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Background/Aims: The aim was to determine which of three sets of metabolic
syndrome (MetS) criteria (International Diabetes Federation [IDF], National Cho-
lesterol Education Program Adult Treatment Panel III [ATP III], and European
Group for the Study of Insulin Resistance [EGIR]) best predicts the coronary ar-
tery calcification (CAC) score in a cross-sectional study. This has not been evalu-
ated in previous studies.

Methods: A total of 24,060 subjects were screened for CAC by multi-detector com-
puted tomography. The presence of CAC was defined as a CAC score > o. The odds
ratio for the presence of CAC was analyzed for three different sets of MetS criteria
and according to number of MetS components.

Results: CAC was observed in 12.6% (3,037) of the subjects. Patients with MetS, as
defined by the IDF, ATP III, and EGIR criteria, had a CAC rate of 23.0%, 25.1%,
and 29.5%, respectively (p < 0.001). Comparisons of C statistics for multivariate
regression models revealed no significant difference among the three sets of cri-
teria. After adjustment for risk factors, the ATP III criteria produced a slightly
higher odds ratio for CAC compared with the other criteria, but this difference
was not significant. The risk factor-adjusted odds ratio for the presence of CAC
increased from 1 to 1.679 as the number of MetS components defined by ATP III
increased from o to = 3 (p for trend < 0.001).

Conclusions: The presence of MetS was associated with the presence of CAC.
There was no significant difference among the three sets of MetS criteria in
terms of the ability to predict CAC. An increase in the number of MetS compo-
nents was associated with an increased odds of CAC.
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INTRODUCTION

and Kim [4] used data from KNHANES to show that
that prevalence of MetS varied greatly depending on the
definition used.

Metabolic syndrome (MetS), as characterized by insulin
resistance (IR), has recently gained considerable atten-
tion due to the link among metabolic diseases, obesity,
and cardiovascular disease [1]. Many international orga-
nizations and expert groups have attempted to define
MetS, and several different definitions exist [2,3]. Kim
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Coronary artery calcification (CAC) can predict the
risk of cardiovascular events [5]. Previous studies report-
ed that the total amount of coronary calcium (usually
expressed as the Agatston score) can predict coronary ar-
tery disease beyond the standard risk factors [6]. Patients

pISSN 1226-3303
elSSN 2005-6648
http://www.kjim.org



KJIM™

with MetS have a high risk of CAC [7,8]. MetS, as defined
by the National Cholesterol Education Program Adult
Treatment Panel IIT (ATP III), was also independently
associated with CAC in type 2 diabetes mellitus [7]. Fur-
thermore, the Multiple Ethnic Study of Atherosclerosis
showed that IR, as defined by the homeostasis model as-
sessment of insulin resistance (HOMA-IR), can predict
CAC incidence and progression [9].

Despite the clear association between MetS and CAC,
it is not clear which MetS criteria best predict CAC. This
study examined CAC predictability and prevalence ac-
cording to three commonly used sets of MetS criteria.
Similar analyses were also performed according to the
number of MetS components.

METHODS

Study population

This cross-sectional study analyzed 24,062 subjects
screened for CAC in an annual health check-up at the
Heath Screening Center of Kangbuk Samsung Hospital
from 2010 to 2011. Subjects underwent cardiac multi-de-
tector computed tomography (MDCT) estimation of the
CAC score (CACS) using identical equipment and stan-
dardized protocols. Of the 24,062 subjects, two were
excluded for missing waist circumference (WC) data,
leaving 24,060 eligible subjects.

Informed consent was obtained from all participants.
The study design and protocol were approved by the
Institutional Review Board (IRB) of Kangbuk Samsung
Hospital and are in accordance with the 1975 Declaration
of Helsinki. After the IRB approved this study, specific
datasets were released by the data management group
of the Kangbuk Samsung Health Study after deletion of
participants’ personal information.

