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Abstract The association between epicardial fat and cor-
onary artery disease (CAD) might be affected by general
adiposity. We aimed to determine whether the percentage
of epicardial adipose tissue (%EAT), defined as the mass
ratio of epicardial fat to body fat, could improve predic-
tion of asymptomatic CAD. We consecutively enrolled
846 adults who underwent coronary computed tomography
angiography as part of a health check-up and assessed their
coronary stenosis severity and epicardial fat mass. Body
fat mass was measured by bioelectrical impedance analy-
sis. Subjects with CAD history, hyperthyroidism, pitting
edema, or subjects taking diuretics or thiazolidinedione
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were excluded. Obstructive CAD was defined as at least
one coronary artery with 50% or greater obstruction, and
severe CAD was defined as 70% or greater obstruction.
The %EAT had the maximum area under the curve for
predicting the presence of CAD and superior discrimina-
tive performance to EAT and other EAT-indexed param-
eters. Multivariable logistic regression analysis revealed
that %EAT >0.41% was a predictor of obstructive CAD
[odds ratio 3.59 (95% confidence interval 2.28-5.64)],
and %EAT >0.47% was a predictor of severe CAD [4.01
(2.01-7.99)] after adjustment for calcium score and Fram-
ingham risk score. This prediction was more pronounced
in subjects with higher body fat percentage (=25 % for men
and >35% for women), Framingham risk score (=10 %), or
calcium score (>100). A spillover of body fat at epicardium
over a critical threshold is associated with significant coro-
nary stenosis. This association was independent of obesity,
coronary calcium burden, and Framingham risk factors.

Keywords Body fat - Coronary computed tomography
angiography - Coronary artery disease - Calcium score -
Epicardial adipose tissue

Introduction

Epicardial adipose tissue (EAT) has received attention in
recent years for its site-specific properties, which demon-
strate associations with coronary artery disease (CAD). EAT
is a metabolically active visceral fat depot surrounding coro-
nary arteries and possess greater inflammatory activity than
subcutaneous fat or visceral adipose tissue [1]. Increased
EAT volume, as quantified by multidetector computed
tomography (MDCT), is associated with cardiovascular risk
factors [2], coronary artery plaque [3], and progression of
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coronary calcification and atheroma [4]. However, a recent
multicenter study reported no association between EAT vol-
ume, coronary calcium score, and prevalent CAD [5]. Thus,
there is still uncertainty as to whether EAT is a marker of
general adiposity or a coronary atherogenic fat depot [6].

One approach to define the association between EAT and
CAD was to concurrently assess adiposity. Prior work has
documented that the impact of body mass index (BMI) on
the association is different for patients with low and high
BMI [7, 8]. Notwithstanding, some studies have shown
that EAT is associated with cardiac events independent of
BMI [9, 10]. Thus, the impact of BMI on the association
between EAT and CAD is still inconclusive. The discrepan-
cies might be attributed to the selection of an appropriate
adiposity parameter as the confounding factor in CAD pre-
diction. Indeed, BMI classification overlooks subjects with
increased cardiovascular risk factors related to elevated adi-
posity [11]. Among adiposity parameters, body fat mass has
a stronger association with total mortality than does BMI
[12, 13]. These observations prompted the conjecture that,
when studying CAD, it is more appropriate to adjust for the
body fat mass of individual subjects than for BMI. In this
scenario, it is tempting to speculate that EAT percentage
(%EAT), defined as the mass ratio of EAT to body fat, could
produce more consistent results. To validate the hypothesis,
we compared %EAT to other adiposity parameters in their
associations with calcium score, plaque score, and preva-
lence of CAD at a threshold of 50 or 70 % coronary stenosis.
We focused on whether adding %EAT improved prediction
of stenosis degree of coronary plaque beyond the coronary
calcium burden and clinical risk factors.

