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Abstract 

Purpose:  To retrospectively investigate the epicardial fat volume with multidetector computed tomography (MDCT) 
and other risk factors for the prevalence of three-vessel coronary lesion.

Materials and methods:  MDCT was performed on 424 subjects with or without three-vessel coronary lesion. Blood 
was tested for triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL), apolipoprotein A (ApoA), 
apolipoprotein B (ApoB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lipoprotein a, and fasting 
blood glucose.

Results:  Among all the subjects, a significant (P < 0.05) negative linear correlation existed between age and ALT 
or ALT/AST. The epicardial fat had a significant (P < 0.05) negative linear correlation with HDL and Apo A but a posi-
tive correlation with age and ApoB/ApoA. The epicardial fat volume and the fasting blood glucose were signifi-
cantly (P = 0.001) greater in the patients than in the control group, whereas HDL and Apo A were both significantly 
(P < 0.0001) smaller in the patients than in the control groups. A significant prediction value (P < 0.05) existed in age 
increase, male gender, epicardial fat increase, low HDL, high LDL, and elevated fasting blood glucose.

Conclusion:  Three-vessel coronary lesions are more prevalent in subjects with greater volume of epicardial fat and in 
male gender.
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Introduction
Cardiovascular disease is increasing day by day because 
of changes in lifestyle and lack of exercise (sedentary 
habits) and increasingly threatens human health as 
one of the major diseases [1–3]. Myocardial infarction 
is an important cause of premature death, and a three-
vessel coronary lesion is extremely dangerous for acute 

myocardial infarction. The three-vessel coronary lesion is 
defined as severe stenosis (over 75%) presented in three 
major coronary arteries of the right or left coronary 
artery trunk, left anterior descending, or left circum-
flex branches. It is crucial to early diagnose three-vessel 
coronary lesion for the prevention of possible myocardial 
infarction. Epicardial fat is the true visceral adipose tis-
sue that covers the cardiac surface and coronary arteries 
within the pericardium [4, 5]. Although little is known 
regarding the pathophysiologic and metabolic proper-
ties and role of epicardial fat, it has been indicated in the 
initiation and development of coronary atherosclerosis 
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[6–8]. The epicardial fat is thicker in patients with coro-
nary artery diseases than in those with normal coronary 
arteries [9] and can predict cardiovascular events in sub-
jects with atypical coronary artery disease [10, 11]. Evi-
dence is accumulating that the epicardial fat may act as 
an endocrine organ because of their comparable patterns 
of adipocytokine production and may be associated with 
the development of coronary atherosclerosis through 
several paracrine mechanisms including local inflamma-
tory mediators which trigger the atherosclerotic process, 
and other systemic effects [12–14]. The risk factors for 
myocardial infarction have been well studied and some 
risk factors have been identified including hypertension, 
dyslipidemia, smoking, and diabetes. However, the risk 
factors for three-vessel coronary lesions have not been 
studied especially with regard to the epicardial fat. This 
study investigated the relationship of three-vessel coro-
nary lesions with the epicardial fat volume evaluated with 
multidetector computed tomography (MDCT) and other 
biochemical factors, trying to establish some risk factors 
for predicting three-vessel coronary lesion.

Materials and methods
Subjects
This retrospective cross-sectional one-center study was 
approved by the ethics committee of our hospital, and all 
patients had signed the informed consent to participate. 
All methods were performed in accordance with the rele-
vant guidelines and regulations. Patients who had cardiac 
CT angiography between July and December 2019 in our 
hospital were recruited in this study. The inclusion crite-
ria were over 75% stenosis in three coronary arteries of 
a left anterior descending branch, left circumflex branch, 
and the trunk of the right or left coronary artery, with no 
valvular heart disease, no metabolic or blood diseases, 
or no history of infectious or inherited diseases. Two 
hundred and six patients met the inclusion criteria and 
were enrolled as the patient group including 106 males 
and 100 females with an age range of 39–83 years (mean 
54.4 ± 10.3). Two hundred and eighteen healthy people 
matched in age and sex were chosen as the control group 
who had no stenosis or plaques in the coronary arteries 
including 110 males and 108 females with an age range of 
25–77 years (mean 52.7 ± 9.4).

