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Abstract

Background Increased epicardial fat volume (EFV) has

been shown to be associated with coronary atherosclerosis.

While it is postulated to be an independent risk factor, a

possible mechanism is local or systemic inflammation. We

analyzed the relationship between coronary atherosclerosis,

quantified by coronary calcium in CT, epicardial fat vol-

ume and systemic inflammation.

Methods Using non-enhanced dual-source CT, we quan-

tified epicardial fat volume (EFV) and coronary artery

calcium (CAC) in 391 patients who underwent coronary

computed tomography for suspected coronary artery dis-

ease. In addition to traditional risk factors, serum markers

of systemic inflammation were measured (IL-1a, IL-2, IL-

4, IL-6, IL-7, IL-8, IL-10,IL-12, IL-13, IL-15, IL-17, IFN-c,

TNF-a, hs-CRP, GM-CS, G-CSF, MCP-1, MIP-1, Eotaxin

and IP-10). In 94 patients follow-up data were obtained

after 1.9 ± 0.5 years.

Results The 391 patients had a mean age of 60 ± 10 years,

and 69 % were males. Mean EFV was 116 ± 50 mL. Median

CAC was 12 (IQR 0; 152). CAC and EFV showed a significant

correlation (q = 0.37; P \ 0.001). EFV and CAC were sig-

nificantly correlated with the traditional risk factors like age,

male gender, diabetes, smoking and hypertension. With

regard to biomarkers, CAC was significantly associated

(negatively) to G-CSF and IL-13. EFV (median binned) was

significantly associated (positively) with IP-10 (P = 0.002)

and MCP-1 (q = 0.037). In follow-up, EFV showed a mean

annualized progression of 6 mL (IQR 3; 9) (P \ 0.001); CAC

progressed by a mean of six Agatston Units (IQR 0; 30). The

progression of CAC was significantly correlated with the

extent of EFV (P \ 0.001) while there was no significant

correlation between progression of EFV or CAC with sys-

temic inflammation markers.

Conclusion Epicardial fat volume and the baseline extent

as well as progression of coronary atherosclerosis—mea-

sured by the calcium score—are significantly correlated.

While both baseline EFV and CAC displayed significant

correlations with systemic inflammation markers,

biomarkers were not predictive of the progression of CAC

or EFV.
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Abbreviations

95 % CI 95 % Confidence interval

AU Agatston units

BMI Body mass index

CAC Coronary artery calcification

CAD Coronary artery disease

CT Computed tomography

CVD Cardiovascular disease

EFV Epicardial fat volume

HU Hounsfield units

IQR Interquartile range (lower; upper quartile)

mSv Millisievert

VOI Volume of interest
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Introduction

The major cause for coronary artery disease is atheroscle-

rosis, which is a chronic inflammatory disease, and

frequently accompanied by coronary calcification [1]. The

involved mediators of inflammation are numerous [2–7].

The exact mechanisms of vascular calcification remain,

however, unknown. Data from the Framingham Heart

Study provided a correlation between epicardial fat volume

with inflammatory markers [8]. The epicardial fat is fre-

quently discussed to be closely involved in this

inflammation progress [9–12] as it is a source of multiple

bioactive factors and proinflammatory cytokines [13].

Several studies have shown that the epicardial fat produces

multiple bioactive factors such as adiponectin, TNF-a,

several interleukines and chemokines (e.g. MCP-1) [14–

16]. These proinflammatory adipokines may locally inter-

act with the coronary arteries [17–19]. IL-13 induces

alternative macrophages differentiation and is a profibrotic

mediator [20] which can even influence wound healing in

infarction zones [21]. Furthermore, monocytes are impor-

tant for the initiation and progression of coronary artery

calcification [22, 23]. These cells are attracted by MCP-1,

thereby initiating vascular inflammation [24]. It could be

shown that MCP-1 was associated with risk factors for

atherosclerosis and could, therefore, be a biomarker target

for drug development [25]. On the other hand, the peri- or

epicardial fat has been shown to correlate with coronary

artery disease [26]. Patients with coronary artery disease

show enhanced inflammation in their epicardial fat [9].

High epicardial fat represents the strongest risk factor for

the presence of atherosclerosis [27]. It can be measured

easily by cardiac CT. It uses the same raw data as it is used

for so called calcium scanning. The CAC-Score or Agat-

ston-Score is most commonly used to quantify the amount

of calcium [28]. The amount of CAC is associated with the

total amount of coronary atherosclerosis and is predictive

of cardiovascular events [29].

We aimed to measure simultaneously coronary calcifi-

cation, epicardial fat and a broad spectrum of biomarkers to

examine potential associations among them.