Methods
Study population

Study participants were consecutively enrolled after under-
going coronary CT angiography as part of a general health
check-up protocol at National Taiwan University Hospital
from 2008 to 2011. Our Ethics Committee approved the
study protocol, and all subjects provided written informed
consent. The major exclusion criteria were a history of
typical angina or known CAD, serum creatinine level
>2.0 mg/dL, known hypersensitivity to iodine-based con-
trast agents, and hyperthyroidism. In addition, using BIA
to estimate body fat assumes that the body is within the
normal hydration range. Therefore, individuals who have
pitting edema, are on diuretics, or are taking thiazolidin-
edione were excluded in order to minimize the effects of
measurement error. Structured questionnaires about family
history, lifestyle habits, and medical history were collected.
Anthropometric parameters such as body weight, body
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height, and waist circumference (WC) were measured. BMI
was calculated as weight (kg)/square of height (m?). Body
surface area (BSA) was calculated as [height (cm) x weight
(kg)/3600]”2. WC was measured at the midline between the
low costal margin and superior posterior iliac crest. Blood
pressure was measured in a sitting position. Diabetes mel-
litus was defined as a history of diabetes, being on medical
treatment for diabetes, or having a measured fasting plasma
glucose >126 mg/dL. Smoking history was classified as
current smoker or nonsmoker; current smokers were defined
as having regularly smoked cigarettes in the year prior to
the examination. Metabolic syndrome was modified accord-
ing to the National Cholesterol Education Program’s Adult
Treatment Panel III criteria, which classifies abdominal obe-
sity as a waistline of 90 cm for men and 80 cm for women.
Venous blood samples were collected after an at least 12-h
overnight fast. Biochemical measurements, including glu-
cose, total cholesterol, triglycerides, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL) choles-
terol, gamma-glutamyl transpeptidase (y-GT), and creati-
nine concentrations, were measured using a Hitachi 7450
automated analyzer (Hitachi, Tokyo, Japan). Hemoglobin
Alc was measured using a DCA 2000 analyzer (Bayer
Diagnostics, Elkhart, IN, USA). Highly sensitive C-reactive
protein (CRP) level was determined using a high-sensitivity
immunoturbidimetric assay (Denka Seiken, Tokyo, Japan)
on a Hitachi 911 analyzer (Roche Diagnostics, Indianapo-
lis, IN, USA). The coefficients of variation of these mea-
surements were approximately 5%. Homeostasis model
assessment ratio (HOMA-IR), which is calculated as fasting
insulin (uU/ml) x fasting plasma glucose (mg/dL)/405, was
used to quantify insulin resistance [14]. The Framingham
score is based on data from a sample of Framingham heart
studies [15]. The defining risk factors of Framingham risk
score (FRS) are age, cigarette smoking, blood pressure, total
cholesterol, HDL cholesterol, and diabetes.

Body fat mass

Body fat mass was measured using a DX 300 system
(Jawon Medical, Kyuangsan City, Korea) at an operating
frequency of 50 kHz at 250 pA [16, 17]. Participants stood
on a non-conducting surface with their arms extended and
legs slightly separated for 5 min. Four electrodes and cables
were attached to the right hands and ankles of the partici-
pants; when measurements stabilized, the direct resistance
was displayed by the bioimpedance analyzer. The five fac-
tors of weight, height, impedance, sex, and age were used to
measure body fat mass. Body fat percentage was calculated
from the ratio of body fat mass to weight. Cutoff value for
body fat percentage used for defining obesity was >25% in
men and >35 % in women [11]. On a random sample of 100
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participants, the coefficients of variation for body fat mass
and percentage were 2.3 and 1.9 %, respectively.

Multidetector computed tomography

Unless contraindicated, subjects received propranolol or
diltiazem for a heart rate target of <65 beats per minute
(bpm) and nitroglycerin 0.4 mg sublingually before image
acquisition. MDCT was performed using a 64-slice scanner
(LightSpeed VCT, GE Healthcare, Milwaukee, WI, USA) or
a 256-slice scanner (Brilliance iCT, Philips, Eindhoven, The
Netherlands). Initially, an unenhanced axial CT image of
the heart was obtained with a prospectively ECG-triggered
axial acquisition for the purpose of coronary artery calcium
scoring (Agatston method). Then, nonionic contrast media
(iopromide; Ultravist 370 mgl/mL, Bayer HealthCare) was
injected using a dual-barrel injector (Stellant D, Medrad,
Bayer HealthCare). Contrast-enhanced CT imaging was
performed to obtain images from the mid-ascending aorta
to the diaphragm. Scanning parameters for the 64-slice scan-
ner were 64x0.625 mm collimation, 120 kV tube-voltage,
and 0.35 s tube-rotation time, and those for 256-slice scan-
ner were 128 x0.625 mm collimation, 120 kV tube-voltage,
and 0.27 s tube-rotation time. Tube voltage was adjusted
based on subject BMI. The voltage was lowered to 100 kV
for patients with a BMI <25 kg/m>. When the heart rate was
<65/min, prospectively ECG-triggered axial acquisition was
used, and images were obtained at 70, 75, and 80% of the
cardiac cycle. When the heart rate was >65/min, retrospec-
tively ECG-gated spiral acquisition was used, and images
were reconstructed at 40, 45, 55, 70, 75, and 80% of the
cardiac cycle. Estimated radiation dose using the dose-length
product and a conversion factor (0.0140 mSv/mGy cm) was
4.5£1.6 mSv with the use of prospective ECG-triggering
and 14.2+4.6 mSv with the use of retrospective ECG-gating.