Clinical and laboratory measurements

Anthropometric measurements included body weight,
height, body mass index (BMI), WC, and systolic and
diastolic blood pressure. BMI was calculated as weight
in kilograms divided by height in meters squared (kg/
m?). WC was measured in a standing position, at the
midpoint between the anterior iliac crest and lower
border of the last palpable rib, by a single examiner.
Blood pressure was measured twice by a skilled nurse
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following at least 10 minutes of rest, and the mean val-
ue was calculated and recorded. Subjects who reported
that they smoked were classified as ‘current smokers.’
Regular exercise was assessed using a physician-admin-
istered questionnaire in which subjects were asked if’
they participated in regular exercise ‘of moderate inten-
sity at least three times a week.” The presence of diabe-
tes mellitus was determined according to self-reported
data by the participants and the diagnostic criteria of the
American Diabetes Association [10]. The presence of hy-
pertension was defined by criteria recommended by the
eighth report of the Joint National Committee on Pre-
vention, Detection, Evaluation and Treatment of High
BP (JNC8) [11] (i.e., a blood pressure > 140/90 mmHg)
or current use of antihypertensive medication or as
self-reported by participants. Blood samples were col-
lected from the antecubital vein following a minimum
12-hour overnight fast. The samples were analyzed for
blood lipid profiles, fasting blood glucose levels, serum
insulin levels, and glycated hemoglobin (HbAxc). Bio-
chemical markers were measured using Bayer Reagent
Packs on an automated chemistry analyzer (ADVIA 1650
Autoanalyzer, Bayer HealthCare, Tarrytown, NY, USA).
Fasting blood glucose levels were measured using the
hexokinase method. Lipid profiles, including values for
total cholesterol (TC), triglycerides (TGs), low density
lipoprotein cholesterol (LDL-C), and high density lipo-
protein cholesterol (HDL-C), were measured by enzy-
matic colorimetric assay. Serum insulin concentrations
were measured by immunoradiometric assay using an
INS-IRMA kit (BioSource, Nivelles, Belgium). As a mark-
er of IR, the HOMA-IR was calculated using the follow-
ing formula [12]: HOMA-IR = [fasting insulin (IU/mL) x
fasting glucose (mmol/L)] / 22.5.

HbA1c was measured by immunoturbidimetric assay
using a Cobra Integra 8oo automatic analyzer (Roche
Diagnostics, Basel, Switzerland) with a reference value
of 4.4% to 6.4%. The methodology was aligned using the
standards of the Diabetes Control and Complications
Trial and National Glycohemoglobin Standardization
Program (NGSP). The intra-assay coefficient of varia-
tion (CV) was 2.3%, and the interassay CV was 2.4%. Both
these values were within the NGSP acceptable limits [13].

Measurement of coronary artery calcium
Participants underwent CAC quantification by MDCT
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(GE Healthcare, Tokyo, Japan). The total CACS was
determined by summing the individual scores for the
four major epicardial coronary arteries. Total CACS was
reported in Agatston units [14]. CAC was categorized as
present (Agatston score > o) or absent.

Diagnostic criteria for MetS

MetS was defined according to the International Diabe-
tes Federation (IDF), Modified ATP III, and European
Group for the Study of Insulin Resistance (EGIR) crite-
ria. To define high WC, ethnicity-specific values were
used: high WC was defined as > 9o cm in men or > 85
cm in women in all three sets of MetS criteria [15]. The
criteria were as follows:

IDF criteria [16]: WC > 9o c¢m in men or > 85 cm in
women [15] plus two or more of the following criteria: (1)
TG level > 150 mg/dL or current treatment for this lipid
abnormality; (2) HDL-C level < 40 mg/dL in men or <
50 mg/dL in women or current treatment for this lipid
abnormality; (3) blood pressure > 130/85 mmHg or use
of antihypertensive medication; and (4) fasting plasma
glucose level > 100 mg/dL.

Modified ATP III criteria [17]: three or more of the fol-
lowing components: (1) WC > 9o cm in men or > 85 cm
in women [15]; (2) TG level 2 150 mg/dL; (3) HDL-C level
< 40 mg/dL in men or < 50 mg/dL in women; (4) blood
pressure > 130/85 mmHg; and (5) fasting glucose level >
100 mg/dL. Note that the 2002 definition defined ele-
vated fasting glucose level as > 6.1 mmol/L (110 mg/dL),
in 2004 this was changed to 2 5.6 mmol/L (100 mg/dL)
in accordance with the American Diabetes Association’s
updated definition of impaired fasting glucose [18].