Methods

Patients

391 patients with an enhanced risk for CAD underwent

coronary calcium scoring for risk stratification. All patients

gave written informed content and filled out a brief ques-

tionnaire. Blood was drawn prior to the examination and

stored for\4 h at 4 �C before processing. Plasma aliquots

were frozen at -80 �C until assays were performed. The

study was approved by the institutional ethics committee

for human subjects. Arterial hypertension was defined by

taking either antihypertensive drugs prescribed by a

physician or reported systolic blood pressures consistently

higher than 140 mmHg. Hyperlipidemia was defined by a

total cholesterol [200 mg/dL or the use of statins for hy-

perlipidemia at present or in the past. Smoking was defined

positive for all current or former smokers. Diabetes was

defined by the use of antidiabetic drugs.

Calcium scoring

Cardiac CT was performed using a MDCT Scanner (So-

matom Definition, Siemens, Erlangen, Germany).

According to a standard protocol, images were acquired with

1.2 mm collimation and reconstructed with 3.0 mm slice

thickness. Images were acquired using prospective trigger-

ing in axial acquisition mode and image acquisition was

triggered at 65 % of the cardiac cycle. All obtained scans

were analyzed using an off-line workstation (Leonardo,

Siemens Healthcare, Germany).

The software semiautomatically identifies calcified le-

sions with a densitiy of at least 130 Hounsfield units and a

minimum area of 0.5 mm2. The Agatston score was cal-

culated by multiplying the lesion area by a coefficient

based on the peak density within the plaque. The total

Agatston score (CAC score) was determined by summing

individual lesion scores from each of the four main coro-

nary arteries (left main, left anterior descending, circumflex

and right).

Epicardial fat measurement

Dedicated semi-automated software was used to quantify the

volume of epicardial fat. In the non-contrast CT data sets, the

pericardium was automatically segmented after estimating

cardiac orientation and aligning a heart model [30]. If nec-

essary, contours of the pericardium could be corrected by the

reader. As a result, a volume of interest (VOI) delineating the

pericardial sac was obtained. The fat content inside the VOI

was then isolated using HU thresholding, which was visually

adjusted by the user to ensure that all adipose tissue within

the pericardial sac was included.

Luminex-based analysis

The simultaneous analysis of the cytokine concentrations was

performed with the bead-based multiplexing technology using

the assay from Linco Research (St. Charles, USA) and the

Luminex platform. Briefly, standards, blanks, controls and the

patients’ samples were applied in duplicate and incubated with

the suspension of beads covered with antibodies specific for the
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analyzed molecules. Following the incubation and the washing

steps, the cocktail of biotinylated detection antibodies was ap-

plied, followed by the incubation with the streptavidin–

phycoerythrin solution. The fluorescence signal was read on the

Luminex 100 IS reader.

Statistical analysis

All continuous data are expressed as mean ± SD with

exception of non normally distributed data, for which

median and interquartile range as 1st and 3rd quartile are

reported. The cytokine data were presented in boxplots

using logarithmic scale.

Univarible correlations were analyzed using Spearman’s

rho correlation coefficient.

Two groups ‘‘High’’ and ‘‘Low’’ were built for EFV and

its progression using the median. Differences across groups

were tested by the independent samples Mann–Whitney

U test. A multivariable logistic regression model including

age, sex, cardiovascular risk factors and several cytokines

binned by median was used to find independent factors for

high epicardial fat volume. Non significant factors were

stepwise excluded by the Wald algorithm.

Statistical analyses were performed using IBM� (New

York) SPSS� Statistics (version 21.0) on Windows�.

Results

391 patients—272 males (69 %)—were included in the

study (Table 1). Mean age was 58.8 ± 10.0 years, and

mean BMI was 27.1 ± 3.9 kg/m2. Patients had at mean

2.2 ± 1.1 risk factors. Diabetes mellitus was present in 38

patients (9.7 %), arterial hypertension in 252 patients

(64.5 %), hyperlipidemia in 248 patients (63.4 %) and fa-

milial history for CAD in 151 patients (38.6 %). At the

baseline median CAC was 12 AU (IQR 0; 152) and EFV

was 116 ± 50 mL. In our analysis CAC and EFV showed a

significant correlation (q = 0.37; P \ 0.001).

While overall CAC was at median 12 AU (IQR 0, 152),

CAC in the Low-EFV group was 0 AU (O, 53) and 62 AU

(4; 164) in the High-EFV group. High-EFV also correlated

significantly with BMI (28.6 ± 3.9 for High-EFV vs.

