal database in South Korea.

Our results are consistent with those of previous 
studies examining the impact of MetS and its compo-
nents on medical costs. However, the specific figures are 
somewhat different. In the CHS, total costs to Medicare 
were 20% higher among participants with MetS than 
among those without MetS (40,873 USD vs. 33,010 USD, p 
< 0.001) [4]. Korean workers with MetS paid a minimum 
of 2.0 times to a maximum of 16.4 times more than those 
without MetS for treatment of major diseases related to 

MetS [8]. In our study that covers both study popula-
tions, subsidized medical costs between the two groups 
differed by a magnitude of 2.61. The conjectured rea-
sons are that the difference in costs is reduced with age 
and that the study of Korean workers excluded the costs 
unrelated to MetS. Boudreau et al. [25] found that total 
costs increased by an average of 24% per additional risk 
factor (p < 0.001). The average rate of increase was 30.6% 
per additional risk factor in our study (p < 0.001). We at-
tributed this difference to our study population that had 
more subjects with cardiac disorders in the MetS group 
than in the non-MetS group (15.7% vs. 9.1%). In fact, an-

Table 2. Predictive costs of metabolic syndrome and its components between 2009 and 2013

Variable

Simple regression model
Multiple regression 
models I through VI

Multiple regression 
model VII

Multiple regression 
model VIII

Parameter 
estimation, 

USD
p value

Parameter 
estimation, 

USD
p value

Parameter 
estimation, 

USD
p value

Parameter 
estimation, 

USD
p value

Metabolic syndrome 4,123 < 0.001 2,401 < 0.001 850 < 0.001 561 < 0.001
Abdominal obesity 2,818 < 0.001 1,335 < 0.001 422 < 0.001 487 < 0.001

Hypertriglyceridemia 2,401 < 0.001 1,529 < 0.001 701 < 0.001 557 < 0.001

Low HDL-C level 1,588 < 0.001 581 0.601 33 0.485 29 0.549

High blood pressure 3,397 < 0.001 1,833 < 0.001 1,182 < 0.001 1,033 < 0.001

Hyperglycemia 2,736 < 0.001 1,512 < 0.001 803 < 0.001 750 < 0.001

Age 4,147 < 0.001 a < 0.001 3,200 < 0.001 2,966 < 0.001

Female gender 1,267 < 0.001 b < 0.001 706 < 0.001 667 < 0.001

Intercept - - c < 0.001 –2,425 < 0.001 –2,031 < 0.001

Cardiac disorders - - - - - - 3,069 < 0.001

Stroke - - - - - - 4,145 < 0.001

Multiple regressions models I through VI include age, sex, household income level, smoking status, drinking level, exercise 
status, and each individual metabolic syndrome component. Multiple regression model VII includes all components of meta-
bolic syndrome and controls for age, sex, household income level, smoking status, drinking level, and exercise status. Multiple 
regression model VIII adds controls for cardiac disorders and stroke to model VII. Abdominal obesity, waist circumference 
≥ 90 cm in men and ≥ 85 cm in women; hypertriglyceridemia, serum triglyceride ≥ 150 mg/dL; low HDL-C level, HDL-C < 40 
mg/dL in men and < 50 mg/dL in women; high blood pressure, blood pressure ≥ 130/85 mmHg or current use of antihyperten-
sive medication; hyperglycemia, serum glucose ≥ 100 mg/dL or current use of medication for diabetes.
USD, US dollar; HDL-C, high density lipoprotein cholesterol. 
a�Individual parameter estimates for age were as follows: model I (metabolic syndrome [MetS]), 3,493 USD; model II (abdomi-
nal obesity), 3,814 USD; model III (hypertriglyceridemia), 3,749 USD; model IV (low HDL-C), 3,951 USD; model V (high blood 
pressure), 1,833 USD; and model VI (hyperglycemia), 3,711 USD.

b�Individual parameter estimates for female gender were as follows: model I (MetS), 440 USD; model II (abdominal obesity), 269 
USD; model III (hypertriglyceridemia), 596 USD; model IV (low HDL-C), 348 USD; model V (high blood pressure), 670 USD; 
and model VI (hyperglycemia), 565 USD.

c�Individual intercepts were as follows: model I (MetS), –1,818 USD; model II (abdominal obesity), –1,818 USD; model III (hyper-
triglyceridemia), –2,355 USD; model IV (low HDL-C), –2,013 USD; model V (high blood pressure), –2,412 USD; and model VI 
(hyperglycemia), –2,263 USD.
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other study, in which the proportion of subjects with 
cardiac disorders in the MetS group was 17.6%, found 
an approximate 60% increase in medical costs per addi-
tional risk factor [24].

