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1 Introduction and goals of research 

 

 Burden of cardiovascular diseases and coronary artery disease 

 

Cardiovascular diseases are the main cause of death worldwide. According to World Health 
Organization, an estimated 17.9 million people die from cardiovascular diseases annually, 
which represents approximately 1/3 of all global deaths (1). Coronary artery disease (CAD) is 
an important health condition that is responsible for approximately 7.4 million deaths per 
annum across the globe (2). In Germany, the CAD mortality rate lies in the middle-risk zone 
and is approximately 350 cases per 100000 (3). CAD remains the main cause of morbidity and 
mortality in both developing and developed countries (4). In 2013, World Health Organization 
and its member states aimed to reduce the premature mortality rate from cardiovascular 
diseases by 25% by the year 2025 (5). 

The search for novel cardiovascular risk factors that significantly contribute to CAD, continues 
to this day. The aim of this search targets more sensitive measures for cardiovascular risk 
stratification as well as therapeutic targets for treatment and prevention of CAD (6). 

 

 Nomenclature, morphology and physiology of adipose tissue 

 

Cardiovascular diseases are associated with excessive adiposity (7). Obesity is defined as a 
body mass index (BMI) ≥30 kilogram/square meter (kg/m2). It stands for one of the preventable 
causes of increased morbidity and mortality in western societies. Furthermore, obesity is one 
of the CAD risk factors that could be modified (8). One way of lowering the risk of major adverse 
cardiac events (MACE) is reduction of adipose tissue depots (9). In addition, recent studies 
have revealed that not only the amount of adipose tissue, but also its distribution is important 
for the occurrence of cardiovascular diseases, including CAD. Unfortunately, BMI alone fails 
to take into consideration variations in quality and distribution of adipose tissue (10). Therefore, 
diverse secretome profiles and depot-specific differences of adipose tissue subgroups are 
important to understand the association of adiposity with cardiovascular diseases (11). 

Adipose tissue contains several cell types – mature adipocytes, preadipocytes and stromal 
cells (blood cells, endothelium, immune cells). Adipose tissue is grouped according to 
physiology, embryological origin and morphology. Currently it is divided into white adipose 
tissue (WAT) and brown adipose tissue (BAT). The differences between WAT and BAT are 
listed in Table 1 (12). 

 

Properties White adipose tissue Brown adipose tissue 

Location subcutaneous, visceral 
deep cervical, supraclavicular, 

interscapular 

Function energy reserve production of heat 

Lipid droplets large, single small, multiple 

Amount of mitochondria + +++ 

Expression of UCP1 - +++ 

Effect on CAD Promoting suppressing 
Table 1. Heterogeneity of adipose tissue. Abbreviations: CAD – coronary artery disease, UCP – unique 
uncoupling protein 
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BAT continues to be a subject of intense scientific research since its purpose has not been yet 
fully understood. BAT arises from dermomyotome precursor cells and expresses the unique 
uncoupling protein 1 (UCP1) on the inner mitochondrial membrane (13). This suggests certain 
correspondence with skeletal muscle cells, whose development is based on similar pathways 
(14). BAT has high vascularization and innervation; it is found in small deposits. BAT expresses 
an abundant supply of mitochondria. Therefore, brown fat dissipates energy in the form of heat, 
as a result of circumvent adenosine triphosphate (ATP) production. This process is called non-
shivering thermogenesis (15). Moreover, BAT coordinates the metabolic rate of the body, 
protecting it from stressful hemodynamic states such as hypoxia (16). In adults BAT is present 
within the neck and cranial chest areas (17). Reduced BAT function is closely connected to 
cardiovascular risk, obesity and impaired metabolic conditions (18). Finally, BAT has also been 
shown as a potential therapeutic target in severe cases of obesity (19). 

WAT is responsible for mechanical protection of the body and organs, fat storage, it acts as 
an energy source. White fat derives from mesodermal stem cells (20). According to anatomical 
allocation, WAT is classified into subcutaneous and visceral fat tissues (21). 

Visceral adipose tissue is defined as a fat of trunk and abdomen which primarily covers internal 
organs. In contrast, subcutaneous adipose tissue is present mainly on hips, thighs and under 
the skin in hypodermis (22). Subcutaneous adipose tissue is found to be less metabolically or 
lipolytically active. Therefore, it is associated with lower cardiovascular risk than visceral 
adipose tissue (23). 

There is solid evidence that visceral adipose tissue provides a much higher cardiovascular risk 
than peripheral subcutaneous fat (24). Anti-inflammatory functions of the continuously 
expanding visceral fat eventually shift to pathophysiologic pro-inflammatory state (25). Visceral 
adiposity is associated with systemic inflammatory and metabolic changes that determine the 
development of cardiovascular diseases (26). The relationship between cardiovascular risk 
and adipose tissue is not only determined by the quantity of the latter, but more importantly by 
the location in which it is stored (27). As an illustration, abdominal adipose tissue is the largest 
visceral fat depot in the human body. As a result, it is significantly associated with the risk of 
cardiac events (28-30). 

 

 Epicardial adipose tissue as a novel cardiovascular risk factor 

 

Visceral adipose tissue surrounding the heart muscle, which is directly connected to coronary 
arteries, is of special concern. This fat deposit is named epicardial adipose tissue (EAT). EAT 
has emerged as a new modifiable cardiometabolic risk factor besides abdominal depots of 
visceral adipose tissue. In contrast to visceral abdominal adipose tissue, EAT represents a 
small portion of total body fat (31). 

EAT is identified as a visceral WAT, it has direct contact with the myocardium. As a result, 
epicardial fat interacts with the heart in a more direct way. EAT is located between myocardium 
and visceral pericardium, it covers more than three quarters of the surface of the heart (32). 
Larger epicardial fat depots are located in the areas of coronary grooves, cardiac apex and 
over the right ventricular free wall (RVFW) (6). EAT does not only directly contact with coronary 
arteries and myocardium, but also has the same blood supply as the heart muscle (32). 

EAT shows unusual biochemical properties and is actively participated in the energy and lipid 
homeostasis (33). Functions of EAT include the mechanical protection of coronary arteries 
from the arterial pulse wave during contraction of the heart muscle, thermoregulation and the 
storage of the free fatty acids (FFA) for the consequent application in the heart muscle during 
energy demand (34). In addition, EAT produces a bright spectrum of biological active 
molecules which systemically regulate vascular smooth muscle tone. During physiological 
conditions these substances protect the human body from atherogenesis and inflammation 
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(35,36). Molecules produced by EAT interact with the body systemically as they are directly 
secreted into coronary arteries (37). 

Excess of EAT leads to its hypoxia. As a result, EAT begins to produce large quantities of 
various pro-inflammatory cytokines and vasoactive peptides (mainly interleukin (IL) 6, tumor 
necrosis factor – α (TNF-α), angiotensin II, plasminogen activator inhibitor-1 (PAI-1)) (6, 34-36 
38-40, 41, 42). The adipokine concentration in pericoronary epicardial fat is much higher than 
that of subcutaneous adipose tissue (43). All pro-inflammatory substances independently 
facilitate the production of atheromatous plaques in coronary vessels and thus, the progress 
of CAD (6). Atherosclerotic process in coronary arteries is additionally promoted by endothelial 
dysfunction, local proliferation of smooth muscle cells, increased oxidative stress, plaque 
instability, apoptosis and neovascularization (44). 

 

 Quantification and indexation of epicardial adipose tissue 

 

In the past years, the accurate quantification of EAT has been allowed, as a result of rapid 
progress in non-invasive imaging techniques. The size of epicardial fat depots may be 
measured using different radiological modalities – above all transthoracic echocardiography, 
computed tomography (CT) and cardiac magnetic resonance (CMR) imaging. Nonetheless, 
recent literature reviews have suggested CMR to be the gold standard in evaluation of the size 
of EAT depots (6, 45, 46). EAT are estimated by measuring thickness on different sites and 
volume (45, 47, 48). CMR and CT rank superior to echocardiography since cross-sectional 
imaging techniques allow the volumetric quantification of EAT. Although echocardiography can 
only provide measurements of EAT thickness, it is non-invasive, cheap and easy to perform 
as a screening test (49). 

Recently, non-invasively quantified increased epicardial fat depots have demonstrated a 
relationship with the presence and progression of CAD, coronary plaque burden measured 
with coronary calcium score (CCS), subclinical atherosclerosis, MACE, myocardial ischemia, 
metabolic syndrome, atrial fibrillation (AF) and lipotoxic cardiomyopathy (50-61). Overall, 
observational studies in patients undergoing coronary angiography have suggested a positive 
association between increased EAT measurements and the presence of CAD (45). Recent 
meta-analysis conducted by Nerlekar and others (et al.) demonstrated that incorporation of 
EAT measurements into the clinically performed radiological imaging would have the potential 
to improve patient risk stratification (62). Furthermore, ultrasound EAT thickness 
measurements over the RVFW and in the anterior interventricular groove (AIVG) were shown 
to be valuable variables in identification of individuals with CAD (63, 64). Finally, it has been 
demonstrated that larger EAT depots might be associated with plaque instability in patients 
with CAD. Authors speculated that specific threshold of EAT could exist, above which 
epicardial fat would facilitate changes of coronary plaque composition (65).  

Because there is no guideline-advocated technique for EAT quantification, individual studies 
are subject to authors discretion and experience (62). This generates confusion and increases 
the need for standardized evaluation techniques of epicardial fat depots in clinical practice. 
EAT holds the potential to be a strong marker for cardiovascular risk assessment, as well as 
a possible therapeutic target to reduce the burden of cardiovascular diseases (51, 62). 

EAT is regarded as a better predictor of CAD than commonly known estimators of adiposity 
such as BMI (61, 66, 67). Unfortunately, there is a lack of research in terms of the comparison 
between different quantification methods of EAT in prediction of CAD patients. It is not clear 
whether EAT thickness measured at a single point could be comparable with the volumetric 
assessment of epicardial fat. Occasional EAT and CMR studies published to date have 
analyzed small samples of subjects, authors did not perform receiver operating characteristic 
curve (ROC) analysis with EAT measurements (68-70). As a result, the representation of small 
study population is doubtful to determine reference values of EAT size in prediction of CAD. 
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Most of the published studies presented EAT thickness measurements over the RVFW (45, 
48, 61, 71, 72). Nonetheless, Hirata et al. introduced a novel echocardiographic EAT thickness 
measurement in the area of AIVG. Authors suggested that it could be a better prognostic 
parameter for predicting coronary lesions than thickness measurement over the RVFW. 
Researchers validated EAT values on CT images by calculating EAT volume in some patients 
of the study sample (49). In another example, Wang et al. recommended to measure EAT 
thickness in the left atrioventricular groove (LAVG). Authors suggested that LAVG EAT 
thickness could offer a more accurate metabolic risk prediction than other EAT thickness 
measurements. Unfortunately, authors did not evaluate gathered EAT values in respect to 
CAD (73). Finally, the meta-analysis conducted by Nerlekar et al. proposed a complete 
volumetric assessment of epicardial fat rather than linear EAT thickness measurements (62). 
Some authors indicated that the difficulty in standardizing measurement locations limits the 
determination of possible EAT reference values (45). Although CMR modality has been viewed 
as a gold standard for evaluation of adipose tissue, it was to this day rarely employed in 
quantification of EAT in CAD patients (54, 68-70, 74-77). EAT thickness over the left ventricular 
free wall (LVFW) was never quantified in CAD patients using CMR modality. 

Fewer studies are available on the topic of EAT indexation. The effect of anthropometric EAT 
variability is assumed to play an important role in identifying individuals with increased 
cardiovascular risk (78). Besides various non-indexed EAT depots measurements, some 
authors derived EAT amounts indexed to body surface area (BSA) or to BMI (79, 80). As an 
illustration, Shmilovich et al. in their study concluded that BSA-indexed EAT volume 
significantly predicted MACE in patients with CAD (80). Moreover, Nakazato et al. showed that 
BMI, body weight and waist circumference exhibited moderate relationship with epicardial fat 
volume – changes in these parameters were associated with the size variations of EAT depots 
(81). Finally, Saad et al. demonstrated that BSA- and BMI-indexed, as well as non-indexed 
EAT volume, have an equivalent predictive power in prediction of significant CAD (79). 
Generally, EAT volume was to this day rarely indexed in clinical studies. EAT thickness was 
on the other hand never indexed to this day. As a consequence, there were no studies 
published on the topic of possible advantages of indexed EAT thickness measurements in 
comparison to non-indexed counterparts in identification of individuals with CAD. Furthermore, 
no studies indexed EAT with anthropometric heart measurements such as interventricular 
septum length (ISL). 

 

 Goals of research 

 

In this study we aimed to compare predictive powers of various EAT measurement techniques 
in identification of patients with CAD. Moreover, this study aimed to answer whether indexed 
EAT measurements bring advantage in comparison to non-indexed counterparts in prediction 
of CAD. To achieve these goals, the study aimed to accomplish the following tasks: 

1. Assessment of EAT ability to predict CAD. 
2. Identification of the most effective EAT measurement technique (indexed or non-

indexed) in prediction of CAD. 
3. Determination of reference cut-off values of the most effective EAT measurement 

techniques in prediction of CAD. 
4. Analysis of possible connection between EAT measurements and CAD severity.
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2 Literature review 

 

 Nomenclature of thoracic adipose tissue 

 

The nomenclature of thoracic adipose tissue varied from study to study, especially during the 
first years of research on the topic of EAT. Fortunately, in the following years the terminology 
became more consistent and uniform, allowing to avoid possible confusion when addressing 
histologically different types of adipose tissue (36, 45, 48, 82-89). Table 2 shows short 
definitions of different thoracic fat deposits surrounding the heart. 

 

Fat deposits Definition 

Paracardial fat Mediastinal adipose tissue outside the parietal pericardium 

Pericardial fat Thin layer of adipose tissue between visceral and parietal pericardium 

Epicardial fat 
Adipose tissue located between visceral pericardium and myocardium 

without adjacent fascial plane 

Pericoronary fat Part of epicardial fat directly surrounding the coronary arteries 
Table 2. Nomenclature of thoracic adipose tissue surrounding the heart. 

 

The anatomy and distribution of thoracic adipose tissue is displayed in Figure 1. 

 

 

Figure 1. Anatomy and distribution of thoracic adipose tissue surrounding the heart. 

 

Paracardial adipose tissue (mediastinal or intrathoracic fat) – is a fat deposit that exists outside 
the parietal pericardium (71, 90). It covers approximately 80% of the heart and constitutes 
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between 20-50% of the cardiac mass (91). Paracardial fat derives from the primitive thoracic 
mesenchyme, unlike EAT, which evolves from splanchonopleuric mesoderm (92). In contrast 
to EAT, paracardial adipose tissue is supplied by the branches of internal thoracic artery such 
as pericardiacophrenic artery (93). Paracardial fat depots differ from EAT in molecular and 
biochemical properties (66, 94). Gene expression in paracardial adipose tissue is closer to 
WAT. There is evidence that the release rate of FFA by paracardial fat is twice as lower as by 
EAT (95). Authors, estimating the paracardial adipose tissue, consider pericardium, bronchi 
and aorta as the posterior limit, and chest wall as the anterior limit (45). 

Pericardial fat describes the very thin layer of fat tissue that is located between visceral and 
parietal layers of pericardium (88). 

Pericoronary adipose tissue is an EAT which directly surrounds adventitia of the coronary 
vessels without separating fascial layer between vascular wall and fat tissue. Pericoronary fat 
is most prominent around the proximal portions of coronary arteries (96, 97). It contains vasa 
vasorum – a system of small blood vessels that supply the larger arteries and veins. 
Perivascular adipose tissue is referred to as a beige fat. It contains BAT markers such as 
UCP1. However, the amount of UCP1 is considerably lower in pericoronary fat as compared 
to brown adipocytes (35, 98). 

 

 Epicardial adipose tissue 

 

 Anatomy, vasculature and embryology 

 

EAT is situated between the epicardial surface of the heart and the visceral surface of 
pericardium. Pericardium is seen on radiological modalities as a thin layer (1-4 millimeter (mm)) 
around the heart (99). Epicardial fat deposits are enclosed by the pericardial sac and directly 
surround coronary vessels without separating fascial layer (32). 

In healthy individuals, the mass of EAT averages 100 g. EAT represents 20% of the total weight 
of the heart and it covers approximately 80% of the heart surface (91, 100). EAT is divided into 
pericoronary epicardial fat which encloses the coronary arteries; myocardial adipose deposits 
in the heart muscle; and epicardial fat which is found over the myocardium (42). EAT is most 
concentrated in the areas of atrioventricular and interventricular grooves at both ventricles, 
extending to the apex of the heart (35, 101). As a result, coronary arteries, which travel through 
the area of the cardiac grooves, are covered within EAT. Smaller epicardial fat deposits are 
located on the free walls of the atria and ventricles as well as around the atrial appendages 
(71). In some cases, EAT may cover the entire cardiac surface as the volume of epicardial fat 
increases (102). The number of adipocytes per gram (g) in EAT is increased in comparison to 
other fat depots, and the size of adipocytes is significantly smaller (103). 

Coronary arteries supply both EAT and myocardium. No fascia or aponeurotic tissue separate 
EAT from coronary artery wall or the myocardium. As a result, EAT, heart muscle and coronary 
vessels are in direct contact with one another. This enables a setting of local close interaction 
between the coronary vessels and EAT (32). 

Both EAT and visceral adipose tissue (including omental and mesenteric fat) have a common 
origin (42, 104). EAT derives from splanchnopleuric mesoderm – BAT cells migrated from 
septum transversum (67). Human data reveal that vascular and cardiac adipose tissues are 
brown during early stages of life (85). They maintain brown properties in adulthood despite 
whitening with age (105). In newborns both vascular and cardiac fat deposits consist of 
multilocular, UCP1 positive adipocytes. However, during the course of childhood (1–8 years), 
EAT cells shift to unilocular, UCP1 negative adipocytes with only small remaining islands of 
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UCP1 positive cells (82). Nevertheless, the amount of BAT markers (such as UCP1) in adult 
EAT remains higher than in other thoracic or ectopic fat deposits (106, 107). 

The most traditional activator of BAT cells along with the browning process of WAT is 
hypothermia (108). Activated WAT cells are called beige (brown in white) adipocytes. They 
were first discovered in cold-acclimated mice (19). Beige cells contain multiple lipid droplets 
with triglycerides as wells as countless mitochondria (109). They are characterized by the 
positive expression of UCP1 (110). It should be noted that both beige and active BAT cells 
offer protection from metabolic disease and atherogenic process – reinducing a brown 
phenotype in cardiac and vascular adipose tissue alleviates local inflammation and hypoxia of 
the adjacent vascular wall (106). 

EAT consists of more than adipocytes and pre-adipocytes – it involves nodal and nervous 
tissue (ganglia, interconnecting nerves) (31). Immune, vascular and stromal cells (lymphocytes 
cluster of differentiation 3- (CD3-), macrophages CD68-, mast cells) have been identified as 
resident cells in EAT as well (102). 

 

 Physiologic functions 

 

EAT serves a number of physiologic functions, it plays an important role in primary functions 
of the heart (84). First of all, EAT acts as an energy source to the cardiomyocytes which have 
high demand for energy. Epicardial fat is responsible for the oxidation of FFA, converting them 
into lipid storage units, which serve as the main energy source to the contractile function of the 
heart (39). This process is responsible for about 50-70% of the energy production in the heart 
muscle (111). EAT is able to synthesize, incorporate and break FFA down at a very high rate 
(112). Therefore, it is considered that epicardial fat depots could perform as a shield between 
local vessels and the heart muscle, absorbing excessive intravascular FFA, and thus 
protecting the myocardium from lipotoxicity (94). EAT is notable to have the highest rate of 
FFA metabolism and lipogenesis of all known adipose tissue depots due to the presence of 
thermogenic genes (113). Moreover, epicardial fat is known to have lower rate of glucose 
utilization in comparison to other adipose depots (33). Finally, the amount of saturated fatty 
acids in the human EAT is higher and the amount of unsaturated fatty acids is lower in 
comparison to subcutaneous adipose tissue (103). 

EAT, being a visceral fat deposit, acts as a topic gland and serves as a major source of different 
chemokines, biomolecules and cytokines, which are all called adipokines (33). Adipokines 
participate in the regulation of otherwise produced cytokines as well as in the lipid and glucose-
insulin metabolism (114). Some of the substances show anti-inflammatory, anti-thrombotic and 
anti-atherogenic properties. Most important beneficial adipokines are adiponectin, 
adrenomedullin, omentin and UCP1 (6, 34, 35, 39, 41). Other substances, such as TNF-α, IL-
1β, -6, -8, PAI-1, resistin, angiotensin II, leptin and monocyte chemoattractive protein-1 (MCP-
1) are pro-inflammatory mediators (36, 38, 40, 42, 115, 116). All above listed adipokines are 
secreted in EAT by adipocytes as well as stromal pre-adipocytes, fibroblasts, mast cells, 
lymphocytes and macrophages (117). 

Anti-atherogenic substances produced by EAT in healthy individuals participate in regulation 
and maintenance of vascular tone, preserve blood pressure and proper contractive ability of 
the heart muscle (118). It has been shown that adiponectin, adrenomedullin and omentin 
secreted by epicardial fat wield anti-atherogenic, anti-inflammatory and anti-diabetic effects in 
coronary vessels (119). Adiponectin is one of the most important anti-inflammatory adipokines 
generated by EAT. It increases insulin sensitivity, decreases circulating FFA in blood as well 
as intracellular triglyceride concentration in muscles and liver (45). The amount of adiponectin 
is lower in obese individuals with increased cardiovascular risk. It is inversely linked with the 
extent of visceral, epicardial and pericardial fat (120).  
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Table 3 shows important pro- and anti-inflammatory adipokines produced by epicardial fat and 
their main functions. 

 

 

Adipokines Main functions 

Anti-inflammatory adipokines 

Adiponectin 

• Transport and oxidation of FFA 

• Decrease of fat storage in EAT 

• Increase of insulin sensitivity 

• Vasodilation 

• Prevention of monocyte adhesion to endothelium 

Adrenomedullin 

• Antioxidant 

• Vasodilation 

• Inhibition of pro-inflammatory pathways and endothelial cell apoptosis 

• Elevation of cardiac output 

Omentin 
• Inhibition of fibrosis 

• Suppression of foam cells 

UCP1 
• Aid in mitochondrial release of heat 

• Anti-inflammatory brown adipose tissue properties 

Pro-inflammatory adipokines 

TNF-α, IL-1β, IL-

6, IL-8 

• Induction of lipolysis 

• Mobilization of immune cells 

• Promotion of apoptosis 

• Inhibition of anti-inflammatory adipokines 

• Elevation of endothelial cell permeability 

• Insulin resistance 

Visfatin 

• Vascular remodeling and inflammation 

• Marker of visceral adipose tissue 

• Mobilization of immune cells 

Resistin 

• Thrombosis 

• Angiogenesis 

• Insulin resistance 

• Vascular remodeling and inflammation 

Angiotensin II 

• Mobilization of macrophages 

• Promotion of fibrosis 

• Vasoconstriction 

Leptin 

• Angiogenesis 

• Platelet aggregation 

• Proliferation of smooth muscle cells 

• Elevation of endothelial cell permeability 

• Destabilization of atheromatous plaques  
Table 3. Adipokines secreted by epicardial adipose tissue and their roles. Abbreviations: EAT – 
epicardial adipose tissue, FFA – free fatty acids, IL – interleukin, TNF – tumor necrosis factor, UCP – 
unique uncoupling protein  

 

EAT does not only contact directly with coronary arteries and myocardium, but also has the 
same blood supply as the latter. Therefore, secreted adipokines may interact with the body 
systemically (37). Presently, two interaction mechanisms have been described – paracrine and 
vasocrine (22). Pro-atherogenic adipokines, secreted by pericoronary EAT during paracrine 
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signaling, diffuse directly to the adjacent vascular wall and the heart muscle via interstitial fluid 
(“outside to inside” mechanism). Alternatively, vasocrine signaling suggests that pro-
inflammatory adipokines, secreted from EAT, directly enter the vessels of closely located vasa 
vasorum (67). 

EAT, as a result of the proximity to coronary vessels, mechanically protects them against the 
torsion induced by heart contraction and arterial pulse wave (100). EAT functions as an 
additional protective anatomic layer for the total heart mass in the event of mechanical injury. 
Moreover, epicardial fat provides space for the arterial wall expansion during the early stages 
of atherosclerosis (121). 

EAT serves as an immune barrier, protecting the heart muscle and coronary arteries from 
pathogenic and inflammatory substances (122). Epicardial fat depots contain immune and 
stromal cells (lymphocytes CD3-, macrophages CD68-, mast cells and other) (102). 

Finally, EAT expresses thermogenic genes which are associated with brown and beige 
adipose tissue (123). Therefore, epicardial fat is able to protect the heart during ischemia or 
hypothermia by providing direct heat to the heart muscle (33). Moreover, larger distribution of 
thermogenic EAT around the coronary vessels suggests that it may be involved in maintaining 
normal myocardial temperature by heating blood in coronary arteries on the way to the heart 
muscle (124). 

 

 Dysfunction and transition to pathological inflammatory state 

 

Although EAT is essential for the heart muscle, it has been noted over the past decades that 
growing epicardial fat depots promote the risk of cardiovascular diseases. Greater EAT depots 
have been described as clinical markers of excessive visceral adiposity (125). Increase in the 
size of EAT, for instance among obese patients, is associated with increased CCS, CAD, 
subclinical atherosclerosis, metabolic syndrome, cardiac arrhythmias, lipotoxic 
cardiomyopathy (50-60). Recently, EAT has become a new target for numerous prevention 
strategies of cardiovascular diseases (126). 

In states of positive energy balance, FFA are transformed into triglycerides in the blood and 
then stored in adipocytes (36). During both overnutrition and ageing, WAT increases in the 
size by hypertrophy of mature adipocytes and hyperplasia of adipocyte precursors (20). Similar 
to this, lipid droplets in BAT gather fat, becoming hypertrophic and eventually exceeding the 
vascular supply. These changes are defined by failure to store triglycerides, increased lipolysis 
and inflammation (41). As a result, adipocytes become impaired, leading to cell apoptosis, 
rarefaction of capillary vessels and fibrosis (127). 

To further describe the transition phase, the process of “brown to white” transdifferentiation of 
EAT in patients with cardiovascular diseases is represented by decrease of thermogenic genes 
and upregulation of WAT adipogenesis (128). This remodeling of adipose tissue results in a 
systemic chronic inflammatory state since the phenotype of adipose cells shifts from a 
protective to inflamed profile (10). An increased incorporation and oxidation of FFA in the heart 
muscle eventually leads to the development of cardiac lipotoxicity (also known as cardiac 
steatosis) (129). As a result, adipose tissue infiltrates the myocardium, thus, further 
predisposing to various pathologic cardiovascular conditions (31). Interestingly, advanced 
chronic inflammation impairs the differentiation process of small and immature adipose cells 
into large adipocytes, rich in intracellular fat (100). 

Finally, excess of EAT causes its hypoxia, leading to a diminished mitochondrial function and 
adrenergic signaling (130, 131). As a consequence, epicardial fat is invaded by greater 
numbers of T-lymphocytes and macrophages, resulting in a shift of a metabolic profile to the 
inflammatory state (132). Preadipocytes are capable of differentiation into macrophages as 
well (133). Inflamed and large adipose cells manifest insulin resistance and greater release of 
FFA into the bloodstream (67). Thus, EAT becomes dysfunctional (131).  
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 Modalities used to quantify epicardial adipose tissue 

 

Accurate estimation of EAT depots could serve as a prognostic tool for identification of patients 
with CAD and other cardiovascular diseases (125). The size of epicardial fat depots may be 
measured using different radiological modalities: transthoracic echocardiography, CT and 
CMR. EAT depots are estimated by measuring EAT thickness in different locations and volume 
(45, 47, 48). Several important properties of non-invasive imaging modalities, used for EAT 
assessment, are listed in Table 4. 

 

Imaging 

modality 

Spatial 

resolution 

EAT 

measurements 
Cost Strengths Limitations 

Cardiovascular 

magnetic 

resonance 

+++ 

(gold 

standard) 

Thickness, area, 

volume, proton 

density fat 

fraction 

+++ 

• No radiation 

• No iodinated contrast 

media 

• Can be coupled with 

spectroscopy 

• Low accessibility 

• Time consuming 

• Less tolerable by patients 

Cardiac computed 

tomography 
+++ 

Thickness, area, 

volume, 

attenuation 

++ 

• CAD evaluation 

• Assessment of 

perivascular adipose 

tissue 

• Radiation exposure 

• Intravenous contrast when 

appropriate 

Positron emission 

tomography –

computed 

tomography 

++ 

Radiotracer 

uptake 

(metabolic and 

inflammatory 

activity) 

+++ 

• High sensitivity 

• Functional 

examination 

• Radiation exposure 

• Interference caused by the 

radiotracer distribution in 

blood and surrounding tissues 

Transthoracic 

echocardiography 
+ 

Thickness 

(limited to 

RVFW and 

AIVG) 

+ 

• Readily available 

• No radiation 

• No contrast media 

• Volumetric quantification not 

possible 

• Variable imaging quality 

• Limited by the quality of 

acoustic window 

• Poor reproducibility 

Table 4. Imaging modalities used for assessment of epicardial adipose tissue quantity and quality. 
Abbreviations: AIVG – anterior interventricular groove, CAD – coronary artery disease, EAT – epicardial 
adipose tissue, RVFW - right ventricular free wall 

 

Incorporation of EAT assessment in clinical praxis has the potential to improve patient risk 
stratification in detection of cardiovascular diseases (61). Non-invasive quantification of EAT 
might improve identification of early subclinical CAD among high-risk patients without visible 
coronary lesions. In subjects with stable CAD, EAT measurements could help to recognize 
individuals with higher risk of experiencing a MACE (134). Nevertheless, further studies are 
required to confirm these assumptions (62). 