Coronary artery plaque

Analysis of CT images was performed by an experienced
investigator (LWJ) who followed the recommended quan-
titative stenosis grading in the SCCT Guidelines [18] and
was blinded to subject clinical information. A 17-segment
model of coronary arteries was used for evaluation and
visual semiquantification of coronary artery plaques. In
each coronary artery segment, coronary atherosclerosis was
defined as the presence of >1 mm? tissue structures com-
posed of (1) calcified plaques that had a higher density than
contrast-enhanced vessel lumen, (2) noncalcified plaques
that had a lower density than contrast-enhanced vessel
lumen, or (3) plaques with mixed calcified and noncalcified
morphologies. We adopted the two coronary artery plaque
scores constructed by Min et al. [19] to assess the sever-
ity of coronary plaques: (1) segment-stenosis score and (2)

segment-involvement score. Briefly, a segment involvement
score was defined as the total number of coronary artery
segments exhibiting plaque, irrespective of the degree of
luminal stenosis within each segment (minimum=0, maxi-
mum=17). Each coronary segment was graded based on the
extent of coronary luminal obstruction, including normal,
mild (<50%), moderate (50—69 %), or severe (>70 %), with
assignment of scores of 0, 1, 2, or 3, respectively. Segmental
stenosis scores of all 17 coronary segments were summed
to yield a total score ranging from 0 to 51. Segments were
additionally graded by plaque composition (isolated calci-
fied, isolated noncalcified plaque, and mixed plaque). One
or more stenosis with >50% diameter-stenosis in at least
one major coronary artery or its branches was defined as
obstructive CAD, and >70 % stenosis was defined as severe
CAD. Calcium scores of 0, 1-100, 101-400, or >400 indi-
cated zero, mild, moderate, or severe coronary calcifica-
tion, respectively. The sensitivity, specificity, and accuracy
of MDCT were 85, 100, and 92 %, respectively, to detect
significantly stenotic lesions (>50% stenosis) using inva-
sive coronary angiography as the standard on a per-segment
analysis in 24 patients with CAD.

Epicardial adipose tissue

EAT was defined as the adipose tissue between the visceral
pericardium and heart surface (Fig. 1). Multiplanar recon-
structions of MDCT data were obtained in a standardized
ventricular short-axis plane at basal, midcavity, and apical
levels as well as in horizontal long-axis plane with a 3 mm
slice thickness and a 2 mm slice interval. Cross-sectional
area was measured on a workstation (Advantage Workstation
4.3; GE Healthcare). Adipose was identified as tissue with a
density between —30 and —190 Hounsfield units. To calculate
EAT volume, all axial images (approximately 200 per sub-
ject) were loaded into a workstation, and the pericardium was
manually traced in these images. Based on a random sample
of 60 images evaluated by two investigators, intra- and inter-
observer reproducibility for EAT volume measurements were
>0.95. EAT mass was defined as the product of EAT volume
and fat density (0.92 g/cm®) [20]. %EAT was calculated as the
ratio of EAT mass to body fat mass. BMI-indexed EAT, BSA-
indexed EAT, or WC-indexed EAT was calculated as the ratio
of EAT volume to BMI, BSA, or WC, respectively.

Statistical analysis

Sample size was calculated to detect an odds ratio of 3.0
in severe CAD among the two study groups: lower %EAT
and higher %EAT. Power analysis revealed a minimum of
202 participants per group with power 90% at a signifi-
cance level <0.05 for a two-sided test. Data are expressed
as meantstandard deviation or median (interquartile
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Fig. 1 Segmentation method
for the measurement of total
EAT volume. a The top
boundary is set at 1 cm above
the superior extent of the left
coronary artery (red line). b The
axial cut off of the top boundary
shows the presence of the right
pulmonary artery. The surround-
ing pericardium is identified by
orange arrows. ¢ Tracing the
pericardium in different multi-
planar reformations. d A density
range between —30 and —190
Hounsfield Units is employed to
identify adipose tissue

range). Frequencies are given as counts (%). Subjects were
divided into two groups (%EAT < or > the median value of
%EAT) according to %EAT. Baseline characteristics were
represented by lower- and higher-%EAT groups. The data
were tested for normal distribution prior to utilization in the
parametric analysis. The distribution of cardiovascular risk
factors was assessed, and differences in group means or pro-
portions were evaluated using Student’s ¢ test or Pearson’s
Chi-square test, as appropriate. In non-normally distributed
variables, differences in group medians were assessed using
a nonparametric test. Stepwise linear regression analysis
was performed using EAT mass or percentage as a depen-
dent variable and cardiovascular risk factors as independent
variables. Spearman rank correlations were determined
for adiposity parameters and coronary plaque scores. Area
under the receiver-operating characteristic curve (AUC)
analysis with non-parametric method was used to compare
adiposity parameters for their ability to predict CAD. The
highest value of Youden’s index was used to identify opti-
mal cutoff points. The Stata function “roccomp” was used
to test for AUC equality. Stepwise binary logistic regression
analyses were performed for independent variables related
to obstructive or severe CAD. The forward: likelihood ratio
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method was used to select variables for the final model.
Multicollinearity in the logistic regression solution was
detected by examining the standard errors for B coefficients.
Logistic regression models were evaluated using a 75/25%
cross-validation method. The AUC analysis, integrated
discrimination improvement (IDI) value, and net reclassi-
fication improvement (NRI) were used to assess the extent
to which EAT indices increased the discriminative perfor-
mance of CAD prediction. Forest plots were created to ana-
lyze subgroups for prediction of CAD by %EAT based on
sex, calcium score, FRS, or obesity. A probability value of
P <0.05 was considered statistically significant. All calcula-
tions were performed with SPSS statistical software (SPSS
18.0 version for windows, SPSS, Chicago, IL, USA) and
Stata (version 13.1; StataCorp, College Station, TX).