EGIR criteria [19]: fasting hyperinsulinemia (highest
25%) and at least two of the following criteria: (1) fasting
glucose level > 6.1 mmol/L (110 mg/dL); (2) blood pres-
sure 2 140/90 mmHg or treatment for hypertension;
(3) TG level > 150 mg/dL or HDL-C level < 40 mg/dL or
treatment for dyslipidemia; and (4) WC = 9o cm in men
or = 85 cm in women [15].

Statistical analysis

Statistical analyses were performed using SPSS version
18.0 (IBM Co., Armonk, NY, USA). For continuous vari-
ables, data are reported as the median (interquartile
range) or mean + SD and were analyzed by independent
t test. For categorical variables, data are reported as pro-
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portions and were analyzed using the chi-square test.
CACS, fasting insulin, and serum TGs were log-trans-
formed for analysis to correct for skewed distributions.
For ease of interpretation, these values are expressed
as untransformed data in the tables in this paper. The
associations between CAC and MetS components and
cardiovascular risk factors were examined by Spearman
correlation.

C statistics, which are analogous to the area under
the receiver operating characteristic curve, were calcu-
lated to compare the ability of different logistic models
to discriminate between the three sets of criteria with
and without CAC. The DeLong algorithm was used to
determine statistical significance [20]. Adjusted odds ra-
tios (ORs) with 95% confidence intervals were derived
according to the three sets of MetS criteria and by the
number of MetS components in multiple logistic re-
gression models for CAC, to determine which MetS cri-
teria best predict CAC. The p values <o0.05 were consid-
ered statistically significant.

RESULTS

Table 1 shows the general characteristics of the subjects.
A total of 24,060 subjects (19,721 males and 4,339 females;
mean age, 41 years) were analyzed. The proportion of
participants with a CACS > o was 12.6% (CACS = 0, n =
21,023; CACS > 0, n = 3,037). The average CACS for the
24,060 subjects was 7.95 + 58.53. Subjects with CAC (CACS
> 0) were older, predominantly male, more obese, and
had higher TG levels and lower HDL-C levels. More of
these patients had a history of diabetes and hyperten-
sion and higher rates of other MetS components.

For all sets of MetS criteria, the prevalence of MetS
was significantly higher in participants with a CACS > o
than in those with a CACS = o. The prevalence of MetS
in subjects with CACS > o was 23.0% for the IDF criteria,
25.1% for the ATP III criteria, and 29.5% for the EGIR
criteria (Table 1).

Spearman correlations for factors related to MetS and
CACS are shown in Table 2. CACS was positively cor-
related with age, sex, WC, BMI, and other MetS factors,
with the exception of HDL-C.

To determine which set of MetS criteria best predicts
CAC, ORs for the presence of CAC were calculated for

www.kjim.org 75


www.kjim.org

KJIM™
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CACS=o0

CACS>o

Characteristic pvalue
(n = 21,023) (n=3,037)
Sex (male) 16,905 (80.4) 2,816 (92.7) <0.001
Age, yr 40.5+ 6.5 47.0+ 8.0 <0.001
Glucose, mg/dL 06.6 £14.6 103.1 £23.1 < 0.001
Glycated hemoglobin, % 5.7+0.5 5.0+ 0.8 < 0.001
Triglycerides, mg/dL 135.8 £ 90.7 165.7 +118.7 < 0.001
High density lipoprotein cholesterol, mg/dL 53.7 £13.2 50.5+11.9 < 0.001
Low density lipoprotein cholesterol, mg/dL 1263 +£31.7 137.0 £34.5 < 0.001
High-sensitivity C-reactive protein, mg/L 0.1+0.4 0.1+03 0.053
Insulin, pmol/L 5.8+3.6 6.4+ 4.1 <0.001
Waist circumference, cm 84.7+83 87.5+7.7 < 0.001
Body mass index, kg/m?* 24.3%3.1 25.2£2.9 <0.001
Systolic blood pressure, mmHg 115.9 £12.4 1203 +12.8 < 0.001
Diastolic blood pressure, mmHg 74.1%9.2 77.5+9.5 < 0.001
Diabetes mellitus 934 (4-4) 447 (14.7) <0.001
Hypertension 2,879 (13.7) 996 (32.8) <0.001
Current smoker 10,599 (50.4) 1,895 (62.4) <0.001
Regular exercise, = 3 time/wk 3,647 (17.3) 628 (20.7) <0.001
HOMA-IR 1.4+1.0 1.7+13 < 0.001
IDF criteria, % 13.7 24.7 <o0.001
ATP III criteria, % 12.0 22.1 < 0.001
EGIR criteria, % 8.9 16.8 <o0.001