 

 Transthoracic echocardiography 

 

In 2003, EAT thickness has been first described and measured by Iacobellis et al. with the 
transthoracic two-dimensional echocardiography (135). Patients are placed in the left lateral 
decubitus position and echocardiography is performed during several (usually three) cardiac 
cycles (136). A sector probe is used for the examination (2-3 MHz (megahertz), spatial 
resolution – 0.5 mm). EAT is defined as an echo free space between the external wall of the 
myocardium and the visceral layer of the pericardium (Figure 2). Echocardiographic thickness 
of EAT is measured in parasternal long and short axis views over the RVFW in at least two 
locations, since it contains the highest adipose tissue thickness, followed by the anterior wall 
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(137). The ultrasound beam is directed perpendicularly with the aortic annulus as a landmark 
(138). Epicardial fat should not be confused with pericardial fluid (139). 

 

 

Figure 2. Echocardiographic measurements of epicardial adipose tissue thickness on the right 
ventricular free wall and in the area of anterior interventricular groove. Abbreviations: EAT – epicardial 
adipose tissue, LA – left atrium, LV – left ventricle, RA – right atrium, RV – right ventricle 

 

Hirata et al. described another approach of visualizing EAT thickness in the area of AIVG 
(Figure 2). A linear probe was used for the examination (7.5 MHz, spatial resolution – 0.1 mm). 
The high-frequency linear probe allowed more precise EAT thickness measurements. 
Interestingly, this method related to the EAT volume, quantified on CT images, beyond of the 
EAT thickness measurements over the RVFW (49). 

One important debatable issue concerns the time of cardiac cycle which could be used for 
echocardiographic EAT thickness assessment. Some authors suggested measurements of 
EAT thickness during systole to prevent possible compression of epicardial fat depots during 
diastole (139, 140). Other researchers recommended performing epicardial fat measurements 
in diastole to coincide with other imaging modalities, such as CT or CMR (141, 142). 

Echocardiographic estimation of EAT thickness over the RVFW is the most commonly 
described approach. In addition, transthoracic ultrasound permits sufficient assessment of 
pericardial space. Echocardiography is described as an accessible, cheap and easily 
reproducible non-invasive method of EAT quantification in daily practice (64). 

On the other hand, this modality has shown some disadvantages. It is capable of delivering 
only a linear measurement of EAT thickness at a single location (49, 143). Therefore, 
echocardiographic measurements have proven not possible to comprise a true representation 
of the overall EAT volume (82). Three-dimensional echocardiography could provide volumetric 
measurements of EAT in the future. Furthermore, some cases have revealed a difficult task 
for investigators to distinguish between epicardial and thoracic fat depots. Another important 
issue is referred to discrepancies in the measurement location, as a result of spatial variations 
in the echocardiographic window along the right ventricle and the great vessels (45). Thus, the 
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two-dimensional assessment of EAT thickness with ultrasound might under- or overrepresent 
the true size of epicardial fat due to changes in probe angulation (49). Finally, imaging quality 
was shown to be highly dependent on the individual acoustic window of the examined subject, 
which could be unsatisfactory in obese patients, as a result of fat impedance (144). 

Echocardiographic EAT thickness measurements showed good correlation with the 
measurements, obtained from CMR images (r=0.91, p=0.001) (145). Iacobellis et al. published 
an excellent intra- and interobserver reliability of this modality with intraclass correlation 
coefficients of 0.98 and 0.9, respectively (146). On the other hand, Saura et al. presented poor 
echocardiographic reliability results with an intra- and interobserver intraclass correlation of 
0.625 and 0.605, respectively (147). Of course, evidence of the poor correlation of a single 
EAT thickness measurement over the RVFW with EAT volume, quantified on CT images, has 
also been published (48). Further research is needed to address these controversies. 

 

 Computed tomography 

 

Multi-detector CT (16 or more detectors) offers high spatial resolution and three-dimensional 
views. CT images permit evaluation of coronary arterial calcifications, degree of vessel 
stenosis and high-risk vulnerable plaque characteristics (88). Non-contrast cardiac CT is 
commonly applied for estimation of CCS, whereas coronary CT angiography is defined as one 
of the primary modalities for the diagnosis of coronary stenosis (148). Coronary CT 
angiography additionally allows characterization of coronary plaques and identification of high-
risk properties (149). Unfortunately, several limitations complicate the assessment of coronary 
arteries on CT images. First of all, multiple dense calcifications frequently restrict the 
assessment of artery lumen (150). Furthermore, arrhythmias, tachycardia, motion artefacts 
and foreign bodies may further limit the quality of CT investigation (151). Therefore, additional 
predictors of CAD besides CCS and vessel changes in coronary CT angiography would be 
important to be examined. Epicardial fat depots could be an alternative marker of the CAD risk. 

Electrocardiogram-gated (ECG-gated) CT – both coronary CT angiography and non-contrast 
CCS – allows measurement of EAT thickness and volume (48). However, lower availability 
and high cost are disadvantages of CT in comparison to echocardiography. Moreover, CT 
modality includes exposure to ionizing radiation. Lastly, in some cases it may be difficult to 
recognize the pericardium in lean individuals (66). 

Cardiac CT images are generally obtained prospectively in CCS examination using ECG 
tracing. During CT scan, radiation exposure is found at a predetermined phase of the cardiac 
cycle. CT images are commonly reconstructed in slices of 2-3 mm thickness (152). On the 
other hand, CT angiography requires the use of contrast media in addition to ECG tracing. This 
method allows reconstruction of images with more detail and slices less than 1 mm (153). 
Remarkably, significantly lower values of EAT volume measurements have been obtained on 
CT angiography images in comparison to native CCS scan in the same patients. On the 
contrary, cardiac cycle phase did not influence EAT volume measurements acquired on 
cardiac CT angiography images (154). 

Adipose tissue on CT images is defined through distinct attenuation values, obtained both with 
and without contrast media (range of -30 to -190 Hounsfield units) (155). Fat voxels within this 
attenuation range between epicardial surface of the heart and visceral pericardium are defined 
as EAT. CT modality allows to measure the exact amount of EAT in various locations (152). 
Researchers have been mostly measuring EAT thickness around the main coronary arteries 
and over the RVFW (156). Pericoronary EAT thickness is estimated perpendicular to the heart 
surface at the level of the three main coronary arteries (right coronary artery (RCA), left anterior 
descending coronary artery (LAD) and left circumflex coronary artery (LCX)) in the areas of 
atrioventricular and interventricular grooves. In contrast, volumetric assessment of the 
epicardial fat depots requires the following steps – limits of the heart and pericardium are 
manually marked at 5-10 slices; pericardium is then outlined at intervals to exclude the 
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paracardial adipose tissue (30). The superior heart limit slice is commonly selected at the split 
of the pulmonary artery (48). Anatomical reference for the inferior border of the heart is the 
lowest slice of the myocardium with the passing posterior descending artery (157). EAT volume 
is calculated as the sum of EAT areas, taking into account slice thickness and interslice gap 
(158). As a model, Figure 3 demonstrates the outlined EAT area on native CT image suitable 
for CCS measurements. 

  

 
Figure 3. Epicardial adipose tissue area measured on native computed tomography image. Fat voxels 
between epicardial surface of the heart and pericardium are defined as EAT (yellow color). 

 

The process of volumetric EAT quantification can be manual or semi-automated. Semi-
automated techniques of EAT estimation are being developed on the basis of CT attenuation 
thresholds (78, 152, 159, 160). Although semi-automated approaches are being actively 
investigated, they still lack a firm and fast solution (161-163). First of all, these techniques 
require appropriate tools at the workstation to quantify the EAT volume. The operator should 
define the craniocaudal margins of the chest area with epicardial fat depots. Then the operator 
identifies the area of interest by manually outlining the pericardium at each cross-section. The 
next step involves software recognition of the outlined area with the content within with density 
values between -30 and -190 Hounsfield units. Median filtering is applied to limit noise. Finally, 
software calculates the volume of fat tissue from the number of fat voxels inside the pericardial 
contour. At the same time, the mean EAT density is estimated as an expression of the mean 
fat attenuation in Hounsfield units. In general, high interscan reproducibility for the semi-
automated methods of EAT measurements was reported – correlation coefficients ≥0.98 for 
the same CT scanner (164). 

Both semi-automated and manual processes of EAT volume quantification require extremely 
long processing times. Furthermore, vendor specific software algorithms of semi-automated 
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techniques present differences in epicardial fat size values (62). Deep learning could provide 
fast and fully automated estimation of EAT depots. Quantification of EAT on CT images could 
be implemented along with CCS in a clinical practice as a possible way of improving the 
cardiovascular risk assessment (165). 

Intra- and interobserver variability of EAT volume measurements is reported to be higher than 
that of EAT thickness measurements (intraclass correlation coefficient of 0.95 versus (vs.) 0.87 
(156) and interobserver agreement of 0.96 vs. 0.58 (166)). Kim et al. demonstrated poor 
correlation results between echocardiographically measured EAT thickness and CT quantified 
EAT volume (167). 

Several authors calculated EAT mass – EAT volume values multiplied by the specific weight 
of adipose tissue (0.92 gram/cubic centimeter (g/cm3)) (76, 168). Unfortunately, EAT mass 
values did not bring advantage in comparison to EAT volume measurements, it took one 
additional unnecessary step to calculate EAT mass. Finally, complicated comparison of EAT 
mass measurements with the studies, which employed volumetric EAT estimation, was 
another disadvantage of this quantification method of epicardial fat depots. 

CT modality allows measurements of the EAT attenuation (density, expressed in Hounsfield 
Units) around the coronary arteries (96). Density of fat tissue is defined by the size and 
differentiation of adipocytes. The greater size or the higher differentiation level of adipocytes, 
the more fat molecules they contain, the less dense they will appear on CT images (lower 
Hounsfield Units value). In addition to this, EAT attenuation is dependent on the presence or 
absence of contrast media as well as inflammatory condition of the adipose cells. EAT 
attenuation is considered to be the indicator of adipose tissue quality, which could offer 
additional information to the quantity of epicardial fat depots (169). 

In early stages of CAD, EAT density was found to be lower in stable low- to high-risk patients. 
Franssens et al. investigated EAT attenuation of 140 patients from SMART cohort (Secondary 
Manifestations of ARTerial disease). Authors reported an independent association between 
the lower EAT density and an adverse metabolic profile as well as positive CCS (170). Similar 
results achieved Abazid et al. in 609 low- to intermediate-risk asymptomatic patients – EAT 
density was lower in individuals with coronary artery calcifications, and these results were 
independent of EAT volume (171).  

In contrast, Mahabadi et al. discovered that advanced CAD patients, who suffered from 
myocardial infarction, had significantly higher EAT density in comparison to stable CAD 
patients. This finding suggests that inflammatory activity of EAT could be considerably 
increased in individuals who suffer from acute coronary syndrome (172). On the other hand, 
Hell et al. were unable to report the positive association between EAT attenuation and induced 
myocardial ischemia on single-photon emission computed tomography (SPECT) (173). 
Nevertheless, Goeller et al suggested that increased EAT attenuation could be a sign of a 
coronary plaque progression as well as of an active coronary inflammation (174). Finally, 
increase of EAT density in advanced CAD patients was more profound around RCA, as a 
result of anatomically larger EAT quantities on the right side of the heart (175). 

Recently, a new innovative qualitative method of pericoronary EAT analysis has been 
presented – fat attenuation index. This standardized measurement stands for attenuation 
(density) degree of adipose tissue in the perivascular region. Fat attenuation index acts as a 
detector of coronary inflammation around vulnerable plaques and can only be calculated on 
coronary CT angiograms. As mentioned before, throughout chronic coronary inflammation pro-
inflammatory cytokines eventually stop the differentiation of preadipocytes into mature 
adipocytes. As a result, this measurement is inversely associated with the size and 
differentiation of adipose cells (176). 

Fat attenuation index has been validated as an indicator for cardiovascular risk assessment. 
This measurement was significantly increased around culprit lesions in acute myocardial 
infarction patients vs. subjects with stable CAD as well as compared with healthy individuals. 
Following 5 weeks after myocardial infarction, high fat attenuation index persisted around the 
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culprit lesions as a consequence of longitudinal changes in coronary inflammation (176, 177). 
In the CRISP-CT (Cardiovascular RISk Prediction using Computed Tomography) study, 
increased fat attenuation index (with cut-off value of 70 Hounsfield Units) around RCA and 
LAD predicted cardiac and all-cause mortality (177). 

 

 Cardiac magnetic resonance 

 

CMR imaging, which is considered the “gold standard” modality for visualization of adipose 
tissue and total body fat, offers excellent image resolution and can be used to measure EAT  
(46, 178). CMR has been validated as a reproducible, accurate and reliable method for the 
evaluation of EAT (141, 179). 

Estimation of epicardial fat depots with CMR involves morphological analysis with sequences 
that allow definition of the fat (black blood sequences) and functional (bright blood) sequences. 
EAT is quantified at the end of the diastole. EAT can be measured at a single point (thickness); 
in addition, volumetric quantification can be performed. Epicardial fat volume is calculated 
applying the modified Simpson method. Similar to quantification on CT images, contours of 
EAT are traced on short axis slices; adipose tissue areas are added to calculate EAT volume, 
taking into account slice thickness and interslice gap (158). As an illustration, Figure 4 shows 
the outlined EAT area on a CMR image, acquired using a segmented steady state free 
precession (SSFP) algorithm. 

 

 

Figure 4. Epicardial adipose tissue area measured on cardiac magnetic resonance image, acquired 
using the segmented steady state free precession algorithm. Area of the epicardial fat is outlined using 
area measurement tool. Abbreviations: A – area, AVG – average, Min – minimum, Max – maximum, 
mm – millimeter, mm2 – square millimeter, SD – standard deviation 

 

In addition to quantification of epicardial fat depots, CMR is considered to be the reference 
modality for examination of ventricular volumes and the cardiac mass. CMR can be performed 
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with free breathing, mild arrhythmias are generally not a problem for image assessment (180). 
Furthermore, this modality is free from radiation exposure, use of contrast media is not 
necessary (178). Although image resolution of CMR is superior in comparison to CT, CMR is 
far more expensive and less available, which is a significant disadvantage of this modality. 
Long training time of medical staff is another drawback (181). Application of CMR is also limited 
in obese or claustrophobic patients, as a result of long scan time, as well as in patients with 
incompatible implanted devices (35). 

 

 18F – Fluorodeoxyglucose Positron Emission Tomography – Computed 
Tomography 

 

18F-Fluorodeoxyglucose Positron Emission Tomography – Computed Tomography (18F-
FDG-PET–CT) becomes increasingly important in the detection of infection or inflammatory 
diseases such as sarcoidosis (182). In addition, this modality is capable of non-invasively 
determining the inflammatory activity of EAT (88). This imaging method maps local absorption 
of 18F-Fluorodeoxyglucose (18F-FDG) within specific areas of interest (183). The number of 
glucose transporters in a cell as well as the cellular metabolic status are related to the degree 
of 18F-FDG uptake. Cells with increased metabolic activity along with inflammatory cells 
express an increased number of glucose transporters. Furthermore, the activity of glucose 
transporters is facilitated by pro-inflammatory cytokines and growth factors (184). 

Increased EAT uptake of 18F-FDG has been observed on PET-CT images, as a result of CAD 
(185). In a study by Mazurek et al., pericoronary EAT showed higher standardized uptake 
values of 18F-FDG in CAD patients (in comparison to non-CAD controls as well as to other 
non-cardiac adipose tissue depots). Furthermore, uptake of 18F-FDG correlated with the 
severity of CAD (186). Pericoronary EAT attenuation, measured on CT images, correlated with 
uptake values of 18F-FDG in identifying inflamed adipose tissue around high-risk coronary 
plaques (176, 186, 187). ECG-gated 18F-FDG-PET–CT, as a novel method, allowed more 
detailed assessment of pericoronary EAT and coronary plaque composition. Ohyama et al. 
reported that increased pericoronary EAT volume along with the 18F-FDG uptake values were 
significantly connected to vasospastic angina (188). 

Unfortunately, 18F-FDG-PET–CT is highly expensive and not widely accessible. Moreover, 
lower spatial resolution and high background noise limit the quantitative estimation of 
epicardial fat depots. Finally, 18F-FDG-PET–CT includes exposure to high amounts of ionizing 
radiation (88, 96). 

 

 Distribution and changes of epicardial adipose tissue in healthy 
individuals 

 

Many different factors, involving age, race, gender, weight, heart mass, have been connected 
with variations of EAT distribution around the heart (126). 

EAT in neonates consists primarily of brown fat cells; the main function of epicardial fat is 
thermogenesis. Mature EAT cells in adults become more responsive to environmental and 
metabolic changes; the main function of EAT shifts from thermogenesis to the energy storage 
(189). EAT grows with age – individuals older than 65 years have approximately 20% thicker 
epicardial fat depots (78, 155, 190). During ageing process, the lean body mass decreases, 
and the fat mass increases with the redistribution of adipose tissue to viscera and trunk (191). 
These transitions develop at a different rate between male and female persons, with a higher 
grade of redistribution seen in older women (192). 
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In general, people with black skin color suffer less from central obesity than those with white 
skin (193). Both visceral and epicardial fat tissues are smaller in individuals with black skin 
color (194, 195). Moreover, EAT volume is higher in Caucasians in comparison to Blacks, 
Hispanics or Asians (78). It is worth noting that among individuals with chest pain symptoms, 
EAT thickness over the RVFW has been reported to be higher in people with white skin color 
(196). 

It is not yet clear how gender impacts the amount of EAT. Epicardial fat thickness is inclined 
to be insignificantly less prominent in females than males. However, EAT volume and mass 
have been shown to be significantly higher in males (78, 168). One study of the Framingham 
cohort data demonstrated a stronger correlation of the EAT size with cardiovascular risk factors 
in women than in men (30). On the other hand, other studies of the same cohort have not been 
able to detect this association (80, 90). 

BMI, weight and waist circumference have shown a positive moderate link to the size of EAT 
depots over an interval of approximately 5 years. A decrease of total body weight (>5%) have 
been connected to reduction or stability of EAT, whereas epicardial fat have progressed with 
weight gain and BMI (81). On the other hand, EAT seems to correlate more closely with 
visceral fat mass compared to total fat mass (93). 

EAT is positively correlated with the heart mass. In fact, autopsy studies have described a 
constant fat–muscle ratio which exists in each ventricle. The mass of adipose tissue 
surrounding the heart reaches on average 100 g in lean and fit individuals (91). 

EAT thickness at different heart locations ranges between 1 and 15 mm in healthy individuals. 
Epicardial fat thickness over the RVFW generally amounts 5-7 mm in lean and fit persons (71). 
Furthermore, normal EAT thickness in the atrioventricular and interventricular grooves is 
considered to be 10-14 mm (197). EAT thickness measurements, carried out on CMR images, 
seem to be similar to those measured during autopsies in the same location (168, 198). 

As an illustration, in a study with 573 healthy postmenopausal women the average EAT 
thickness in the right atrioventricular groove (RAVG) (RCA area) was 17±4 mm, in the AIVG 
(LAD area) – 6±2 mm and in the LAVG (LCX area) – 11±3 mm (199). Moreover, the mean 
echocardiographic EAT thickness of 5±2 mm was reported in 356 asymptomatic individuals by 
Nelson et al. (72). 

Epicardial fat volume varies similar to EAT thickness. For example, on CT images quantified 
EAT volume was determined as high with 139.4 cm3 for men and 119 cm3 for women in healthy 
3312 individuals from Framingham Heart Study (200). Other authors evaluated the same 
cohort and reported similar high EAT volume measurements – 110±41 cm3 in women and 
137±53 cm3 in men (30). Bertaso et al. in their systematic review considered EAT volume below 
125 cm3 as normal in low-risk populations (45). 

 

 Pathophysiological role of epicardial adipose tissue in the 
development of coronary artery disease 

 

Overall, CAD is caused by a decrease of blood supply to the heart muscle, as a result of plaque 
remodeling and growth in coronary arteries (201). Sudden death, acute coronary syndrome 
(unstable angina, myocardial infarction) and stable angina are all clinical presentations of CAD 
(4). 

In general, studies, regarding the importance of epicardial fat depots in CAD pathogenesis, 
attempt to answer a common question whether inflamed EAT triggers the development of 
coronary plaque or only promotes the existing vascular pathology (89, 202). Recently and more 
commonly, CAD pathogenesis is proposed by the “outside to inside” model, as a result of the 
increased activity of different pro-inflammatory cytokines rather than by the traditional model, 
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in which vascular endothelium is damaged by the formation of coronary plaques and 
hypertension (203). Inflamed and enlarged EAT disposes of its brown fat properties, facilitates 
oxidative stress in the heart muscle, lowers contractile function of cardiomyocytes, boosts local 
and systemic inflammation (83). Pro-inflammatory adipokine synthesis as well as chronic 
systemic inflammation are both viewed as important modulators of atherogenesis in CAD 
pathogenesis (87, 204). 

The expression of genes, encoding thermogenic activation and fat browning proteins in EAT, 
is downregulated in patients with CAD (96). Several studies have repeatedly demonstrated 
that impaired EAT in CAD patients expresses significantly less protective anti-atherogenic 
adipokines (adiponectin or adrenomedullin) compared to healthy individuals (205-207). 
Moreover, intracoronary amount of adiponectin and adrenomedullin are proved to be lower in 
patients with chronic CAD (119). In these circumstances, the beneficial paracrine effects of 
epicardial fat are lost (208). Iwayama et al. revealed that EAT may play a significant role during 
early stages of CAD in non-obese patients. Authors have found that adiponectin concentration 
in pericardial fluid was lower in CAD patients compared with healthy controls. Furthermore, 
non-obese CAD patients have displayed significantly greater EAT volume (209). 

EAT around coronary arteries, in both asymptomatic and symptomatic CAD patients, 
expresses higher levels of pro-inflammatory cytokines, vasoactive and angiogenic peptides in 
comparison to subcutaneous adipose tissue (6, 34-36, 38-42). These substances mediate 
oxidative stress and arterial inflammation through an “outside to inside” mechanism (42). 
Enlarged adipocytes produce FFA at an increased rate, FFA activate local macrophages, 
resulting in an enhanced synthesis of TNF-α (210). TNF-α activates lipolysis and the 
expression of numerous different pro-inflammatory genes, such as MCP-1, intracellular 
adhesion molecule-1, IL-1, IL-6, angiotensin II, PAI-1, resistin, leptin (211). The results of 
numerous studies indicate that pro-inflammatory cytokines, derived in EAT, are well associated 
with coronary plaque vulnerability in CAD patients (201). Interestingly, decreased 
adiponectin/leptin ratio in epicardial fat depots is considered to be an additional novel risk factor 
of CAD (212). 

In EAT generated pro-inflammatory adipokines influence the progression of atherosclerotic 
plaque via two main mechanisms: paracrine and vasocrine (213). Pro-atherogenic adipokines, 
secreted by pericoronary EAT during paracrine signaling, diffuse directly to the adjacent 
vascular wall and the heart muscle via interstitial fluid (“outside to inside” mechanism) (67). As 
a result, pro-inflammatory adipokines interact locally with endothelium, atherosclerotic plaque 
components in coronary arteries and vascular smooth muscle cells (214). Paracrine 
mechanism applies to smaller arteries, as a consequence of the diffusion process which is only 
possible through thin vessel walls (215). 

Alternatively, vasocrine signaling suggests that pro-inflammatory adipokines, secreted from 
EAT, directly enter the vessels of closely located vasa vasorum (216). The rate of substance 
entry into the vessel depends on the thickness of the vascular wall. Because of this, vasocrine 
signaling is compatible with medium and larger caliber arteries. Thus, molecules are 
transported downstream into the arterial wall where they influence cells in and around 
atherosclerotic plaques (93, 217). 

Dysfunctional EAT attracts more macrophages (218). This leads to a constant cycle of 
inflammation state in and around epicardial fat depots (219). Furthermore, inflammatory 
properties of EAT are greatly exacerbated by severe body conditions, such as myocardial 
infarction or cardiac surgery (218). Coronary vessels, which lie in EAT without separating 
fascial layer, are affected as well. As a result, apoptosis of vascular smooth muscle cells and 
the awakening of the fibrous layer are both induced (87, 220). This generates vascular 
inflammation of the adventitia, which advances inward to the intima, eventually leading to 
coronary plaque formation (42, 221).  

Lipotoxicity is another pathophysiological mechanism which accelerates formation of the 
coronary atherosclerotic plaques (222). High FFA production by inflamed adipocytes leads to 
fat accumulation in vascular plaques. Therefore, the formation of atheromatous plaques in 
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coronary vessels is facilitated and, thus, the progress of CAD (6). Moreover, EAT is considered 
an insulin-resistant fat because of lower glucose utilization rate in comparison to other visceral 
fat compartments (223). 

During later coronary atherosclerotic plaque formation phases, EAT continues its contribution 
to the inflammation around and within the plaque (217). Thin fibrous layer of the plaque is at 
this stage densely infiltrated with macrophages and mast cells, as a result of higher surface 
expression of numerous adhesion molecules (224). Macrophages produce large quantities of 
metalloproteinases. These molecules play a major part in the breakdown of extracellular matrix 
components and in structural changes within the vascular wall (225). Consequently, plaque 
rupture begins in this location (226). 

In response to decreased vascular density and hypoxia, recruited macrophages express 
platelet derived growth factors as well as hypoxia inducible factors, which promote formation 
of new capillary vessels (132). Above all, these mediators provoke neoangiogenesis near 
coronary vessels, around EAT including vasa vasorum. In the beginning, neovascularization 
reduces effects of hypoxia on the subsequent thickening of the vascular intimal layer during 
early stages of the coronary plaque formation (227). At the same time, new vessels facilitate 
transportation of harmful pro-inflammatory cytokines from EAT to the vascular intima of fatty 
plaques (201). Furthermore, macrophages continue to shift from EAT into coronary plaques 
via new vessels, where they become foam cells. Over the long term, neoangiogenesis is 
closely related with coronary plaque hemorrhage (228). 

Epicardial fat depots in CAD patients present higher quantities of reactive oxygen species, as 
a marker of a total oxidative stress and inflammation (229, 230). Moreover, EAT displays 
elevated resistin secretion in individuals with CAD (231). Resistin impairs contractile function 
and reduces glucose uptake in the myocardial cells, increases endothelial cell permeability 
(232, 233). In addition, EAT in CAD patients exhibits lower levels of catalase. Catalase is an 
antioxidant which converts hydrogen peroxide into oxygen and water, thus reducing oxidative 
stress (234). More importantly, EAT assessed with PET-CT shows increased uptake of 18F-
FDG than other visceral fat depots in patients with CAD. This marker is acknowledged as an 
indicator of local inflammation. It is especially elevated in and around stenotic coronary vessel 
areas (186). 

As an illustration of inflammatory properties of EAT, epicardial fat probes, collected during 
cardiac surgery from individuals with significant CAD, were considerably infiltrated with 
inflammatory cells (T and B lymphocytes, macrophages, dendritic and mast cells). Hirata et al. 
revealed a higher concentration of inflammatory M1 in comparison to anti-inflammatory M2 
macrophages in EAT samples, acquired from patients with advanced CAD during cardiac 
surgery (43). Inflammatory features of EAT were unrelated to the clinical parameters of 
examined patients, such as BMI, diabetes or statin therapy (42, 235). Furthermore, approved 
systemic inflammation factors, such as low-density lipoprotein cholesterol concentration in 
blood, did not directly interact with EAT (65). 

Specific mechanical effects of coronary atherosclerotic plaques on epicardial fat deposits have 
been observed. Growing coronary atherosclerotic plaque leads eventually to a 
disproportionate extension of the vascular wall (121). EAT is thought to play a permissive role 
in vessel expansion, as a result of its compressibility. On the other hand, myocardium is not 
compressible, therefore, vascular wall surrounded only by the heart muscle cannot expand 
(32). 

Finally, segments of coronary arteries called myocardial bridges, which are circumferentially 
surrounded by myocardium and clear of any epicardial fat deposits, are free from 
atherosclerotic plaques, and, therefore, are immune to atherosclerosis. This phenomenon has 
been observed in both humans and animals (93, 236). In contrast, Chandalia et al. have 
suggested that EAT is not necessary for the development of coronary atherosclerotic lesions. 
Patients with generalized lipodystrophy and complete absence of adipose tissue still presented 
evidence of CAD (237). All in all, authors around the world have acknowledged that the thicker 
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epicardial fat depots around coronary arteries, the greater inflammatory activity EAT presents, 
the more risk CAD has to develop (42). 

 

 Distribution and changes of epicardial adipose tissue in patients with 
coronary artery disease 

 

A connection between the size of EAT and the development of CAD becomes more evident in 
adulthood (238). Overall, a direct association between the amount of EAT and the presence 
of CAD has been identified in patients undergoing both CT and coronary angiography (61, 114, 
239). Moreover, EAT has been able to predict atherogenesis and the severity of 
atherosclerosis in coronary vessels (78, 142, 240). Patients with unstable angina have shown 
increased EAT measurements in comparison to individuals with stable CAD symptoms (45, 
136). In addition to this, EAT measurements have been able to effectively predict high-risk 
coronary plaques and myocardial ischemia (64, 90). Finally, EAT thickness measurements on 
the RVFW have identified an impaired myocardial flow reserve (estimated in Rb-82-PET) with 
the very high area under the curve (AUC) – 0.945 (241).   

Due to the anatomic proximity of major coronary vessels to epicardial fat deposits, it is 
expected that changes in EAT could play an important role in the development of CAD (35). 
As an illustration, Mancio et al. carried out a meta-analysis which involved 41534 individuals. 
In low to intermediate cardiovascular risk subjects, EAT was independently related to 
obstructive CAD, myocardial ischemia and MACE (134).  

