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Abstract

Objective—Our aim was to determine the relationship of various thoracic fat depots to the
presence and extent of coronary artery plaque and circulating biomarkers.

Methods—In 342 patients (5211 years, 61% male, BMI 29.1+5.9 kg/m?2) with coronary CT
angiography, we measured the fat volume in four thoracic depots (pericoronary, epicardial,
periaortic, extracardiac), assessed coronary plaque and determined the circulating level of C-
reactive protein, tumor necrosis factor alpha, plasminogen activator inhibitor-1, monocyte
chemoattractant-1, and adiponectin. Extent of coronary plaque was classified into 3 groups: 0, 1-3
and >3 segments.

Results—Patients with plaque (n=169, 49%) had higher volumes of all 4 fat depots as compared
to patients without plaque (all p<0.01), despite similar BMI (p=0.18). Extracardiac fat was most
strongly correlated with BMI (r=0.45, p<0.001), while pericoronary fat was least (r=0.21,
p<0.001). Only pericoronary fat remained associated with coronary plaque in adjusted analyses.
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Inflammatory biomarkers showed a positive correlation with pericoronary fat (all p<0.0001),
whereas adiponectin was not associated to this fat compartment (p=0.60) and showed a negative
correlation with all other fat depots (all p<0.001).

Conclusion—Pericoronary fat is independently associated with CAD. Its correlation with
inflammatory biomarkers suggests that while systemic inflammation plays a role in the
pathogenesis of CAD, there are additional local effects that may exist.
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Introduction

An influence of various thoracic fat depots on development of coronary artery disease
(CAD) has been suggested, as elevated visceral fat volume is closely associated to
cardiovascular risk factors! and the presence of cardiovascular disease?. A variety of fat
depots have been found to be associated with coronary atherosclerotic disease burden
including epicardial, periaortic, intrathoracic fat, and visceral abdominal fat3-10, It has been
suggested that regional fat depots may have a greater influence on the development of CAD
rather than overall measures of adiposity? 10-12, Although perivascular fat depots may be
smaller in volume compared to overall subcutaneous fat tissue, their close proximity to the
vessel intima may lead to increased risk of atherogenesis through paracrine inflammatory
effects® 13. 14,

Pericoronary fat is part of the epicardial adipose tissue that directly surrounds the coronary
arteries. It has been suggested that pro-inflammatory cytokines produced by pericoronary fat
might amplify vascular inflammation in the local environment leading to atherogenesis,
plaque instability, and neovascularization13: 15. 16 \We recently described a new volumetric
method of measuring pericoronary fat quantity and in a pilot study we found that
pericoronary fat volume is increased in patients and surrounding vessels with coronary
plaquel’.

Coronary computed tomography angiography (CT) allows for simultaneous assessment of
coronary atherosclerosis (non-calcified and calcified plaques) and thoracic fat volumes?2. It
is not yet known which thoracic fat depot is most strongly associated with the presence of
CAD. To better understand the relationship of fat and CAD, we aimed to determine the
association of four different thoracic fat depots including pericoronary, epicardial, periaortic,
and extracardiac fat to the presence and extent of CAD as measured by contrast-enhanced
CT.

Inflammatory processes have evolved as important mediators of all stages of
atherosclerosis1®. To assess systemic inflammation we determined the circulating levels of
C-reactive protein (CRP), tumor necrosis factor alpha (TNFa), plasminogen activator
inhibitor-1 (PAI-1), and monocyte chemoattractant protein-1 (MCP-1). In addition we
measured adiponectin, which plays a role in the development of insulin resistance and
atherosclerosis through its potent anti-inflammatory and anti-atherogenic effects.
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Methods
Study population