Values are presented as number (%) or mean + SD.

CACS, coronary artery calcium score; HOMA-IR, homeostasis model assessment of insulin resistance; IDF, International Dia-
betes Federation; ATP III, National Cholesterol Education Program Adult Treatment Panel IIT; EGIR, European Group for the

Study of Insulin Resistance.

the three sets of MetS criteria. MetS as defined by the
IDF, ATP 111, and EGIR criteria was associated with the
presence of CAC (OR, 1392 to 1.439; p < 0.001, presence
versus absence of CAC) after adjustment for potential
confounding factors (Table 3). C statistics for multi-
variate regression models were calculated to evaluate
how well each definition predicts the risk of coronary
artery disease. No significant differences were observed
between the three sets of criteria (point estimates for C
statistics = 0.788 to 0.789) (Table 3).

Next, the association between CAC and the number of
MetS components was evaluated. As expected, the pres-
ence of CAC according to an increasing number of MetS
components was attenuated in multivariable logistic re-
gression analysis. The proportion of subjects with CAC
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increased (from 6.7% to 22.5%) as the number of MetS
components increased from o to 2 3 (p for trend < 0.001).
This significant predictive trend persisted after adjust-
ment for age, sex hypertension, diabetes mellitus, smok-
ing status, and exercise. The ORs for CAC increased with
the number of MetS components at approximately the
same rate for all three sets of MetS criteria (Table 4).

DISCUSSION

This study found that the risk of CAC increased 13- to
1.4-fold when subjects were diagnosed with MetS ac-
cording to any of the three sets of criteria included in
this study (IDF, ATP III, and EGIR). When a multivariate
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model was used to predict the presence of CAC, there
were no differences in C statistics among the three sets
of MetS criteria. The risk of CAC gradually increased
according to the number of MetS components. Thus, a
MetS diagnosis (defined by any of the aforementioned
criteria) or a higher number of MetS components seems
to increase the likelihood of CAC. This suggests that
CAC should be considered in subjects with MetS or a

Table 2. Spearman correlation of CACS with metabolic vari-
ables

Variable r(correlation factor)  pvalue
Age, yr 0.281 <o0.001
Sex (male) 0.106 <0.001
Waist circumference, cm 0.115 <0.001
BMI, kg/m? 0.104 <0.001
SBP, mmHg 0.112 <0.001
DBP, mmHg 0.113 <o0.001
Fasting glucose, mg/dL 0.121 <0.001
Triglycerides, mg/dL 0.120 <0.001
HDL-C, mg/dL -0.080 <0.001
Fasting insulin, IU/mL 0.051 < 0.001
HOMA-IR 0.074 <0.001
LDL-C 0.109 < 0.001

CACS, coronary artery calcium score; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL-C, high density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment of insulin resistance; LDL-C,
low density lipoprotein cholesterol.

KJIM™

high number of MetS components, and that preventive
strategies may be needed to reduce the risk of cardiovas-
cular disease.

This study analyzed and compared data from a large
number of subjects to assess the ability of three sets of
commonly used MetS criteria to predict CAC. Previ-
ous research analyzed the associations between a sin-
gle MetS criterion and cardiovascular disease mortali-
ty [7,21-23]. Recent studies have shown that a variety of
MetS definitions exist, and that they are all associated
with subclinical atherosclerosis [7,24,25]. Mehta et al. [7]
showed that ATP III-defined MetS was independently
associated with CAC in type 2 diabetes mellitus. They
also reported that the point estimate C statistic for the
prediction of significant CAC was 0.67 [24].