25.6 ± 3.3 kg/m2 for Low-EFV; P \ 0.001), male gender

(155 vs. 117 patients, P \ 0.001), diabetes (25 vs. 13 pa-

tients, P = 0.036), arterial hypertension (147 vs. 105

patients, P \ 0.001) and smoking (100 vs. 65 patients,

P \ 0.001). All patients with EFV[115 mL had 2.5 ± 1.1

risk factors. Patients with EFV B115 mL had 1.9 ± 1.1

risk factors which was statistically significant (P \ 0.001).

Hyperlipidemia (P = 0.21) and familial history (P = 0.99)

were not associated with baseline EFV in this study

(Table 1).

Regarding biomarkers EFV was significantly associated

with MCP-1 (P = 0.037) and IP-10 (P = 0.002) (Fig. 1;

Table 2) while CAC was significantly correlated with G-

CSF (P = 0.016) and IL-13 (P = 0.041) (Table 2). Other

biomarkers showed no associations with EFV and CAC in

this study. In multivariable analysis IP-10 (values[150 pg/

mL) remained as the only predictive biomarker for High-

EFV with an odds ratio of 1.68 (95 % CI 1.05; 2.68;

P = 0.029). Regarding traditional risk factors, obesity (OR

5.08; CI 2.65; 9.75; P \ 0.001), male gender (OR 3.25 CI

Table 1 Patient characteristics, traditional risk factors and coronary artery calcification in groups of epicardial fat volume and its progression

All EFV binned by median 115 mL Diff %/a EFV binned by median 3.6 %

Lo Hi P value Lo Hi P value

n 391 197 194 47 47

Age (years) 58.8 ± 10.0 57.6 ± 10.9 60.1 ± 8.8 0.032 61.4 ± 9.7 59.1 ± 10.5 0.24

Male 272 (69.6) 117 (59.4) 155 (79.9) \0.001 29 (61.7) 37 (78.7) 0.07

BMI (kg/m2) 27.1 ± 3.9 25.6 ± 3.3 28.6 ± 3.9 \0.001 26.9 ± 3.7 27.6 ± 4.8 0.39

Cardiovascular risk factors (%)

Diabetes 38 (9.7) 13 (6.6) 25 (12.9) 0.036 3 (6.4) 6 (12.8) 0.29

Hypertension 252 (64.5) 105 (53.3) 147 (75.8) \0.001 35 (74.5) 28 (59.6) 0.12

Hyperlipidemia 248 (63.4) 119 (60.4) 129 (66.5) 0.21 33 (70.2) 26 (55.3) 0.14

Smoker 165 (42.2) 65 (33.0) 100 (51.5) \0.001 19 (40.4) 17 (36.2) 0.67

Familial history 151 (38.6) 76 (38.6) 75 (38.7) 0.99 23 (48.9) 16 (34.0) 0.14

No. of risk factors 2.2 ± 1.1 1.9 ± 1.1 2.5 ± 1.0 \0.001 2.4 ± 0.9 2.0 ± 1.1 0.06

CAC (AU)*

CAC baseline 12 (0; 152) 0 (0; 53) 62 (4;164) \0.001 7 (0; 157) 22 (0; 197) 0.63

Diff/a CAC 4 (0; 30) 0 (0; 0) 13 (2; 47) \0.001

Asterisk indicates statistically significant value at P \ 0.05

Diff/a annualized differences, Diff %/a annualized relative differences (%), Smoker current or prior
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1.92; 5.51; P \ 0.001), hypertension (OR 2.71; CI 1.63;

4.51; P \ 0.001), age [60 years (OR 1.95, CI 1.19; 3.18;

P = 0.008) and smoking (OR 1.93; CI 1.20; 3.11,

P = 0.007) were significantly associated with high epicar-

dial fat in multivariable analysis (Fig. 2).

For 94 patients follow-up data could be obtained after

1.9 ± 0.5 years. The overall annualized progression of

CAC was at median 4 AU (IQR 0;13). High-EFV at

baseline was significantly correlated with the progression

of CAC. While patients with Low-EFV at baseline showed

no progression of CAC, patients with High-EFV at baseline

had a progression of 13 AU (IQR 2; 47) at follow-up which

was statistically highly significant (P \ 0.001). Regarding

the annualized relative difference of EFV, associations

were found for IP-10 (P = 0.049) and MCP-1 (P = 0.05)

(Fig. 3).