From May 2005 to May 2007 consecutive subjects were prospectively enrolled as part of the
ROMICAT (Rule Out Myocardial Infarction using Computer Assisted Tomography) trial
(NCT00990262). Details of the study have been previously reported?0. Briefly, the main
inclusion criteria were: patients with age >18 years and admitted to rule out myocardial
infarction through standard care protocols. The main exclusion criteria were; Elevated
troponin | or CK-MB levels in the initial blood sample obtained in the emergency
department; new diagnostic ECG changes for myocardial infarction; hemodynamic or
clinical instability; history of established CAD, defined as stent implantation or coronary
artery bypass grafting. From the 368 ROMICAT patients who underwent 64-slice multi-
detector CT, only patients where pericoronary, epicardial, periaortic, and intrathoracic fat
(Figure 1) were available for measurements were included in this analysis. We excluded a
total of 26 patients who did not have axial images extending caudally to allow for
measurement of periaortic fat and thus included a total of 342 patients.

Computed Tomography Imaging Protocol

CT imaging was performed using a standard coronary artery 64-slice multidetector CT
(Sensation 64, Siemens Medical Solutions, Forchheim, Germany) imaging protocol using a
330 ms rotation time, 32 x 0.6 mm collimation, tube voltage of 120 kVp, and maximum
effective tube current-time product of 850 mAs, which has been published previouslyZ°.

Adipose Tissue Assessment

Pericoronary Adipose Tissue—Pericoronary fat volume (Figure 1A) was measured
using a method of threshold-based volumetric pericoronary fat volume (cm3) assessment
based on a modified application of software for coronary plaque quantificationl’. Briefly,
pericoronary fat measurements started at the ostium of the left main (LM)/left anterior
descending coronary artery (LAD), left circumflex artery (LCx), and right coronary artery
(RCA) and continued to a distance of 40 mm. Manual tracing was used to circle the region
containing pericoronary fat in cross-sectional images perpendicular to the vessel centerline
in every 5 mm. The exact pericoronary fat volume within the manually traced region was
calculated by the software using Hounsfield unit (HU) based thresholds. VVoxels with values
between the minimum setting of the SUREPlaque (Vitrea 2, Version 3.9.0.1, Vital Images
Inc, Plymouth, MN) tool (-149HU) and an upper threshold of —30HU were used to
represent adipose tissue, and the total pericoronary volume was calculated by summing these
voxels along the course of each coronary artery.

Epicardial Adipose Tissue (Excluding Pericoronary)—Epicardial fat volume
(Figure 1B), defined as adipose tissue contained within the visceral pericardium, in cm3 was
measured according to the method previously described3. Briefly, measurements were made
on axial CT images using a semiautomatic software program (Volume Viewer, Siemens
Medical Solutions, Forchheim, Germany) at 10 mm intervals with interpolation of fat
volume between the planar regions of interest. Manual adjustment was made when
necessary to correct for interpolation errors and tracings were confirmed through use of
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sagittal and coronal planes. Pixels with HU values of —190 to —30 within the selected region
were defined as adipose tissue. Epicardial fat volume used for analysis was calculated as the
absolute difference between the measured epicardial fat and pericoronary fat volumes.

Periaortic Adipose Tissue—~Periaortic fat volume (Figure 1C) was measured in
accordance with the previously published methods using a semiautomated method on a
dedicated offline workstation (Volume Viewer, Siemens Medical Solutions, Forchheim,
Germany)®8: 21, Briefly, the volume of interest was defined by an approximately 7.0 cm
vertical column of fat surrounding the thoracic aorta between the pulmonary artery
bifurcation and the diaphragm?1. Periaortic fat was defined by voxels between —190 and —30
HU within this columnar region of interest, and total periaortic fat volume was determined.

Extracardiac Adipose Tissue—*For the calculation of the extracardiac fat volume in
cm3 we have subtracted epicardial fat volume from the sum of intrathoracic fat and
periaortic fat volumes. Intrathoracic fat volume (Figure 1D) defined as all fat contained
within the mediastinum?3. For intrathoracic fat measurements, the mediastinum was defined
as the area bordered by the sternum anteriorly, anterior wall of the descending aorta
posteriorly, the center of the right pulmonary artery superiorly, and the diaphragm inferiorly.
Pixels from —190 to —30 HU within the mediastinal boundaries were defined as intrathoracic
fat.