Results
Baseline characteristics

We consecutively enrolled 846 asymptomatic adults (70.8 %
male, 5619 years old) who showed a wide range of EAT,
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with a mean volume of 92 c¢m? (11-253 cm®), which cor-
responds to an EAT mass of 85 g (10-233 g) and a median
%EAT of 0.41 % (0.07—-1.21 %). The age of participants was
older and the proportion of males was greater in the higher
%EAT group (Table 1). There were significant increases in
the prevalence of hypertension and diabetes mellitus and
an increase in FRSs with increasing %EAT. Subjects with

increased %EAT were more likely to be receiving lipid-low-
ering drugs. This likely accounts for the fact that correlation
between higher %EAT and high total cholesterol level was
not a statistically significant difference. Adiposity measure-
ments varied with increasing %EAT. There was a significant
increase in EAT mass, decrease in BMI and body fat mass
and percentage, and no significant difference in BSA or

Table 1 Baseline characteristics according to lower and higher epicardial adipose tissue percentage (%EAT)

Alln=846 Lower (%EAT Higher (%EAT P value
<0.41%) n=423 >0.41%) n=423
Age, years 5619 5319 5819 <0.001
Male 599 (70.8) 261 (61.7) 338(79.9) <0.001
Smoking 126 (14.9) 61 (14.4) 65 (15.4) 0.70
Medical history
Hypertension 237 (28.0) 100 (23.6) 137 (32.4) 0.005
Metabolic syndrome 281 (33.2) 136 (32.2) 145 (34.3) 0.51
Diabetes mellitus 87 (10.3) 32(7.6) 55(13.0) 0.009
Lipid-lowering drugs 122 (14.4) 49 (11.6) 73 (17.3) 0.02
Framingham risk score, % 8.9(5.4/13.4) 7.7 (4.6/11.3) 10.3 (6.2/16.8) <0.001
Adiposity parameters
Body mass index, kg/m? 25.3+35 25.6£3.9 24.9+3.0 0.003
Body surface area, m? 1.77+0.18 1.76+0.19 1.77+0.16 0.60
Waist circumference, cm 9019 90+9 89+8 0.37
Body fat mass, kg 19.4£5.8 20.2+6.1 18.4£5.0 <0.001
Body fat percentage, % 27.7+5.0 28.8+4.8 26.5+5.0 <0.001
EAT volume, cm? 92+38 7126 113£37 <0.001
EAT mass, g 85+35 65124 104+34 <0.001
Biochemistry
Total cholesterol, mg/dL 203+36 203+35 203+37 0.99
LDL cholesterol, mg/dL 116431 116+30 116+33 0.92
HDL cholesterol, mg/dL 46£12 47£12 45+11 0.002
Triglyceride, mg/dL 113 (82/158) 106 (78/155) 118 (86/169) 0.005
HOMA-IR 1.3 (0.6/2.3) 1.3 (0.6/2.4) 1.2 (0.5/2.2) 0.26
y-glutamyl transpeptidase, U/L 21 (15/31) 20 (13/30) 22 (16/33) 0.002
C-reactive protein, mg/L 0.9 (0.5/1.8) 0.9 (0.5/1.6) 1.0 (0.5/2.0) 0.06
Coronary CT angiography findings
Calcium score 1 (0/54) 0 (0/16) 10 (0/97) <0.001
Segment-stenosis score 1(0/3) 0(0/2) 1 (0/4) <0.001
Segment-involvement score 1 (0/2) 0 (0/1) 1(0/3) <0.001
Obstructive stenosis 250 % diameter 203 (24.0) 49 (11.6) 154 (36.4) <0.001
By noncalcified plaque 93 (11.0) 23(5.4) 70 (16.5) <0.001
By mixed plaque 144 (17.0) 32(7.6) 112 (26.5) <0.001
By calcified plaque 42 (5.0) 11 (2.6) 31(7.3) 0.002
Severe stenosis >70 % diameter 54 (6.4) 13(3.1) 41(9.7) <0.001
By noncalcified plaque 18 (2.1) 2(0.5) 16 (3.8) 0.001
By mixed plaque 36 (4.3) 9(2.1) 27 (6.4) 0.002
By calcified plaque 4(0.5) 2(0.5) 2(0.5) 1.0

Data are expressed as n (%), mean+tstandard deviation, or median (1st/3rd quartile). P-values were determined by ¢ test or Chi-square test, as

appropriate

HDL high-density lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance index, LDL low-density lipoprotein
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WC with increasing %EAT. Among cardiovascular risk fac-
tors, triglyceride, y-GT, and CRP were significantly higher,
whereas HDL cholesterol level was significantly lower
with increasing %EAT. No difference was observed with
regard to smoking status, metabolic syndrome, and insulin
resistance index. Stepwise regression analysis showed that
higher %EAT was significantly associated with age, male
sex, lower BMI, and higher levels of CRP, y-GT, and tri-
glyceride (supplementary Table S1). Moreover, %EAT was
not significantly associated with insulin resistance index
(supplementary Table S2).