MDCT angiography and quantitative evaluation
A 256-slice CT scanner (Brilliance iCT, Philips Health-
care, Cleveland, OH, USA) was used for cardiac MDCT 
angiography using the following parameters: detector 
collimation 128 × 0.625 mm, tube current 250–350 mAs, 
tube voltage 80–120  kV, pitch 0.18, matrix 512 × 512, 
gantry rotation time 330 ms, and field of view 250 mm. 
The angiography was performed with the ECG-gated 

technique during a breath hold of 4–7  s. The contrast 
medium iohexol (0.8  ml/kg) was injected intravenously 
at a rate of 4–5  ml/s with a double-tube high-pressure 
syringe. The MDCTA scanning field was from 0.5  cm 
below the tracheal bifurcation to the superior border of 
the liver. The scanning raw data were reconstructed with 
75% of RR wave for the right and left coronary arteries 
and their primary branches and transferred to the Philips 
EBW 4.5 workstation (Extended BrillianceTM Work-
space, V4.5.2.4031, Philips Healthcare Nederland B.V., 
The Netherlands) for further analysis using specialized 
software (Vitrea 2; Vital Images, Inc., Minneapolis, MN, 
USA). Techniques including multiplanar reconstruction, 
volume rendering, surface reconstruction and maximum 
intensity projection were applied for the assessment of 
stenosis in the coronary trunk and branches and quan-
titative measurement of pericardial fat. Severe stenosis 
of the coronary was diagnosed as over 75% stenosis. The 
epicardial fat was measured by depicting the outer mar-
gin of the pericardium between the inferior border of 
the pulmonary artery and the upper border of the dia-
phragm, and fat within the pericardium was defined as 
the epicardial fat which was assessed three-dimension-
ally in the volume according to the fat Hounsfield units 
between − 30 and − 190 Hu (Fig. 1). Abnormal increase 
of epicardial fat was defined as the epicardial fat volume 
greater than 90.0 ml. The body mass index (BMI) for Chi-
nese people was calculated as BMI = body weight (kg)/
height (m) [2].

Laboratory test
Blood was drawn after 8  h overnight fasting for testing 
of triglyceride (TG), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), apolipoprotein A (Apo 
A), apolipoprotein B (Apo B), Alanine aminotrans-
ferase (ALT), Aspartate aminotransferase (AST), lipo-
protein a (Lpa), and fasting blood glucose. For the 
Chinese population, the following values were consid-
ered abnormal: TG > 1.70  mmol/L, HDL < 1.04  mmol/L, 
LDL > 3.37  mmol/L, Apo A < 1.08  g/L, Apo B > 1.17  g/L, 
Lpa > 30  mg/dl, fasting blood glucose  > 6.10  mmol/L, 
ALT > 50.00 U/L, and AST > 40.00 U/L. Age increase was 
defined from young (younger than 45 years) and middle-
aged (45–60 years) to elderly people (> 60 years) to detect 
the effect of age increase on the prevalence of stenosis in 
three coronary arteries.

Statistical analysis
The JMP 10.0 statistical software (SASS, Chicago, IL, 
USA) was used for statistical analysis. All continuous 
data were expressed as mean ± standard deviation (SD). 
Student’s t test was used for comparison between the 
patient and healthy groups, and a linear logistical analysis 
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was performed for correlation analysis. P < 0.05 was set as 
the statistical significance.