The results of previous studies have been inconsistent 
regarding the association between medical costs and 
MetS components. In the CHS, abdominal obesity, low 
HDL-C level, and elevated blood pressure, but not MetS 
per se, were independent predictors of cost in the Medi-
care population [4]. While an impaired level of fasting 
glucose was not significantly and positively associated 
with high annual costs in a study of Kaiser Permanen-
te Northwest (KPNW) members, high triglyceride levels 
were associated with high annual costs [24]. However, in 
our study, MetS and its five components were import-
ant predictors of medical costs, but low HDL-C level was 
not associated with high costs after a full adjustment 
(Table 2). In our opinion, it is because no specific medi-
cation is prescribed for low HDL-C level. Furthermore, 
the diagnosis of low HDL-C level can push patients to-
wards a healthier life style, and that offsets the addition-
al medical expenses. In fact, subjects in the MetS group 
were less likely to smoke or drink alcohol than those 
in the non-MetS group (Table 1). Even female subjects 
with low HDL-C levels paid lesser for medical expenses 
than females with normal HDL-C levels; however, this 
difference was too small to be economically meaning-
ful (Supplementary Table 3). This is not relevant to the 
investigation of KPNW members because it excluded 
subjects with prior evidence of diabetes mellitus or any 
of the MetS components during the 2 years before the 
index year [24]. In the CHS, the researchers reported that 
unmeasured factors that are important to define “meta-
bolically healthy” status in the elderly population, such 
as presence of sarcopenia, would have affected their re-
sults.

This study has several limitations. First, direct medi-
cal costs unsubsidized by the KNHIS and indirect costs 
such as transportation fees were excluded because the 
KNHIS only collected the data about the costs that 
were claimed. According to the Healthcare Bigdata 
Hub, 97.6% of the direct medical costs, as judged by the 
Health Insurance Review and Assessment Service of Ko-
rea, were claimed from the KNHIS, and the rest were 
claimed from private care insurance companies during 
2014. The medical costs not examined by the Health 

Insurance Review and Assessment Service accounted 
for 44.7% of the total medical costs [26]. Therefore, we 
assumed that subjects with MetS spent approximately 
15,235 USD more than those without MetS, including for 
items unsubsidized by the KNHIS, for 5 years. Second, 
because we only included subjects who had participat-
ed in a national health checkup in 2009, the number of 
young individuals was high in this study; this is because 
retired individuals are not forced to participate in regu-
lar health checkups as they are typically not employed. 
However, no other datasets have included a wider range 
of population than the National Sample Cohort database 
in South Korea. Third, a follow-up period of 5 years is 
relatively short to observe a trend in MetS-related costs. 
Because the national health checkup did not collect data 
on waist circumference, and triglyceride and HDL-C 
levels until late 2008, we necessarily discarded the med-
ical cost data collected from 2002 to 2008. Fourth, we did 
not use the whole health checkup data from 2009 to 2013 
because not all subjects had the health checkup regular-
ly. Of the subjects, 32.89% underwent health checkups 
less than three times during the 5 years.

Our study had multiple strengths. The availability 
of data for all five components of MetS enabled us to 
accurately evaluate the economic impact of each MetS 
component. Nichols and Moler [24] substituted waist 
circumference with body mass index in their study be-
cause waist circumference was rarely measured or re-
corded in their medical records. Furthermore, we used 
data of prescription drugs with all disease codes for sup-
plementing the health checkup data. Many studies in 
South Korea have only used the first two disease codes 
for convenience and also, did not use the data of pre-
scription drugs [27,28]. Thus, we believe that our meth-
ods to identify subjects with MetS were sufficiently ac-
curate. Other strengths of our study include the largest 
sample size studied in South Korea so far and the use of 
a longitudinal study design.

In conclusion, we found that the presence of MetS 
and each of its components was associated with high 
medical costs, even after adjustment with several vari-
ables. Future research should include direct health care 
expenses that are not subsidized by the KNHIS and all 
indirect medical costs, so that the financial impact of 
programs that prevent or treat MetS can be calculated 
correctly.
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Supplementary Table 1. Baseline characteristics and metabolic syndrome status of male subjects

Characteristic Overall 
Metabolic syndrome

No Yes p value
No. of subjects 112,023 81,809 (73.0) 30,214 (27.0)
Age group, yr < 0.001

20–44 56,932 (50.82) 46,566 (56.92) 10,366 (34.31)
45–65 43,499 (38.83) 28,644 (35.01) 14,855 (49.17)
Above 65 11,592 (10.35) 6,599 (8.07) 4,993 (16.53)