Adiposity parameters and CAD

A total of 203 (24%) and 54 (6.4%) subjects were found
to have obstructive CAD and severe CAD, respectively.
The median calcium score was 1.0 Agatston units, although
there was a very wide range (0-3682), and the score tended
to increase with %EAT. Segment-stenosis score, segment-
involvement score, and CAD prevalence all increased in the
higher %EAT group. Coronary artery plaque was detected in
475 (56.1%) subjects. Plaque of any type was shown in 1276
(8.8%) segments. The most common plaque type to cause
obstructive CAD or severe CAD was mixed plaque, followed
by noncalcified plaque and then calcified plaque (17, 11, and
5% for obstructive CAD, respectively, vs. 4.3,2.1, and 0.5%
for severe CAD). Within respective composition categories,
mixed plaque (59 %) was more obstructive at the 50 % thresh-
old compared to noncalcified plaque (40%) and calcified
plaque (10%). At the 70 % threshold, mixed plaque (8 %) and
noncalcified plaque (7%) were more often obstructive than
calcified plaques (1 %). All adiposity parameters were corre-
lated with calcium score and total plaque score (supplemen-
tary Table S2). Notably, %EAT and EAT-indexed parameters

also correlated well with mixed calcified score and noncalci-
fied plaque score. Among adiposity parameters for predict-
ing the presence of CAD, %EAT had the highest AUC and
the best discriminative performance with regard to EAT mass
and other EAT-indexed parameters (Table 2). %EAT had a
modest ability to detect obstructive CAD at an optimal cutoff
value of 0.41 % with a sensitivity of 76 % and a specificity of
58 % and to detect severe CAD at an optimal cutoff value of
0.47 % with a sensitivity of 76 % and a specificity of 66 %.
The AUCs for EAT mass and EAT-indexed parameters were
not significantly different. Further, body fat mass, BMI, BSA,
and WC had similar but not significant AUCs.

Prediction model

In the stepwise logistic regression model using the forward:
likelihood ratio method (Table 3), calcium score, FRS, and
%EAT category set by the optimal cutoff value were iden-
tified as independent predictors of obstructive or severe
CAD. Subjects with %EAT >0.41% had an increased odds
ratio for obstructive CAD [3.59 (2.28-5.64), P<0.001]
after adjusting for calcium score and FRS. The classifica-
tion accuracy rate was 86.1 %, which was greater than the
proportion by chance accuracy criterion of 79.4%. The
stepwise regression of training samples resulted in the same
number of steps as the full sample model. The classifica-
tion accuracy rate for the model using the training sample
was 86.6 %, compared to 85.3 % for the validation sample.
Shrinkage (accuracy for 75 % training sample - accuracy for
25 % validation sample) was <2 %, implying that validation
was successful. Thus, the logistic regression model based
on this analysis would be effective for predicting scores in
cases other than those included in the sample. Similarly,
those with %EAT >0.47 % had an increased ratio for severe

Table 2 Optimal cutoff points and areas under the receiver-operating characteristic curve for presence of obstructive or severe CAD

Variables Obstructive CAD Severe CAD

Cutoff AUC pP* P Cutoff AUC pP* P
Body mass index (BMI), kg/m? 23.8 0.531 (0.487-0.574)  0.002 <0.001 227 0.533 (0.463-0.602)  0.05 0.01
Body surface area (BSA), m? 1.67 0.510(0.467-0.553) <0.001  <0.001 1.71  0.519 (0.448-0.590) 0.04 0.004
Waist circumference (WC), cm 83.5 0.541 (0.497-0.585)  0.006 0.002 83.5 0.549 (0.476-0.622)  0.10 0.01
Body fat mass, kg 24.6 0.495 (0.450-0.540)  <0.001  <0.001  23.2 0.473 (0.397-0.549)  <0.001  <0.001
Epicardial adipose tissue (EAT), g 92.9 0.599 (0.553-0.645) — 0.02 93.8 0.597 (0.513-0.681)  — 0.02
%EAT 041  0.637 (0.593-0.681)  0.02 - 047  0.643 (0.566-0.721)  0.02 -
BMI-indexed EAT, cm?/(kg/m?) 3.60 0.607 (0.561-0.652) 0.28 0.01 4.03  0.608 (0.522-0.693)  0.19 0.03
BSA-indexed EAT, cm®/m? 56.1 0.606 (0.560-0.652)  0.18 0.03 56.1 0.603 (0.519-0.687)  0.46 0.03
WC-indexed EAT, cm®/cm 1.09  0.605 (0.560-0.651) 0.25 0.02 1.1 0.599 (0.516-0.683)  0.70 0.02

Data are expressed as mean (95 % confidence interval)

AUC area under the receiver-operating characteristic curve, CAD coronary artery disease

* P for comparison of AUC curve with EAT AUC
** P for comparison of AUC curve with %EAT AUC
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Table 3 Stepwise multivariable logistic regression analysis for determining the predictors of obstructive or severe CAD