Results
Among all the subjects, a negative linear correlation 
existed between age and ALT (R = 0.18, P = 0.039) or 
ALT/AST (R = 0.31, P = 0.0003). The epicardial fat 
had a negative linear correlation with HDL (R = 0.31, 
P = 0.0003) or Apo A (R = 0.33, P < 0.0001) but a posi-
tive correlation with age (R = 0.21, P = 0.017) and Apo 
B/Apo A (R = 0.23, P = 0.008) (Fig.  2). A positive linear 

correlation existed between Apo A and Apo B (R = 0.23, 
P = 0.009), HDL (R = 0.82, P < 0.0001), LDL (R = 0.34, 
P < 0.0001) or fasting blood glucose (R = 0.25, P = 0.004) 
(Fig.  3). TG had a positive linear correlation with Apo 
B (R = 0.38, P < 0.0001) but a negative linear correlation 
with HDL (R = 0.40, P < 0.0001) (Fig. 3). AST had a posi-
tive linear correlation with ALT (R = 0.76, P < 0.0001).

Between the patient and healthy groups, a significant 
(P < 0.05) difference was detected in the epicardial fat vol-
ume, HDL, Apo A, and fasting blood glucose (Fig. 4). The 
epicardial fat volume and the fasting blood glucose were 

Fig. 1  Measurement of the epicardial fat volume in A (cross section) and B (sagittal position). The epicardial fat indicates the fat which has the 
Hounsfield units between − 33– − 190 Hu within the pericardium

Fig. 2  A significant (P < 0.05) negative correlation existed between age and alanine aminotransferase (ALT) or ALT/AST (aspartate aminotransferase). 
The epicardial fat has a significant (P < 0.05) negative correlation with either apolipoprotein A (Apo A) or high-density lipoprotein (HDL) but a 
significant (P < 0.05) positive correlation with either age or Apo B/Apo A. The central line indicates linear fit and the circle indicates the bivariate 
normal ellipse (P = 0.95)
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significantly (P = 0.001) greater in the patient than in the 
healthy group, whereas the HDL and Apo A were both 
significantly (P < 0.0001) smaller in the patient than in the 
healthy groups (Table 1).

After analysis of the relationship of stenosis prevalence 
in three coronary arteries as the dependent variable with 
the independent variables of age increase, male gender, 
epicardial fat increase, high LG, high LDL, low HDL, 
low Apo A, High Apo B, increased ALT and AST, high 
Lpa, and increased fasting blood glucose, a significant 
prediction value (P < 0.05) existed in age increase (odds 
ratio (OR) = 6.34, P < 0.0001), male gender (OR = 8.36, 
P = 0.001), epicardial fat increase (OR = 14.83, P < 0.001), 
low HDL (OR = 4.74, P = 0.01), high LDL (OR = 4.89, 
P = 0.05), and elevated fasting blood glucose (OR = 4.69, 
P = 0.04). For male patients, age increase (OR = 7.1, 
P = 0.001), epicardial fat increase (OR = 11.4, P = 0.004), 
low HDL (OR = 4.8, P = 0.50) and elevated fasting blood 
glucose (OR = 17.2, P = 0.03) all had a significant pre-
diction value (P < 0.05) for the prevalence of stenosis in 
three coronary arteries. However, for female patients, 
only age increase (OR = 4.5, P = 0.03) and epicardial fat 

Fig. 3  A significant (P < 0.05) positive correlation existed between high-density lipoprotein (HDL) and low-density lipoprotein (LDL). Triglyceride 
(TG) has a significant (P < 0.05) negative correlation with HDL but a positive correlation with apolipoprotein B (Apo B). The central line indicates 
linear fit and the circle indicates the bivariate normal ellipse (P = 0.95)

Fig. 4  A significant (P < 0.05) difference was detected in the 
epicardial fat volume, high-density lipoprotein (HDL), apolipoprotein 
A (Apo A), and fasting blood glucose between the control and the 
patient group
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(OR = 21.8, P < 0.0001) had significant prediction value 
for the prevalence of stenosis in three arteries.

Discussion
In this study, we investigated the relationship of three-
vessel coronary lesions with epicardial fat and other 
biochemical factors and identified some risk factors for 
three-vessel coronary lesions including age increase, male 
gender, epicardial fat increase, low HDL, high LDL, and 
increased fasting blood glucose. Some factors like Apo A 
and B and TG exerted an indirect effect on the develop-
ment of three-vessel coronary lesion through direct risk 
factors of HDL, LDL, and fasting blood glucose.