Coronary Artery Plague Assessment—Presence of coronary artery plaque by CT was
assessed based on a 17-segment model2%: 22, Extent of coronary artery plague burden was
examined by stratifying patients into 3 groups, those with 0 segments containing plaque, 1-3
segments containing plaque, or >3 segments containing plaque.

Biomarker Testing—Peripheral venous samples for biomarker testing were collected at
the time of the CT scan. Samples were collected into ethylenediaminetetraacetic acid
(EDTA) coated tubes and non-coated tubes, and immediately centrifuged. The aliquoted
plasma and serum were stored in microcentrifuge tubes at —80°C until assayed. Specimens
were tested on the first freeze thaw cycle. All analyses were performed in an independent
laboratory (Biomarker Laboratory at the Department of Cardiology, University of Ulm,
Germany) in a blinded fashion, irrespective of the clinical and CT findings. Concentration of
hs-CRP was measured nephelometrically on a BN 1l analyzer (Dade-Behring, Marburg,
Germany). Enzyme-linked immunosorbent assays (ELISA) from R&D Systems
(Wiesbaden, Germany) were used to measure TNF-a, PAI-1, MCP-1, and adiponectin. The
intra-assay coefficient of variation (CV) and inter-run CV were <10% for all markers.

Statistical Analysis—Continuous variables are reported as mean + standard deviation
(SD) or median and interquartile range (IQR), as appropriate. Discrete variables are given in
frequency and percentiles. To compare the differences in characteristics between patients
with and without CAD, we used t-test or Wilcoxon rank sum test for continuous variables
and Chi-square test or Fisher’s exact test for categorical variables as appropriate. We used
Pearson’s correlation to compare the normally distributed fat depots with each other and to
BMI. We used the partial Spearman’s correlation to assess the strength of association
between non-normally distributed biomarker levels and fat compartments, adjusting for
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Results

presence of coronary plaque. For the association of each of the fat depots to the presence of
coronary artery plaque as well as the extent of plaque, we used logistic regression based on a
per 10 cm?3 increase. Ordinal logistic regression analysis was adjusted for age, gender,
diabetes, hypertension, dyslipidemia, smoking, BMI, aspirin use, and statin use. A two-
tailed p-value of <0.05 was considered significant. All analyses were performed using the
SAS software (Version 9.2, SAS Institute Inc, Cary, North Carolina).

The demographic characteristics of the 342 patients are described in Table 1. Patients with
coronary plaque were predominately male and had an increased rate of cardiovascular risk
factors such as hypertension, dyslipidemia, and smoking compared to those without CAD,
all p values p<0.01. There was no significant difference in race, BMI, prevalence of
diabetes, or family history of premature CAD between patients with and without CAD.

Correlation of fat depots to BMI

Association

Association

Association

Table 2 demonstrates that all four fat depots were highly correlated with each other and
showed a modest positive correlation with BMI. The largest adipose tissue depot,
extracardiac fat (volume 99.9+63.2 cm3), was most strongly correlated with BMI, (r=0.45,
p<0.001). The pericoronary fat depot (volume 29.9+17.1 cm3) was least correlated to BMI
(r=0.21, p<0.001).

of fat depots to presence of coronary plaque

Despite no difference in BMI (p=0.18), patients with coronary plaque had higher volumes of
all fat depots as compared to patients without plaque (all p<0.01). We used logistic
regression to determine the association between fat depots and the presence of plaque on a
per patient basis. All four fat depots were associated with the presence of any coronary
artery plaque in unadjusted analysis, all p <0.001 (Table 3). In adjusted analyses only
pericoronary fat were found to be independently associated to the presence of coronary
artery plaque (p=0.006), while epicardial, periaortic and extracardiac fat depots were not (all
p=0.08), Figure 2A.

of fat depots to extent of coronary plaque

We examined the association between the four fat depots to the extent of plaque and found
that pericoronary fat remained associated in adjusted analysis in patients with at least one
segment of plaque as compared to those without plaque, irrespective of amount of plaque
burden (Figure 2B and Table 4). In addition, periaortic fat showed an association with CAD
that affects more than 3 segments of the coronaries (p=0.03).