Obstructive CAD Severe CAD

Odds ratio 95% CI B SE P Odds ratio 95% CI B SE P
Calcium score 1.01 1.008-1.013 0.001 <0.001 1.002 1.001-1.002 0.001 <0.001
Framingham risk score 1.04 1.01-1.06 0.012 0.001 1.05 1.02-1.08 0.015 <0.001
C-reactive protein - - - - - - - -
Metabolic syndrome - - - - - - - -
EAT mass — - - - - - - -
%EAT 3.59 2.28-5.64 0.23 <0.001 4.01 2.01-7.99 0.35 <0.001
BMlI-indexed EAT - - - - - - - -
BSA-indexed EAT - - - - - - - -
WC-indexed EAT - - - - - - - -
Nagelkerke R’ 47% 31%

Stepwise model (n=846) includes calcium score, Framingham risk score, C-reactive protein, metabolic syndrome, and categorical variables
of adiposity parameters set by the optimal cutoff value for obstructive or severe CAD in Table 2. The forward: likelihood ratio method is
used to select variables for the final model. Standard errors of coefficients (B SE) are <2.0, indicating no multicollinearity among independent
variables. The values of Nagelkerke R? indicate good accuracy (47 %) in the prediction model of obstructive CAD and acceptable accuracy

(31 %) in that of severe CAD

BMI body mass index, BSA4 body surface area, CAD coronary artery disease, CI confidence interval, EAT epicardial adipose tissue, WC waist

circumference

CAD [4.01 (2.01-7.99), P<0.001] after adjusting for cal-
cium score and FRS. The classification accuracy rate was
94.0%, which was greater than the proportion by chance
accuracy criterion of 88.0%. The stepwise regression of
training sample resulted in the same number of steps as the
full sample model. The classification accuracy rate for the
model using the training sample was 94.6 %, compared to
92.9% for validation sample. Shrinkage was <2 %, imply-
ing the generalizability of the model to a larger population.
In the final regression model, the other variables including
CRP, metabolic syndrome, and categorical variables of EAT
volume and indices according to BMI, BSA, or WC set by
the optimal cutoff value were not included among the statis-
tically significant predictors. Compared to AUC curves con-
structed by the combination of risk score plus calcium score
(Table 4), adding the %EAT category marginally increased
AUC by 0.01-0.02 but significantly improved CAD predic-
tion using the IDI and NRI approaches. A slight increase in
the base model AUC by calcium score and FRS was found
after adding %EAT to this model but not after adding other
EAT-indices. Comparing the predicted and observed CAD
risk data, we found non-significant p-values for the Hos-
mer—Lemeshow statistics in the multiple variable models.

Subgroup analysis

In subgroup analysis for detecting the presence of CAD, the
%EAT odds ratio increased across FRS, calcium score, and
obesity categories (Fig. 2). When stratifying the population
by sex, we found similar results. For women, the prevalence

values of obstructive CAD and severe CAD were 13.8%
(34/247) and 2.8% (7/247), respectively. Among the adi-
posity parameters, %EAT had the highest AUC (0.63
for obstructive CAD, P=0.01 vs. 0.71 for severe CAD,
P <0.05) for predicting the presence of CAD. The optimal
cutoff values to detect obstructive CAD and severe CAD
in women were 0.41 and 0.48 %, respectively. For men,
the prevalence values of obstructive CAD and severe CAD
were 28.2% (169/599) and 7.8% (47/599), respectively.
Among adiposity parameters, %EAT had the highest AUC
(0.61 for obstructive CAD, P<0.001 vs. 0.61 for severe
CAD, P=0.01) for predicting the presence of CAD. Opti-
mal cutoff values to detect obstructive CAD and severe
CAD in men were 0.41 and 0.47 %, respectively. For the
prediction model examined, we observed no significant sex
interaction.

Discussion

To the best of our knowledge, this is the first study that reports
on the relationships between epicardial fat, body fat, and
CAD severity in a cohort of apparently healthy individuals
without a history of coronary intervention. First, we deter-
mined that epicardial fat was disproportionately increased in
older, male subjects with nonobesity, hypertriglyceridemia,
fatty liver, and a low-grade inflammatory state. Second, we
found that %EAT was significantly greater in patients with
coronary calcification, extensive and severe coronary ath-
erosclerosis, and obstructive plaques with noncalcified or
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Table 4 Comparison of CAD prediction models with and without %EAT over the cutoff value
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Severe CAD

Obstructive CAD

Vbariables®

P

NRI (SE)

P

AUC-Dif IDI (SE)

P

NRI (SE)

P

IDI (SE)

AUC-Dif

0.01
<0.001

0.35 (0.14)
0.83 (0.14)
0.42 (0.14)
0.36 (0.14)
0.36 (0.14)

0.71

<0.001

0.001 (0.003)
0.04 (0.008)
0.004 (0.004)
0.002 (0.003)
0.002 (0.003)

—0.003

<0.001
<0.001
<0.001
<0.001
<0.001

0.41 (0.08)
0.65 (0.08)
0.39 (0.08)
0.41 (0.08)
0.40 (0.08)

03

0.