In investigating the relationship of pericardial fat with 
angiographic coronary artery stenosis, some inconsist-
ency was encountered. Some studies demonstrated a 
positive correlation between the thickness of the epicar-
dial adipose tissue measured by echocardiography and 
the severity of coronary artery stenosis [15–17]. On the 
contrary, another study showed no association between 
epicardial fat thickness evaluated with echocardiography 
and coronary artery stenosis [18]. The difference may be 
caused by different measurement techniques (echocar-
diography and MDCT) and study cohorts. In compari-
son to echocardiography, MDCT has high temporal and 
spatial resolution, three-dimensional views, and submil-
limeter collimation, and is more sensitive and specific in 
measuring the fat thickness in deeper epicardial fat and 
the thickest part in the atrioventricular grooves [19]. In 
our study, we used 256-slice MDCT in measuring the 
epicardial fat volume and found its association with a 
three-vessel coronary lesion. The three-vessel coronary 

lesion and its relationship with epicardial fat and other 
risk factors have not been fully investigated.

It has been reported that epicardial fat and visceral adi-
pose tissue can secret proinflammatory and proathero-
genic adipocytokines including TNF-α, interleukin-1,6, 
and monocyte chemo-attractant protein-1 [13, 14, 20, 
21]. However, adiponectin is reduced with an increase of 
fat, and adiponectin has an anti-inflammatory effect via 
inhibition of NF-κB activity and TNF-α [22, 23] and is 
inversely associated with mixed and noncalcified plaque 
formation [24]. Moreover, epicardial adipose tissue can 
secret greater amounts of inflammatory cytokines and 
has more inflammatory cell infiltration than the subcuta-
neous fat in the legs [14, 20, 21]. Our finding of a positive 
correlation between the epicardial fat and three-vessel 
coronary lesion supports the theory that epicardial fat 
has a devastating effect on coronary atherosclerosis via 
the inflammatory processes.

The initiation of atherosclerosis is the deposition and 
retention of atherogenic lipoprotein particles in the wall 
of a susceptible coronary artery, which is followed by 
reactive inflammation, smooth muscle cell proliferation, 
fibrosis, and calcification [25, 26]. In contrast, those lipo-
proteins associated with reverse cholesterol transport are 
able to clean out excess cholesterol from macrophages in 
atherosclerotic lesions, thus offering an atheroprotective 
effect. The lipoprotein particles consist of lipid compo-
nents, including cholesterol, cholesterylester, phospho-
lipids, and triglycerides, and protein components like 
Apo A, B, C, and E. The critical mechanism of the ath-
erogenic dyslipidemia paradigm is that the lipoprotein 
particles contained by Apo B are atherogenic due to the 
physical binding of Apo B to proteoglycans in the arte-
rial wall while the HDL particles contained in Apo A 
are atheroprotective through removing cholesterol from 
macrophages in the arterial wall and preventing LDL 
oxidation and maladaptive inflammation [27]. Apo A 
is mainly synthesized by the liver and intestines and 
secreted into blood circulation. In the circulation, Apo 
A undergoes some remodeling processes facilitated by 
some enzymes including plasma lipid transfer protein, 
lecithin-cholesterol acyltransferase, and cholesterol ester 
transfer protein and finally matures to more lipid-rich 
and larger HDL particles before performing its athero-
protective function [27]. This theory explains our find-
ings that the epicardial fat volume is negatively correlated 
with HDL or Apo A but positively correlated with Apo B/
Apo A. TG is positively correlated with Apo B but nega-
tively correlated with HDL, and thus, TG may indirectly 
affect the epicardial fat and consequently the prevalence 
of three-vessel coronary lesions through affecting Apo 
B and HDL. AST and ALT reflect the function of the 
liver, and with hepatic function changes, AST and ALT 