of fat depots to circulating levels of biomarkers

We also examined the correlation between the various fat depots and markers of
inflammation independent of CAD. Table 5 demonstrates that the circulating hsCRP and
PAI-1 levels showed a modest positive correlation with all fat depots (all p<0.003).
Whereas, TNFa level showed a modest positive correlation only with the perivascular fat
depots, such as the pericoronary and periaortic fat compartments (p<0.0001 and p=0.02,
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respectively). MCP-1 correlated with the fat compartments closest to the heart, pericoronary
and epicardial fat compartments (p<0.0001 and p=0.006, respectively). On the other hand,
adiponectin was not associated with the pericoronary fat depot. However, it showed a
modest negative correlation with epicardial (p=0.001), periaortic (p<0.0001) and
extracardiac (p<0.000) fat compartments.

Discussion

The study provides a mechanistic view on various fat compartments located in the thorax
and their relationship to coronary artery plaque and systemic markers of inflammation. We
found that all four thoracic fat depots were higher in patients with coronary plaque
compared to those without despite no difference in BMI. Correlation of the fat depots to
BMI was moderate for epicardial, periaortic, and extracardiac fat depots and it was modest
for the pericoronary fat compartment. The strength of association to coronary plaque was
dependent on the proximity of the fat depot to the coronary arteries. Furthermore, there was
an association between higher volumes of perivascular fat depots to the presence of plaque,
and more specifically pericoronary fat to presence of CAD irrespective of the extent of
CAD. Despite being the least correlated to BMI, pericoronary fat, which is one of the
smallest fat depots yet closest in proximity to the coronary vasculature, was most
consistently associated with CAD. Interestingly, the fat depots farther from the coronary
vasculature (epicardial, periaortic and extracardiac) attenuated in their association to CAD
after adjustment for cardiovascular risk factors. Furthermore, circulatory biomarkers of
inflammation showed the strongest positive correlation with fat compartments closest to the
coronary arteries. Interestingly, adiponectin was not associated with pericoronary adipose
tissue, and it showed a negative correlation with the other intrathoracic fat depots.

It has long been understood that increased adipose tissue volume and elevated BMI is
associated with increase in cardiovascular disease risk23. Our study further extends to the
relationship of the local fat volumes closest to the heart and their relationship to CAD. Our
findings that increased volume of thoracic fat depots closest to the coronary vessels are
associated to presence of coronary plaque are consistent with previous studies that showed
that pericoronary fat is associated with coronary atherosclerosis in the local underlying
coronary segment in patients with known or suspected CAD®.

We found that the adipose tissue depot in closest proximity to the coronary artery vessels
(pericoronary fat compartment) remained independently associated to the presence of
coronary plaque even following adjustment for BMI and other CAD risk factors. Notably,
pericoronary adipose tissue was found to be the least correlated to BMI in our analysis. This
further suggests the presence of a local atherogenic effect of adipose tissue. These results
suggest that coronary atherosclerosis might be influenced by the fat depot in closest
proximity to the coronary vasculature. Furthermore, to account for systemic inflammation,
which is a well known risk factor of CAD, we have assessed the levels of several
inflammatory biomarkers. The intrathoracic fat depots showed an association with
circulating inflammatory biomarker levels irrespective of CAD. The strongest correlations
were present between hsCRP and PAI-1 and the fat depots. These findings are consistent
with previous studies describing increased inflammatory status and the predisposition of
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thrombosis in patients with increased adipose tissue volumes24. Adiponectin was not
associated to the pericoronary fat tissue and it showed an inverse relationship with all other
intrathoracic fat compartments. Mechanistically, this finding is consistent with the results of
a recently published meta-analysis, which showed no association between adiponectin and
CAD?,