0.02 (0.005) <0.001

0.007 (0.003)

—0.007

Base model + EAT

0.02
—0.004
—-0.004
—-0.005

0.01
—0.006
—-0.007
—0.006

Base model+%EAT

0.003
0.01
0.01

0.31
0.52
0.46

0.01
0.02
0.03

0.01 (0.004)
0.008 (0.003)
0.007 (0.003)

Base model+BMI-indexed EAT
Base model + BSA-indexed EAT

Base model + WC-indexed EAT

Base model (calcium score and Framingham risk score)

AUC area under the ROC curve, AUC-Dif difference between new model AUC and base model AUC, BMI body mass index, BSA body surface area, EAT epicardial adipose tissue, /DI

integrated discrimination improvement, NR/ net reclassification improvement, SE standard error, WC waist circumference

4 Categorical variables of adiposity parameters set by the optimal cutoff value for obstructive or severe CAD in Table 2

A Predicting obstructive CAD with %EAT>0.41%  n/N(%) OR (95%Cl)

Total I 203/846(24%) 3.6 (2.3-5.6)

Women RN T — 341247 (14%)  7.3(2.1-25)
Men —a— 169/599(28%) 3.2(1.9-5.3)
CaC <100 R — 82/689(12%)  3.8(2.1-6.6)
CaC 2100 — 121157(77%) 3.8(1.7-8.5)
FRS <10% —— 71/488(15%) 3.0 (1.5-6.1)
FRS210% . 132/358(37%) 4.5(2.4-8.5)
Non-obese .S 771397 (19%)  3.0(1.5-6.0)
Obese e 126/449(28%) 4.5(2.5-8.2)

0.1 1 10 100
Odds ratio
B Predicting severe CAD with %EAT>0.47% NN (%) OR(95%Cl)
Total 54/846(6%) 4.0 (2.0-8.0)
Women - 71247(3%)  7.8(1.1-56)
Men — 47/500(8%) 3.6 (1.7-7.4)
CaC <100 14/689(2%)  2.9(0.9-10)
CaC 2100 — 40/157(25%)  5.5(2.3-13)
FRS <10% L 16/488(3%)  3.0(1.1-8.4)
FRS210% —_—t— 38/358(11%)  6.9(2.6-18)
Non-obese . 24/397 (6%) 3.9 (1.4-11)
Obese e 30/449(7%)  5.1(1.9-14)
1 I MR . L e | n TR |
0.1 1 10 100
Odds ratio

Fig. 2 Forest plot for subgroup analysis based on categories of sex,
calcium score (CaC), FRS, or body fat percentage (%BF). The %BF
cutoff value for defining obesity was >25% in men and >35% in
women. a Predicting obstructive CAD with %EAT >0.41%. b Predict-
ing severe CAD with %EAT >0.47%. The odds ratios were adjusted
for FRS in the calcium score category, calcium score in the Framing-
ham risk category, or risk score and calcium score in sex or obesity
categories

mixed calcified components. Finally, we demonstrated that
%EAT was a significant predictor of CAD; %EAT had an
additional value for predicting the presence of obstructive
CAD beyond the calcium score and FRS. The use of %EAT
cutoff value to detect obstructive or severe CAD is valid
regardless of sex, obesity, FRS, or calcium score categories.

Epicardial fat increases with body fat [6]. Increased
%EAT could indicate a disproportionate increase in epi-
cardial fat in nonobese subjects or an excessive depot of
epicardial fat in obese subjects. We found both EAT mass
and %EAT were associated with aging and markers of
fatty liver. Moreover, despite the strong association of
EAT with insulin resistance, the association was attenu-
ated after adjusting for body fat. Generally, healthy adults
have subcutaneous fat greater than 90% of total body fat
[21]. Visceral fat increased with increasing subcutaneous fat
and epicardial fat shares with liver fat as a part of visceral
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fat. Functional subcutaneous fat stores lipids and can exert
a protective modulation of vascular function by secreting
adiponectin [22]. When subcutaneous adipose tissue cannot
remove free fatty acids from these organs, epicardial and
liver fat accumulation occurs, in conjunction with increased
production of inflammatory cytokines, decreased produc-
tion of adiponectin, and subsequent coronary atherosclero-
sis [23]. From this point of view, EAT is more like a marker
of age-related increase in general adiposity with visceral fat
distribution. Instead, increased %EAT is considered a mani-
festation of dysfunctional subcutaneous adipose tissue with
direct adverse proatherogenic effects to coronary arteries.