This study adds to earlier research by Narla et al. [25]
showing that the ORs for CACS > o for MetS (as defined
by ATP III, American Heart Association/National Heart,
Lung and Blood Institute, and IDF criteria) were 1.6 to
1.7 in 458 asymptomatic men, after adjustment for age,
smoking status, and LDL-C. Compared with our study,
the study by Narla et al. [25] was smaller (458 subjects)
and included a higher number of obese subjects. In our
large number of study subjects, we examined the risk for
CAC and CAC prediction for three sets of MetS criteria
(IDF, ATPIL, and EGIR) using C statistics.

Simon et al. [26] conducted a meta-analysis and found
that detection of subclinical arterial disease in asymp-
tomatic individuals is a worthwhile screening test for
predicting future cardiovascular events. A variety of inva-

Table 3. Odds ratios from multivariate logistic regression analysis of each set of metabolic syndrome criteria as a predictor of

coronary artery calcium

-, o ol OR (95% CI)
Definition of MetS C statistic =
Crude Model 1* Model 2 Model 3¢
IDF 0.788 2.072 1.872 1392 1.302
(1.886-2.276) (1.693—2.071) (1.249-1.551) (1.167-1.452)
ATP IIT 0.788 2.342 2.046 1.436 1362
(2.137-2.567) (1.853-2.258) (1.286-1.603) (1.219-1.522)
EGIR 0.789 2.070 1.868 1.439 1.337

(1.899—2.250)

(1.703—2.048) (1.303-1.589) (1.210-1.477)

MetS, metabolic syndrome; OR, odds ratio; CI, confidence interval; IDF, International Diabetes Federation; ATP III, National
Cholesterol Education Program Adult Treatment Panel III; EGIR, European Group for the Study of Insulin Resistance.

*Adjusted for age and sex.

bAdjusted for age, sex, hypertension, diabetes mellitus, smoking status, and exercise habits.

‘Adjusted for age, sex, hypertension, diabetes mellitus, low density lipoprotein cholesterol, smoking status, and exercise habits.

http://dx.doi.org/10.3904/kjim.2015.30.1.73

www.kjim.org 77


www.kjim.org

KJIM™

The Korean Journal of Internal Medicine Vol. 30, No. 1, January 2015

Table 4. Odds ratios from multivariate logistic regression analysis of each set of metabolic syndrome (MetS) criteria as a pre-

dictor of coronary artery calcification according to the number of MetS components

Definition of ~ No.of MetS No. and proportion OR (95% CI)
MetS components with CAC> o Crude model Model 1* Model 2° Model 3¢
IDF o 511/7,637 1 1 1 1
(6.7)
1 756/6,894 1.718 1.357 1.203 1.127
(11.0) (1.527-1.931) (1.199-1.537) (1.061-1.365) (0.993-1.28)
2 794/4,936 2.673 1.945 1.580 1.422
(16.1) (2.377-3.007) (1.716-2.204) (1.388-1.8) (1.247-1.622)
=3 976/4,593 3.763 2.715 1.858 1.638
(21.2) (3-357—4-218) (2.404-3.065) (1.622-2.129) (1.427-1.88)
p for trend <0.001 <0.001 <o0.001 <0.001 <o0.001
ATP I11 o 662/9,188 1 1 1 1
(7:2)
1 831/7,007 1.733 1.417 1.228 1.134
(11.9) (1.557-1.929) (1.265-1.588) (1.093-1.381) (1.008-1.276)
2 783/4,478 2.729 2.068 1.642 1.470
(17.5) (2-444-3.048) (1.839—2.326) (1.449-1.86) (1.295-1.668)
=3 761/3,378 3732 2.855 1.901 1.679
(22.5) (3334-4.179) (2.531-3.221) (1.654-2.183) (1.458-1.933)
p for trend <0.001 <o0.001 <o0.001 <o0.001 < o0.001
EGIR o 712/9,646 1 1 1 1
(7-4)
1 798/6,570 1.735 1.415 1.245 1.153
(12.1) (1.56-1.929) (1.263-1.584) (1.209-1398) (1.025-1.296)
2 696/4,134 2.54 1.992 1.621 1.457
(26.8) (2.272-2.84) (1.768-2.244) (1.429-1.838) (1.283-1.650)
=3 831/3,710 3.622 2.936 1.966 1.707
(22.4) (3.249—4.037) (2.614-3.297) (1.713—2.257) (1.483-1.963)
p for trend <0.001 <0.001 <o0.001 <0.001 <0.001

Values are presented as number (%).