It has been suggested that locally acting perivascular fat depots such as pericoronary fat may
contribute to the development of cardiovascular disease through the modulation of vascular
tone, oxidative stress, and inflammation26: 27, Thoracic fat located close to the coronary
arteries has also been shown to be associated to the presence of calcified plaque in large
population based studies such as the Multi-Ethnic Study of Atherosclerosis®. Importantly,
EAT and PCAT are most probably consisting of the same type of metabolically active
adipose tissue, however their difference in proximity from the coronary wall what renders
potentially different pathophysiologic roles in the process of atherogenesis. The mechanism
of action of local perivascular fat depots on the development of CAD is currently under
investigation, and multiple studies have shown that visceral fat secretes a variety of
inflammatory cytokines including interleukin-6, adiponectin, and TNFq13:28-31,
Adipocytokines secreted by local fat tissue may diffuse into the vessel wall promoting the
development of atherosclerosis independent of the effects of total body fat stores or systemic
levels of inflammation. In addition, a genome wide association study has recently shown a
specific genetic locus to be associated with the ectopic deposition of fat, further emphasizing
the unique role of the adipose tissue located within the pericardium32.

Taken together, our results support the current literature suggesting that there is a local
effect of pericoronary adipose tissue on the development of CAD. Our results also suggest
that that there is a gradient in terms of CAD risk from extracardiac fat compartment towards
the pericoronary adipose tissue depot. Furthermore, the circulatory markers of inflammation
were correlated to the intrathoracic fat compartments irrespective of CAD, which
underscores the endocrine organ-like functions of adipose tissue.

Limitations

There are several limitations to the current study. The ROMICAT cohort included patients
with no prior history of CAD who presented to the emergency department with acute chest
pain, thus the results of this study may not be applicable to patients with pre-existing CAD.
Differences in Hounsfield unit cut off values for measuring pericoronary and the other
adipose tissue depots due to software limitations needs to be addressed in future studies
where all four perivascular fat depots are measured with the same software program and HU
thresholds. In the future, measurement of visceral fat depots would be of interest in addition
to thoracic fat depots.

Conclusions

Of the thoracic fat depots, pericoronary fat is associated with coronary atherosclerosis
independently of the standard measures of obesity such as BMI. Furthermore, its correlation
with inflammatory biomarkers but not adiponectin, a marker of visceral fat, suggests that
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while systemic inflammation plays a role in the pathogenesis of coronary atherosclerosis,
there are additional local effects that exist.
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Coronary artery disease

C-reactive protein
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Hounsfield unit

left anterior descending coronary artery
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MCP-1 monocyte chemoattractant-1

PAI-1 plasminogen activator inhibitor-1
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Figure 1.
Depiction of thoracic adipose tissue depots on contrast enhanced cardiac computed

tomography: A) Pericoronary, B) Epicardial, C) Periaortic, D) Intrathoracic fat depots. A.
Pericoronary fat is indicated by red voxels. Green voxels represent the coronary vessel
lumen. B. Epicardial fat (pink) includes all fat contained within the visceral pericardium.
Epicardial fat includes all pericoronary fat. C. Periaortic fat (yellow) includes fat
surrounding the descending thoracic aorta. D. Intrathoracic fat (purple) is entirety of fat
within the thorax including the areas of fat within the pericardium and external to the
pericardium is intrathoracic fat.
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The relationship of thoracic adipose tissue volumes (per 10 cm?3 increase) to the presence of
coronary atherosclerotic plaque (A) and the extent of atherosclerotic plaque by number of
coronary segments (B). Adjusted for age, gender, diabetes, hypertension, dyslipidemia,
smoking, body mass index, aspirin use and statin use. *Epicardial fat compartment excluded
pericoronary fat. Extracardiac fat compartment is defined as the thoracic fat volume without
epicardial or periaortic fat. OR denotes odds ratio; Cl, confidence interval.
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Table 1

Patient Characteristics of Cohort and of Subjects With Versus Without CAD.