Most thickness measurements of epicardial fat in literature were conducted over the RVFW 
with echocardiography. A volumetric estimation of EAT is another most common described 
method using cross-sectional imaging techniques (61). Despite varying results, a systematic 
review by Bertaso et al. suggested that EAT thickness over 5 mm and EAT volume over 125 
cm3 could both serve as a possible cut-off value of increased epicardial fat depots in low-risk 
populations with CAD (45). 

Pericoronary adipose tissue thickness, measured on CT images, was increased in CAD 
patients as well as associated with CCS, diabetes and arterial hypertension (242). Coronary 
vessels with either calcified or mixed plaques showed increased pericoronary EAT, supporting 
a link between the excess of EAT and atherosclerosis. After calculating the average 
pericoronary EAT thickness around three main coronary arteries, it was revealed to be greater 
around coronary vessels with obstructive atherosclerosis (243). 

Important evidence of causal relationship between epicardial fat and coronary atherosclerosis 
was generated in a pig model. A local EAT resection around LAD interrupted the progression 
of atherosclerotic plaque within the vessel, however, only at the site of resection (244). 

A strong connection between EAT density, measured on CT images, and subclinical 
atherosclerosis along with MACE has been reported (86). Goeller et al. investigated 456 
healthy participants of the prospective Early Identification of Subclinical Atherosclerosis by 
Non-invasive Imaging Research (EISNER). Authors revealed that lower EAT density as well 
as increased EAT volume are linked to early coronary plaque formation, inflammation and 
consequent MACE (245). 

In the next subsections, the relationship between EAT and different coronary plaque 
characteristics along with the outcomes of CAD will be discussed more closely. 
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 Coronary artery calcium 

 

The amount of coronary artery calcifications is quantified via CCS on non-contrast ECG-gated 
CT images. CCS provides information about the total burden of coronary atherosclerosis in 
examined subject (246). This measurement is a broadly accessible and reliable variable of 
defining the risk of MACE (247). Patients are generally divided into groups of low, middle and 
high risk of developing a significant CAD in the future (248). 

Multiple recent studies have revealed that EAT volume could be an independent predictor of 
subclinical coronary atherosclerosis in healthy subjects (30, 61, 171, 195, 239, 245, 249-253). 
1155 healthy individuals from the Framingham Heart Study underwent CT imaging for 
estimation of paracardial and epicardial fat volume as well as CCS. After adjustment for 
cardiovascular risk factors, authors have found that epicardial fat depots, but not paracardial 
adipose tissue, were related to CCS (30). On the other hand, a smaller sample of 201 healthy 
participants of the EISNER study revealed positive associations of CCS with both EAT and 
paracardial adipose tissue (152). 

6814 individuals, free from cardiovascular diseases at baseline, were analyzed in the 
Multiethnic Study of Atherosclerosis (MESA). This study showed a strong association between 
CCS and epicardial fat volume around proximal coronary artery boundaries, even after 
adjustments for BMI and waist circumference (195). The association persisted even in those 
patients who developed incidental CAD during a 5-year follow-up (66). Another MESA cohort 
study revealed a significant connection between pericoronary fat deposits and CAD in 398 
patients, even after adjustments for conventional cardiovascular risk factors (254). Despite the 
published results, it is important to stress that only pericoronary, but not total EAT volume, was 
measured in MESA cohort studies. 

Mahabadi et al. evaluated the Heinz Nixdorf Recall study cohort of 3367 subjects. A strong link 
was found between both CCS onset or progression and EAT volume in patients with absent 
or low CCS at a baseline. Furthermore, study results were more pronounced in young and lean 
individuals. In addition, findings were independent from BMI and traditional cardiovascular risk 
factors (250). Bos et al. studied the Rotterdam cohort (2298 participants); authors concluded 
that the independent association of larger EAT volume measurements and intracoronary 
calcifications was more prominent in men than in women (255). 

Smaller studies showed consistent results. Djaberi et al. assessed 190 patients; authors 
reported significantly larger EAT volume in individuals with CCS over 10 compared to subjects 
with normal coronaries without calcifications (252). Ahmadi et al. confirmed the previous 
results– EAT, measured on CT images, was higher in both females and males with greater 
CCS (256). In addition, the relation between CCS an EAT volume was reported to be 
independent of the abdominal visceral fat size (253). 

Follow-up studies achieved similar results. Yerramasu et al. measured EAT volume and CCS 
after approximately 3 years, following the initial CT scan in asymptomatic diabetic patients 
without CAD. Epicardial fat volume was an independent indicator of the presence and severity 
of CCS (50). Comparable results were obtained from the EISNER cohort study – in 
asymptomatic patients with intermediate cardiovascular risk both EAT volume and CCS 
increased over the course of 3-5 years (257). 

Finally, EAT thickness, measured in a group of autopsied cases around main coronary arteries, 
was associated with coronary atherosclerosis. Epicardial fat thickness was also greater at the 
incision points on the right side of the heart (258). 
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 Non-calcified coronary artery plaques 

 

A presence of coronary calcifications stands for an advanced stable CAD (67). Absence of 
calcified plaques in coronary arteries is mostly a sign of a good prognosis. On the other hand, 
CAD, caused by non-calcified plaques, represents an active vulnerable process that can result 
in terminal cardiovascular events (259). 

Generally, published studies revealed consistent positive conclusions regarding the 
association of epicardial fat depots and non-calcified coronary plaques. Ito et al. have 
demonstrated that EAT volume could significantly predict an obstructive coronary non-calcified 
CAD in symptomatic patients, independently of traditional CAD risk factors and anthropometric 
measurements of obesity (260). Oka et al. displayed similar findings in 357 individuals who 
received CT angiography. EAT volume in this study was identified as an independent predictor 
of non-calcified low-density coronary plaques with the positive remodeling after adjustments 
for visceral fat, BMI and CCS (261). Comparable results revealed Konishi et al. – authors 
measured EAT volume on coronary CT angiography images of 210 patients. Authors found 
that EAT, but not abdominal waist circumference, was significantly and independently 
associated with the presence of all types of coronary plaques (non-calcified, mixed, calcified). 
No significant EAT volume difference was observed between patients with different coronary 
plaque properties (262). Mahabadi et al. in the same way demonstrated a significant 
independent connection between pericoronary EAT and the presence of coronary plaque, 
irrespective of plaque type (90). 

On the other hand, Alexopoulos et al. showed that EAT volume significantly differed between 
different coronary plaque features. Authors revealed that EAT volume was significantly greater 
in patients with mixed and non-calcified coronary plaques compared to individuals with 
calcified atherosclerosis or absent coronary plaques (78). It is a very important finding since 
mixed and non-calcified plaques have been linked to a higher incidence of MACE (263). Hwang 
et al. confirmed the results of Alexopoulos et al. as they followed 122 asymptomatic individuals 
over the course of 5 years. Authors revealed that BSA-indexed EAT volume, measured on CT 
images, was considerably higher in those patients, who developed non-calcified coronary 
plaques, in comparison to healthy individuals or those who featured only calcified 
atherosclerosis (240). Moreover, Okada et al. analyzed epicardial fat depots and coronary 
plaques in non-obese persons. In this study, increased EAT volume was associated with 
severe narrowing coronary plaques (not necessarily calcified). The results have indicated an 
important role of EAT in CAD progression in subjects with little accumulation of visceral fat 
(264). 

In general, published findings suggested that greater EAT depots could appear before the 
development of coronary atherosclerotic plaques and their vulnerability (243). As a result, EAT 
could be an additional indicator of risk stratification for patients developing CAD before the 
appearance of visible damage signs to coronary arteries. 

 

 Significant coronary artery stenosis and high-risk plaque 

 

High-risk coronary plaque includes one or more of the following features: low-attenuation 
plaque, positive remodeling, spotty calcification and the napkin ring sign (59). Instable high-
risk coronary plaques can more often lead to the acute coronary syndrome, as a result of a 
higher rupture risk (265). Therefore, it is crucial to be able to predict the presence of high-risk 
coronary plaques due to the significance of early intervention (65). 

A meta-analysis, conducted by Nerlekar et al. with 3772 patients, demonstrated some 
important findings. First of all, the increase of EAT measurements was significantly associated 
with the presence of high-risk coronary plaque features. Secondly, volumetric EAT 
quantification showed a stronger association with high-risk plaque features than linear EAT 
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thickness measurements (62). In another study a virtual histology intravascular ultrasound was 
used to assess coronary plaques and their high-risk features. Authors reported a strong 
correlation between increased EAT thickness, measured with transthoracic echocardiography, 
and coronary plaque instability (63). Nakanishi et al. followed up 517 CAD patients for 
approximately 4 years; a second CT scan was performed within 2 years after the first scan. 
Authors evaluated changes in EAT volume. CAD patients, which showed the significant 
increase of EAT volume during follow-up, more frequently developed high-risk coronary 
plaques despite comprehensive management of cardiovascular risk factors (266). Ito et al. 
performed optical coherence tomography on coronary plaques. The results of the study 
demonstrated a strong connection between high EAT volume measurements, quantified on 
CT images, and the features of coronary plaque instability (267). Shan et al. performed 
multivariate regression analysis which identified the EAT volume variable as an independent 
risk factor for instable high-risk coronary plaques. Authors suggested that the detection of 
increased EAT volume in native heart CT scan could be sufficient to initiate contrast enhanced 
examination of coronary arteries to be able to recognize high-risk plaque features, 
independently from the result of CCS. Lower EAT measurements could be an acceptable 
reason to cancel contrast enhanced CT scan to avoid possible side effects of contrast agent 
or excessive radiation (65). 

Several studies with patients who underwent coronary CT angiography, identified greater EAT 
depots as a possible independent risk factor for the formation of significant (>50%) coronary 
stenosis (59, 61, 260, 268-271). Nakazato et al. presented a relation between high EAT volume 
and the appearance of both relevant coronary stenosis and myocardial ischemia (271). In 
addition to this, Iwasaki et al. reported a steep increase of EAT volume measurements in 
patients with severe coronary artery sclerosis and stenosis (269). EAT volume in individuals 
with high-risk stenotic coronary lesions, was approximately twice as high in comparison to 
subjects without CAD (270). Moreover, Rajani et al. confirmed the independent association 
between increased EAT depots and greater coronary stenosis (>70%) after adjustments for 
cardiovascular risk factors (58). Mahabadi et al. observed 2.5-fold odds increase of the 
coronary plaque presence per each doubling of pericoronary EAT volume. This discovery was 
not related to the type of coronary plaque (272). Hajsadeghi et al. presented a gradual rise of 
BSA-indexed EAT volume from individuals with no coronary obstruction to non-obstructive 
CAD – to obstructive CAD (266). Finally, authors, which applied widely used Gensini score for 
quantifying angiographic atherosclerosis, showed an independent association of EAT with 
CAD severity (61, 142, 273-275). 

Several postmortem studies presented a significant connection between epicardial fat depots 
and the degree of coronary stenosis. Silaghi et al. measured EAT in 56 random human 
cadavers. Results of the study demonstrated significantly increased EAT areas on both 
anterior and posterior surfaces of the heart in subjects with CAD. Moreover, EAT areas on the 
anterior surface of the heart significantly correlated with the score of coronary stenosis (276). 
Sequeira et al. compared EAT thickness and volume measurements in 116 deceased subjects 
with different grades of coronary stenosis (absent, <50%, ≥50% stenosis). Published findings 
revealed increased EAT volume in subjects with significant (≥50%) coronary stenosis, even 
after controlling for BMI. In comparison, analysis of EAT thickness measurements showed no 
significant differences (277). 

 

 Major adverse cardiovascular events 

 

The term MACE refers to a certain clinical endpoint used for outcome evaluations; MACE 
include cardiovascular death, myocardial infarction, stent thrombosis or repeat 
revascularization. Greater epicardial fat depots have been independently associated with 
MACE on different occasions (65, 66, 278, 279). 
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In a study from the EISNER registry, MACE patients demonstrated larger epicardial fat depots 
compared to event-free individuals. Moreover, increased EAT volume together with high CCS 
values improved prediction of MACE in the study population (51). One more work from the 
EISNER registry showed increased EAT volume in subjects with inducible myocardial ischemia 
on SPECT images. Of note, EAT attenuation values did not differ between ischemic and non-
ischemic individuals (173). Two other studies showed similar results – EAT volume presented 
a strong relationship with the induced ischemia of the heart muscle, measured by both SPECT 
and PET (52, 157). Lu et al. concluded that greater EAT volume could significantly predict 
MACE probability in patients following coronary intervention, after adjustments for clinical, 
demographic and angiographic variables. Authors reported the cut-off value of EAT volume of 
125.2 cm3 as an independent predictor of MACE in the study population (201). Furthermore, 
researchers announced a significant higher risk of MACE with an approximately two-fold 
increase in EAT volume (51). In addition to the previous studies, EAT was indicated to 
significantly and independently predict both acute coronary syndrome as well as myocardial 
ischemia in individuals without known CAD (157, 279, 280).  

Mahabadi et al. measured EAT volume in approximately 4000 participants of the Heinz Nixdorf 
Recall study cohort, authors examined the connection between epicardial fat depots and the 
incidence of coronary events over a follow-up of approximately 10 years. The incidence of 
coronary events continuously increased with the EAT volume, even after adjustments for 
cardiovascular risk factors (281). One more research with participants from the Framingham 
Heart Study cohort demonstrated a strong association between the size of EAT and the 
incidence of MACE, whereas visceral abdominal adipose tissue was associated with the 
incidence of stroke (90). It should be pointed out that paracardial thoracic adipose tissue did 
not relate to cardiovascular diseases or MACE (51, 90, 157). This further strengthens the 
hypothesis of a possible impact of epicardial fat depots on coronary arteries. 

Finally, patients with the stable CAD who eventually died from cardiac death during long term 
follow-up, showed significantly lower BSA-indexed EAT mass. Reduced BSA-indexed EAT 
mass below 22 g/m2 was associated with substantially higher rate of death (76). 

 

 Conflicting studies and results 

 

Although the majority of published studies showed promising diagnostic importance of 
epicardial fat depots, incidental investigations pointed out no significant value of non-invasive 
EAT measurements in prediction of patients with CAD. All in this subsection mentioned studies 
were observational and prone to biases which include population selection, ascertainment of 
findings and unbalanced use of predictors in regression modeling. Moreover, ethnic related 
discrepancies in study cohorts and outcomes could have impacted the reported results as well. 
Additional well controlled populations with corresponding adjustments for confounders are 
needed to clarify those issues. 

The strongest conflicting material, which contradicted the association between epicardial fat 
depots and CAD, was published by Tanami et al. in 2015. Authors analyzed CT and SPECT 
images of 380 patients with suspected or diagnosed CAD. The study reported no connection 
between the size of EAT volume and the presence or severity of CAD as well as myocardial 
perfusion abnormalities. It is worth pointing out that approximately 30% of the study population 
represented high-risk population for cardiovascular diseases (282). Van Meijeren et al. 
compared BSA-indexed EAT volume between patients with stable CAD, individuals who 
suffered from MACE and healthy controls. BSA-indexed EAT volume was similar within all 
groups of subjects. A possible reason for unusual study results could be the broad definition 
of CAD which included patients with both early and late stages of disease. In addition, authors 
studied a small sample of patients which did not permit an employment of complex statistical 
analysis methods (283). 
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Otaki et al. indexed EAT volume measurements to BSA in 106 subjects without coronary 
calcifications at a baseline. Over the course of 3-5 years, monitored individuals developed 
coronary calcium on CT images. Authors did not find a connection between the development 
of coronary calcifications and the rise of EAT volume. However, an unusual estimation method 
of EAT was used in this study – authors did not measure EAT areas around the whole heart, 
but only around the cranial part of it. Moreover, confounders were not removed from the final 
analysis, the sample size was rather not representative as well (284). Romijin et al. examined 
CT images of 122 patients with suspected CAD and indicated that EAT volume showed no 
significant diagnostic importance beyond cardiovascular risk factors and CCS (285). Gorter et 
al. included 128 subjects with CAD in the study population; authors reported a missing 
connection between EAT thickness and volume, measured on CT images, and the severity of 
coronary stenosis or CCS. However, after adjusting the results to BMI, patients with BMI<27 
kg/m2 demonstrated a significant association of EAT measurements with the CAD severity 
(156). 

Bastarrika et al. presented a significantly greater EAT volume in individuals with coronary 
artery stenosis (155±59 cm3) in comparison to those with healthy coronary vessels (121±82 
cm3). Authors compared epicardial fat volume values, acquired from automated CT volumetry. 
On the other hand, EAT thickness measurements between the two groups were not 
significantly different. Insignificant results could be explained due to a very small study 
population – only 45 individuals (166). Panda et al. compared volumes of both epicardial and 
paracardial fat in 54 patients with present or absent CAD. Measurements were performed on 
CT coronary angiogram. Authors did not find significant epicardial or paracardial fat differences 
in respect to CAD. In contrast, EAT significantly and positively correlated with CCS (286). 
Another small study by Muthalaly et al. assessed 38 patients with suspected CAD. Authors 
investigated the connection between the size of EAT volume and the presence of perfusion 
defects on myocardial CT perfusion images. No significant results were reported in this study 
(EAT volume of 84 cm3 with myocardial perfusion defects vs. 81 cm3 without) (287). Finally, 
Chaowalit et al. demonstrated no correlation between EAT thickness and the presence or 
severity of CAD. Poor reproducibility of two-dimensional guided M-mode echocardiography 
could determine discrepant results (288). 

 

 Distribution and changes of epicardial adipose tissue in other 
important pathological conditions 

 

 Obesity, diabetes and metabolic syndrome 

 

In general, hyperplasia of fat cells, endothelial cell activation and fibrosis are important 
pathophysiological processes which characterize inflamed adipose tissue in obese individuals 
(289). Moreover, in case of obesity adipose tissue expresses significantly more immune cells 
(macrophages, mast cells, lymphocytes), which act as a source of chronic systemic 
inflammation (290, 291). As a result, adipose tissue is brought to a state of impaired adipokine 
balance as well as increased production of pro-inflammatory cytokines together with FFA  
(292). The association between epicardial fat depots and the obesity has been described (146, 
293). Moreover, EAT strongly correlated with the intraabdominal visceral fat (135, 145). 

Obese adolescents with metabolic syndrome showed higher EAT thickness measurements; 
epicardial fat positively correlated with the concentration of fasting plasma glucose, 
triglycerides, uric acid in blood and some parameters of cardiac dysfunction – for instance, 
with left ventricular mass (294). In addition, a link between the increased EAT and non-
alcoholic fatty liver disease was observed among obese adolescents (295). Overall, excess of 
EAT in obese children has demonstrated a clear association with cardiometabolic variables. 
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As a result, EAT could be considered an attractive target for interventions that might lower 
cardiac adiposity in early life (294, 295). 

Obesity is a major element of the metabolic syndrome. Metabolic syndrome is attributed to a 
combination of several cardiovascular risk factors that exist together at the same time (insulin 
resistance, dyslipidemia, hypertension, visceral adiposity) (296). Increasing number of 
published studies have shown toxic effects of lipid excess, accompanying metabolic syndrome, 
which eventually lead to cardiac fibrosis, apoptosis of the heart cells and insufficiency of 
cardiac function (297-300). 

Many research papers have demonstrated significantly greater amounts of EAT in patients 
with metabolic syndrome (73, 136, 142, 145, 146, 249, 293, 301-303). Important 
pathophysiological processes which define metabolic syndrome, such as inflammation, insulin 
sensitivity disorder, visceral adiposity and arterial hypertension, have shown strong association 
with increased EAT (78, 81, 206, 303-305). According to the study by Iacobellis et al., 
echocardiographic EAT thickness measurements over 7.5 mm and 9.5 mm are considered to 
be strong predictors of metabolic syndrome in European women and men, respectively (146). 

Patients with type 2 diabetes exhibit higher amounts of glycation end products. These 
molecules damage endothelium and cause disclosure of the subendothelial collagen tissue 
(201). As a result, platelets can easily attach to the injured endothelium and cause local 
thrombosis. In addition, hyperglycemia promotes the inflammatory state of small arterial 
vessels, causes microcirculatory obstructions and impairs the blood supply of cardiomyocytes. 
Diabetes and impaired glucose tolerance have both been closely linked to cardiac lipotoxicity 
(190, 306). 

EAT mass and thickness have been revealed to be significantly increased in patients with 
impaired glucose tolerance (307). Furthermore, the inflammatory burden of epicardial fat 
depots proved to be higher in prediabetic patients than in healthy individuals (308). EAT 
thickness demonstrated inverse correlation with the insulin sensitivity (138). A 9.5 mm cut-off 
value of EAT thickness over the RVFW predicted increased insulin resistance (146). Patients 
with type 2 diabetes often developed expansion of EAT mass to over 400 g, occasionally 
reaching 800 g (190). This exorbitant degree of EAT expansion has always caused an evident 
mechanical load. As a result, the peripheral vascular resistance has increased, whereas both 
cardiac output and ejection fraction have dropped (67). 

As an illustration, Versteylen et al. investigated the size of EAT volume, glycemic state and 
CAD status in 410 patients. Authors found an independent association between the size of 
EAT and the presence of type 2 diabetes as well as with the impaired fasting glucose. 
However, EAT volume was not an independent predictor of CAD in this population. 
Furthermore, EAT volume was not associated with a specific type of coronary plaque (309). 

 

 Atrial fibrillation 

 

AF is the most common type of cardiac arrhythmia. AF contributes greatly to the morbidity and 
mortality from congestive heart failure and cerebrovascular events (201).  

Uneven atrial and ventricular distribution of epicardial fat depots could suggest the participation 
of EAT in the pathogenesis of AF (310). Indeed, EAT thickness was significantly positively 
associated with the right atrial and ventricular size in obese patients with AF (311). Moreover, 
greater EAT volume was connected to AF even after adjustments for traditional cardiovascular 
risk factors (281). Other visceral adipose tissue depots and paracardial fat were not 
significantly related to the presence of AF (200). 

Several pathophysiological pathways of a possible EAT role in the development of AF have 
been observed. First of all, numerous pro-inflammatory cytokines, secreted by epicardial fat, 
promoted fibrosis in atrial myocardium (312). Secondly, atrial EAT was found to be rich of 
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ganglionated plexuses which have commonly been recognized to initiate and sustain AF (310). 
Finally, invasion of fat cells within an atrial myocardium have caused an electrical stimulation 
of conduction delays as well as a heterogeneous voltage. These pathological states are well 
known to be predisposing conditions of AF (312). 

 

 Heart failure 

 

Individuals with severe heart failure showed decreased epicardial fat depots, measured on 
CMR images (313). EAT gradually decreased with the progressively reduced left ventricle 
function in patients with congestive heart failure (54, 314). Particularly, a reduction of EAT 
depots was independent from the underlying cause of cardiomyopathy (313). 

Several authors in previous studies addressed the connection between the increasing size of 
EAT and the rise of the ventricular mass as a compensatory mechanism of the left ventricle 
remodeling in response to volume overload. Furthermore, left ventricle hypertrophy developed 
proportionally to the EAT expansion, measured by transthoracic echocardiography. The 
association was not related to the overall adiposity of subjects (101, 315). Possible 
pathogenesis of this connection included an overload of the heart muscle as well as insulin 
resistance, caused by the excess of EAT (140, 316); EAT induced myocardial steatosis as a 
result of greater intracellular lipid content (67); local and systemic effects of the pro-
inflammatory cytokines, secreted by EAT (42). 

Flüchter et al. revealed both lower EAT thickness over the RVFW and lower EAT volume in 
heart failure patients compared to healthy controls with similar BSA, BMI and age. Authors 
noted that during the progress of heart failure EAT did not only diminish but also redistributed 
around the heart muscle (168). Doesch et al. showed similar results in their study – patients 
with congestive heart failure displayed reduced EAT volume (317). In addition, reduced BSA-
indexed EAT mass was a significant predictor of cardiac death in patients with heart failure 
(optimal cut-off value of 22 g/m2) (313). Finally, one postmortem study by Schejbal showed 
comparable results. Human hearts with the signs of heart failure displayed significantly less 
EAT than healthy hearts (198). 

Increased EAT accumulation is considered to be linked to the ejection fraction in heart failure 
patients (140, 318). Khawaja et al. evaluated 381 patients; authors noticed that on CT images 
measured EAT volume decreased persistently in patients with moderate (ejection fraction 35-
55%) or severe (ejection fraction <35%) ventricular dysfunction in comparison to individuals 
with no history of heart failure (314). In contrast, heart failure patients with preserved ejection 
fraction showed significantly higher EAT depots than healthy controls (319). 

The decrease of epicardial fat depots in heart failure patients suggests that the regulatory role 
of EAT in homeostasis diminishes, since a dysfunctional myocardium develops anatomic 
alterations and atypical metabolic needs (314). Progressive advanced heart diseases result in 
decline of EAT perfusion, as EAT derives its blood supply from coronary arteries (76). As a 
result, the protective influence of EAT on coronary vessels, heart muscle and cardiac 
autonomic nerves weakens. Eventually, EAT shrinks (93, 102). In addition, EAT reduction in 
patients with heart failure is considered to exceed a global fat decrease as a result of disease 
related wasting (313). Finally, a decline of EAT leads to fat accumulation in cardiomyocytes, 
which is shown to be an important trigger of cardiac fibrosis, dysfunction and apoptosis of the 
cardiac myocytes (299, 320). 
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 Coronavirus disease 2019 

 

Only data of a small number of studies with limited sample sizes are presently available about 
the association of epicardial fat depots and the coronavirus disease 2019 (COVID-19). 
Evidence presented both increased EAT volume and density as independent predictors of 
adverse and fatal COVID-19 courses (321). In another example, Slipczuk et al. showed the 
EAT volume above 98 cm3 to be a strong and independent predictor for in-hospital mortality 
from COVID-19 after adjustments for age, BMI, diabetes, arterial hypertension and 
hyperlipidemia (322). Finally, large EAT depots were closely associated with cardiovascular 
complications in patients with COVID-19 (323). 

 

 Epicardial adipose tissue as a potential novel therapeutic target in 
cardiovascular diseases 

 

Non-invasive assessment of epicardial fat depots is considered to be a reliable indicator of the 
cardiovascular risk and the total amount of visceral adipose tissue (102). EAT can be 
stimulated to resume its cardioprotective brown fat functions in patients with cardiovascular 
diseases (96). In addition, diseased pro-inflammatory epicardial fat can be therapeutically 
targeted as the understanding of its involvement in the pathogenesis of cardiovascular 
diseases increases. Potential treatment strategies include pharmacotherapy, lifestyle changes 
and bariatric surgery (324). 

 

 Pharmacotherapy 

 

Statins and anti-diabetic drugs proved to reduce the size of EAT depots. 

Hydroxymethylglutaryl-CoA reductase inhibitors are also known as statins. Statin medication 
group restricts the biosynthesis of cholesterol and increases the expression of low-density 
lipoprotein receptors (325). Some other functions of statins include an inhibition of cell 
adhesion in pathogenesis of atherosclerosis as well as a restriction of macrophage growth. In 
addition, statins suppress the production of metalloproteinases. Therefore, this drug group is 
categorized as vascular plaque stabilizers (326). Statins do not only reduce the size of 
epicardial fat depots but also suppress the pro-inflammatory metabolic EAT activity as a result 
of pleiotropic characteristics of this medication group (327). 

Park et al. analyzed data of 145 subjects – approximately half of them daily consumed 20 
milligrams (mg) of atorvastatin, others took 10 mg of simvastatin combined with 10 mg of 
ezetimibe. EAT thickness was regularly measured over a period of two years with transthoracic 
echocardiography. All individuals showed a significant decline of the cholesterol concentration 
in blood as well as of the measured EAT amount. However, atorvastatin was revealed to cause 
a significantly greater decrease of the EAT thickness in comparison to simvastatin (328). 

Alexopoulos et al. in another study assessed 420 hyperlipidemic postmenopausal women who 
received either atorvastatin or pravastatin therapy for one year. A significant EAT size 
reduction was achieved only in atorvastatin group. Moreover, an intensive statin therapy 
showed more effective results than a moderate intensity treatment (329). In the similar way, 
Raggi et al. evaluated the effect of atorvastatin and pravastatin in 420 postmenopausal 
women. EAT volume together with the fat attenuation in the area of RCA were measured on 
CT images. Both atorvastatin and pravastatin effectively reduced EAT volume as well as the 
attenuation of pericoronary adipose tissue (330).  
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Parisi et al. revealed a direct independent relationship between the decrease of EAT and the 
statin therapy in patients with aortic stenosis. Furthermore, authors additionally analyzed EAT 
biopsies, collected during cardiac surgery. The inflammatory EAT status within statin group 
was significantly lower than in non-statin group (331). 

Anti-diabetic drugs have shown a strong potential in reducing EAT depots in addition to the 
glycemic control. Metformin is the most frequently prescribed gold standard anti-diabetic drug 
worldwide. Metformin therapy significantly increases insulin sensitivity in visceral adipose 
tissue (308). It seems to stimulate both fat oxidation and thermogenesis, but the exact 
mechanism of its relationship with EAT is not fully understood (332). As an illustration, 3 
months lasting metformin monotherapy decreased EAT thickness by 10% (333). 

Thiazolidinediones are another group of anti-diabetic medications. Thiazolidinediones 
simultaneously inhibit the secretion of pro-inflammatory cytokines (IL-6, TNF-α, resistin, etc.) 
from different visceral adipose tissue depots. Most of EAT produced inflammatory markers 
were reduced in diabetes type 2 patients, treated with pioglitazone (334-336). A 24-week 
comparison study of the impact of both pioglitazone and metformin treatment in patients with 
diabetes type 2, was performed. Interestingly, an increase of both paracardial and epicardial 
fat volume in pioglitazone group was observed, regardless of the cardiac diastolic function 
improvement, presumably as a result of the inflammatory suppression of epicardial fat depots 
(337). 