CAC, coronary artery calcium; OR, odds ratio; CI, confidence interval; IDF, International Diabetes Federation; ATP III, Na-
tional Cholesterol Education Program Adult Treatment Panel III; EGIR, European Group for the Study of Insulin Resistance.

*Model 1 is adjusted for age and sex.

"Model 2 is adjusted for age, sex, hypertension, diabetes mellitus, smoking status, and exercise habits.
“Model 3 is adjusted for age, sex, hypertension, diabetes mellitus, low density lipoprotein cholesterol, smoking status, exercise

habits.

sive and non-invasive techniques are available to measure
subclinical atherosclerosis [27]. Among these techniques,
MDCT garnered great interest because CT' indicates the
presence and extent of coronary atherosclerosis and can
quantify the exact amount of calcification [28]. CAC can
be used as a marker for coronary atherosclerosis [6,29)].

In one study, CACS = o was associated with a very low

risk of a coronary event, while an elevated CACS was as-
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sociated with an increased risk [30]. Another study found
that in patients with type 2 diabetes, CACS > 10 could
predict cardiovascular events [31]. In the present study,
CACS > o was used as an outcome variable to predict
subclinical atherosclerosis as it relates to MetS defined
by the three sets of criteria in a large number of subjects.

Despite advanced research, there are many uncer-
tainties about the pathophysiology of the link between
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MetS and CAC [3]. IR appears to play a major role and
increases the risk of coronary artery disease even in the
absence of hyperglycemia [32]. Early in the course of IR,
free fatty acid levels increase because of loss of the sup-
pressive effects of insulin on lipolysis in adipocytes and
increased very low density lipoprotein production and
other metabolic abnormalities [33]. These changes have
a proatherogenic effect on IR [33]. Moreover, Bornfeldt
and Tabas [34] reported that IR can promote athero-
genesis, from the early stages to advanced plaque pro-
gression. The mechanism may involve both systemic
factors, such as dyslipidemia or hypertension, and the
proinflammatory state. It has the effect of disturbing in-
sulin signaling at the multi-cellular level of the vessel,
including in endothelial cells, vascular smooth muscle
cells, and macrophages [34]. Such a pathophysiologic as-
pect may explain the association between CAC and MetS
in the present study.

There are several limitations to this study. First, mi-
croalbuminuria and oral glucose tolerance tests were
not included in the analyses. Thus, it was not possible to
analyze all currently available MetS criteria. Second, this
study was cross-sectional, and therefore, it was impos-
sible to determine a causal relationship between MetS
and the development of subclinical coronary atheroscle-
rosis. Third, the prevalence of MetS or its components
and the range of coronary calcification varies by ethnic-
ity, and thus data from our study may not be applicable
to different ethnicities. Lastly, our study lacked infor-
mation on drug use for diabetes, hypertension, and dys-
lipidemia. Despite the limitations, this study has many
strengths and is unique in that it compared the associa-
tions between different sets of MetS criteria and CAC in
a large number of subjects.

In conclusion, MetS was significantly associated with
the presence of CAC. In addition, the three sets of cri-
teria for MetS were all comparable with each other in
terms of predicting CAC. Subjects with a higher num-
ber of MetS components have an increased risk of CAC.
These findings suggest the need for measures to prevent
cardiovascular disease in subjects with MetS or MetS
components.
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KEY MESSAGE

1. The presence of metabolic syndrome (MetS) was
associated with the presence of coronary artery
calcification (CAC).

2. There was no significant difference among the
three sets of MetS criteria in terms of ability to
predict CAC.

3. An increase in the number of MetS components
is associated with an increased odds of CAC.
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