owrlictort  NoPla e pae
Demographics
Ade, years (+SD) 52.5+11.5 47.6+9.5 57.6+10.4 <0.0001
Male (%) 210 (61%) 94 (54%) 116 (69%) 0.008
White Race (%) 294 (86%) 143 (83%) 151 (89%) 0.09
BMI, kg/m? (£SD) 29.145.9 28.746.0 29.545.7 0.18
Risk factors
Diabetes (%) 35 (10%) 12 (7%) 23 (14%) 0.05
Hypertension (%) 133 (39%) 44 (25%) 89 (53%) <0.0001
Dyslipidemia (%) 128 (37%) 40 (23%) 88 (52%) <0.0001
Smoking (%) 171 (50%) 72 (42%) 99 (59%) 0.002
FH of CAD (%) 85 (25%) 37 (21%) 48 (28%) 0.17
Medication
Aspirin (%) 108 (32%) 46 (27%) 62 (37%) 0.05
Statins (%) 99 (29%) 31 (18%) 68 (40%) <0.01
Biomarkers
hsCRP (IQR) 1.4 (0.6-2.9) 1.1 (0.5-2.4) 1.7 (0.9-3.4) 0.0004
TNFa (IQR) 1.1 (0.7-1.9) 1.0 (0.6-1.8) 1.1 (0.8-2.1) 0.24
PAI-1 (IQR) 12.3 (6.1-24.0) 11.8 (5.6-24.1) 13.1(7.1-23.7) 0.22
Adiponectin (IQR) 49 (2.9-7.7) 4.9 (3.1-7.9) 4.8 (2.6-7.4) 0.33
MCP-1 (IQR) 2485 (181.0-348.0)  248.0 (178.0-316.0)  252.0 (183.0-367.0)  0.34
Fat Measures in cm3
Pericoronary (+SD) 29.9+17.1 24.0+£12.9 35.7+18.8 <0.0001
Epicardial” (+SD) 74.4+37.3 63.5+31.4 85.5 +39.6 <0.0001
Periaortic (+SD) 15.5+9.0 12.346.7 18.7+10.0 <0.0001
99.9+63.2 83.3+59.2 117.0£62.7 <0.0001

Extracardiac” (xSD)

CAD denotes coronary artery disease; SD, standard deviation; BMI, body mass index; FH, family history; IQR, interquartile range
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Epicardial fat compartment excluded pericoronary fat. Extracardiac fat compartment is defined as the thoracic fat volume without epicardial or
periaortic fat.
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Table 3

Unadjusted and Adjusted Analysis of Pericoronary Fat VVolume to Presence of any Plaque on a per Patient
Basis per 10cm? Increase in Fat Volume

Unadjusted OR (95% CI)  p-value  agdjusted OR (95% CI) 1  p-value

Pericoronary 1.66 (1.41-1.97) <0.0001 1.31 (1.08-1.59) 0.006
Epicardial 1.21 (1.12-1.29) <0.0001 1.09 (0.99-1.19) 0.08
Periaortic 2.74 (1.98-3.78) <0.0001 1.40 (0.87-2.23) 0.16
Extracardiac 1.10 (1.06-1.15) <0.0001 1.04 (0.99-1.10) 0.13

OR denotes odds ratio; Cl, confidence interval

1Adjusted for age, gender, diabetes, hypertension, dyslipidemia, smoking, BMI, aspirin use, statin use
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Table 5

Page 18

Partial Correlation Among Biomarkers and Various Adiopose Tissue Depots Adjusted for the Presence of
Coronary Artery Plaque.

Pericoronary  Epicardial Periaortic

Extracardiac

hsCRP

TNFa

PAI-1

Adiponectin

MCP-1

0.21 0.22 0.29
0.0002 <0.0001 <0.0001
0.25 0.10 0.132

<0.0001 0.07 0.02
0.22 0.27 0.20
<0.0001 <0.0001 0.0003
-0.03 -0.15 -0.28

0.60 0.001 <0.0001
0.30 0.16 0.08
<0.0001 0.006 0.14

0.21
0.0003

0.07
0.21

0.24
<0.0001

-0.27
<0.0001

0.09
0.14
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