Sodium-glucose transport protein 2 (SGLT2) inhibitors are anti-diabetic drugs which block a 
glucose reabsorption in proximal kidney tubules, resulting in glucosuria (338). Lipolysis, 
ketogenesis and FFA oxidation are promoted as a result of a reduced glucose concentration 
in plasma, leading to the reduction of body weight due to a visceral fat burn (339). This 
medication group has effectively reduced visceral adipose tissue depots and EAT among 
diabetes type 2 patients with or without obesity (340-342). In addition to this, inflammatory 
qualities of EAT were significantly improved (340). As an example, Sato et al. reported a 
notable decrease of EAT volume and TNF-α plasma level in patients with both diabetes type 
2 and CAD, treated with dapagliflozin for 6 months (342). Comparable findings were observed 
after the treatment with empagliflozin (343). 

Incretin based anti-diabetic drugs (Glucagon-Like Peptide-1 (GLP-1) receptor agonists and 
Dipeptidyl Peptidase 4 (DPP-4) inhibitors) reduce blood glucose concentration by restoring 
insulin level, suppressing glucagon production and stimulating the release of incretin (126). In 
addition, this medication group has significantly reduced the body weight and the size of 
visceral and EAT depots as a result of an increased FFA oxidation (344, 345). Incretin based 
drugs have at the same time induced a browning process of adipose cells and a thermogenesis 
(346). Interestingly, this medication group does not lower inflammatory properties of a 
dysfunctional adipose tissue (347). Furthermore, incretin based anti-diabetic drugs may 
sometimes stimulate cardiac inflammatory conditions, resulting in myocardial fibrosis (348). It 
is worth mentioning that visceral adipose tissue cells express GLP-1 receptors, whereas 
subcutaneous fat cells do not (349). Lima-Martinez et al. evaluated the effect of sitagliptin on 
echocardiographically measured EAT thickness over a 24-week period in patients with 
diabetes type 2. After the therapy a significant reduction of epicardial fat depots was observed 
(350). Similar decreasing effect of liraglutide, semaglutide and dulaglutide on EAT was 
described in studies, conducted by Iacobellis et al. (351, 352). 

Insulin restoring treatment showed a significant relationship with the decrease of epicardial fat 
measurements. As an example, results of the study by Elisha et al. illustrated a significant 
reduction of EAT thickness in diabetes type 2 patients, treated with either detemir or glargine 
for 6 months (353).  

Several anti-inflammatory medications have demonstrated the ability of EAT modulation – 
colchicine, canakinumab, evolocumab, alirocumab, methotrexate and others. However, 
possible mechanisms of the impact as well as the effect range and are yet to be understood 
(126, 354). 
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 Lifestyle changes and bariatric surgery 

 

Both resistance and endurance training have reduced EAT depots (355-357). As an illustration, 
Christensen et al. demonstrated a decrease of EAT volume up to 32% after the 12-week 
continuing endurance and resistance training program (355). Moreover, Konwerski et al. 
studied the connection of intense aerobic physical training with EAT volume in ultramarathon 
amateur athletes. Epicardial fat volume proved to be significantly lower in athletes compared 
to non-athletes (358). The meta-analysis by Saco-Ledo et al. confirmed a positive effect of 
endurance training as a way of EAT reduction (359). 

Low calorie diet is another way to decrease epicardial fat depots (360, 361). Kim et al. 
evaluated obese middle-aged individuals which were exposed to a hypocaloric diet (reduction 
up to 27% of the daily caloric intake) and an aerobic exercise program for an interval of 12 
weeks. Authors reported a mean decrease of EAT volume by 17% by the end of the study 
(362). Furthermore, reduction of EAT thickness proved to be more significant than a decrease 
of BMI or waist circumference. Aerobic exercise program additionally resulted in corrected 
systolic blood pressure and increased insulin sensitivity (363). Iacobellis et al. showed that a 
decrease in EAT thickness, rather than waist circumference, improved cardiac diastolic 
function after a significant weight loss, caused by a 6 month very low calorie (900 kcal/day) 
diet program in critically obese Caucasians. Of note, EAT depots decreased significantly 
quicker in comparison to other fat depots (364). 

A substantial weight loss in patients with severe obesity after a bariatric surgery has been 
followed by a reduction of epicardial fat depots (365-368). As an example, Willens et al. 
demonstrated a significant decrease of EAT thickness measurements in extremely obese 
patients after bariatric surgery and an average weight loss of 40±14 kg (369). Other authors 
reported a reduction of epicardial fat depots by 31% two years after bariatric surgery 
procedures (367). 

A meta-analysis by Rabkin and Campbell clearly identified epicardial fat as a modifiable risk 
factor, associated with CAD. Dietary interventions with a consequent weight loss correlated 
with the linear reduction of EAT. Exercise programs were less connected to a decrease of 
epicardial fat depots, often due to the lack of a consequent reduction in total body weight. 
Therefore, it can be speculated that weight loss might be essential for a drop in EAT mass. 
Although the most spectacular weight loss can be achieved after bariatric surgery procedures, 
the decrease of EAT in this group was similar to that of the diet group. One potential 
explanation could be the existence of a certain limit of epicardial fat size, below which an 
additional reduction could not be achieved (370).
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3 Materials and methods 

 

 Study design and population 

 

This retrospective case-control study involved adult individuals who received CMR scan in the 
past due to different medical conditions. The data was gathered in Gemeinschaftsklinikum 
Mittelrhein gGmbH, Academic Educational Hospital of the Johannes Gutenberg University of 
Mainz.  

Between January 2017 and January 2022, 760 consecutive adult patients underwent CMR 
imaging in our institution. Some of the study subjects had to be removed from the final analysis. 
55 patients were withdrawn due to the absence of necessary CMR sequences because of 
different reasons: investigation without contrast media, scan interruption as a result of 
abundant extrasystoles or claustrophobia, substantial artefact burden in CMR images. 30 
patients were excluded due to the significant pericardial effusion, which made the 
quantification of EAT impossible. 14 patients with coronary artery bypass or stent were 
removed from the analysis to avoid potential confounding. 4 patients were withdrawn because 
of the absence of medical records. 24 patients underwent CMR imaging several times over the 
course of 5 years. In this instance, only the initial CMR scan was examined. In 3 cases the 
initial CMR scan was not generated between January 2017 and January 2022 – these 
individuals were excluded. Finally, 630 study subjects entered the final analysis. 

Because of the retrospective nature of our study, the approval of a local ethic committee was 
not required. Gathered data was anonymized to prevent the identification of patients and to 
comply with the European Union's new General Data Protection Regulation. 

 

 Cardiac magnetic resonance imaging protocol 

 

All imaging studies were performed using two systems – either 1.0-Tesla whole-body magnetic 
resonance imaging (MRI) system (Panorama HFO™, Philips Healthcare, Best, The 
Netherlands) or 3.0-Tesla whole-body MRI system (Achieva™, Philips Healthcare, Best, The 
Netherlands). In cardiac imaging, a Body/Spine XL coil was used for the 1.0-Tesla system; a 
SENSE Torso/Cardiac coil for the 3.0-Tesla system. CMR images were acquired during 
repeated end-expiratory breathholds. Cardiac synchronization was achieved with a four-
electrode vector electrocardiogram, image acquisitions were triggered during the R-wave. 

First of all, sagittal, coronal and axial scout images were obtained for further planning of the 
cardiac long- and short-axis views. After that, electrocardiogram-gated images were achieved 
using a SSFP algorithm – 2D multiphase (cine) B-SSFP sequence, acquired in three short 
axial slices (basal, mid-ventricular and apical) of the left and right ventricle (time to echo/time 
of repetition – 2.6/5.2 milliseconds (ms), flip angle – 70°, slice thickness – 8 mm, interslice gap 
– 20 mm for 1.0-Tesla system; time to echo/time of repetition – 1.6/3.1 ms, flip angle – 40°, 
slice thickness – 8 mm, interslice gap – 20 mm for 3.0-Tesla system). Using the same 
algorithm, transversal long-axis four-chamber images were acquired. Imaging parameters 
were as follows: time to echo/time of repetition – 2.5/5.0 ms, flip angle – 70°, slice thickness – 
8 mm for 1.0-Tesla system; time to echo/time of repetition – 1.5/3.1 ms, flip angle – 40°, slice 
thickness – 8 mm for 3.0-Tesla system. 

Approximately 10-15 minutes after the injection of a gadolinium-based contrast agent Dotarem 
(Guerbet, Raleigh, NC, USA), late gadolinium enhancement imaging was performed using the 
inversion recovery prepared T1 weighted gradient echo sequence. Overall, six to fifteen short-
axis views, covering the whole left and right ventricle in same orientations, applied for cine 
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short-axis images, were obtained. Additional four- and two-chamber long-axis images were 
acquired. Imaging parameters were as follows: time to echo/time of repetition – 1.5/4.1 ms, flip 
angle – 15°, slice thickness – 10 mm, interslice gap – 5 mm for 1.0-Tesla system; time to 
echo/time of repetition – 1.8/3.7 ms, flip angle – 15°, slice thickness – 10 mm, interslice gap – 
5 mm for 3.0-Tesla system. 

 

 Measurements of epicardial adipose tissue depots 

 

Although 3.0 Tesla MRI scanners provide better resolution, field strength does not have a 
significant impact on the assessment of cardiac volume or mass. Values, obtained on lower 
field strength scanners, can be applied to scans obtained on 3.0 Tesla scanners. Moreover, 
MRI is considered to be the gold standard modality for visualization of adipose tissue and total 
body fat, which allows uncomplicated analysis of EAT on both 3.0 and 1.0 Tesla MRI scanners 
(6, 22, 48, 371-373).  

Overall, 351 (55.7%) individuals were examined with 1.0 Tesla scanner, 279 (44.3%) – with 
3.0 Tesla scanner. 

CMR scan images were assessed off-line using the Digital Imaging and Communications in 
Medicine (DICOM) viewer “Carestream Picture Archiving and Communication System (PACS)” 
software (Carestream Inc. New York, USA). 

 

 

Figure 5. Calculation of epicardial adipose tissue volume by using modified Simpson rule with integration 
over the image slices. 

 

EAT was cranially confined by the origin of the pulmonary trunk, caudally by the diaphragmal 
base of the heart. EAT volume was calculated by using modified Simpson rule with integration 
over the image slices (45). EAT volume was measured on both 2D multiphase (cine) B-SSFP 
sequence (further in text SSFP EAT volume) and inversion recovery prepared T1 weighted 
gradient echo sequence (further in text T1IR EAT volume). Late gadolinium imaging allowed 
more precise measurements of EAT volume as a result of smaller interslice gaps. Outlines of 
EAT (between the heart muscle and pericardium) on the entire left and right ventricles were 
manually defined using an area measurement tool on CMR short-axis images during the left 
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ventricle end-diastolic phase. The sum of EAT areas, subtended by the manual tracings, was 
multiplied by the sum of both slice thickness (8 mm) and interslice gap (20 mm) on B-SSFP 
sequence. The sum of EAT areas from late gadolinium enhancement images was multiplied 
by the difference between slice thickness (10 mm) and interslice gap (5 mm) as a result of 
overlapped slice interval settings. The final result was defined as an EAT volume (Figure 5). 

EAT thickness was measured manually using a distance measurement tool on 2D multiphase 
(cine) B-SSFP sequence short-axis and long-axis images during the left ventricle end-diastolic 
phase. Altogether there were 11 EAT thickness measurements conducted: three 
measurements over the RVFW, three over the LVFW, single measurement in the superior 
interventricular groove (SIVG), inferior interventricular groove (IIVG), AIVG, RAVG and LAVG. 
Specifically, measurements over the RVFW and LVFW were performed at the 25%, 50% and 
75% location from the wall, perpendicular to the surface of the heart (Figure 6). 

 

 

Figure 6. Measurements of epicardial adipose tissue thickness. Abbreviations: AIVG – anterior 
interventricular groove, IIVG – inferior interventricular groove, LAVG – left atrioventricular groove, LVFW 
– left ventricular free wall, RAVG – right atrioventricular groove, RVFW – right ventricular free wall, SIVG 
– superior interventricular groove. 

 

In the final analysis, separate EAT thickness measurements as well as mean values of EAT 
thickness were used as follows: overall mean thickness from measurements in 11 locations, 
mean thickness of groove measurements (5 locations), mean thickness of measurements over 
the ventricular FW (6 locations), mean thickness of measurements over the RVFW (3 
locations) and mean thickness of measurements over the LVFW (3 locations). 

 

 Assessment of coronary artery disease severity 

 

According to health records, patients were assigned to either CAD or non-CAD group. The 
diagnosis of CAD was determined by health care professionals according to the European 
Society of Cardiology (ESC) guidelines on chronic coronary syndromes (374, 375) as well as 
the 3rd and 4th universal definition of myocardial infarction (376, 377). It should be noted that 
patients with the coronary procedure related myocardial infarction were not included in the final 
analysis to avoid possible confounding. 
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All CAD patients received a coronary angiography procedure either in our or in an external 
institution. Overall, patients with the angiographic evidence of ≥1 stenosis of ≥50% in diameter 
in a major coronary artery (RCA, LAD or LCX) were assigned to the CAD group. CAD group 
additionally included patients who suffered from acute myocardial infarction as a result of the 
atherothrombotic CAD (type 1 myocardial infarction) (377). Patients without a coronary 
stenosis or with ≥1 stenosis of <50% in a major coronary artery were assigned to the non-CAD 
group. The severity of CAD was assessed with two grading scales – the Canadian 
Cardiovascular Society grading of angina pectoris and the Gensini Score. 

 

 Canadian Cardiovascular Society grading of angina pectoris 

 

The Canadian Cardiovascular Society grading system for angina pectoris is a clinical 
classification, used by cardiologists to estimate the extent of severity of a chest pain or 
pressure, caused by insufficient blood flow to the myocardium (378). The system consists of 
four grades. Aggravation rate of angina pectoris corresponds with the increase of grades 
(Table 5). 

 

Grade Description 

Grade I 
Ordinary physical activity does not cause angina, such as walking and climbing stairs. 

Angina with strenuous or rapid or prolonged exertion at work or recreation. 

Grade II 

Slight limitation of ordinary activity. Walking or climbing stairs rapidly, walking 

uphill, walking or stair climbing after meals, or in cold, or in wind, or under emotional 

stress, or only during the few hours after awakening. Walking more than two blocks 

on the level and climbing more than one flight of ordinary stairs at a normal pace and 

in normal conditions. 

Grade III 
Marked limitation of ordinary physical activity. Walking one or two blocks on the 

level and climbing one flight of stairs in normal conditions and at normal pace. 

Grade IV 
Inability to carry on any physical activity without discomfort, anginal syndrome may 

be present at rest. 
Table 5. Canadian Cardiovascular Society grading of angina pectoris. 

 

CAD patients in our study were assigned to the corresponding grade of the Canadian 
Cardiovascular Society grading system for angina pectoris by cardiologists during their stay in 
a hospital. 

 

 Gensini Score 

 

The Gensini score is a commonly used angiographic grading system for calculating the 
severity of CAD (379-381). The Gensini score takes into account 3 variables for each coronary 
lesion - severity score, region multiplying factor and collateral adjustment factor. The severity 
score for each lesion may rank from 1 to 32, based on the degree of stenosis. The multiplying 
factor is applied to each coronary lesion according to its location. The extent of multiplying 
factor relies on the importance of the area which is supplied by a specific coronary segment. 
A step-by-step algorithm for the Gensini score calculation can be found in Table 6. 

Coronary arteries of CAD patients, who received coronary angiography procedure, were 
evaluated – Gensini score for each CAD patient was calculated. 
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Step 1. Severity score calculation for each coronary lesion and adjustment for total occlusion or 

receiving collaterals 

Degree of stenosis (%) Receiving collaterals 
Adjustment for 

collaterals 
Severity score 

1-25 - 0 1 

26-50 - 0 2 

51-75 - 0 4 

76-90 - 0 8 

91-99 no 0 16 

99 yes -8 8 

100 no 0 32 

100 yes, and normal source vessel -16 32-16=16 

100 yes, and 25% stenosis source vessel -12 32-12=20 

100 yes, and 50% stenosis source vessel -8 32-8=24 

100 yes, and 75% stenosis source vessel -4 32-4=28 

100 yes, and 90% stenosis source vessel -2 32-2=30 

100 yes, and 99% stenosis source vessel -1 32-1=31 

Step 2. A multiplying factor is applied to each coronary lesion based upon its location 

Coronary segment Right dominance Left dominance 

Proximal segment of right coronary artery 1 1 

Middle segment of right coronary artery 1 1 

Distal segment of right coronary artery 1 1 

Posterior descending artery 1 1 

Posterolateral artery 0.5 0.5 

Left main coronary arery 5 5 

Proximal segment of left anterior descending artery 2.5 2.5 

Middle segment of left anterior descending artery 1.5 1.5 

Distal segment of left anterior descending artery 1 1 

1st diagonal artery 1 1 

2nd diagonal artery 0.5 0.5 

Proximal segment of left circumflex artery 2.5 3.5 

Middle segment of left circumflex artery 1 2 

Distal segment of left circumflex artery 1 2 

Obtuse marginal artery 1 1 

Step 3. Sum of all coronary lesion severity scores 

Table 6. A step-by-step algorithm for the Gensini score calculation. 

 

 Other variables 

 

The age and gender of patients were registered according to their health records. An additional 
binary variable of age ≥ 50 years was built as a risk factor for CAD (382). The height and weight 
of patients were recorded from the MRI safety screening questionnaire. These two variables 
were used to calculate BMI according to the formula: weight (kg) / (height (m) 2). Subjects with 
BMI≥30 kg/m2 were defined as obese (383). In addition to this, BSA was calculated by a 
variation of the DuBois and DuBois formula: BSA (m2) = (weight (kg)0.425 × height (cm)0.725) × 
0.007184 (384, 385). Finally, interventricular septum length (ISL) was manually measured 
using a distance measurement tool on CMR 2D multiphase (cine) B-SSFP long-axis images 
during the left ventricle end-diastolic phase. 
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 Statistical analysis 

 

All statistical tests were undertaken using SPSS 22.0 for Windows (SPSS, Inc, Chicago, 
Illinois). Significance level α=0.05 was chosen for the statistical analysis. A normality of the 
variable distribution was not tested according to the central limit theorem and as a result of the 
large sample size (N>30). Measures of central tendency were presented as follows – mean ± 
standard deviation. Categorical variables were displayed as frequencies or percentages. A T-
test was used for the comparison of variable means. Frequencies between the studied groups 
were compared using the chi-squared criterion. All tests were two-tailed. 

A binary logistic regression analysis was conducted for the identification of possible CAD 
predictors. Overall three models were built with the most commonly reported EAT 
measurements – EAT volume (both SSFP and T1IR) as well as average EAT thickness over 
the RVFW. For the purpose of model stabilization, EAT measurements were transformed into 
categorical variables. Moreover, previously established and in this study examined CAD risk 
factors were used as additional predictors – age≥50 years, male gender, BMI≥30 kg/m2 (obese 
patients) (382). Odds ratios and confidence intervals were calculated for each variable in the 
model. Hosmer–Lemeshow goodness of fit test was applied. 

All EAT thickness measurements and EAT volume were indexed by BMI, BSA and ISL. 
Receiver operating characteristic (ROC) curve analysis was performed in order to identify the 
most suitable EAT measurement as well as reference values for the prediction of CAD. AUC 
was assessed to determine the accuracy of both indexed and non-indexed EAT 
measurements. In addition, ROC analysis showed whether indexation of EAT measurements 
provided benefit in identification of CAD patients. Finally, sensitivity and specificity were 
calculated for cut-off values of EAT measurements with the highest AUC value.  

Analysis of variance (ANOVA) was performed in order to evaluate the connection between 
most feasible EAT measurements in regard to the Canadian Cardiovascular Society grading 
system for angina pectoris. Pearson correlation coefficient was applied for the estimation of a 
possible association between most effective EAT measurements and the Gensini score.
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4 Results 

 

Overall, 630 study subjects entered the final analysis. 

 

 Descriptive analysis 

 

The mean age of individuals in our study was 54±16 years. Of 630 subjects studied, 405 
(64.3%) were males. The mean BMI was 26.38±4.35 kg/m2, the mean BSA was 1.95±0.21 m2. 
Overall, 273 (43.3%) individuals were diagnosed with CAD. According to the Canadian 
Cardiovascular Society grading system for angina pectoris, CAD patients aligned as follows: 
grade I – 51 (18.7%), grade II – 100 (36.6%), grade III – 76 (27.8%), grade IV – 46 (16.8%). 
Of 273 CAD patients, 208 (76.2%) received coronary angiography. The mean Gensini score 
among these patients was 42.1±33.2 points. 

The mean SSFP EAT volume was 97.45±38.02 cm3 in the whole studied population. The mean 
T1IR EAT volume was 103.34±37.16. The overall mean value of the average EAT thickness 
in all locations was 7.1±2.2 mm. Other mean values of both indexed and non-indexed EAT 
measurements can be found in Table 7. Finally, the mean ISL was 89.05±9.84 mm. 

 

EAT Measurements 
Non-indexed (cm3 

or mm) 

BMI-indexed 

(cm3/(kg/m2) or 

mm/(kg/m2)) 

BSA-indexed 

(cm3/m2 or 

mm/m2) 

ISL-indexed 

(cm3/mm or 

mm/mm) 

EAT Volume 

SSFP 97.45±38.02 3.68±1.29 49.65±17.85 1.10±0.44 

T1IR 103.34±37.16 3.92±1.27 52.59±16.95 1.16±0.41 

EAT Thickness 

RVFW1 6.0±3.3 0.23±0.12 3.09±1.68 0.07±0.04 

RVFW2 6.3±3.4 0.24±0.12 3.22±1.70 0.07±0.04 

RVFW3 7.7±4.3 0.29±0.16 3.91±2.16 0.09±0.05 

LVFW1 2.6±1.8 0.10±0.07 1.35±0.95 0.03±0.02 

LVFW2 3.0±2.3 0.11±0.08 1.51±1.14 0.03±0.03 

LVFW3 2.8±2.0 0.10±0.07 1.42±0.98 0.03±0.02 

RAVG 12.6±4.7 0.48±0.17 6.44±2.32 0.14±0.06 

AIVG 8.9±4.3 0.34±0.16 4.54±2.07 0.10±0.05 

LAVG 10.6±3.6 0.40±0.14 5.43±1.80 0.12±0.04 

IIVG 6.1±2.4 0.24±0.10 3.18±1.30 0.07±0.03 

SIVG 11.3±3.9 0.43±0.14 5.82±1.93 0.13±0.05 

Average RVFW 6.7±3.2 0.25±0.12 3.41±1.60 0.08±0.04 

Average LVFW 2.8±1.8 0.11±0.06 1.43±0.90 0.03±0.02 

Average FW 4.7±2.2 0.18±0.08 2.42±1.08 0.05±0.02 

Average groove 9.9±2.8 0.38±0.10 5.08±1.35 0.11±0.03 

Average all locations 7.1±2.2 0.27±0.08 3.63±1.09 0.08±0.03 

Table 7. Non-indexed and indexed mean values of epicardial fat measurements of individuals included 
in the final analysis. Abbreviations: AIVG – anterior interventricular groove, BMI – body mass index, 
BSA – body surface area, cm – centimeter, EAT – epicardial adipose tissue, FW – free wall, IIVG – 
inferior interventricular groove, ISL - interventricular septum length, kg – kilogram, LAVG – left 
atrioventricular groove, LVFW – left ventricular free wall, m – meter, mm – millimeter, RAVG – right 
atrioventricular groove, RVFW – right ventricular free wall, SIVG – superior interventricular groove, 
SSFP - steady state free precession, T1IR – T1 inversion recovery. 
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 Differences in subjects with and without coronary artery disease 

 

Despite the efforts to create groups of patients as similar as possible in terms of CAD risk 
factors, they did have some differences. First of all, CAD patients were older – 64±10 vs. 47±16 
years, p<0.001. Furthermore, male patients were significantly more common in CAD group –
220 (80.6%) vs. 185 (51.8%), p<0.001. Finally, CAD group showed significantly higher BMI in 
comparison to non-CAD patients – 27.58±4.26 vs. 25.46±4.19 kg/m2, p<0.001. BSA and ISL 
did not significantly differ between the two groups. 

All executed EAT measurements were significantly higher in CAD group in comparison to non-
CAD patients, p<0.001 (Table 8). 

 

Non-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

SSFP volume (cm3) 123.44±35.68 77.58±25.82 

T1IR volume (cm3) 128.46±34.96 84.13±25.52 

RVFW1 thickness (mm) 7.6±3.7 4.8±2.4 

RVFW2 thickness (mm) 8.0±3.5 5.0±2.6 

RVFW3 thickness (mm) 9.8±4.7 6.0±3.1 

LVFW1 thickness (mm) 3.3±2.1 2.1±1.4 

LVFW2 thickness (mm) 3.9±2.7 2.3±1.6 

LVFW3 thickness (mm) 3.4±2.2 2.3±1.5 

RAVG thickness (mm) 14.8±4.4 10.9±4.1 

AIVG thickness (mm) 10.8±4.7 7.5±3.2 

LAVG thickness (mm) 12.5±3.4 9.1±3.0 

IIVG thickness (mm) 6.8±2.7 5.6±2.1 

SIVG thickness (mm) 12.9±3.8 10.1±3.4 

Average RVFW thickness (mm) 8.5±3.3 5.3±2.2 

Average LVFW thickness (mm) 3.5±2.0 2.2±1.3 

Average FW thickness (mm) 6.0±2.2 3.7±1.5 

Average groove thickness (mm) 11.6±2.5 8.6±2.2 

Average all locations thickness (mm) 8.5±2.0 6.0±1.6 
Table 8. Non-indexed epicardial fat measurements in subjects with and without coronary artery disease. 
Abbreviations: AIVG – anterior interventricular groove, CAD – coronary artery disease, cm – centimeter, 
EAT– epicardial adipose tissue, FW – free wall, IIVG – inferior interventricular groove, LAVG – left 
atrioventricular groove, LVFW – left ventricular free wall, mm – millimeter, RAVG – right atrioventricular 
groove, RVFW – right ventricular free wall, SIVG – superior interventricular groove, SSFP - steady state 
free precession, T1IR – T1 inversion recovery 

 

Although the two groups showed differences in terms of CAD risk factors, the relatively large 
number of patients involved in this study allowed us to perform more complex methods of 
statistical analysis. A multivariate binary logistic regression was conducted to assess further 
the association of EAT measurements in regard to CAD. Overall, 3 models were constructed. 
The most commonly in literature reported EAT measurements were used as predictors – SSFP 
EAT volume, T1IR EAT volume, average EAT thickness over the RVFW. For the purpose of 
model stabilization, EAT measurements were transformed into categorical variables. 
According to the systematic review by Bertaso et al., EAT volume over 125 cm3, as well as 
EAT thickness over 5 mm should be considered abnormal (45). Moreover, previously 
established and in this study examined CAD risk factors were used as additional predictors – 
age ≥ 50 years, male gender, BMI ≥ 30 kg/m2 (obese patients) (382). All three logistic 
regression models are displayed in Table 9. 
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Model 1. Prediction of CAD with SSFP EAT volume among other predictors 

Risk factor Odds Ratio (95% CI) p value 

Male gender 3.355 (2.176-5.172) <0.001 

Age ≥ 50 years 12.138 (7.107-20.731) <0.001 

BMI ≥ 30 kg/m2 (obese patients) 1.769 (1.044-2.999) 0.034 

SSFP EAT volume ≥ 125 cm3 5.983 (3.426-10.449) <0.001 

Model 2. Prediction of CAD with T1IR EAT volume among other predictors 

Risk factor Odds Ratio (95% CI) p value 

Male gender 2.647 (1.702-4.119) <0.001 

Age ≥ 50 years 12.912 (7.483-22.280) <0.001 

BMI ≥ 30 kg/m2 (obese patients) 1.487 (0.866-2.554) 0.150 

T1IR EAT volume ≥ 125 cm3 6.817 (4.012-11.584) <0.001 

Model 3. Prediction of CAD with average RVFW EAT thickness among other predictors 

Risk factor Odds Ratio (95% CI) p value 

Male gender 3.872 (2.501-5.997) <0.001 

Age ≥ 50 years 10.988 (6.403-18.855) <0.001 

BMI ≥ 30 kg/m2 (obese patients) 1.821 (1.090-3.041) 0.022 

Average RVFW EAT thickness ≥ 5 mm 5.609 (3.454-9.107) <0.001 
Table 9. Multivariate binary logistic regression models for the prediction of coronary artery disease. 
Abbreviations: BMI – body mass index, CAD – coronary artery disease, CI – confidence interval, cm – 
centimeter, EAT– epicardial adipose tissue, kg – kilogram, mm – millimeter, RVFW – right ventricular 
free wall, SSFP - steady state free precession, T1IR – T1 inversion recovery 

 

Hosmer–Lemeshow goodness of fit test was p=0.889 for the first, p=0.635 for the second, 
p=0.661 for the third model, indicating a good logistic regression model fit. Results of the 
multivariate binary logistic regression analysis showed that both EAT volume and thickness 
over the RVFW acted as an independent predictor of CAD among other established CAD risk 
factors. Moreover, EAT measurements demonstrated higher odds ratios than obesity or male 
gender. In the predictive model with T1IR EAT volume, obesity became an insignificant 
predictor of CAD – meaning that epicardial fat depots, as another accepted indicator of visceral 
adiposity, outperformed obesity in identification of CAD patients. Overall, EAT measurements 
seem to be a reliable marker of CAD risk evaluation. 