Additionally, we found that simple anthropometric mea-
sures such as BMI, BSA, or WC might fail to illustrate the
true CAD status of an individual, whereas %EAT, EAT, and
its indices were successful. Moreover, %EAT was better
correlated with mixed plaque score and noncalcified plaque
score, whereas EAT was better correlated with mixed calci-
fied score and calcified plaque score. The observed asso-
ciation between %EAT and CAD was stronger in subjects
with stenosis from mixed or noncalcified plaques than in
those from calcified plaques. Because mixed or noncalcified
plaque was more obstructive at the 50 and 70 % thresholds
than calcified plaque, these associations demonstrate that
%EAT is a better predictor of CAD than is EAT. Mahabadi
et al. [24] observed that EAT is associated with progression
of coronary calcium burden, especially in young subjects
and subjects with low calcium score at baseline. They also
observed that the effect of EAT on coronary calcium pro-
gression was more pronounced in subjects with lower BMI
(25 kg/m?) and decreases with increasing adiposity (BMI
<25 kg/m%; P=0.0001, BMI >40 kg/m* P=0.96). These
findings suggest that the impact of general adiposity on the
relationship between EAT and CAD is different for patients
with low and high BMIs. Together with our results, these
findings support the idea that EAT alone is linked to body
fat-related calcified plaque, whereas a disproportionately
increased EAT is further linked to more obstructive plaque
components (mixed plaque and noncalcified plaque).

Our study confirmed that increased EAT mass corre-
lates with coronary stenosis severity not only in nonobese
CAD patients, but also in obese subjects. Previous studies
using BSA-indexed EAT have shown similar results [25,
26]. Patients with a history of acute coronary syndrome
have higher BSA-indexed EAT than those without, and an
increased BSA-indexed EAT (>50 cm?/m?) is the strongest
independent determinant of the presence of total occlusion
[25]. Elevated BSA-indexed EAT might be related to con-
current presence of both myocardial ischemia and >50%
luminal diameter stenosis in patients without known CAD
[26]. We further demonstrated that %EAT is a better predic-
tor of presence of obstructive or severe CAD than are BSA-
indexed EAT and other EAT indices.

Notably, %EAT was a significant predictor of obstructive
CAD and had additional value in predicting CAD beyond
calcium score and FRS. %EAT >0.41 % independently pre-
dicted the presence of obstructive CAD, even after adjust-
ing for calcium score and FRS. Additionally, subjects
with %EAT >0.47% and calcium score 2100 or FRS >10
had a higher prevalence of severe CAD. These stepwise
increases in %EAT, FRS, and calcium score suggest that
these three independent predictors of CAD have a syner-
gistic effect on the progression of coronary artery stenosis.
This finding implies that reducing %EAT would improve
CAD progression. Consistent with this speculation, peroxi-
some-proliferator-activated receptor y agonists can lower
%EAT by increasing subcutaneous adipose tissue [27].
The PERISCOPE study showed that pioglitazone resulted
in a significant, —0.16 % decrease in coronary plaque vol-
ume over 18 months in diabetics [28]. Furthermore, recent
data from animal models showed that resecting epicardial
fat decreases the progression of CAD [29]. Weight loss by
caloric restriction and exercise in obese subjects is associ-
ated with a decrease in EAT, but it is still unknown whether
this is accompanied by a reduction in CAD progression [30].

Of note, coronary CT angiography exposes the sub-
ject to radiation, although technical advances continue to
improve image quality while reducing radiation exposure.
In the present study, we estimated that the radiation dose
from a 64-slice scanner for prospective and retrospective
ECG-gated examination was 5.3+£2.0 and 15.7£4.4 mSyv,
respectively. In mid-2010 after the introduction of a 256-
slice scanner with iterative reconstruction techniques
[31], the corresponding doses were reduced to 3.0+0.7
and 6.3+ 1.4 mSv. Thus, the radiation dose was quite high
because 55 % of the CT scanner was a conventional 64-slice
scanner before mid-2010, when dose reduction techniques
such as iterative reconstruction were unavailable. In fact,
the radiation doses between our study and others were simi-
lar [32].

This study had several limitations. MDCT is not reliable
to differentiate 50 and 70% stenosis due to the blooming
effect of the calcified components. Also, determining the
severity of coronary disease by visual quantification could
be arbitrary. To improve the precision of quantification, we
followed the SCCT guidelines for the interpretation and
reporting of coronary CT angiography [18], and the data
were analyzed by an experienced radiologist. Moreover,
instead of dual X-ray absorptiometry, we measured body
composition with a bioimpedance analyzer, as the method
is suitable for large-scale screening, and the measurements
have been validated by comparison with dual X-ray absorp-
tiometry [16, 17]. Thus, %EAT measurements had reason-
able reliability and validity. Further longitudinal studies are
warranted to verify the clinical applicability of %EAT in pre-
diction of CAD risk. Participants in our study were Chinese,
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and further studies are needed to demonstrate whether the
results are generalizable to different racial groups. For pop-
ulation-scale screening, studies to validate %EAT data from
non-contrast CT are warranted [33].

In conclusion, in a cohort of apparently healthy subjects,
a spillover of body fat at epicardium over a critical thresh-
old is associated with a higher prevalence of obstructive or
severe CAD, even after adjusting for calcium and Framing-
ham risk scores. Therefore, instead of measuring EAT mass
only, it is important to examine these subjects for both EAT
mass and body fat mass and to calculate the %EAT. This

screening might offer a new approach for primary preven-
tion of CAD.
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