Table 1  Data comparison between the patient and healthy 
groups (mean ± SD, n = 134)

SD, standard deviation; TG, triglyceride; HDL, high density lipoprotein; LDL, low 
density lipoprotein; Apo A, apolipoprotein A; Apo B, apolipoprotein; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; Lpa, lipoprotein a; FBG, 
fasting blood glucose

Healthy (n = 78) Patient (n = 56) P

Age 52.744 ± 9.423 54.446 ± 10.322 0.65

Epicardial fat 66.941 ± 19.156 120.654 ± 37.615 0.000

TG 1.399 ± 1.057 1.596 ± 1.003 0.277

HDL 1.294 ± 0.334 1.035 ± 0.213 0.000

LDL 2.690 ± 0.633 2.563 ± 0.862 0.352

Apo A 1.316 ± 0.230 1.123 ± 0.175 0.000

Apo B 0.854 ± 0.196 0.893 ± 0.277 0.369

ALT 29.429 ± 43.605 25.695 ± 20.793 0.557

AST 22.083 ± 14.887 23.316 ± 15.396 0.644

Lpa 27.692 ± 30.649 29.670 ± 29.737 0.710

FBG 5.135 ± 0.993 6.040 ± 1.735 0.001
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together with HDL and Apo A may alter in content and 
function. Finally, the epicardial fat is affected to influ-
ence the coronary lesion. The vascular endothelium has 
an important regulatory role in maintaining homeostasis 
by providing a physical barrier between the vessel wall 
and its luminal contents and secreting mediators regu-
late vascular tone. The endothelial cells also interact with 
circulating proteins and cells to adjust platelet adhesion, 
coagulation and fibrinolysis, and adherence of leucocytes 
to the endothelial cell surface [28]. Hyperglycemia may 
result in endothelial dysfunction, promoting vasospasm, 
thrombosis, and inflammation, which are implicated 
in the early stages of atherosclerotic disease. Moreover, 
hyperglycemia may be accompanied by increased LDL 
triglyceride and decreased HDL to influence epicardial 
fat and coronary artery lesions.

Our study showed that males have more risk factors for 
the development of three-vessel coronary lesions than 
females and that the male gender is a risk factor for this 
development. Studies have shown that cardiovascular 
diseases are more prevalent in men and that men have a 
greater incidence of coronary heart disease [3, 29]. Gen-
erally speaking, cardiovascular disease presentation in 
females is delayed by approximately 10  years compared 
with males [30]. Sex hormones may exert metabolic 
and hemodynamic effects and result in the gender dif-
ference in the relevance of risk factors in determining 
cardiovascular diseases, and the study by Zheng et  al. 
demonstrated that an imbalance of testosterone/estra-
diol promotes male cardiovascular disease development 
[3]. Age increase is also a risk factor for the develop-
ment of three-vessel coronary lesion and has a greater 
effect on the three-vessel coronary lesion in males than 
in females, as revealed by our study. Advanced age is a 
major risk factor for symptomatic and silent atheroscle-
rosis disease and the aging process causes structural and 
functional alterations in the vascular wall, including inti-
mal thickness, elevated arterial stiffness, and endothelial 
dysfunction [31]. Aging may make vascular walls more 
susceptible to hypercholesterolemia, plaque growth, and 
intra-plaque bleeding. With aging, the coronary plaque 
burden, necrotic core, and calcium content all increase 
significantly [32].

Our study may have some limitations including one 
center study focusing only on the Chinese population. 
Non-randomization is also one limitation of this study. In 
the future, a prospective randomized controlled study is 
needed to explore the possible risk factors for three-ves-
sel coronary lesion.

In conclusion, the three-vessel coronary lesion is more 
prevalent in subjects with greater volume of epicardial 
fat and in the male gender. Epicardial fat, male gender, 
age increase, low HDL, high LDL, and increased fasting 

blood glucose are all risk factors for the prevalence of 
three-vessel coronary lesion.
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