BMI, kg/m2 24.15 ± 3.05 23.47 ± 2.74 25.98 ± 3.11 < 0.001
Waist, cm 83.60 ± 7.79 81.56 ± 6.77 89.14 ± 7.66 < 0.001
SBP, mmHg 124.75 ± 14.08 122.13 ± 13.17 131.84 ± 14.03 < 0.001
DBP, mmHg 78.13 ± 9.74 76.62 ± 9.23 82.23 ± 9.90 < 0.001
FBG, mg/dL 99.17 ± 25.72 93.92 ± 18.56 113.38 ± 35.27 < 0.001
TC, mg/dL 194.79 ± 36.29 192.79 ± 34.63 200.18 ± 39.97 < 0.001
TG, mg/dL 154.7 ± 108.51 55.94 ± 33.03 48.21 ± 29.12 < 0.001
HDL-C, mg/dL 53.9 ± 32.20 113.27 ± 39.89 110.30 ± 43.45 < 0.001
LDL-C, mg/dL 112.5 ± 40.90 1.28 ± 1.59 1.28 ± 1.53 < 0.001
Cr, mg/dL 1.3 ± 1.58 26.19 ± 17.29 30.77 ± 21.410 0.627
AST, mg/dL 27.4 ± 18.60 27.50 ± 22.66 36.77 ± 27.75 < 0.001
ALT, mg/dL 30.0 ± 24.48 42.78 ± 50.69 67.65 ± 82.07 < 0.001
gGT, mg/dL 49.5 ± 61.76 55.94 ± 33.03 48.21 ± 29.12 < 0.001
Hypertension 22,089 (21.16) 31,916 (54.29) 26,869 (45.71) < 0.001
Diabetes mellitus 12,672 (38.68) 19,763 (45.61) 23,570 (54.39) < 0.001
Cardiac disorders 6,863 (6.58) 2,592 (3.44) 4,271 (14.77) < 0.001
Stroke 2,766 (2.65) 950 (1.26) 1,816 (6.28) < 0.001
Smoking status < 0.001

Non-smokers 32,711 (30.18) 24,195 (30.52) 8,516 (29.28)
Past smokers 26,416 (24.38) 18,140 (22.88) 8,276 (28.45)
Current smokers 49,242 (45.44) 36,946 (46.60) 12,296 (42.27)

Alcohol consumption < 0.001
Non-drinkers 30,630 (27.65) 21,798 (26.96) 8,832 (29.53)
Social drinkers 7,570 (6.83) 5,730 (7.09) 1,840 (6.15)
Heavy drinkers 72,573 (65.52) 53,333 (65.96) 19,240 (64.32)

Exercise status < 0.001
Non-active 92,959 (84.73) 68,084 (85.04) 24,875 (83.91)
Active 16,749 (15.27) 11,979 (14.96) 4,770 (16.09)

House hold income level < 0.001
0–3 17,855 (15.94) 12,319 (15.06) 5,536 (18.32)
4–7 46,673 (41.66) 35,346 (43.21) 11,327 (37.49)
8–10 65,350 (58.34) 34,144 (41.74) 13,351 (44.19)

Modified NCEP-ATP III criteria
Abdominal obesity 19,686 (17.57) 5,688 (6.95) 13,998 (46.33) < 0.001
Hypertriglyceridemia 52,396 (46.77) 25,200 (30.80) 27,196 (90.01) < 0.001
Low HDL-C level 16,028 (14.31) 5,855 (7.16) 10,173 (33.67) < 0.001
High blood pressure 52,396 (46.77) 31,916 (39.01) 26,869 (88.93) < 0.001
Hyperglycemia 43,333 (38.68) 19,763 (24.16) 23,570 (78.01) < 0.001

Values are presented as number (%) or geometric mean ± SD. Percentages may not sum to 100% because of missing data. Abdom-
inal obesity, waist circumference ≥ 90 cm in men and ≥ 85 cm in women; hypertriglyceridemia, serum triglyceride ≥ 150 mg/dL; 
low HDL-C level, HDL-C < 40 mg/dL in men and < 50 mg/dL in women; high blood pressure, blood pressure ≥ 130/85 mmHg or 
current use of antihypertensive medication; hyperglycemia, serum glucose ≥ 100 mg/dL or current use of medication for diabetes.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total choles-
terol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Cr, creatinine; 
AST, aspartate transaminase; ALT, alanine aminotransferase; γGT, gamma-glutamyl transpeptidase; NCEP-ATP, National Cho-
lesterol Education Program-Adult Treatment Panel. 
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Supplementary Table 2. Baseline characteristics and metabolic syndrome status of female subjects

Characteristic Overall
Metabolic syndrome

No Yes p value
No. of subjects 92,745 67,284 (72.55) 25,461 (27.45)
Age group, yr < 0.001