During the next step, non-indexed EAT measurements were indexed by BMI, BSA and ISL. 
BMI-indexed EAT measurements were in all cases significantly higher in CAD group in 
comparison to non-CAD patients, p<0.001 (Table 10). 

 

BMI-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

SSFP volume (cm3/(kg/m2)) 4.51±1.26 3.05±0.88 

T1IR volume (cm3/(kg/m2)) 4.71±1.26 3.32±0.89 

RVFW1 thickness (mm/(kg/m2)) 0.28±0.14 0.19±0.09 

RVFW2 thickness (mm/(kg/m2)) 0.29±0.13 0.20±0.10 

RVFW3 thickness (mm/(kg/m2)) 0.36±0.18 0.24±0.12 

LVFW1 thickness (mm/(kg/m2)) 0.12±0.08 0.08±0.06 

LVFW2 thickness (mm/(kg/m2)) 0.14±0.10 0.09±0.06 

LVFW3 thickness (mm/(kg/m2)) 0.13±0.08 0.09±0.06 

RAVG thickness (mm/(kg/m2)) 0.54±0.17 0.43±0.16 

AIVG thickness (mm/(kg/m2)) 0.40±0.18 0.29±0.12 

LAVG thickness (mm/(kg/m2)) 0.46±0.13 0.36±0.12 

IIVG thickness (mm/(kg/m2)) 0.25±0.11 0.23±0.09 

SIVG thickness (mm/(kg/m2)) 0.47±0.15 0.40±0.13 

Average RVFW thickness (mm/(kg/m2)) 0.31±0.13 0.21±0.08 

Average LVFW thickness (mm/(kg/m2)) 0.13±0.07 0.09±0.05 
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BMI-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

Average FW thickness (mm/(kg/m2)) 0.22±0.08 0.15±0.05 

Average groove thickness (mm/(kg/m2)) 0.43±0.10 0.34±0.08 

Average all locations thickness (mm/(kg/m2)) 0.31±0.08 0.24±0.06 
Table 10. Epicardial fat measurements indexed by body mass index in subjects with and without 
coronary artery disease. Abbreviations: AIVG – anterior interventricular groove, BMI – body mass index, 
CAD – coronary artery disease, cm – centimeter, EAT– epicardial adipose tissue, FW – free wall, IIVG 
– inferior interventricular groove, kg – kilogram, LAVG – left atrioventricular groove, LVFW – left 
ventricular free wall, m – meter, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right 
ventricular free wall, SIVG – superior interventricular groove, SSFP - steady state free precession, T1IR 
– T1 inversion recovery 

 

Similarly, BSA-indexed EAT measurements were in all cases significantly increased in CAD 
group, p<0.001 (Table 11). 

 

BSA-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

SSFP volume (cm3/m2) 61.91±16.92 40.27±11.85 

T1IR volume (cm3/m2) 64.33±16.08 43.60±11.10 

RVFW1 thickness (mm/m2) 3.86±1.87 2.51±1.24 

RVFW2 thickness (mm/m2) 4.04±1.81 2.60±1.30 

RVFW3 thickness (mm/m2) 4.94±2.36 3.13±1.59 

LVFW1 thickness (mm/m2) 1.65±1.06 1.12±0.77 

LVFW2 thickness (mm/m2) 1.94±1.36 1.19±0.80 

LVFW3 thickness (mm/m2) 1.72±1.12 1.19±0.78 

RAVG thickness (mm/m2) 7.43±2.20 5.69±2.12 

AIVG thickness (mm/m2) 5.41±2.29 3.88±1.58 

LAVG thickness (mm/m2) 6.32±1.75 4.76±1.53 

IIVG thickness (mm/m2) 3.45±1.46 2.97±1.13 

SIVG thickness (mm/m2) 6.49±1.95 5.31±1.76 

Average RVFW thickness (mm/m2) 4.28±1.72 2.74±1.12 

Average LVFW thickness (mm/m2) 1.77±1.02 1.16±0.70 

Average FW thickness (mm/m2) 3.02±1.14 1.95±0.76 

Average groove thickness (mm/m2) 5.82±1.27 4.52±1.12 

Average all locations thickness (mm/m2) 4.29±1.05 3.12±0.81 
Table 11. Epicardial fat measurements indexed by body surface area in subjects with and without 
coronary artery disease. Abbreviations: AIVG – anterior interventricular groove, BSA – body surface 
area, CAD – coronary artery disease, cm – centimeter, EAT– epicardial adipose tissue, FW – free wall, 
IIVG – inferior interventricular groove, LAVG – left atrioventricular groove, LVFW – left ventricular free 
wall, m – meter, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right ventricular free 
wall, SIVG – superior interventricular groove, SSFP - steady state free precession, T1IR – T1 inversion 
recovery 

 

Finally, ISL-indexed EAT measurements were also in all cases significantly increased in CAD 
group, p<0.001 (Table 12). 

 

ISL-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

SSFP volume (cm3/mm) 1.39±0.44 0.89±0.31 

T1IR volume (cm3/mm) 1.43±0.40 0.96±0.28 

RVFW1 thickness (mm/mm) 0.09±0.04 0.06±0.03 

RVFW2 thickness (mm/mm) 0.09±0.04 0.06±0.03 

RVFW3 thickness (mm/mm) 0.11±0.05 0.07±0.04 
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ISL-indexed EAT Measurements CAD group (N=273) Non-CAD Group (N=357) 

LVFW1 thickness (mm/mm) 0.04±0.02 0.02±0.02 

LVFW2 thickness (mm/mm) 0.04±0.03 0.03±0.02 

LVFW3 thickness (mm/mm) 0.04±0.03 0.03±0.02 

RAVG thickness (mm/mm) 0.17±0.05 0.12±0.05 

AIVG thickness (mm/mm) 0.12±0.06 0.09±0.04 

LAVG thickness (mm/mm) 0.14±0.04 0.10±0.04 

IIVG thickness (mm/mm) 0.08±0.03 0.06±0.03 

SIVG thickness (mm/mm) 0.15±0.05 0.12±0.04 

Average RVFW thickness (mm/mm) 0.10±0.04 0.06±0.03 

Average LVFW thickness (mm/mm) 0.04±0.02 0.03±0.02 

Average FW thickness (mm/mm) 0.07±0.03 0.04±0.02 

Average groove thickness (mm/mm) 0.13±0.03 0.10±0.03 

Average all locations thickness (mm/mm) 0.10±0.03 0.07±0.02 
Table 12. Epicardial fat measurements indexed by interventricular septum length in subjects with and 
without coronary artery disease. Abbreviations: AIVG – anterior interventricular groove, CAD – coronary 
artery disease, cm – centimeter, EAT– epicardial adipose tissue, FW – free wall, IIVG – inferior 
interventricular groove, ISL – interventricular septum length, LAVG – left atrioventricular groove, LVFW 
– left ventricular free wall, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right 
ventricular free wall, SIVG – superior interventricular groove, SSFP - steady state free precession, T1IR 
– T1 inversion recovery 

 

All in all, indexation of EAT measurements did not influence the difference between two groups. 
Indexed EAT measurements remained in all cases significantly higher in CAD patients in 
comparison to healthy controls. 

 

 Receiver operating characteristic curve analysis 

 

Receiver operating characteristic curve (ROC) analysis was performed to identify the most 
suitable EAT measurements (indexed or non-indexed) for identification of CAD patients. The 
area under the curve (AUC) was assessed to determine the accuracy of both indexed and non-
indexed EAT measurements. The results of ROC analysis of non-indexed EAT measurements 
are displayed in Table 13. 

 

Non-indexed EAT Measurements Area Under the Curve (AUC) 

SSFP volume (cm3) 0.881 

T1IR volume (cm3) 0.866 

RVFW1 thickness (mm) 0.755 

RVFW2 thickness (mm) 0.771 

RVFW3 thickness (mm) 0.766 

LVFW1 thickness (mm) 0.682 

LVFW2 thickness (mm) 0.688 

LVFW3 thickness (mm) 0.665 

RAVG thickness (mm) 0.744 

AIVG thickness (mm) 0.729 

LAVG thickness (mm) 0.779 

IIVG thickness (mm) 0.627 

SIVG thickness (mm) 0.711 

Average RVFW thickness (mm) 0.808 

Average LVFW thickness (mm) 0.708 
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Non-indexed EAT Measurements Area Under the Curve (AUC) 

Average FW thickness (mm) 0.821 

Average groove thickness (mm) 0.816 

Average all locations thickness (mm) 0.848 
Table 13. Results of the receiver operating characteristic curve analysis of non-indexed epicardial 
adipose tissue measurements. The top 5 EAT measurements with the highest AUC values are 
highlighted with the green color. Abbreviations: AIVG – anterior interventricular groove, AUC – area 
under the curve, cm – centimeter, EAT– epicardial adipose tissue, FW – free wall, IIVG – inferior 
interventricular groove, LAVG – left atrioventricular groove, LVFW – left ventricular free wall, mm – 
millimeter, RAVG – right atrioventricular groove, RVFW – right ventricular free wall, SIVG – superior 
interventricular groove, SSFP - steady state free precession, T1IR – T1 inversion recovery 

 

ROC analysis of non-indexed EAT measurements identified 5 variables with the highest AUC 
values – SSFP and T1IR EAT volume, average EAT thickness over the FW and in the areas 
of grooves, average EAT thickness in all locations (Figure 7). 

 

 

Figure 7. Receiver operating characteristic curve containing 5 non-indexed measurements of epicardial 
adipose tissue with the highest area under the curve values. Abbreviations: cm – centimeter, FW – free 
wall, mm – millimeter, ROC – receiver operating characteristic, SSFP - steady state free precession, 
T1IR – T1 inversion recovery 

 

All in Figure 7 presented non-indexed EAT measurements with the highest AUC values 
demonstrated AUC>0.8, which indicated a very good level of discrimination between 
individuals with and without CAD. SSFP EAT volume showed the AUC of 0.881, which is 
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considered a near-excellent level of classification. LAVG EAT thickness was revealed to be an 
isolated EAT thickness measurement with the highest AUC value (0.779). 

Results of the ROC analysis of BMI-indexed EAT measurements are displayed in Table 14. 

 

BMI-indexed EAT Measurements Area Under the Curve (AUC) 

SSFP volume (cm3/(kg/m2)) 0.856 

T1IR volume (cm3/(kg/m2)) 0.833 

RVFW1 thickness (mm/(kg/m2)) 0.718 

RVFW2 thickness (mm/(kg/m2)) 0.738 

RVFW3 thickness (mm/(kg/m2)) 0.734 

LVFW1 thickness (mm/(kg/m2)) 0.647 

LVFW2 thickness (mm/(kg/m2)) 0.651 

LVFW3 thickness (mm/(kg/m2)) 0.626 

RAVG thickness (mm/(kg/m2)) 0.691 

AIVG thickness (mm/(kg/m2)) 0.681 

LAVG thickness (mm/(kg/m2)) 0.719 

IIVG thickness (mm/(kg/m2)) 0.564 

SIVG thickness (mm/(kg/m2)) 0.644 

Average RVFW thickness (mm/(kg/m2)) 0.769 

Average LVFW thickness (mm/(kg/m2)) 0.670 

Average FW thickness (mm/(kg/m2)) 0.785 

Average groove thickness (mm/(kg/m2)) 0.739 

Average all locations thickness (mm/(kg/m2)) 0.795 
Table 14. Results of the receiver operating characteristic curve analysis of body mass index indexed 
epicardial adipose tissue measurements. Abbreviations: AIVG – anterior interventricular groove, AUC – 
area under the curve, BMI – body mass index, cm – centimeter, EAT– epicardial adipose tissue, FW – 
free wall, IIVG – inferior interventricular groove, kg – kilogram, LAVG – left atrioventricular groove, LVFW 
– left ventricular free wall, m – meter, mm – millimeter, RAVG – right atrioventricular groove, RVFW – 
right ventricular free wall, SIVG – superior interventricular groove, SSFP - steady state free precession, 
T1IR – T1 inversion recovery 

 

All BMI-indexed EAT measurements showed lower AUC values in comparison to non-indexed 
counterparts. As a result, indexation of epicardial fat size with BMI turned out to be not useful 
in identification of CAD patients. 

Results of ROC analysis of BSA-indexed EAT measurements are displayed in Table 15. 

 

BSA-indexed EAT Measurements Area Under the Curve (AUC) 

SSFP volume (cm3/m2) 0.880 

T1IR volume (cm3/m2) 0.875 

RVFW1 thickness (mm/m2) 0.738 

RVFW2 thickness (mm/m2) 0.756 

RVFW3 thickness (mm/m2) 0.752 

LVFW1 thickness (mm/m2) 0.656 

LVFW2 thickness (mm/m2) 0.663 

LVFW3 thickness (mm/m2) 0.637 

RAVG thickness (mm/m2) 0.723 

AIVG thickness (mm/m2) 0.709 

LAVG thickness (mm/m2) 0.752 

IIVG thickness (mm/m2) 0.593 

SIVG thickness (mm/m2) 0.678 
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BSA-indexed EAT Measurements Area Under the Curve (AUC) 

Average RVFW thickness (mm/m2) 0.791 

Average LVFW thickness (mm/m2) 0.683 

Average FW thickness (mm/m2) 0.802 

Average groove thickness (mm/m2) 0.784 

Average all locations thickness (mm/m2) 0.823 
Table 15. Results of the receiver operating characteristic curve analysis of body surface area indexed 
epicardial adipose tissue measurements. Only a slight improvement of the AUC value in case of BSA-
indexed T1IR EAT volume measurement was observed (highlighted green) in comparison to the non-
indexed counterpart. Abbreviations: AIVG – anterior interventricular groove, AUC – area under the 
curve, BSA – body surface area, cm – centimeter, EAT– epicardial adipose tissue, FW – free wall, IIVG 
– inferior interventricular groove, LAVG – left atrioventricular groove, LVFW – left ventricular free wall, 
m – meter, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right ventricular free wall, 
SIVG – superior interventricular groove, SSFP - steady state free precession, T1IR – T1 inversion 
recovery 

 

Only a slight improvement of the AUC value in case of BSA-indexed T1IR EAT volume 
measurement was observed (from 0.866 to 0.875) in comparison to the non-indexed 
counterpart. All other BSA-indexed EAT measurements showed lower AUC values in 
comparison to non-indexed equivalents. 

Results of the ROC analysis of ISL-indexed EAT measurements are displayed in Table 16. 

 

ISL-indexed EAT Measurements Area Under the Curve (AUC) 

SSFP volume (cm3/mm) 0.856 

T1IR volume (cm3/mm) 0.864 

RVFW1 thickness (mm/mm) 0.738 

RVFW2 thickness (mm/mm) 0.754 

RVFW3 thickness (mm/mm) 0.754 

LVFW1 thickness (mm/mm) 0.669 

LVFW2 thickness (mm/mm) 0.675 

LVFW3 thickness (mm/mm) 0.648 

RAVG thickness (mm/mm) 0.720 

AIVG thickness (mm/mm) 0.711 

LAVG thickness (mm/mm) 0.753 

IIVG thickness (mm/mm) 0.603 

SIVG thickness (mm/mm) 0.675 

Average RVFW thickness (mm/mm) 0.785 

Average LVFW thickness (mm/mm) 0.689 

Average FW thickness (mm/mm) 0.798 

Average groove thickness (mm/mm) 0.771 

Average all locations thickness (mm/mm) 0.809 
Table 16. Results of the receiver operating characteristic curve analysis of interventricular septum length 
indexed epicardial adipose tissue measurements. Abbreviations: AIVG – anterior interventricular 
groove, AUC – area under the curve, EAT– epicardial adipose tissue, FW – free wall, IIVG – inferior 
interventricular groove, ISL – interventricular septum length, LAVG – left atrioventricular groove, LVFW 
– left ventricular free wall, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right 
ventricular free wall, SIVG – superior interventricular groove, SSFP - steady state free precession, T1IR 
– T1 inversion recovery 

 

All ISL-indexed EAT measurements showed lower AUC values in comparison to non-indexed 
counterparts. As a result, the indexation of epicardial fat size with ISL turned out to be not 
useful in identification of CAD patients. 
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All in all, nearly all measurements with the highest AUC values were non-indexed. Only the 
BSA-indexed T1IR EAT volume showed a slight improvement in AUC value in comparison to 
non-indexed equivalent (from 0.866 to 0.875).  

The next ROC curve depicts five EAT measurements with the highest AUC values – non-
indexed SSFP EAT volume, BSA-indexed T1IR EAT volume, non-indexed average EAT 
thickness over the FW, non-indexed average EAT thickness in the groove areas, non-indexed 
average EAT thickness in all locations (Figure 8). The most commonly reported EAT 
measurement in literature – non-indexed average EAT thickness over the RVFW – is included 
in the ROC curve as well. The isolated EAT thickness measurement with the highest AUC 
value – non-indexed LAVG thickness – is also represented in the ROC curve. 

 

 

Figure 8. Receiver operating characteristic curve containing measurements of epicardial adipose tissue 
with the highest area under the curve values. Abbreviations: BSA – body surface area, cm – centimeter, 
FW – free wall, LAVG – left atrioventricular groove, m – meter, mm – millimeter, RVFW – right ventricular 
free wall, ROC – receiver operating characteristic, SSFP - steady state free precession, T1IR – T1 
inversion recovery 

 

Reference cut-off values of EAT measurements, showed in Figure 8, were established for 
identification of CAD patients. Corresponding sensitivity and specificity values were calculated. 
The results are displayed in Table 17. BSA-, BMI- and ISL-indexed SSFP volumes were 
included in the table as well. 
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EAT Measurements AUC Cut-off Value Sensitivity Specificity 

SSFP volume 0.881 93.62 cm3 84% 80% 

BSA-indexed SSFP volume 0.880 48.59 cm3/m2 82% 80% 

BSA-indexed T1IR volume 0.875 51.63 cm3/m2 82% 80% 

BMI-indexed SSFP volume 0.856 3.60 cm3/(kg/m2) 78% 78% 

ISL-indexed SSFP volume 0.856 1.07 cm3/mm 77% 77% 

Average all locations thickness 0.848 7.0 mm 79% 77% 

Average FW thickness 0.821 4.6 mm 76% 76% 

Average groove thickness 0.816 9.9 mm 73% 74% 

Average RVFW thickness 0.808 6.2 mm 76% 73% 

LAVG thickness 0.779 10.5 mm 72% 71% 

Table 17. Reference cut-off values of epicardial adipose tissue measurements with the highest area 
under the curve values. Abbreviations: AUC – area under the curve, BMI – body mass index, BSA – 
body surface area, cm – centimeter, EAT – epicardial adipose tissue, FW – free wall, ISL – 
interventricular septum length, kg – kilogram, LAVG – left atrioventricular groove, m – meter, mm – 
millimeter, RVFW – right ventricular free wall, SSFP - steady state free precession, T1IR – T1 inversion 
recovery 

 

As an example, CAD was correctly identified in patients with the EAT SSFP volume above 
93.62 cm3 (sensitivity of 84% and specificity of 80%). An average EAT thickness in all locations 
over 7 mm correctly characterized CAD patients with the sensitivity of 79% and specificity of 
77%. 

 

 Epicardial adipose tissue measurements in context of coronary 
artery disease severity 

 

The severity of CAD in this study was assessed with two different grading scales – Canadian 
Cardiovascular Society grading of angina pectoris and Gensini Score. Canadian 
Cardiovascular Society grading of angina pectoris consists of four grades. Aggravation rate of 
angina pectoris corresponds with the increase of grade from I to IV. ANOVA was performed to 
evaluate the connection between the most feasible EAT measurements (non-indexed SSFP 
volume and non-indexed average all location thickness) in regard to the CAD severity. 

 

 

Figure 9. Analysis of variance of the most feasible measurements of epicardial adipose tissue in context 
of the Canadian Cardiovascular Society grading of angina pectoris. Abbreviations: cm – centimeter, mm 
– millimeter, SSFP - steady state free precession 
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The first means plot in Figure 9 shows a rising EAT volume trend with the exacerbation of 
angina pectoris symptoms (Grade I – 119.8±27.74 cm3, Grade II – 120.59±36.59 cm3, Grade 
III – 124.37±33.18 cm3, Grade IV – 132.16±44.14 cm3). However, the difference between the 
groups did not show any statistical significance. 

The second means plot in Figure 9 demonstrates a sideways average all locations EAT 
thickness trend with the exacerbation of angina pectoris symptoms (Grade I – 8.5±1.6 mm, 
Grade II – 8.6±2.2 mm, Grade III – 8.3±1.9 mm, Grade IV – 8.8±2.2 mm). No significant 
difference was observed between the groups as well. 

Gensini score is a commonly used angiographic grading system for calculating the severity of 
CAD (379-381). Gensini score considers 3 variables for each coronary lesion– severity score, 
region multiplying factor and collateral adjustment factor. Coronary arteries of CAD patients, 
who received coronary angiography, were evaluated – Gensini score for each patient was 
calculated. Pearson correlation coefficient was applied for the estimation of a possible 
association between most effective EAT measurements (non-indexed SSFP volume and non-
indexed average all location thickness) and the calculated Gensini score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first scatter plot in Figure 10 demonstrates a weak correlation between non-indexed EAT 

volume measurements and Gensini score (r=0.222, p=0.001). In a similar way, the second 

scatter plot in Figure 10 shows only a very weak correlation between non-indexed overall 

average EAT thickness measurements and Gensini score (r=0.174, p=0.01). 

All in all, although with a very good ability to identify CAD patients, EAT measurements failed 

to show any considerable capacity to assess the severity of CAD.

Figure 10. Scatter plots of correlations between most feasible measurements of epicardial adipose 
tissue and Gensini Score. Abbreviations: cm – centimeter, mm – millimeter, SSFP - steady state free 
precession 
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5 Discussion 

 

 Main important results of this study 

 

This study revealed some important results. First of all, EAT proved to independently predict 
CAD along with other established CAD risk factors – age, male gender and obesity. 
Interestingly, EAT measurements predicted CAD more efficiently than male gender or obesity 
in the logistic regression analysis. 

Indexation of EAT measurements did not provide a significant benefit in identification of CAD 
patients. Nevertheless, non-indexed EAT measurements showed an outstanding performance 
in prediction of CAD. Non-indexed SSFP EAT volume demonstrated the best efficiency in 
classification of subjects with CAD. Non-indexed average all location EAT thickness showed a 
comparable classification power. The most commonly reported EAT measurement in literature 
– non-indexed average EAT thickness over the RVFW – displayed a good ability to distinguish 
between patients with CAD and healthy controls. 

CAD was correctly identified in subjects with the EAT SSFP volume above 93.62 cm3 with 
sensitivity of 84% and specificity of 80%. The non-indexed average all location EAT thickness 
above 7 mm correctly characterized CAD patients with sensitivity of 79% and specificity of 
77%. Finally, the non-indexed average EAT thickness over the RVFW above 6.2 mm properly 
distinguished individuals with CAD with sensitivity of 76% and specificity of 73%. 

Although with a very good ability to identify CAD patients, EAT measurements failed to show 
any potential to determine the severity of CAD (assessed with the Canadian Cardiovascular 
Society grading of angina pectoris and Gensini score). 

 

 Published epicardial adipose tissue measurements for coronary 
artery disease risk stratification 

 

 Non-indexed epicardial adipose tissue thickness measurements 

 

Systematic evaluation and quantification of EAT in clinical praxis could significantly improve 
the risk estimation in asymptomatic patients with no history of CAD (51). It is important to 
identify the upper threshold, above which EAT measurement would be considered abnormal 
for cardiovascular risk stratification. 

Overall, normal EAT thickness is reported to be 5-7 mm over the RVFW and 10-14 mm in the 
atrioventricular and interventricular grooves (71, 197). Flüchter et al. quantified EAT thickness 
over the RVFW in CMR images – values appeared to be similar to those, measured during 
200 autopsies in Caucasian individuals without heart failure (mean thickness – 4±1 mm) (168, 
198). Furthermore, a mean echocardiographic EAT thickness of 5±2 mm was reported in 356 
asymptomatic individuals by Nelson et al. (72). 

Iacobellis et al. reported the high-risk threshold median value of echocardiographic EAT 
thickness measurements of 7 mm for a sample of obese and overweight patients (146). 
Despite varying results, the systematic review by Bertaso et al. suggested that EAT thickness 
over 5 mm should serve as a cut-off value for increased epicardial fat depots in low-risk 
populations with a suspicion of CAD (45). The meta-analysis, conducted by Xu et al. and 
involving 2872 subjects, revealed that CAD patients had significantly thicker EAT than healthy 
controls (61). 
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The main important EAT thickness findings of this study and the summary of results in other 
related publications are listed in Table 18. It is important to point out that listed authors did not 
aim to compare different EAT measurement techniques. Only occasional studies, published to 
this day, compared to a limited extent individual EAT measurement approaches in regard to 
CAD. These investigations are discussed in section 5.2.4 of this work. Conflicting and 
controversial results and possible causes were already examined in section 2.6.5 of this study. 

Although CMR modality has been viewed as a gold standard for evaluation of adipose tissue, 
it was to this day rarely employed in quantification of EAT in CAD patients (54, 68-70, 74-77). 
Possible reasons could be high cost and limited access to this modality, long scan duration, 
complex assessment of CMR images and reduced patient tolerance in comparison to other 
imaging modalities (CT or transthoracic echocardiography). The majority of published CMR 
studies examined small samples of patients which did not permit the employment of complex 
statistical analysis methods. Unusual approaches of data collection and presentation made it 
difficult to compare results of our study and several other published CMR works. For example, 
Doesch et al. calculated the mass of EAT from volume measurements and indexed it to BSA. 
Unfortunately, authors did not operate with initial EAT volume measurements in the statistical 
analysis (54, 76). In other instances, patients were divided into two groups – high and low EAT 
depots – and then compared with one another. As a result, ROC analysis could not be 
performed (74, 75, 77). Nevertheless, three comparable CMR studies are mentioned in this 
discussion (68-70). Altogether, the majority of published works applied either transthoracic 
echocardiography or CT when quantifying epicardial fat depots. 

 

Authors 

Measurement 

modality (EAT 

measurements) 

CAD 

characteristics 

Number 

of 

subjects 

EAT thickness 

measurements and 

important results 

ROC analysis 

solely with EAT 

This study 

CMR (indexed 

and non-indexed 

thickness and 

volume) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

630 

Average all locations: CAD: 

8.5±2.0 mm, non-CAD: 

6.0±1.6 mm (p<0.001); 

Average RVFW: CAD: 

8.5±3.3 mm, non-CAD: 

5.3±2.2 mm (p<0.001); 

Average LVFW: CAD: 

3.5±2.0 mm, non-CAD: 

2.2±1.3 mm (p<0.001); 

Mean groove thickness: 

CAD: 11.6±2.5 mm, non-

CAD: 8.6±2.2 mm (p<0.001); 

RAVG: CAD: 14.8±4.4 mm, 

non-CAD: 10.9±4.1 mm 

(p<0.001); 

AIVG: CAD: 10.8±4.7 mm, 

non-CAD: 7.5±3.2 mm 

(p<0.001); 

LAVG: CAD: 12.5±3.4 mm, 

non-CAD: 9.1±3.0 mm 

(p<0.001); 

SIVG: CAD: 12.9±3.8 mm, 

non-CAD: 10.1±3.4 mm 

(p<0.001); 

IIVG: CAD: 6.8±2.7 mm, 

non-CAD: 5.6±2.1 mm 

(p<0.001); 

EAT thickness – independent 

predictor of CAD along with 

male gender, age and obesity; 

weak EAT thickness 

correlation with Gensini 

score: r=0.174, p=0.01 

Average all 

locations 

thickness: cut-off 

value – 7 mm, 

AUC=0.848, 

sensitivity – 79%, 

specificity – 77%; 

Average RVFW 

thickness: cut-off 

value – 6.2 mm, 

AUC=0.808, 

sensitivity – 76%, 

specificity – 73%; 

Average groove 

thickness: cut-off 

value – 9.9 mm, 

AUC=0.816, 

sensitivity – 73%, 

specificity – 74%; 

AIVG EAT 

thickness: AUC – 

0.729; 
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Authors 

Measurement 

modality (EAT 

measurements) 

CAD 

characteristics 

Number 

of 

subjects 

EAT thickness 

measurements and 

important results 

ROC analysis 

solely with EAT 

Jeong et al. 

(137) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

203 

Difference in Gensini score 

(p=0.006) between patients 

with EAT thickness above 

and below 7.6 mm 

Not performed 

Ahn et al. 

(136) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

527 

4.0 mm (multi-vessel CAD) 

vs. 3.5 mm (single –vessel 

CAD) vs. 1.5 mm (non-CAD) 

(p<0.05); 

Cut-off value – 3.0 mm 

Not performed 

Eroglu et al. 

(142) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

≥1 stenosis of 

≥20% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

150 

CAD: 6.9±1.5 mm, non-

CAD: 4.4±0.8 mm (p<0.001); 

EAT correlation with Gensini 

score: r=0.600, p<0.001 

Cut-off value – 

5.2 mm, 

AUC=0.914, 

sensitivity – 85%, 

specificity – 81% 

Parsaee et 

al. (386) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

62 

CAD: 4.2±1.4 mm, non-

CAD: 2.6±1.2 mm (p<0.001); 

EAT – independent predictor 

of CAD along with statin 

therapy, higher waist 

circumference and higher 

BMI 

Cut-off value – 

2.95 mm, 

AUC=0.810, 

sensitivity – 83%, 

specificity – 75% 

Kamal et al. 

(387) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

Documented 

CAD based on 

coronary 

angiography 

images 

150 
CAD: 7.4±1.3 mm, non-

CAD: 4.1±0.8 mm (p<0.001) 

Cut-off value – 

5.5 mm, 

AUC=0.992, 

sensitivity – 98%, 

specificity – 

100% 

Tekin et al. 