Discussion

In our study epicardial fat and coronary artery calcification

showed a high significant correlation. This information

corresponds well to results from previous studies like the

P=0.002 P=0.037 P=0.62 P=0.28

EFV  (binned by median 115 mL)

IP- 10 MCP- 1  IL-6 TNF- α

Fig. 1 Association of selected biomarkers with EFV

Table 2 Correlation between selected parameters

EFV CAC Age BMI

EFV – 0.37 (<0.001) 0.19 (<0.001) 0.43 (<0.001)

CAC 0.37 (<0.001) – 0.32 (<0.001) 0.04 (0.46)

Age 0.19 (<0.001) 0.32 (<0.001) – -0.09 (0.07)

BMI 0.43 (<0.001) 0.04 (0.46) -0.09 (0.07) –

Biomarkers

IL-13 -0.10 (0.06) 20.10 (0.041) 0.09 (0.07) 20.15 (0.003)

IL-6 -0.08 (0.10) 0.02 (0.72) 0.13 (0.011) -0.06 (0.20)

TNF-a 0.02 (0.73) 0.02 (0.69) 0.05 (0.32) 0.03 (0.61)

CRP -0.004 (0.94) 0.03 (0.52) 0.05 (0.30) 0.09 (0.07)

G-CSF -0.06 (0.23) 20.12 (0.016) 0.02 (0.74) -0.08 (0.11)

MCP-1 0.06 (0.27) 0.08 (0.10) -0.06 (0.27) 0.06 (0.22)

IP-10 0.14 (0.005) 0.09 (0.08) 0.04 (0.49) 0.06 (0.20)

Table shows Spearman’s rho (P values in brackets), bold significant
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Framingham Heart Study [31] or the Multi-Ethnic Study of

Atherosclerosis (MESA) [32]. We could further show that

high epicardial fat volume at baseline is significantly cor-

related with the progression of coronary atherosclerosis.

While patients with low epicardial fat at baseline showed

no progression of CAC, patients with high epicardial fat

volume at baseline had a significant extent of coronary

heart disease. Epicardial fat is also significantly correlated

to the traditional cardiovascular risk factors such as male

gender, age, hypertension, diabetes and smoking; this is a

result of our study which confirms previous trials [33].

Regarding biomarkers, CAC was significantly associat-

ed (negatively) with G-CSF and IL-13. The contribution of

G-CSF could potentially be due to its increased stimulatory

effects on the mobilization of CD34 ?/KDR ? cells [34].

A correlation of higher CAC and G-CSF had been showed

for subgroups in other studies as well [7, 34], e.g. in pa-

tients with acute myocardial infarction the combination of

G-CSF and GM-CSF induced a CD14 ?/KDR ? cell

population with potential pro-angiogenic properties [35]. In

our study G-CSF—like the BMI—is differently associated

with EFV as compared to the association pattern of CAC.

Plasma levels of the anti-inflammatory cytokine IL-13 were

significantly reduced in patients with higher calcification,

which has already been predescribed as an independent

predictor for higher CAC [7].

These findings suggest that there may be a future role for

these cytokines in the diagnostic and therapeutic pathway

for CAD. MCP-1 and IP-10 were significantly associated

with higher epicardial fat volume, and IP-10 even remained

5.08 [2.65;9.75] (<0.001)

3.25 [1.92;5.51] (<0.001)

2.71 [1.63;4.51] (<0.001)

1.95 [1.19;3.18] (0.008)

1.93 [1.20;3.11] (0.007)

1.68 [1.05;2.68] (0.029)

1.58 [0.71;3.54] (0.26)

1.28 [0.79;2.08] (0.31)

1.03 [0.64;1.66] (0.91)

0.5 1 2 4 8 16

Hyperlipidemia
Familial history

Diabetes
IP-10 > 150 pg/mL

Smoker
Age > 60 years

Hypertension
Male gender

Obesity

Odds ratio EFV (Hi vs Lo) [95%CI] (P-value)

Fig. 2 Multivariable analysis

showing IP-10 as the only

remaining biomarker for High-

EFV. Hi: EFV [115 mL

P=0.049 P=0.05 P=0.99P=0.18

Annualized relative difference of EFV  (binned by median 3,6 %)

IP-10 MCP-1 IL-6 TNF-α

Fig. 3 Association of selected biomarkers with the annualized progression of EFV
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as an independent risk factor for EFV in our multivariable

analysis. MCP-1 has already been reported to be a potential

biomarker target for drug development [11] as it plays a

central role in vascular inflammation. Both IP-10 and

MCP-10 have been reported to play a pivotal role in the

progression of atherosclerosis [36].

In conclusion, IL-13, G-CSF, MCP-1 and especially IP-

10 could be shown to be involved in the inflammatory

progress of high EFV and CAC and may play a role in the

diagnostic work up. Beside the confirmation of significant

correlation of epicardial fat volume with traditional risk

factors we could show that high basal epicardial fat volume

is associated with progression of coronary atherosclerosis

while low basal epicardial fat is not.
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