20–44 37,081 (39.98) 34,366 (51.08) 2,715 (10.66)
45–65 41,507 (44.75) 27,704 (41.17) 13,803 (54.21)
Above 65 14,157 (15.26) 5,214 (7.75) 8,943 (35.12)

BMI, kg/m2 23.17 ± 3.34 22.27 ± 2.89 25.56 ± 3.29 < 0.001
Waist, cm 76.14 ± 8.89 73.25 ± 7.40 83.76 ± 7.91 < 0.001
SBP, mmHg 119.72 ± 15.63 115.90 ± 13.78 129.82 ± 15.75 < 0.001
DBP, mmHg 74.21 ± 10.03 72.32 ± 9.29 79.20 ± 10.18 < 0.001
FBG, mg/dL 95.10 ± 21.44 90.43 ± 13.89 107.41 ± 30.90 < 0.001
TC, mg/dL 195.85 ± 37.54 191.90 ± 35.39 206.27 ± 40.91 < 0.001
TG, mg/dL 111.86 ± 74.42 91.88 ± 52.94 164.67 ± 94.47 < 0.001
HDL-C, mg/dL 60.10 ± 33.63 63.00 ± 33.78 52.44 ± 32.02 < 0.001
LDL-C, mg/dL 115.50 ± 39.72 112.74 ± 38.66 122.79 ± 41.51 < 0.001
Cr, mg/dL 0.92 ± 1.00 0.92 ± 1.03 0.91 ± 0.94 0.668
AST, mg/dL 22.90 ± 13.15 21.75 ± 11.62 25.93 ± 16.13 < 0.001
ALT, mg/dL 19.97 ± 18.04 18.05 ± 16.17 25.05 ± 21.41 < 0.001
gGT, mg/dL 22.04 ± 24.95 19.45 ± 19.77 28.89 ± 34.20 < 0.001
Hypertension 20,394 (22.48) 6,131 (9.36) 14,263 (56.56) < 0.001
Diabetes mellitus 10,757 (11.86) 2,191 (3.35) 8,566 (33.98) < 0.001
Cardiac disorders 6,129 (6.76) 1,900 (2.90) 4,229 (16.78) < 0.001
Stroke 2,283 (2.52) 628 (0.96) 1,655 (6.57) < 0.001
Smoking status < 0.001

Non-smokers 87,013 (95.14) 62,954 (94.93) 24,059 (95.67)
Past smokers 1,409 (1.54) 1,098 (1.66) 311 (1.24)
Current smokers 3,040 (3.32) 2,263 (3.41) 777 (3.09)

Alcohol consumption < 0.001
Non-drinkers 64,289 (70.45) 43,353 (65.49) 20,936 (83.56)
Social drinkers 9,448 (10.35) 7,794 (11.77) 1,654 (6.60)
Heavy drinkers 17,516 (19.19) 15,052 (22.74) 2,464 (9.83)

Exercise status < 0.001
Non-active 80,103 (87.73) 58,376 (88.18) 21,727 (86.55)
Active 11,199 (12.27) 7,824 (11.82) 3,375 (13.45)

House hold income level < 0.001
0–3 26,560 (28.64) 19,859 (29.52) 6,701 (26.32)
4–7 36,738 (39.61) 27,825 (41.35) 8,913 (35.01)
8–10 29,447 (31.75) 19,600 (29.13) 9,847 (38.67)

Modified NCEP-ATP III criteria
Abdominal obesity 27,393 (29.54) 9,553 (14.20) 17,840 (70.07) < 0.001
Hypertriglyceridemia 29,944 (32.29) 9,972 (14.82) 19,972 (78.44) < 0.001
Low HDL-C level 25,633 (27.64) 11,432 (16.99) 14,201 (55.78) < 0.001
High blood pressure 39,010 (42.06) 17,145 (25.48) 21,865 (85.88) < 0.001
Hyperglycemia 28,217 (30.42) 10,817 (16.08) 17,400 (68.34) < 0.001

Values are presented as number (%) or geometric mean ± SD. Percentages may not sum to 100% because of missing data. Abdom-
inal obesity, waist circumference ≥ 90 cm in men and ≥ 85 cm in women; hypertriglyceridemia, serum triglyceride ≥ 150 mg/dL; 
low HDL-C level, HDL-C < 40 mg/dL in men and < 50 mg/dL in women; high blood pressure, blood pressure ≥ 130/85 mmHg or 
current use of antihypertensive medication; hyperglycemia, serum glucose ≥ 100 mg/dL or current use of medication for diabetes.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total choles-
terol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Cr, creatinine; 
AST, aspartate transaminase; ALT, alanine aminotransferase; γGT, gamma-glutamyl transpeptidase; NCEP-ATP, National Cho-
lesterol Education Program-Adult Treatment Panel.
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