(388) 

Echocardiography 

(end-diastolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

97 

CAD: 6 mm, non-CAD: 4.6 

mm (p<0.001); 

EAT – independent predictor 

of obstructive CAD 

Cut-off value – 

5.5 mm, 

AUC=0.832, 

sensitivity – 67%, 

specificity – 71% 

Meenakshi 

et al. (389) 

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 points in 

Gensini score 
110 

CAD: 6.9±1.9 mm, non-

CAD: 4.4±1.2 mm (p<0.001); 

Strong EAT correlation with 

Gensini score: r=0.704, 

p=0.001 

Not performed 

Erkan et al. 

(390) 

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 points in 

Gensini score 
183 

Critical CAD: 7.5±1.9 mm, 

non-critical CAD: 5.2±1.5 

mm, 

non-CAD: 4.3±0.9 mm 

(p<0.01); 

strong EAT correlation with 

Gensini score: r=0.82, 

p<0.001; 

EAT – independent predictor 

of critical CAD along with 

diabetes 

Cut-off value – 

5.75 mm, 

AUC=0.875, 

sensitivity – 77%, 

specificity – 83% 

Ghaderi et 

al. (391) 

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

100 

CAD: 6.9±3.0 mm, non-

CAD: 3.6±1.2 mm 

(p<0.0001); 

strong EAT correlation with 

Gensini score: r=0.765, 

p<0.0001 

Cut-off value – 

4.25 mm, 

AUC=0.82, 

sensitivity – 79%, 

specificity – 68% 
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Authors 

Measurement 

modality (EAT 

measurements) 

CAD 

characteristics 

Number 

of 

subjects 

EAT thickness 

measurements and 

important results 

ROC analysis 

solely with EAT 

Shemirani 

et al. (392) 

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 stenosis of 

≥75% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

292 

CAD: 5.4±1.9 mm, non-

CAD: 4.4±1.8 mm (p<0.001); 

weak EAT correlation with 

Califf score: r=0.3, p<0.001 

Not performed 

Yanez-

Rivera et al. 

(393)  

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

153 

CAD: 5.4±1.8 mm, non-

CAD: 4.0±1.7 mm (p<0.001); 

EAT – independent predictor 

of obstructive CAD along 

with male gender, higher 

waist-hip ratio, smoking 

Not performed 

Mustelier et 

al. (139) 

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

250 
CAD: 6.6±2.8 mm, non-

CAD: 4.7±2.3 mm (p<0.001) 

Cut-off value – 

5.2 mm, 

AUC=0.712, 

sensitivity – 65%, 

specificity – 62% 

Iacobellis et 

al. (394) 

Echocardiography 

(end-systolic 

RVFW thickness) 

Severe CAD 

(three-vessel 

disease) with 

need of 

coronary bypass 

intervention 

40 

CAD: 12.9±2.7 mm, non-

CAD: 8.4±2.5 mm (p<0.01); 

moderate EAT correlation 

with degree of coronary 

stenosis (r=0.68, p<0.01) 

Not performed 

Tachibana 

et al. (64) 

Echocardiography 

(end-systolic 

RVFW thickness) 

High-risk 

plaque based on 

CT angiography 

images 

406 

Weak EAT correlation with 

number of stenotic coronary 

vessels (r=0.14, p=0.003); 

EAT – independent predictor 

of high-risk coronary plaques 

along with higher CCS, 

number of coronary arteries 

with stenosis and renal 

insufficiency 

Cut-off value – 

5.6 mm, 

AUC=0.600, 

sensitivity – 82%, 

specificity – 62% 

Shambu et 

al. (395)  

Echocardiography 

(end-systolic 

RVFW thickness) 

≥1 stenosis of 

≥50% in left 

main artery or 

≥70% in another 

major coronary 

artery based on 

coronary 

angiography 

images 

503 

CAD: 5.5±1.2 mm, non-

CAD: 3.3±1.2 mm (p<0.001); 

strong EAT correlation with 

Gensini score: r=0.906, 

p<0.001 

Cut-off value – 

4.75 mm, 

AUC=0.831, 

sensitivity – 87%, 

specificity – 63% 

Hirata et al. 

(49) 

Echocardiography 

(end-systolic 

RVFW and AIVG 

thickness) 

≥1 stenosis of 

≥75% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

311 

AIVG: CAD: 8.3±3.0 mm, 

non-CAD: 6.3±2.5 mm 

(p<0.001); 

RVFW: CAD: 5.0±2.1 mm, 

non-CAD: 4.4±2.3 mm 

(p<0.001) 

AIVG thickness: 

cut-off value – 7.1 

mm, AUC=0.704, 

sensitivity – 66%, 

specificity – 66%; 

RVFW thickness: 

cut-off value – 4.2 

mm, AUC=0.615, 

sensitivity and 

specificity not 

reported 

Aydin et al. 

(242) 

CT (AIVG, 

RAVG, LAVG 

thickness) 

Presence of at 

least one 

coronary artery 

plaque based on 

CT angiography 

images 

150 

AIVG: CAD: 9.0±2.4 mm, 

non-CAD: 7.3±2.1 mm 

(p<0.001); 

RAVG: CAD: 18.4±3.4 mm, 

non-CAD: 16.6±3.3 mm 

(p=0.002); 

LAVG: CAD: 11.7±3.9 mm, 

non-CAD: 10.5±2.9 mm 

(p=0.038) 

Not performed 
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Authors 

Measurement 

modality (EAT 

measurements) 

CAD 

characteristics 

Number 

of 

subjects 

EAT thickness 

measurements and 

important results 

ROC analysis 

solely with EAT 

Maimaituxu

n et al. 

(396) 

CT (AIVG, 

RAVG, LAVG 

thickness, non-

indexed volume, 

BSA-indexed 

EAT volume) 

≥1 stenosis of 

>50% in a 

major coronary 

artery based on 

CT angiography 

images 

197 

AIVG: CAD: 6.9±2.2 mm, 

non-CAD: 5.5±2.2 mm 

(p<0.001); 

RAVG: CAD: 16.5±4.8 mm, 

non-CAD: 15.5±4.7 mm 

(p=0.160); 

LAVG: CAD: 10.3±3.6 mm, 

non-CAD: 9.8±3.4 mm 

(p=0.297); 

weak AIVG EAT correlation 

with Gensini score: r=0.263, 

p<0.001, other EAT 

measurements did not 

correlate with Gensini score; 

EAT – independent predictor 

of CAD along with a higher 

age or Framingham risk score 

AIVG thickness 

cut-off value – 5.7 

mm, AUC – 

0.686, sensitivity 

– 72%, specificity 

– 57% 

Gac et al. 

(397) 

CT (SIVG, IIVG, 

LAVG, RVFW 

thickness) 

CCS >0 80 

SIVG: CAD: 7.9±2.6 mm, 

non-CAD: 7.2±3.2 mm 

(p>0.05); 

IIVG: CAD: 6.7±2.9 mm, 

non-CAD: 5.4±1.8 mm 

(p<0.05); 

LAVG: CAD: 2.6±1.3 mm, 

non-CAD: 3.0±0.8 mm 

(p>0.05); 

RVFW: CAD: 10.0±3.1 mm, 

non-CAD: 7.6±2.2 mm 

(p<0.05); 

weak correlation between 

CCS and EAT (r≤0.3) 

RVFW thickness: 

cut-off value – 8.8 

mm, AUC=0.706, 

sensitivity – 79%, 

specificity – 60% 

Bachar et al. 

(398)  

CT (RVFW 

thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

CT angiography 

images 

190 

CAD: 3.5±1.6 mm, non-

CAD: 1.9±1.3 mm (p<0.001); 

EAT – independent predictor 

of CAD along with diabetes 

and hypertension 

Cut-off value – 

2.4 mm, AUC – 

not reported, 

sensitivity – 80%, 

specificity – 73% 

Demircelik 

et al. (243) 

CT (RVFW 

thickness, the 

mean of groove 

thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery or 

obstruction of a 

left main artery 

based on CT 

angiography 

images 

131 

Mean groove thickness: 

CAD: 16.3±2.1 mm, non-

CAD: 10.9±1.7 mm 

(p<0.001); 

RVFW: CAD: 7.1±2.7 mm, 

non-CAD: 3.2±1.1 mm 

(p<0.001) 

Mean groove 

thickness: cut-off 

value – 13.8 mm, 

AUC=0.714, 

sensitivity – 72%, 

specificity – 68%; 

RVFW thickness: 

cut-off value – 6.8 

mm, AUC=0.715, 

sensitivity – 74%, 

specificity – 69% 

Alnaggar et 

al. (399) 

CT (RVFW 

thickness, the 

mean of groove 

thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

CT angiography 

images 

70 

Mean groove thickness: 

CAD: 14.0±2.4 mm, non-

CAD: 10.8±1.7 mm 

(p<0.001); 

RVFW: CAD: 8.5±3.1 mm, 

non-CAD: 6.2±1.2 mm 

(p<0.001); 

no significant correlation 

between EAT and Gensini 

score 

Mean groove 

thickness: cut-off 

value – 12.6 mm, 

AUC=0.767, 

sensitivity – 72%, 

specificity – 62%; 

RVFW thickness: 

cut-off value – 7.2 

mm, AUC=0.645, 

sensitivity – 64%, 

specificity – 64% 
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Authors 

Measurement 

modality (EAT 

measurements) 

CAD 

characteristics 

Number 

of 

subjects 

EAT thickness 

measurements and 

important results 

ROC analysis 

solely with EAT 

Picard et al. 

(57) 

CT (RVFW 

thickness, LVFW 

thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

CT angiography 

images 

970 

RVFW: CAD: 5.6±3.1 mm, 

non-CAD: 4.8±2.7 mm 

(p=0.0004); 

LVFW: CAD: 2.7±2.4 mm, 

non-CAD: 2.1±2.1 mm 

(p=0.0001); 

EAT – independent predictor 

of CAD along with male 

gender, higher age, 

dyslipidemia and 

hypertension; 

LVFW thickness ≥2.8 mm 

(but not RVFW thickness) 

predicted CAD after adjusting 

for CAD risk factors 

LVFW thickness: 

cut-off value – 2.8 

mm, AUC=0.580, 

sensitivity – 46%, 

specificity – 67%; 

RVFW thickness: 

cut-off value – 5.3 

mm, AUC – not 

reported, 

sensitivity – 45%, 

specificity – 68% 

Kim et al. 

(68) 

CMR (LAVG 

thickness) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery based on 

CMR 

angiography 

images 

100 

CAD: 13.0±2.6 mm, non-

CAD: 11.5±2.1 mm (p=0.01); 

EAT – independent predictor 

of CAD after adjustment for 

traditional cardiovascular risk 

factors 

Not performed 

Table 18. Overview of comparable studies with data about thickness of epicardial adipose tissue and its 
connection to coronary artery disease. Abbreviations: AIVG – anterior interventricular groove, AUC – 
area under the curve, BMI – body mass index, BSA – body surface area, CAD – coronary artery disease, 
CCS – coronary calcium score, CMR – cardiac magnetic resonance, CT – computed tomography, EAT 
– epicardial adipose tissue, IIVG – inferior interventricular groove, LAVG – left atrioventricular groove, 
LVFW – left ventricular free wall, mm – millimeter, RAVG – right atrioventricular groove, RVFW – right 
ventricular free wall, ROC – receiver operating characteristic, SIVG – superior interventricular groove 

 

All in Table 18 mentioned studies, which employed transthoracic echocardiography, showed 
significantly higher EAT thickness measurements in CAD patients (49, 64, 136, 139, 142, 386-
395). The results are consistent with those of our study – all EAT thickness measurements, 
performed on CMR images, were significantly higher in subjects with CAD. It is important to 
stress that transthoracic echocardiography allows only EAT thickness measurements, mainly 
over the RVFW (135). Of note, Hirata et al. offered a novel approach of visualizing EAT 
thickness in the area of AIVG with a linear probe. Authors validated echocardiographic EAT-
AIVG thickness results with the EAT volume, measured on CT images in 71 patients (r=0.714) 
(49). 

One important debatable issue concerns the time of the cardiac cycle which should be used 
for echocardiographic measurements of EAT thickness. Some authors assessed EAT 
thickness during a systole to prevent possible compression of epicardial fat during a diastole 
(49, 64, 139, 389-395). Others performed EAT measurements in a diastole to coincide with 
other imaging modalities such as CT or CMR (136, 137, 142, 386-388). Indeed, because of 
the prospective ECG-gating during the cardiac CT scan, images can only be evaluated during 
a diastole. On the other hand, epicardial fat depots can be estimated both in a systole and a 
diastole on CMR images. We performed EAT measurements during a diastole to be able to 
compare our results with those of other studies, which employed cross-sectional imaging 
techniques. 

Although authors, who employed CT for estimation of EAT thickness, showed in general similar 
results to ultrasound studies, there were some differences (57, 242, 243, 396-399). Gac. et al. 
assessed the association between EAT thickness measurements and CCS in 80 patients, 
referred to CT angiography. Although RVFW and IIVG thickness measurements were 
significantly larger in patients with CAD (10.0±3.1 vs. 7.6±2.2 mm and 6.7±2.9 vs.5.4±1.8 mm, 
respectively), SIVG and LAVG EAT thickness showed no considerable difference between 
both groups (397). Even though this study is one of the few to assess EAT thickness in the 
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areas of SIVG and IIVG, CCS>0 does not accurately represent CAD patients. Furthermore, 
small study population is another factor that could explain discrepancies in published results. 

Maimaituxun et al. retrospectively compared EAT thickness measurements on CT images 
between individuals with significant coronary stenosis and healthy controls. Only AIVG EAT 
thickness was significantly larger in CAD patients (6.9±2.2 mm vs. 5.5±2.2 mm), RAVG and 
LAVG EAT thickness showed no considerable difference between the two groups (396). 
Absence of significant EAT thickness differences in the areas of RAVG and LAVG could be 
accredited to Asian population. The study of Maimaituxun et al. consisted solely of Japanese 
individuals who in general exhibit smaller visceral adipose tissue depots in comparison to 
Caucasians (78). 

EAT thickness was numerous times confirmed to be an independent predictor of CAD among 
both transthoracic echocardiography and CT studies. Other independent predictors included 
higher age; male gender; increased BMI, waist circumference and waist-hip ratio; smoking 
status; diabetes; hypertension; dyslipidemia; renal insufficiency; higher CCS, Framingham risk 
score and a number of coronary arteries with a significant stenosis; statin therapy (57, 64, 386, 
388, 390, 393, 396, 398). Our results corresponded with those of other studies. The 
multivariate binary logistic regression analysis showed that EAT thickness over the RVFW 
acted as an independent predictor of CAD among other independent predictors such as age 
≥50 years, male gender and obesity.  

Interestingly, most of ultrasound studies reported a strong correlation of EAT thickness 
measurements with the severity of CAD, measured with Gensini score (137, 142, 389-391, 
395). In contrast, EAT thickness measurements in our study showed only a weak correlation 
with Gensini score. Similar results displayed several studies which employed cross-sectional 
imaging techniques to assess EAT thickness (396, 399).  

Several authors evaluated other markers of the CAD severity than Gensini score. Shemirani 
et al. positively correlated EAT thickness measurements with the angiographic Califf scoring 
system of CAD severity, although the connection was revealed to be weak (r=0.3) (392). Gac 
et al. in the same way reported only a weak correlation between EAT thickness and CCS 
(r≤0.3) (397). In the study by Mustelier et al., EAT thickness did not significantly differ between 
patients with multi-vessel vs. two-vessel vs. single-vessel disease (139). Similarly, studies by 
Tachibana et al. and Bachar et al. revealed no relevant association between EAT thickness 
measurements and the number of stenotic coronary vessels (64, 398). On the other hand, Ahn 
et al. demonstrated that patients with multi-vessel disease expressed significantly thicker EAT 
in comparison to patients with one-vessel disease (4.0 mm vs. 3.5 mm) (136). Moreover, EAT 
thickness correlated with the degree of coronary stenosis (r=0.68) in the study by Iacobellis et 
al. (394). 

Of note, our study is the first one to examine the association between EAT measurements and 
the Canadian Cardiovascular Society grading of angina pectoris. Similar to Gensini score, 
Canadian Cardiovascular Society grading of angina pectoris showed no relevant connection 
with EAT thickness measurements. 

All in all, the association between EAT thickness measurements and the severity of CAD 
remains unclear. Discrepant published results could be explained by differences in population 
groups, in particular age-specific variance of the studied groups. Age is proven to play one of 
the most important roles in spread of both coronary atherosclerosis and CAD (374). 
Furthermore, the definition of CAD varied from study to study. As a result, many of the listed 
publications included patients with severe CAD and accompanying chronic heart failure. 
Individuals with the heart failure repeatedly showed decreased epicardial fat depots, assessed 
with cross-sectional imaging methods (313). The postmortem research showed consistent 
results – human hearts with signs of heart failure displayed significantly less EAT than healthy 
hearts (198). Thus, cases with the severe heart failure could play a significant confounding 
role in the analysis of correlation between EAT depots and the severity of CAD. Further studies 
with strictly controlled group samples are required to verify the possible connection between 
these two variables. 
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Jeong et al. proposed a border value of echocardiographic end-diastolic RVFW EAT thickness 
of 7.6 mm in 203 CAD patients, submitted to coronary angiography (137). Ahn et al. in the 
similar way suggested a RVFW EAT thickness cut-off value of 3 mm for CAD prediction in 527 
patients, who received coronary angiography because of the chest pain (136). Although 
authors of both studies proposed a possible threshold value of EAT thickness over the RVFW 
in identification of CAD patients, absence of ROC analysis questions the reliability of 
suggested cut-off values. 

Some of in Table 18 listed authors, who employed transthoracic echocardiography in 
quantification of EAT thickness, performed ROC analysis. AUC of EAT thickness 
measurements over the RVFW varied from 0.600 to 0.992 (49, 64, 139, 142, 386-388, 390, 
391, 395). Interestingly, EAT measurements, performed during a diastole, showed higher AUC 
values in comparison to systolic EAT measurements (0.810-0.992 vs. 0.600-0.875). Of note, 
diastolic EAT measurements are comparable with those carried out on CT images. We have 
performed EAT measurements during a diastole as well. AUC of the mean EAT thickness over 
the RVFW in our study (0.808) was consistent with published results which indicated a very 
good EAT ability to predict CAD. 

Hirata et al. carried out systolic echocardiographic EAT thickness measurements in the area 
of AIVG as a novel approach to quantify EAT depots. A linear probe was used for the 
examination (7.5 MHz, spatial resolution – 0.1 mm). The high-frequency linear probe allowed 
more precise EAT thickness measurements. This method related to the EAT volume, 
measured on CT images, beyond of the echocardiographic EAT thickness measurements over 
the RVFW. ROC analysis showed that EAT thickness in the AIVG area predicted CAD more 
effectively than EAT measurements over the RVFW (AUC – 0.704 vs. 0.615) (49). This seems 
reasonable since LAD courses directly through the AIVG area. ROC analysis in our study 
revealed partially different results – EAT thickness over the RVFW predicted CAD more 
efficiently than in the area of AIVG (AUC – 0.771 vs. 0.729). However, the average EAT 
thickness measurements in the area of atrio- and interventricular grooves in our study 
predicted CAD slightly better than the average EAT thickness measurements over the RVFW 
(AUC – 0.816 vs. 0.808), which indicated consistent results with those of Hirata et al. 

Some authors, who evaluated epicardial fat thickness in different localizations on CT images, 
performed ROC analysis in prediction of patients with CAD (57, 243, 396, 397, 399). 
Maimaituxun et al. predicted CAD by applying AIVG thickness measurement with the AUC of 
0.686 (vs. 0.729 in our study) (396). Gac. et al. assessed the association between EAT 
thickness measurements and CCS in 80 patients referred to CT angiography. ROC analysis 
revealed the AUC value of 0.706 (vs. 0.808 in our study) in case of the EAT thickness over the 
RVFW for the presence of coronary sclerosis (397). Demircelik et al. divided 131 patients into 
3 groups – no atherosclerosis, non-obstructive atherosclerosis and obstructive CAD. Scientists 
measured EAT thickness over the RVFW as well as in the areas of RAVG, LAVG and AIVG 
(average pericoronary EAT). Authors reported similar AUC values of pericoronary (0.714 vs. 
0.816 in our study) and RVFW (0.715 vs. 0.808 in our study) EAT thickness for the obstructive 
CAD risk prediction (243). Another study with the similar design was conducted on 70 subjects 
by Alnaggar et al. AUC of the pericoronary EAT demonstrated higher values (0.767 vs. 0.816 
in our study) than over the RVFW (0.645 vs. 0.808 in our study), which was consistent with the 
results of our study (399). Finally, Picard et al. measured EAT thickness over both RVFW and 
LVFW in 970 subjects of the EVASCAN cohort (EVAluation of CT SCANer). AUC of EAT 
thickness over the LVFW was 0.58 (vs. 0.708 in our study), AUC value of EAT thickness over 
RVFW was not reported (57). 

It is important to point out that cut-off values in the ROC analysis are chosen individually from 
the general pool according to the calculated combination of sensitivity and specificity. Some 
border values may have high sensitivity, other – high specificity. Basically, cut-off values are 
selected according to the study objectives (high sensitivity or high specificity) and are not 
comparable across the studies. In our work we have chosen balanced cut-off values of EAT 
measurements with similar sensitivity and specificity in identification of patients with a 
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significant CAD. All cut-off values of EAT thickness in the studies, summarized in this 
discussion, are listed in Table 18. 

Finally, one comparable CMR study was conducted by Kim et al. Authors evaluated EAT 
thickness in the area of LAVG on CMR images in asymptomatic type 2 diabetic patients with 
a suspicion of CAD. CAD patients showed significantly larger EAT depots (13.0±2.6 mm vs. 
11.5±2.1 mm). Furthermore, EAT thickness was revealed to be an independent indicator of a  
significant coronary stenosis after adjusting for age, gender, BMI, Hemoglobin A1C, low-
density lipoprotein, systolic blood pressure and the history of smoking. ROC analysis in this 
study was not performed (68). 

 

 Volumetric assessment of epicardial adipose tissue 

 

Volumetric assessment of EAT is only possible with cross-sectional imaging modalities (CT or 
CMR) (48). EAT volume of healthy 3312 individuals from the Framingham Heart Study, 
measured on CT images, was identified as high with 139 cm3 for men and 119 cm3 for women 
(200). Other authors evaluated EAT volume in the same cohort and reported high 
measurement values of 110±41 cm3 in women and 137±53 cm3 in men (30). Overall, Bertaso 
et al. in their systematic review suggested that EAT volume over 125 cm3 could be considered 
abnormal in low-risk populations (45). 

Studies, listed in Table 19, contain information about EAT volume measurements in patients 
with CAD with different coronary plaque characteristics. Most authors assessed EAT volume 
on CT images. It is important to mention that the main aim of these studies was not to compare 
different EAT quantification techniques. Nevertheless, the results obtained from different 
cohorts allowed us to match them to the results obtained in our study. The main non-indexed 
EAT volume measurements of this study and the results of other publications are shortly listed 
in Table 19. 

 

Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

This study 

CMR 

(indexed and 

non-indexed 

thickness and 

volume) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery 

630 

SSFP volume: CAD: 

123.44±35.68 cm3, non-CAD: 

77.58±25.82 cm3 (p<0.001); 

T1IR volume: CAD: 

128.46±34.96 cm3, non-CAD: 

84.13±25.52 cm3 (p<0.001); 

EAT volume – independent 

predictor of CAD along with 

male gender, higher age and 

obesity; 

weak EAT volume correlation 

with Gensini score: r=0.222, 

p=0.001 

SSFP volume: cut-

off value – 93.62 

cm3, AUC=0.881, 

sensitivity – 84%, 

specificity – 80%; 

Djaberi et al. 

(252) 
CT (volume) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery or 

obstruction of 

left main artery 

based on CT 

angiography 

images 

190 

CAD: 99±40 cm3, non-CAD: 

63±31 cm3 (p<0.001); 

Multi-vessel vs. single-vessel 

disease: no significant EAT 

difference; 

EAT – independent predictor of 

CAD along with higher age, 

hypertension, 

hypercholesterolemia and 

increased BMI 

Cut-off value – 77 

cm3, AUC – not 

reported, sensitivity 

– 72%, specificity – 

70% 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Refaat et al. 

(400) 
CT (volume) 

Presence of 

coronary lesions 

based on CT 

angiography 

images 

75 

CAD: 94.67±17.74 cm3, non-

CAD: 60.08±26.25 cm3 

(p<0.05); 

EAT – independent predictor of 

CAD 

Cut-off value – 

60.39 cm3, AUC – 

0.813, sensitivity – 

not reported, 

specificity – not 

reported 

Goeller et al. 

(245) 

CT (volume 

and density) 
MACE 456 

CAD: 135.0 (111.4-158.6) cm3, 

non-CAD: 79.3 (75.4-83.2) cm3 

(p<0.001); 

EAT ≥125 cm3 – independent 

predictor of CAD along with 

increased CCS and lower EAT 

density 

Not performed 

Sarin et al. 

(249) 
CT (volume) 

≥1 stenosis of 

>50% in a 

major coronary 

artery based on 

CT angiography 

images 

151 

Higher prevalence of CAD in 

patients with EAT volume >100 

cm3 (28% vs. 18%, p=0.007) 

Not performed 

Abazid et al. 

(171) 

CT (volume 

and density) 
CCS >0 609 

CAD: 74±27 cm3, non-CAD: 

62±26 cm3 (p<0.0001); 

Significant EAT volume 

expansion together with 

increase of CCS; 

EAT >100 cm3 – independent 

predictor of CAD along with 

male gender, higher age and 

lower EAT density 

Not performed 

Yerramasu et 

al. (50) 
CT (volume) CCS >0 333 

CAD: 85.8 cm3, non-CAD: 69.3 

cm3 (p<0.001); 

EAT – independent predictor of 

CAD along with higher age, 

male gender, Caucasian 

ethnicity, higher systolic blood 

pressure, higher osteoprotegerin 

level in serum 

Not performed 

Mahabadi et 

al. (250) 
CT (volume) 

CCS 

progression 

over 5 years 

3367 

Significant CCS progression: 

101.4±47.1 cm3, insignificant 

CCS progression: 84.4±43.4 

cm3; 

Strong independent association 

between EAT volume and CCS 

progression, especially in young 

and lean individuals 

Not performed 

Alexopoulos 

et al. (78) 
CT (volume) 

≥1 stenosis in a 

major coronary 

artery based on 

CT angiography 

images 

214 

Severe CAD: 100±52 cm3, 

moderate CAD: 100±44 cm3, 

mild CAD: 87±41 cm3, non-

CAD: 62±33 cm3 (p<0.001) 

Not performed 

Okada et al. 

(264) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

140 

Obstructive CAD in multiple 

vessels: 105.7±7.3 cm3, 

obstructive CAD in single 

vessel: 94.8±6.8 cm3, non-

obstructive CAD: 91.0±8.8 cm3, 

non-CAD: 85.0±4.2 cm3 

(p<0.05); 

No connection between EAT 

and CCS 

Cut-off value – 85.8 

cm3, AUC – 0.576, 

sensitivity – 64%, 

specificity – 51% 

Iwasaki et al. 

(269) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

197 

Severe CAD: 146.4±63.9 cm3, 

moderate CAD: 105.2±41.1 

cm3, mild CAD: 92.4±34.8 cm3, 

non-CAD: 97±36.9 cm3 

(p<0.0068) 

Not performed 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Khurana et al. 

(401) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

950 

Obstructive CAD: 82.87±32.32 

cm3, non-obstructive CAD: 

68.67±29.18 cm3, non-CAD: 

56.73±27.63 cm3 (p<0.001); 

EAT – independent predictor of 

CAD along with family history 

of CAD, increased CCS 

Cut-off value – 

67.69 cm3, AUC – 

0.709, sensitivity – 

65%, specificity – 

66% 

Konishi et al. 

(262) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

171 

CAD: 201±71 cm3, non-CAD: 

144±45 cm3 (p<0.001); 

EAT – independent predictor of 

CAD along with higher age and 

increased hemoglobin A1c 

Cut-off value – 180 

cm3, AUC – 0.709, 

sensitivity – 60%, 

specificity – 81% 

Kim et al. 

(273) 
CT (volume) 

≥1 stenosis of 

>20% in a 

major coronary 

artery based on 

coronary 

angiography 

images 

209 

CAD: 125.36±47.64 cm3, non-

CAD: 102.4±41.87 cm3 

(p<0.001); 

EAT – independent predictor of 

CAD after adjustment for age, 

gender, smoking, alcohol and 

BMI; 

Not performed 

Bettencourt et 

al. (253) 

CT (thickness 

and volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

215 

CAD: 94±35 cm3, non-CAD: 

83±31 cm3 (p=0.017); 

EAT – independent predictor of 

CAD after adjustment for age, 

gender, abdominal visceral fat 

Not performed 

Ito et al.  

(260) 
CT (volume) 

≥1 stenosis of 

>50% in a 

major coronary 

artery based on 

CT angiography 

images 

1308 

CAD: 124.3±43.2 cm3, non-

CAD: 95.1±40.3 cm3 (p<0.01); 

EAT – independent predictor of 

CAD after adjustment for age, 

male gender, diabetes and CAD 

symptoms 

Cut-off value – 

126.8 cm3, AUC – 

0.69, sensitivity – 

50%, specificity – 

81% 

Schlett et al. 

(270) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

358 

CAD: 111.7 (84.5-145.2) cm3, 

non-CAD: 74.8 (58.2-111.7) 

cm3 (p<0.0001); 

EAT – independent predictor of 

CAD after adjustment for age, 

gender, hypertension, diabetes, 

hyperlipidemia and BMI 

Cut-off value – 

144.88 cm3, AUC – 

0.756, sensitivity – 

62%, specificity – 

83% 

Shehata et al. 

(402) 
CT (volume) 

≥1 stenosis of 

>70% in a 

major coronary 

artery based on 

CT angiography 

images 

90 

CAD: 327.94±90.17 cm3, non-

CAD: 125.14±56.88 cm3 

(p<0.001) 

Cut-off value – 

148.7 cm3, AUC – 

not reported, 

sensitivity – 70%, 

specificity – 80% 

Taha et al. 

(403) 
CT (volume) 

Presence of ≥1 

coronary 

stenosis based 

on CT 

angiography 

images 

120 

CAD: 160.9±42.43 cm3, non-

CAD: 107.5±36.24 cm3 

(p<0.001); 

strong EAT correlation with the 

number of affected coronary 

vessels: r=0.782, p<0.001; 

EAT – independent predictor of 

CAD along with higher age, 

male gender and increased CCS 

Cut-off value – 124 

cm3, AUC – 0.833, 

sensitivity – 79%, 

specificity – 73% 

Bo et al. (275) CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

and 

conventional 

coronarography 

images 

208 

CAD: 192.57±30.32 cm3, non-

CAD: 138.56±23.18 cm3 

(p<0.01); 

EAT – independent predictor of 

CAD after adjustment for age, 

male gender, hypertension, 

diabetes, smoking, family 

history of CAD, BMI, waist 

circumference and 

hyperlipidemia; 

weak EAT correlation with 

Gensini score: r=0.285, 

p<0.001 

Not performed 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Rajani et al. 

(58) 
CT (volume) 

Presence of ≥1 

coronary plaque 

based on CT 

angiography 

images 

402 

CAD: 108±53 cm3, non-CAD: 

89±41 cm3 (p<0.001); 

EAT – independent predictor of 

severe coronary stenosis along 

with higher age, diabetes and 

smoking 

Not performed 

Mahabadi et 

al. (281) 

CT (volume 

and 

pericoronary 

fat area) 

Incident 

coronary event 
4093 

CAD: 121 cm3, non-CAD: 95 

cm3 (p<0.001); 

EAT – independent predictor of 

CAD after adjustment for 

traditional cardiovascular risk 

factors and CCS 

Not performed 

Cheng et al. 

(51) 
CT (volume) MACE 232 

CAD: 102±49 cm3, non-CAD: 

85±38 cm3 (p=0.007); 

EAT – independent predictor of 

CAD after adjustment for BMI, 

CCS and Framingham risk 

score 

Not performed 

Hell et al. 

(173) 

CT (volume 

and density) 

Inducible 

ischemia in 

SPECT 

213 

CAD: 96±49 cm3, non-CAD: 

82±37 cm3 (p=0.041); 

EAT – independent predictor of 

CAD after adjustment for age, 

CAD symptoms and traditional 

risk factors 

Not performed 

Harada et al. 

(280) 
CT (volume) MACE 170 

CAD: 117±47 cm3, non-CAD: 

95±33 cm3 (p=0.01); 

EAT – independent predictor of 

CAD along with the low level 

of high-density lipoprotein in 

blood 

Cut-off value – 

100.3 cm3, AUC – 

0.685, sensitivity – 

75%, specificity – 

57% 

Janik et al. 

(52) 

PET-CT 

(volume) 

Presence of 

perfusion 

defects in 

myocardium 

97 

CAD: 134.0±39.2 cm3, non-

CAD: 96.9±43.3 cm3 

(p<0.0001); 

EAT – independent predictor of 

CAD after adjustment for CCS, 

age, gender and BMI 

Cut-off value – 

100.8 cm3, AUC – 

0.762, sensitivity – 

87%, specificity – 

60% 

Tamarappoo 

et al. (157) 
CT (volume) 

Inducible 

ischemia in 

SPECT 

219 

CAD: 99±43 cm3, non-CAD: 

80±32 cm3 (p=0.0003); 

EAT >125 cm3 – independent 

predictor of CAD along with 

increased CCS and increased 

total thoracic fat volume 

Not performed 

Petrini et al. 

(70) 

CMR (volume 

and mass) 

History of 

coronary 

occlusion and 

ischemic scar 

based on CMR 

images 

150 
CAD: 30 (16-54) cm3, non-

CAD: 18 (12-26) cm3 (p<0.001) 
Not performed 

Table 19. Overview of comparable studies with data about non-indexed volume of epicardial adipose 
tissue and its connection to coronary artery disease. Abbreviations: AUC – area under the curve, BMI – 
body mass index, CAD – coronary artery disease, CCS – coronary calcium score, cm3 – cubic 
centimeter, CMR – cardiac magnetic resonance, CT – computed tomography, EAT – epicardial adipose 
tissue, MACE – major adverse cardiac event, PET – positron emission tomography, ROC – receiver 
operating characteristic, SPECT – single-photon emission computed tomography, SSFP - steady state 
free precession, T1IR – T1 inversion recovery

 

All in Table 19 mentioned studies, which employed cross-sectional imaging modalities, showed 
significantly higher EAT volume measurements in CAD patients (50-52, 58, 70, 78, 157, 171, 
173, 245, 249, 250, 252, 253, 260, 262, 264, 269, 270, 273, 275, 280, 281, 391, 400-403). The 
results are consistent with those of our study – EAT volume measurements, performed on 
CMR images, were significantly higher in subjects with CAD. Because of the prospective ECG-
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gating during cardiac CT scan, images could only be evaluated during a diastole. We 
performed EAT measurements in the same way on CMR images during a diastole to be able 
to compare our results with those of other studies. 

EAT volume was numerous times confirmed to be an independent predictor of CAD. Other 
independent predictors included age, male gender, Caucasian ethnicity, increased BMI, higher 
amounts of abdominal visceral fat, higher waist circumference, higher amounts of total thoracic 
fat volume, smoking status, alcohol consumption, diabetes, hypertension, dyslipidemia, higher 
osteoprotegerin level in serum, higher hemoglobin A1c in blood, increased CCS, family history 
of CAD, CAD symptoms, increased Framingham risk score and lower EAT density (50-52, 58, 
157, 171, 173, 245, 252, 253, 260, 262, 270, 273, 275, 280, 281, 400, 401, 403). Our results 
corresponded with those of other studies. Multivariate binary logistic regression analysis 
identified EAT thickness over the RVFW as an independent predictor of CAD among other 
independent predictors (age ≥50 years, male gender and obesity). 

Similar to EAT thickness measurements, EAT volume showed inconsistent findings with the 
respect to CAD severity, measured with Gensini score. First of all, 209 subjects with suspected 
CAD underwent both cardiac CT and coronary angiography in a retrospective study by Kim et 
al. Patients were divided into tertiles according to the EAT volume. EAT volume significantly 
and linearly increased with the severity of CAD – mean Gensini scores for each EAT tertile 
were 5.477±14.84, 7.887±15.72, and 12.507±20.59, respectively, p=0.018 (273). Bo et al. 
correlated CT measurements of EAT volume with the severity of coronary lesions in subjects 
with CAD. EAT volume poorly correlated with Gensini score (r=0.285) (275). Comparable to 
the results in the research by Bo et al., EAT volume measurements in our study showed only 
a weak correlation with Gensini score. 

Several authors evaluated other markers of CAD severity than Gensini score. First of all, EAT 
was assessed in regard to CCS. Djaberi et al. performed volumetric quantification of EAT in 
subjects with suspected CAD, referred to CT. EAT volume correlated poorly with CCS (r=0.33). 
Furthermore, EAT volume did not significantly differ among patients with different numbers of 
diseased coronary vessels (252). Goeller et al. randomly selected and evaluated 456 
asymptomatic patients from the EISNER cohort. EAT volume did not differ between the groups 
with significant coronary calcifications (patient groups with CCS <100, 100-399, ≥400) (245). 
In contrast, Abazid et al. presented a significant increase of EAT volume with higher CCS score 
(patient groups with CCS=0 – 62 cm3, CCS 1-100 – 71 cm3, CCS ≥101 – 80 cm3, p<0.05). 
However, this study included a population with the high prevalence of arterial hypertension 
and diabetes, which could serve as confounding factors (171). Mahabadi et al. similarly 
assessed the association of CCS and EAT volume over a period of 5 years in the Heinz Nixdorf 
Recall population. Authors reported a significantly higher EAT volume in those subjects who 
showed relevant CCS progression over time (101.4±47.1 cm3 vs. 84.4±43.4 cm3). The results 
were stronger in younger and leaner individuals (250). Yerramasu et al. similarly measured an 
increased EAT volume in patients with the positive CCS (85.8 cm3 vs. 69.3 cm3 in healthy 
controls). Three years after the initial CT scan, a second CT examination was performed. For 
an every EAT volume increase of 10 cm3 during the control CT, CCS rose up by 12% (50). 
Finally, Bettencourt et al. determined that an increase of EAT volume by 10 cm3 corresponded 
with the rise of CCS by 14.7% (253). 

Some authors assessed a connection between EAT and the severity of CAD in patients with 
different coronary plaque characteristics. In a study by Alexopoulos et al., EAT volume 
significantly increased in subjects with large non-calcified plaques (plaque burden ≥40%) 
compared to patients with absent or calcified plaques (99±36 cm3 vs. 62±33 cm3 or 63±22 cm3, 
respectively). Furthermore, EAT volume steadily increased with the extent of coronary stenosis 
(Severe CAD: 100±52 cm3, moderate CAD: 100±44 cm3, mild CAD: 87±41 cm3, non-CAD: 
62±33 cm3) (78). In another study, Okada et al. measured EAT volume in 140 non-obese 
patients with chest pain. EAT volume steadily increased with the escalation of CAD (85±4.2 
cm3 in healthy patients, 91±8.8 cm3 with non-obstructive plaques, 94.8±6.8 cm3 with 
obstructive plaques in one vessel, 105.7±7.3 cm3 with obstructive plaques in multiple vessels). 
Moreover, EAT volume rose in proportion to the number of coronaries with obstructive plaques. 
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Patients with non-calcified or mixed coronary plaques had significantly larger EAT depots 
compared to subjects with absent or calcified plaques (264). Iwasaki et al. conducted a 
comparable study with 197 patients who received CT angiography. Study results showed a 
significant rise of EAT volume with the increase of coronary stenosis degree (92.4±34.8 cm3 
among patients with mild non-obstructive CAD, 105.2±41.1 cm3 with moderate CAD and 
146.4±63.9 cm3 with severe CAD) (269). Khurana et al. compared EAT volume between 950 
consecutive Indian patients free of CAD, with or without significant coronary stenosis (>50%). 
EAT volume significantly and steadily increased according to the CAD severity (57.63±27.63 
cm3 in CAD free patients, 68.67±29.18 cm3 in patients with insignificant coronary stenosis, 
82.87±32.32 cm3 in patients with significant coronary stenosis) (401). 

Several studies did not report a significant connection between EAT depots and the severity 
of CAD in patients with different coronary plaque characteristics. In a study by Ito et al., EAT 
volume was compared between symptomatic CAD patients with either obstructive (124.3±43.2 
cm3) or vulnerable (133±40.2 cm3) coronary plaques and healthy controls (95.1±40.3 cm3). No 
significant EAT volume difference was identified between CAD patients with obstructive or 
vulnerable coronary plaques (260). Rajani et al. examined EAT volume in individuals with 
suspected CAD and compared EAT values between different types of coronary plaque. EAT 
volume showed no significant difference between patients with calcified coronary plaques 
(112±55 cm3), with partially calcified plaques (110±57 cm3) or non-calcified plaques (115±44 
cm3) (58). 

Our study is the first one to examine the association between EAT volume measurements and 
the Canadian Cardiovascular Society grading of angina pectoris. Similar to Gensini score, 
Canadian Cardiovascular Society grading of angina pectoris showed no relevant association 
with EAT volume measurements. 

All in all, the association between EAT volume measurements and the severity of CAD remains 
unclear. Similar to EAT thickness measurements, discrepancy of the published results could 
be explained by differences in population groups, in particular age-specific variance of the 
studied groups. Furthermore, the definition of CAD varied from study to study. Patients with 
severe CAD and accompanying chronic heart failure were sometimes included in the study 
population. Individuals with chronic heart failure repeatedly showed decreased epicardial fat 
depots, assessed with cross-sectional imaging methods and during postmortem research 
(198, 313). Thus, cases with the severe heart failure could play a significant confounding role 
in the analysis of correlation between EAT depots and the severity of CAD. Further studies 
with strictly controlled group samples are required to verify the possible connection between 
these two variables. 

Regression analysis in a study by Goeller et al. pointed out the EAT volume ≥125 cm3 along 
with the lower EAT density and increased CCS as independent MACE predictors (245). 
Tamarappoo et al. selected 219 patients with intermediate pre-test probability for CAD from 
the EISNER registry who received both CT and SPECT within 6 months. Both EAT volume 
and myocardial perfusion were assessed. Authors offered a possible EAT volume cut-off value 
of 125 cm3 for prediction of perfusion defects in the heart muscle (157). In one more study from 
the EISNER registry with 2751 patients, Cheng et al. determined the upper EAT volume cut-
off value of 125 cm3 for identification of patients who suffered from MACE (51). Schlett et al. 
reported the EAT volume value of 74.07 cm3, below which high-risk coronary plaques in CAD 
patients could be completely excluded (270). Sarin et al., Abazid et al. and Iwasaki et al. in 
their studies selected the high-risk EAT volume limit of 100 cm3 for identification of CAD 
patients with either coronary stenosis or CCS >0 (171, 249, 269). Although authors of 
mentioned studies proposed possible cut-off values of EAT volume for identification of CAD 
patients, absence of ROC analysis questions the reliability of suggested values. 

Some of the studies, listed in Table 19, included ROC analysis. AUC of EAT volume 
measurements varied from 0.576 to 0.833 (52, 260, 262, 264, 270, 280, 400, 401, 403). AUC 
of the EAT volume in our study (0.881) was consistent with published results, which indicated 
a very good ability of EAT volume measurements to predict CAD. Our study offered an EAT 
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volume cut-off value of 93.62 cm3 for prediction of a significant coronary stenosis in patients 
with CAD. 

Finally, one comparable CMR study was conducted by Petrini et al. Authors performed CMR 
on 150 individuals because of different reasons. Positive CAD was assessed on conventional 
coronary angiography (coronary occlusion) as well as on CMR images (evidence of myocardial 
scar) in 50 patients. EAT volume was revealed to be higher in subjects with CAD in comparison 
to healthy controls (30 (16-54) cm3 vs. 18 (12-26) cm3) (70). Wide discrepancy of volumetric 
EAT measurements between the study by Petrini et al. and this work could be attributed to the 
different estimation approach of epicardial fat depots. Petrini et al. considered only segmented 
EAT areas on the right side of the heart prior to the calculation of EAT volume. Whereas we 
estimated EAT areas on both sides of the heart. 

 

 Indexed epicardial adipose tissue measurements 

 

The effect of anthropometric EAT variability is assumed to play an important role in identifying 
individuals with increased cardiovascular risk (78). Generally, EAT volume was to this day 
rarely indexed in clinical studies. EAT thickness was on the other hand never indexed to this 
day. As a consequence, there were no studies published on the topic of possible advantages 
of indexed EAT thickness measurements in comparison to non-indexed counterparts in 
identification of individuals with CAD. Furthermore, no studies indexed EAT with 
anthropometric heart measurements such as interventricular septum length (ISL). 

Besides different non-indexed EAT depots measurements, some authors derived EAT volume, 
indexed to BSA or BMI. Most of the published literature, related to the indexation of EAT 
measurements, did not compare the performance of indexed vs. non-indexed EAT values. 
Nevertheless, the results obtained from different cohorts allowed us to match them to the 
results obtained in this study. Bertaso et al. in their systematic review suggested that the BSA-
indexed EAT volume over 68 cm3/m2 should be considered abnormal in low-risk populations 
(45). The main important indexed EAT findings of this study and the summary of results in 
other related publications are listed in Table 20. 

 

Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

Non-indexed and indexed 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

This study 

CMR 

(indexed and 

non-indexed 

thickness and 

volume) 

≥1 stenosis of 

≥50% in a 

major coronary 

artery 

630 

BMI-indexed SSFP volume: 

CAD: 4.51±1.26 cm3/(kg/m2), 

non-CAD: 3.05±0.88 

cm3/(kg/m2) (p<0.001); 

BSA-indexed SSFP volume: 

CAD: 61.91±16.92 cm3/m2, 

non-CAD: 40.27±11.85 cm3/m2 

(p<0.001); 

ISL-indexed SSFP volume: 

CAD: 1.39±1.26 cm3/mm, non-

CAD: 0.89±0.31 cm3/mm 

(p<0.001) 

BMI-indexed SSFP 

volume: cut-off 

value – 3.60 

cm3/(kg/m2), 

AUC=0.856, 

sensitivity – 78%, 

specificity – 78%; 

BSA-indexed SSFP 

volume: cut-off 

value – 48.59 

cm3/m2, 

AUC=0.880, 

sensitivity – 82%, 

specificity – 80%; 

ISL-indexed SSFP 

volume: cut-off 

value – 1.07 

cm3/mm, 

AUC=0.856, 

sensitivity – 77%, 

specificity – 77%; 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

Non-indexed and indexed 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Nakanishi et 

al. (257) 

CT (BSA-

indexed and 

non-indexed 

volume) 

Significant 

progression of 

CCS (follow-up 

CT scan) 3-5 

years after the 

initial CT scan 

162 

Non-indexed EAT volume: 

CAD: 102±38 cm3, non-CAD: 

90±35 cm3 (p=0.03); 

BSA-indexed EAT volume: 

CAD: 50±16 cm3/m2, non-

CAD: 46±15 cm3/m2 (p=0.03); 

higher increase of BSA-indexed 

EAT volume in CAD group 

during the follow-up CT scan: 

14±23% vs. 7±21%, p=0.04; 

BSA-indexed EAT volume – 

independent predictor of a CCS 

progression along with 

hypertension 

Not performed 

Merelo-

Nicolas et al. 

(404) 

CT (BSA-

indexed and 

non-indexed 

volume) 

Presence of 

cardiovascular 

events 

179 

Non-indexed EAT volume: 

CAD: 121.64±40.44 cm3, non-

CAD: 100.10±43.44 cm3 

(p=0.007); 

BSA-indexed EAT volume: 

CAD: 63.79±19.22 cm3/m2, 

non-CAD: 53.78±20.93 cm3/m2 

(p=0.009); 

BSA-indexed EAT volume – 

independent predictor of CAD 

along with higher age, male 

gender; 

BSA-indexed EAT volume 

>52.51 cm3/m2 as an indicator 

of a higher risk of 

cardiovascular events  

Not performed 

Hwang et al. 

(240) 

CT (BSA-

indexed and 

non-indexed 

volume) 

Presence of 

non-calcified 

plaques (follow-

up CT scan) 5 

years after the 

initial CT scan 

122 

Non-indexed EAT volume: 

CAD: 146.00±55.96 cm3, non-

CAD: 110.95±45.80 cm3 

(p=0.013); 

BSA-indexed EAT volume: 

CAD: 79.93±30.30 cm3/m2, 

non-CAD: 62.52±24.72 cm3/m2 

(p=0.007); 

BSA-indexed EAT volume – 

independent predictor of CAD 

along with hypertension and 

diabetes 

Not performed 

Lu et al. (59) 

CT (BSA-

indexed and 

non-indexed 

volume) 

Presence of 

high-risk 

coronary 

plaques based 

on CT 

angiography 

images 

467 

Non-indexed EAT volume: 

CAD: 123 (93.4-155.8) cm3, 

non-CAD: 97.9 (68.2-126.5) 

cm3 (p<0.001); 

BSA-indexed EAT volume: 

CAD: 59.2 (45.2-75.2) cm3/m2, 

non-CAD: 49.2 (35.2-64.9) 

cm3/m2 (p<0.001); 

BSA-indexed EAT volume – 

independent predictor of CAD 

along with higher age, male 

gender, increased CCS and 

presence of a significant 

(≥50%) coronary stenosis 

BSA-indexed EAT 

volume cut-off 

value – 62.3 

cm3/m2, AUC – not 

reported, sensitivity 

– 49%, specificity – 

73% 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

Non-indexed and indexed 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Maimaituxun 

et al. (396) 

CT (AIVG, 

RAVG, 

LAVG 

thickness, 

non-indexed 

volume, BSA-

indexed EAT 

volume) 

≥1 stenosis of 

>50% in a 

major coronary 

artery based on 

CT angiography 

images 

197 

Non-indexed EAT volume: 

CAD: 124±57 cm3, non-CAD: 

104±45 cm3 (p=0.006); 

BSA-indexed EAT volume: 

CAD: 75±32 cm3/m2, non-

CAD: 63±25 cm3/m2 (p=0.004); 

BSA-indexed EAT volume not 

correlated with Gensini score; 

BSA-indexed EAT volume – 

independent predictor of CAD 

along with increased 

Framingham risk score 

BSA-indexed EAT 

volume cut-off 

value – 90 cm3/m2, 

AUC – not 

reported, sensitivity 

– 33%, specificity – 

88% 

Saad et al. 

(79) 

CT (BSA-

indexed, BMI-

indexed and 

non-indexed 

volume) 

≥1 stenosis of 

>50% in a 

major coronary 

artery based on 

CT angiography 

images 

170 

Non-indexed EAT volume: 

CAD: 113 (92.0-138.0) cm3, 

non-CAD: 81 (59.4-124.0) cm3 

(p=0.004); 

BSA-indexed EAT volume: 

CAD: 61.8 (48.1-75.4) cm3/m2, 

non-CAD: 45.6 (35.3-66.9) 

cm3/m2 (p=0.011); 

BMI-indexed EAT volume: 

CAD: 3.8 (3.0-4.6) 

cm3/(kg/m2), non-CAD: 2.7 

(1.9-3.9) cm3/(kg/m2) (p=0.014) 

Non-indexed EAT 

volume cut-off 

value – 80.3 cm3, 

AUC – 0.620, 

sensitivity – 92%, 

specificity – 35%; 

BSA-indexed EAT 

volume cut-off 

value – 41.7 

cm3/m2, AUC – 

0.610, sensitivity – 

94%, specificity – 

32%; 

BMI-indexed EAT 

volume cut-off 

value – 2.4 

cm3/(kg/m2), AUC 

– 0.600, sensitivity 

– 93%, specificity – 

31% 

Ueno et al. 

(239) 

CT (BSA-

indexed 

volume) 

Presence of total 

coronary 

occlusions 

based on 

conventional 

coronarography 

images 

71 

BSA-indexed EAT volume: 

CAD: 57.6±13.4 cm3/m2, non-

CAD: 43.9±13.6 cm3/m2 

(p=0.003); 

BSA-indexed EAT volume not 

correlated with Gensini score; 

BSA-indexed EAT volume – 

independent predictor of CAD 

along with overweight (BMI 

≥25 kg/m2) 

Not performed 

Shmilovich et 

al. (80) 

CT (BSA-

indexed 

volume) 

MACE 226 

BSA-indexed EAT volume: 

CAD: 42.7 (31.3-67.9) cm3/m2, 

non-CAD: 39.2 (28.5-52.3) 

cm3/m2 (p=0.045); 

BSA-indexed EAT volume – 

independent predictor of CAD 

after adjusting for CCS and 

Framingham risk score 

Not performed 

Nakazato et 

al. (271) 

CT (BSA-

indexed 

volume) 

Presence of both 

perfusion 

defects in 

myocardium 

based on 

PET/CT images 

and ≥1 stenosis 

of >50% in a 

major coronary 

artery based on 

conventional 

coronarography 

images 

92 

BSA-indexed EAT volume: 

CAD: 64.6±20.6 cm3/m2, non-

CAD: 49.7±14.2 cm3/m2 

(p=0.0002); 

BSA-indexed EAT volume – 

independent predictor of CAD 

after adjusting for age, gender, 

cardiovascular risk factors, 

chest pain and CCS 

BSA-indexed EAT 

volume cut-off 

value – 68.1 

cm3/m2, AUC – not 

reported, sensitivity 

– 40%, specificity – 

90% 
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Authors 

Measurement 

modality 

(EAT 

properties) 

CAD 

characteristics 

Number 

of 

subjects 

Non-indexed and indexed 

EAT volume measurements 

and other important results 

ROC analysis 

exclusively with 

EAT 

Homsi et al. 

(69) 

CMR (BSA-

indexed 

volume) 

Presence of 

myocardial 

infarction 

65 

BSA-indexed EAT volume: 

CAD: 94.14±43.16 cm3/m2, 

non-CAD: 52.98±19.81 cm3/m2 

(p<0.001); 

No association between EAT 

and the number of CAD 

affected vessels 

Not performed 

Table 20. Overview of comparable studies with data about indexed volume of epicardial adipose tissue 
and its connection to coronary artery disease. Abbreviations: AIVG – anterior interventricular groove  
AUC – area under the curve, BMI – body mass index, BSA – body surface area, CAD – coronary artery 
disease, CCS – coronary calcium score, cm3 – cubic centimeter, CMR – cardiac magnetic resonance, 
CT – computed tomography, EAT – epicardial adipose tissue, ISL – interventricular septum length, kg 
– kilogram, LAVG – left atrioventricular groove, m2 – square meter, mm – millimeter, MACE – major 
adverse cardiac event, PET – positron emission tomography, RAVG – right atrioventricular groove, ROC 
– receiver operating characteristic, SPECT – single-photon emission computed tomography, SSFP - 
steady state free precession 

 

All in Table 20 mentioned studies showed significantly higher indexed EAT volume 
measurements in CAD patients (59, 69, 79, 80, 239, 240, 257, 271, 396, 404). The results are 
consistent with those of our study – all indexed EAT measurements, performed on CMR 
images, were significantly higher in subjects with CAD. 

Indexed EAT measurements were numerous times confirmed to be an independent predictor 
of CAD. Other independent predictors included higher age, male gender, overweight (BMI ≥25 
kg/m2), hypertension, diabetes, chest pain, increased CCS, significant coronary stenosis 
(≥50%), increased Framingham risk score (59, 80, 239, 240, 257, 271, 396, 404). Interestingly, 
indexed EAT measurements did not represent the severity of CAD, measured with the Gensini 
score (239, 396). However, increase of BSA-indexed EAT volume over 15% was associated 
with the considerable increase of CCS (257).  

Merelo-Nicolas et al. calculated BSA-indexed EAT volume in 179 symptomatic individuals with 
the suspicion of CAD. Some patients developed cardiovascular events. During the follow up 
of approximately 5.5 years, BSA-indexed EAT volume >52.51 cm3/m2 served as a risk indicator 
of cardiovascular events (404). Another study from the EISNER registry by Shmilovich et al. 
reported the upper limit of BSA-indexed EAT volume of 68 cm3/m2 in prediction of MACE, after 
adjusting for CCS and Framingham risk score. Unfortunately, authors did not assess the 
prediction ability of EAT measurements alone, but rather of the CCS, EAT and Framingham 
risk score combination (80). Although authors of both studies proposed a possible cut-off value 
of BSA-indexed EAT volume in identification of severe CAD patients, absence of ROC analysis 
questions the reliability of suggested values. 

Some of authors, listed in Table 20, performed ROC analysis with indexed EAT volume 
measurements. Unfortunately, only one study published AUC values of indexed epicardial fat 
measurements. Saad et al. revealed that BSA-indexed EAT volume over 41.7 cm3/m2 could 
significantly predict a relevant coronary stenosis in CAD patients (AUC – 0.610, sensitivity – 
94%, specificity – 32%). Furthermore, authors reported the BMI-indexed EAT volume cut-off 
value of 2.4 cm3/(kg/m2) in prediction of a significant coronary stenosis (AUC – 0.600, 
sensitivity – 93%, specificity – 31%) (79). Our study results showed higher AUC values for 
BSA-indexed EAT volume measurement – 0.880 as well as for BMI-indexed EAT volume 
measurement – 0.856. A discrepancy of the results in both studies could be attributed to the 
selection bias factor – Saad et al. picked only those patients with the clinical suspicion of CAD. 
Whereas we included all individuals (except for those meeting the exclusion criteria) who 
received a CMR scan during the period of 5 years. 

Three studies performed the ROC analysis without publishing an AUC value of indexed BSA-
indexed EAT volume measurements. Lu et al. compared the distribution of EAT in subjects 



Discussion 

66 

with and without high-risk coronary plaques. Authors measured EAT volume on CT images 
and then indexed it to BSA. BSA-indexed EAT volume over 62 cm3/m2 significantly predicted 
high-risk plaques in CAD patients (AUC – not reported, sensitivity – 49%, specificity – 73%) 
(59). Maimaituxun et al. estimated EAT volume on CT images in 197 patients with suspected 
CAD. BSA-indexed EAT volume of over 90 cm3/m2 predicted CAD with sensitivity of 33% and 
specificity of 88% (AUC was not reported) (396). Finally, Nakazato et al. evaluated 92 
consecutive patients who received non-contrast cardiac CT, PET/CT and conventional 
coronary angiography within a period of 6 months. Authors established a threshold BSA-
indexed EAT volume value of 68.1 cm3/m2 in prediction of both myocardial ischemia and 
obstructive coronary stenosis (AUC not reported, sensitivity 40%, specificity 90%) (271). 

Finally, one comparable CMR study was conducted by Homsi et al. Authors assessed 55 
hypertensive and 10 healthy men; EAT volume was quantified and indexed to BSA. Some 
hypertensive men suffered from myocardial infarction. BSA-indexed EAT volume was 
significantly higher in myocardial infarction group in comparison to healthy controls 
(94.14±43.16 cm3/m2 vs. 52.98±19.81 cm3/m2). No association was found between EAT 
measurements and the number of affected coronary arteries in CAD patients. ROC analysis 
was not performed (69). 

 

 Comparison of epicardial adipose tissue measurement techniques 

 

Only occasional published studies matched reproducibility of different EAT measurements. At 
all times, comparison involved only certain two or three EAT measurement techniques and, 
therefore, could not be sufficient. These comparable research works are mentioned in the 
subsection below. On the other hand, our study is the first one to compare all most commonly 
reported ways of quantifying epicardial fat depots in regard to CAD. Our comparison involved 
both non-indexed and indexed EAT measurements. Furthermore, this study is the first one to 
index EAT thickness measurements. Finally, for the first time we indexed the size of epicardial 
fat depots with anthropometric heart measurements such as ISL. 

Hirata et al. echocardiographically estimated EAT thickness in the AIVG area, which predicted 
CAD better than measurements over the RVFW (AUC – 0.704 vs. 0.615) (49). ROC analysis 
in our study revealed partially different results – EAT thickness over the RVFW predicted CAD 
slightly better than in the area of AIVG (AUC – 0.771 vs. 0.729). Most importantly, the average 
EAT thickness measurements in the area of atrio- and interventricular grooves in our study 
predicted CAD slightly better than the average EAT thickness measurements over the RVFW 
(AUC – 0.816 vs. 0.808), which is consistent with the results of Hirata et al. 

Demircelik et al. divided 131 patients into 3 groups – no atherosclerosis, non-obstructive 
atherosclerosis and obstructive CAD. Scientists measured EAT thickness over the RVFW as 
well as in the areas of RAVG, LAVG and AIVG (average pericoronary EAT). Authors reported 
comparable AUC values of pericoronary (0.714 vs. 0.816 in our study) and RVFW (0.715 vs. 
0.808 in our study) EAT thickness for the risk prediction of obstructive CAD (243). Another 
research with the similar design was conducted with 70 subjects by Alnaggar et al. AUC of the 
pericoronary EAT demonstrated higher values (0.767 vs. 0.816 in our study) than over the 
RVFW (0.645 vs. 0.808 in our study) (399). Our work demonstrated similar results. 

A meta-analysis by Wu et al. sought to study the possible connection between location specific 
EAT thickness measurements and an obstructive CAD. Authors compared EAT thickness 
measurements over the RVFW and in the area of LAVG with respect to CAD. RVFW thickness 
proved to be less reliable than LAVG EAT thickness measurements. In addition to this, authors 
observed the extreme between-study heterogeneity in echocardiography-based studies in 
comparison to either CT or CMR based investigations. The main reason of this discrepancy 
was considered to be the poor reproducibility of echocardiographic EAT measurements in 
comparison to those, performed on CT or CMR images (405). 
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Saad et al. compared a predictive power of non-indexed, BSA- and BMI-indexed EAT volume 
measurements for the presence of a significant coronary artery stenosis in 170 CAD patients. 
Authors revealed AUC values of non-indexed (0.620 vs. 0.881 in our study), BSA-indexed 
(0.610 vs. 0.880 in our study), BMI-indexed (0.600 vs. 0.856 in our study) epicardial fat volume 
measurements (79). Although our work showed generally higher AUC values in prediction of 
a significant coronary artery stenosis, non-indexed EAT volume measurement remained the 
most powerful predictor of CAD, which is consistent with the results of Saad et al. Indexation 
of EAT measurements in our work as well as in the study of Saad et al. did not bring a 
significant advantage in identification of patients with CAD in comparison to non-indexed EAT 
measurements. 

All in all, non-indexed SSFP EAT volume demonstrated the best efficiency in classification of 
subjects with CAD in our study (AUC=0.881). Non-indexed average all location EAT thickness 
showed comparable, yet somewhat lower classification power (AUC=0.848). Since none of the 
published studies compared the prediction power between EAT volume and thickness 
measurements, our work is the first one to report these results. 

 

 Limitations and strengths of the study 

 

This research is not without several limitations. First of all, this study was performed 
retrospectively in a group of patients, referred to CMR based on clinical signs. As a result, the 
study population included no asymptomatic patients who would represent a standard control 
group. The control group in our study consisted of individuals who received CMR because of 
other reasons, however, with no suspicion of CAD. In addition, the population of this study was 
heterogeneous – it was derived from a single center which would suggest a possible sampling 
bias. Larger multicenter studies are required to confirm the results of our study. 

Secondly, the quantification of EAT in our work was conducted only by one certified radiologist. 
As a result, an interobserver variability of performed EAT measurements could not be 
assessed. Fortunately, high reproducibility of EAT measurements on the images of cross-
sectional imaging techniques does not alter the reliability of EAT quantification, performed in 
our study. Nevertheless, more data from different readers in other study cohorts are necessary 
to further validate the performance of EAT measurements in identification of CAD patients.  

Thirdly, the information concerning CAD risk factors was not thorough in medical records, 
which limited our ability to construct more reliable logistic regression models. Furthermore, 
medications were not considered in statistical analysis of our data, which may be regarded as 
a possible confounder. A significant coronary stenosis was defined as a ≥50% narrowing of 
the artery lumen in our study – the most commonly known angiographic definition of a 
significant CAD. However, this CAD definition does not account for the existence of instable 
coronary plaques, which often lead to MACE. CAD has been discussed as a complex disease 
with perplexed pathophysiology and various clinical manifestations. Despite the evident 
independent association between EAT and CAD in our study, we did not perform a causal 
analysis of this connection. 

Our work demonstrated several strengths. First of all, this study is the first one to extensively 
compare all most commonly reported ways of quantifying epicardial fat depots in regard to 
CAD. Our comparison involved both non-indexed and indexed EAT thickness and volume 
measurements. We used to this day the best available radiological modality for quantification 
of epicardial fat depots – CMR. Although two systems were employed in terms of image 
acquisition, it did not affect reliability of EAT measurements. Secondly, our research can be 
defined as the largest single center CMR study about the association between EAT and CAD. 
Between January 2017 and January 2022, overall 760 consecutive adult patients underwent 
CMR imaging in our institution. 630 study subjects entered the final analysis. Thirdly, our study 
is the first one to index EAT thickness measurements. This study is the first one to compare 
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the predictive power of EAT volume and thickness measurements in terms of a significant 
coronary stenosis. Furthermore, for the first time we indexed the size of epicardial fat depots 
with anthropometric heart measurements such as ISL. Finally, our study is the first one to 
examine the association between EAT measurements and the severity of CAD, measured with 
the Canadian Cardiovascular Society grading of angina pectoris. 

 

 Future perspectives 

 

The pathophysiology and clinical appliance of epicardial fat depots allow to define EAT as a 
novel measurable and modifiable cardiovascular risk factor. 

Diagnosis and management of coronary atherosclerotic plaques before the development of a 
significant coronary stenosis or MACE is crucial to stop or even to reverse the progression of 
CAD. EAT, as a visceral adipose tissue, is strongly associated with the presence of both 
asymptomatic and clinical evident CAD. As a result, epicardial fat depots have the potential to 
become a strong radiological predictive marker for the identification of CAD patients. Imaging 
techniques, as quantification tools of EAT, may be implemented as a screening method for an 
effective prediction of the CAD risk. Furthermore, EAT can help with the high-risk patient 
selection for coronary angiography, most importantly, of individuals without clinical signs of 
angina pectoris.  

Besides quantification of coronary artery calcium, native cardiac CT scan provides sufficient 
quality images to perform accurate EAT thickness and volume measurements. A combination 
of CCS and EAT size has the potential to improve patient cardiovascular risk stratification. 
Future studies are required to validate pretest probability model, adding EAT measurements 
to CCS for identification of patients with CAD. Although CMR is comparable to CT in assessing 
epicardial fat depots, CMR lacks possible physical damage associated with ionizing radiation. 
Overall, both CT and CMR enable a reliable and reproducible quantification of EAT. In addition, 
EAT thickness measurements over the RVFW or in the area of AIVG can be simply added to 
the regular transthoracic echocardiographic examination as a low-cost screening method for 
prediction of CAD. Altogether, quantification of EAT shows promise to be integrated into the 
workflow of cardiac imaging as an additional marker of cardiovascular risk. 

Even though cut-off values of EAT measurements in context of CAD only begin to emerge in 
literature, there are only occasional studies which considered normalization of EAT size. Only 
isolated works compared the performance of non-indexed vs. indexed EAT volume 
measurements in prediction of CAD. None of these studies differentiated EAT amounts by 
gender. Calculation of gender-specific EAT cut-off values is necessary in future larger 
longitudinal cohort studies. Furthermore, it is crucial to establish the value of gender-specific 
EAT measurements as a prognostic factor of CAD. Finally, ethnic EAT differences should also 
be clarified in future works. 

Recently, a new innovative qualitative method of pericoronary EAT analysis has been 
presented – fat attenuation index. This measurement can detect local inflammation around the 
coronary vessel, which is not represented with the markers of systemic inflammation. Future 
research is necessary to address the differences of fat attenuation index in stable CAD patients 
and in individuals after MACE. Furthermore, a complementary use of fat attenuation index and 
other functional imaging methods (for example 18F-FDG-PET–CT) could additionally help to 
assess the inflammatory activity within epicardial fat depot. 

Artificial intelligence refers to the application of algorithmic operations to certain assignments 
that are commonly performed by a human. Machine learning models are employed as a 
combination of clinical results and specific information, deduced by artificial intelligence. Deep 
learning generates assumptions from the input data through artificial neural networks. Although 
volumetric estimation of epicardial fat depots, using cross-sectional imaging, is a burdensome 
process, automated quantification methods have emerged recently. Artificial intelligence and 
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radiomic analysis could be implemented into praxis to improve the assessment of both EAT 
quantity and quality. With the use of a convolutional neural network approach, the 
quantification time of EAT volume could be significantly reduced. 

Finally, EAT has an opportunity to become a treatment target in case of systemic 
atherosclerosis. Several successful weight loss interventions (bariatric surgery or aerobic 
exercise programs) and pharmacological treatments, targeting epicardial fat depots, have 
been developed. Healthy lifestyle as well as treatment strategy with traditional or novel lipid 
lowering or antidiabetic medications demonstrated promising results. Further research is 
crucial to determine the best possible treatment approach of EAT reduction with the aim of 
applying it in larger populations with cardiovascular diseases. The potential to restore the 
epicardial fat to its protective properties once again is an intriguing concept. 

 

 Conclusions 

 

EAT proved to independently predict CAD along with other established CAD risk factors – age, 
male gender and obesity. EAT measurements predicted CAD more efficiently than male 
gender or obesity. 

Non-indexed EAT measurements showed an outstanding performance in identification of CAD 
patients. Indexation of EAT measurements did not provide a significant benefit in prediction of 
CAD. Non-indexed SSFP EAT volume demonstrated the best efficiency in classification of 
subjects with CAD. Non-indexed average all location EAT thickness showed a comparable 
classification power. The most commonly reported EAT measurement in literature – non-
indexed average EAT thickness over the RVFW – displayed a good ability to distinguish 
between patients with CAD and healthy controls. Overall, both non-indexed EAT volume and 
thickness showed a promising potential as an additional marker of identification of patients 
with CAD.  

CAD was correctly identified in subjects with non-indexed SSFP EAT volume above 93.62 cm3 
with the sensitivity of 84% and specificity of 80%. The non-indexed average all location EAT 
thickness above 7 mm correctly characterized CAD patients with sensitivity of 79% and 
specificity of 77%. The non-indexed average EAT thickness over the RVFW above 6.2 mm 
properly distinguished individuals with CAD with sensitivity of 76% and specificity of 73%.  

Although with a very good ability to identify CAD patients, EAT measurements failed to show 
any potential to determine the severity of CAD (assessed with the Canadian Cardiovascular 
Society grading of angina pectoris and the Gensini score). A possible reason could be the 
opposing effect of accompanying heart failure with the consecutive gradual reduction of 
epicardial fat depots. 

Overall, non-indexed volumetric quantification of epicardial fat depots proved to be the most 
suitable EAT measurement in prediction of the presence of CAD, but not of its severity. 
Standardization of EAT measurements did not provide a significant benefit in identification of 
CAD patients.
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6 Summary 

 

Einleitung. Herz-Kreislauf-Erkrankungen sind weltweit die häufigste Todesursache. Die 
koronare Herzkrankheit (KHK) ist weltweit für etwa 7,4 Millionen Todesfälle pro Jahr 
verantwortlich. Die Suche nach neuen kardiovaskulären Risikofaktoren, die maßgeblich zur 
Entstehung einer KHK beitragen, dauert bis heute an. 

Herz-Kreislauf-Erkrankungen werden mit übermäßiger Fettleibigkeit in Verbindung gebracht. 
Als epikardiales Fettgewebe (EAT) wird das viszerale Fettgewebe bezeichnet, das den 
Herzmuskel umgibt und direkt mit den Herzkranzgefäßen verbunden ist. EAT hat sich, neben 
den abdominalen Depots von viszeralem Fettgewebe, als neuer, beeinflussbarer 
kardiometabolischer Risikofaktor herausgestellt. Eine Vergrößerung des EAT ist mit einem 
erhöhten Kalziumwert in den Koronararterien, KHK, subklinischer Arteriosklerose, 
metabolischem Syndrom, Herzrhythmusstörungen und lipotoxischer Kardiomyopathie 
verbunden. Übermäßiges EAT produziert große Mengen verschiedener 
entzündungsfördernder Zytokine und vasoaktiver Peptide. Alle diese Substanzen begünstigen 
unabhängig voneinander die Bildung atheromatöser Plaques in den Herzkranzgefäßen und 
somit die Entwicklung einer KHK. 

Die EAT-Menge kann mithilfe verschiedener radiologischer Techniken gemessen werden: 
Echokardiographie, Computertomographie und Kardio-Magnetresonanztomographie (Kardio-
MRT). Dennoch gilt die Kardio-MRT in der Literatur als Goldstandard bei der Beurteilung der 
Menge an EAT. EAT wird durch Messung der Dicke an verschiedenen Stellen oder durch 
Messung des Volumens quantifiziert. 

Da es keine in Leitlinien empfohlene Technik zur EAT-Quantifizierung gibt, unterliegt die 
Quantifizierung in Studien dem Ermessen und der Erfahrung der Autoren. Es besteht ein 
Forschungsmangel hinsichtlich des Vergleichs zwischen verschiedenen 
Quantifizierungsmethoden von EAT bei der Vorhersage von KHK. Es ist nicht klar, ob die an 
einem einzelnen Punkt gemessene EAT-Dicke mit der volumetrischen Beurteilung des 
epikardialen Fettes vergleichbar ist. Darüber hinaus ist die Repräsentativität kleiner 
Studienpopulationen in veröffentlichten Studien fraglich, um Referenzwerte der EAT-Menge 
bei der Vorhersage einer KHK zu bestimmen. Zum Thema EAT-Indexierung liegen noch 
weniger Studien vor. Der Effekt der anthropometrischen EAT-Variabilität scheint eine wichtige 
Rolle bei der Identifizierung von Personen mit erhöhtem kardiovaskulärem Risiko zu spielen. 
Neben verschiedenen nicht indexierten EAT-Depotmessungen leiteten einige Autoren EAT-
Mengen ab, indexiert auf die Körperoberfläche (KOF) oder den Body-Mass-Index (BMI).  

Forschungsziele. Ziel dieser Studie war es, die Vorhersagekraft verschiedener EAT-
Messtechniken bei der Identifizierung von Patienten mit einer KHK zu vergleichen. Darüber 
hinaus sollte mit dieser Studie die Frage beantwortet werden, ob indexierte EAT-Messungen 
im Vergleich zu nicht indexierten Messungen bei der Vorhersage einer KHK Vorteile bringen. 

Material und Methoden. An dieser retrospektiven Fall-Kontroll-Studie nahmen 760 
erwachsene Personen teil, die in der Vergangenheit aufgrund verschiedener Erkrankungen 
eine Kardio-MRT Untersuchung erhalten hatten. Zu den Ausschlusskriterien gehörten das 
Fehlen der erforderlichen Sequenzen der Kardio-MRT, ein Perikarderguss, das 
Vorhandensein eines Koronarbypasses oder Stents, das Fehlen von Krankenakten und eine 
wiederholte Kardio-MRT. 630 Probanden nahmen an der endgültigen Analyse teil. Größe und 
Gewicht der Patienten wurden anhand des Kardio-MRT Sicherheitsscreening-Fragebogens 
erfasst. Diese Werte wurden zur Berechnung von BMI und KOF verwendet. 

Das EAT-Volumen wurde auf Kardio-MRT Bildern unter Verwendung der modifizierten 
Simpson-Regel mit Integration über die Bildschnitte berechnet. Insgesamt wurden 11 EAT-
Dickenmessungen durchgeführt: drei Messungen über der freien Wand des rechten Ventrikels 
(RVFW), drei über der freien Wand des linken Ventrikels (LVFW), eine Messung in der oberen 
Zwischenkammerfurche (SIVG), in der unteren Zwischenkammerfurche (IIVG), in der vorderen 
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Zwischenkammerfurche (AIVG), in der rechten Herzkranzfurche (RAVG) und in der linken 
Herzkranzfurche (LAVG). In der endgültigen Analyse wurden separate EAT-
Dickenmessungen sowie Durchschnittswerte der EAT-Dicke wie folgt verwendet: 
Gesamtdurchschnittsdicke aus Messungen an 11 Stellen, Durchschnittsdicke der 
Furchenmessungen (5 Stellen), Durchschnittsdicke der Messungen an beiden freien 
Ventrikelwänden (6 Stellen), Durchschnittsdicke der Messungen an der RVFW (3 Stellen) und 
Durchschnittsdicke der Messungen an der LVFW (3 Stellen). Schließlich wurde die Länge des 
Ventrikelseptums (LVS) mithilfe einer Abstandsmessung auf Kardio-MRT Bildern gemessen. 

Alle KHK-Patienten erhielten entweder in unserer oder einer externen Einrichtung eine 
Koronarangiographie. Insgesamt wurden Patienten mit dem angiografischen Nachweis von ≥1 
Stenose mit ≥50% Durchmesser in einer großen Koronararterie der KHK-Gruppe zugeordnet. 
Zur KHK-Gruppe gehörten zusätzlich Patienten, die infolge einer atherothrombotischen KHK 
einen akuten Myokardinfarkt erlitten hatten. Der Schweregrad der KHK wurde anhand von 
zwei Bewertungsskalen beurteilt – Klassifikation von der Canadian Cardiovascular Society und 
Gensini-Score. 

Zur Identifizierung möglicher KHK-Prädiktoren wurde eine binäre logistische 
Regressionsanalyse durchgeführt. Alle EAT-Dickenmessungen und das EAT-Volumen 
wurden auf die BMI, KOF und LVS indexiert. Es wurde eine 
Grenzwertoptimierungskurvenanalyse durchgeführt, um die am besten geeignete EAT-
Messung sowie Referenzwerte zur Identifizierung von Patienten mit KHK zu ermitteln. Die 
Fläche unter der Grenzwertoptimierungskurve (AUC) wurde bewertet, um die Genauigkeit 
indexierter und nicht indexierter EAT-Messungen zur Vorhersage einer KHK zu bestimmen. 
Schließlich wurden Sensitivität und Spezifität für die Grenzwerte der EAT-Messungen mit dem 
höchsten AUC-Wert berechnet. Um den Zusammenhang zwischen den effizientesten EAT-
Messungen im Hinblick auf den Schweregrad der KHK zu untersuchen, wurden die 
Varianzanalyse (ANOVA) und der Pearson-Korrelationskoeffizient angewendet. 

Ergebnisse. Epikardiales Fett erwies sich als unabhängiger Prädiktor für eine KHK zusammen 
mit anderen bekannten KHK-Risikofaktoren – höheres Alter, männliches Geschlecht und 
Adipositas. Nicht indexierte EAT-Messungen zeigten eine hervorragende Leistung bei der 
Identifizierung von KHK-Patienten.  Die Indexierung der EAT-Messungen brachte keinen 
signifikanten Vorteil bei der Identifizierung von KHK-Patienten. Das nicht indexierte EAT-
Volumen zeigte die beste Effizienz bei der Klassifizierung von Patienten mit KHK. Eine KHK 
wurde bei Patienten mit einem nicht indexierten EAT-Volumen über 93,62 cm3 mit einer 
Sensitivität von 84% und einer Spezifität von 80% korrekt identifiziert. Eine EAT-
Gesamtdurchschnittsdicke über 7 mm charakterisierte KHK-Patienten korrekt mit einer 
Sensitivität von 79% und einer Spezifität von 77%. Obwohl sich EAT-Messungen sehr gut zur 
Identifizierung von KHK-Patienten eigneten, zeigten sie kein Potenzial zur Bestimmung des 
Schweregrads der KHK. 

Diskussion. Die nicht-indexierte EAT-Dicke sowie das nicht-indexierte und KOF-indexierte 
EAT-Volumen wurden mehrfach als unabhängige Prädiktoren für KHK bestätigt. Der 
Zusammenhang zwischen EAT-Messungen und des Schweregrades der KHK blieb aufgrund 
abweichender Ergebnisse in der veröffentlichten Literatur unklar. Ein möglicher Grund hierfür 
könnte der gegenläufige Effekt einer begleitenden Herzinsuffizienz mit der damit 
einhergehenden allmählichen Reduzierung der epikardialen Fettdepots sein. Nur vereinzelt 
wurde in Studien die Aussagekraft von EAT-Messungen im Hinblick auf KHK verglichen, wobei 
immer nicht mehr als drei Messtechniken in den Vergleich einbezogen wurden. Bei den 
meisten Fällen war die KHK anhand der perikoronaren EAT-Dicke besser vorhersagbar als 
anhand der EAT-Dickenmessungen über RVFW oder LVFW. Da in keiner der veröffentlichten 
Studien die Vorhersagekraft zwischen EAT-Volumen- und EAT-Dickenmessung im Hinblick 
auf eine signifikante Koronarstenose verglichen wurde, ist unsere Arbeit die erste, die diese 
Ergebnisse berichtet. 

Unsere Studie ist die erste, die alle am häufigsten berichteten Methoden zur Quantifizierung 
epikardialer Fettdepots in Bezug auf KHK umfassend vergleicht. Unsere Forschung kann als 
die größte Kardio-MRT Studie eines einzelnen Zentrums über den Zusammenhang zwischen 
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EAT und KHK definiert werden. Darüber hinaus ist unsere Studie die erste, die EAT-
Dickenmessungen indexiert. Zum ersten Mal haben wir die Größe epikardialer Fettdepots mit 
anthropometrischen Herzmessungen wie LVS indexiert. Schließlich ist unsere Studie die erste, 
die den Zusammenhang zwischen EAT-Messungen und dem Schweregrad der KHK 
untersucht, gemessen mit der Klassifikation von der Canadian Cardiovascular Society. 

Schlussfolgerungen. Die nicht-indexierte volumetrische Quantifizierung epikardialer 
Fettdepots erwies sich als die am besten geeignete EAT-Messung zur Vorhersage des 
Vorhandenseins einer KHK, jedoch nicht ihres Schweregrades. Die Standardisierung der EAT-
Messungen brachte keinen nennenswerten Nutzen bei der Identifizierung von KHK-Patienten.
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Introduction. Cardiovascular diseases are the main cause of death worldwide. Coronary 
artery disease (CAD) is responsible for approximately 7.4 million deaths per annum across the 
globe. The search for novel cardiovascular risk factors, which significantly contribute to CAD, 
continues to this day. 

Cardiovascular diseases are associated with excessive adiposity. Visceral adipose tissue 
surrounding the heart muscle, which is directly connected to coronary arteries, is named 
epicardial adipose tissue (EAT). EAT has emerged as a new modifiable cardiometabolic risk 
factor besides abdominal depots of visceral adipose tissue. Increase in the size of EAT is 
associated with increased calcium score in coronary arteries, CAD, subclinical atherosclerosis, 
metabolic syndrome, cardiac arrhythmias, lipotoxic cardiomyopathy. Excessive EAT produces 
large quantities of different proinflammatory cytokines and vasoactive peptides. All those 
substances independently facilitate the production of atheromatous plaques in coronary 
vessels and thus, the progress of CAD. 

The size of EAT depots may be measured using different radiological techniques: 
echocardiography, computed tomography and cardiac magnetic resonance (CMR). 
Nevertheless, recent literature has identified CMR as the golden standard in evaluation of the 
size of EAT. EAT depots are estimated by measuring EAT thickness on different sites and 
volume.   

Because there is no guideline-advocated technique for EAT quantification, individual studies 
are subject to authors discretion and experience. There is a lack of research in terms of the 
comparison between different quantification methods of EAT in prediction of CAD. It is not 
clear whether EAT thickness measured at a single point would be comparable with the 
volumetric assessment of epicardial fat. Furthermore, the representation of small study 
populations in published studies is doubtful to determine reference values of the EAT size in 
prediction of CAD. Fewer studies are available on the topic of EAT indexation. The effect of 
anthropometric EAT variability is assumed to play an important role in identifying individuals 
with increased cardiovascular risk. Besides different non-indexed EAT depots measurements, 
some authors derived EAT amounts, indexed to body surface area (BSA) or to body mass 
index (BMI).  

Goals of research. The aim of this study was to compare predictive powers of various EAT 
measurement techniques in identification of patients with CAD. Moreover, this study aimed to 
answer whether indexed EAT measurements bring advantage in comparison to non-indexed 
counterparts in prediction of CAD. 

Materials and methods. This retrospective case-control study involved 760 adult individuals 
who received CMR scan in the past due to different medical conditions. Exclusion criteria 
included absence of necessary CMR sequences, pericardial effusion, presence of coronary 
bypass or stent, absence of medical records, repeated CMR scan. 630 study subjects entered 
the final analysis. Height and weight of patients were recorded from the CMR safety screening 
questionnaire. These variables were used to calculate BMI and BSA. 

EAT volume was calculated on CMR images by using modified Simpson rule with integration 
over the image slices. Altogether, there were 11 EAT thickness measurements conducted: 
three measurements over the right ventricular free wall (RVFW), three over the left ventricular 
free wall (LVFW), single measurement in the superior interventricular groove (SIVG), inferior 
interventricular groove (IIVG), anterior interventricular groove (AIVG), right atrioventricular 
groove (RAVG) and left atrioventricular groove (LAVG). In the final analysis, separate EAT 
thickness measurements as well as mean values of EAT thickness were used as follows: 
overall mean thickness from measurements in 11 locations, mean thickness of groove 
measurements (5 locations), mean thickness of measurements over both ventricular free walls 
(6 locations), mean thickness of measurements over the RVFW (3 locations) and mean 
thickness of measurements over the LVFW (3 locations). Finally, interventricular septum length 
(ISL) was manually measured using a distance measurement tool on CMR images. 
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All CAD patients received coronary angiography either in our or in an external institution. 
Overall, patients with the angiographic evidence of ≥1 stenosis of ≥50% in diameter in a major 
coronary artery were assigned to CAD group. CAD group additionally included patients who 
suffered from the acute myocardial infarction as a result of the atherothrombotic CAD. The 
severity of CAD was assessed with two grading scales – Canadian Cardiovascular Society 
grading of angina pectoris and Gensini Score. 

A binary logistic regression analysis was conducted for the identification of possible CAD 
predictors. All EAT thickness measurements and EAT volume were indexed by BMI, BSA and 
ISL. Receiver operating characteristic curve analysis was performed in order to identify the 
most suitable EAT measurement, as well as reference values for identification of patients with 
CAD. Area under the receiver operating characteristic curve (AUC) was assessed to determine 
the accuracy of indexed and non-indexed EAT measurements to predict CAD. Finally, 
sensitivity and specificity were calculated for cut-off EAT measurements with the highest AUC 
value. Analysis of variance (ANOVA) and Pearson correlation coefficient were applied to 
evaluate the connection between the most feasible EAT measurements in regard to the CAD 
severity. 

Results. EAT proved to independently predict CAD along with other established CAD risk 
factors – higher age, male gender and obesity. Non-indexed EAT measurements showed 
outstanding performance in identification of CAD patients. Indexation of EAT measurements 
did not provide a significant benefit in identification of CAD patients. Non-indexed EAT volume 
demonstrated the best efficiency in classification of subjects with CAD. CAD was correctly 
identified in subjects with the non-indexed EAT volume above 93.62 cm3 with sensitivity of 
84% and specificity of 80%. Non-indexed average all location EAT thickness above 7 mm 
correctly characterized CAD patients with sensitivity of 79% and specificity of 77%. Although 
with a very good ability to identify CAD patients, EAT measurements failed to show any 
potential to determine the severity of CAD. 

Discussion. Non-indexed EAT thickness as well as non-indexed and BSA-indexed EAT 
volume were numerous times confirmed to be independent predictors of CAD. The association 
between EAT measurements and the severity of CAD remained unclear because of discrepant 
results in published literature. A possible reason could be the opposing effect of accompanying 
heart failure with the consecutive gradual reduction of epicardial fat depots. Only occasional 
studies compared the predictive power of EAT measurements in regard to CAD, the 
comparison always involved not more than 3 measurement techniques. For the majority, 
pericoronary EAT thickness predicted CAD better than EAT thickness measurements over the 
RVFW or LVFW. Since none of the published studies compared the prediction power between 
EAT volume and thickness measurements in terms of a significant coronary stenosis, our work 
is the first one to report these results. 

Our study is the first one to extensively compare all most commonly reported ways of 
quantifying epicardial fat depots in regard to CAD. Our research can be defined as the largest 
single center CMR study about the association between EAT and CAD. Moreover, our study 
is the first one to index EAT thickness measurements. For the first time we indexed the size of 
epicardial fat depots with anthropometric heart measurements such as ISL. Finally, our study 
is the first one to examine the association between EAT measurements and the severity of 
CAD, measured with the Canadian Cardiovascular Society grading of angina pectoris. 

Conclusions. Non-indexed volumetric quantification of epicardial fat depots proved to be the 
most suitable EAT measurement in prediction of the presence of CAD, but not of its severity. 
Standardization of EAT measurements did not provide a significant benefit in identification of 
CAD patients. 
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