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Abstract

Background Epicardial fat tissue refers to a type of visceral fat tissue that envelops the myocardial and visceral
pericardium. It is recognized as a novel risk sign for cardiovascular issues, including coronary artery disease, our aim
to assess the influence of body mass index on the amount of epicardial fat volume and its association with coronary
artery disease in male patients.

Methods Epicardial fat volume was quantified using cardiac Computed tomography scans in a cohort of 119 male
patients who were believed to have coronary artery disease. Patients were categorized into three groups based

on their body mass index values: Group | Body Mass Index (BMI>18.5-24.9 kg/m2), Group Il (BMI>25-29.9 kg/mz),
and Group Il (BMI =30 kg/m?).

Results In Group |, there were twenty-three patients (19.3%) with a mean epicardial fat volume of 40+ .42.8 ml. In
Group II, there were forty-three patients (36%) with a mean Epicardial Fat Volume (EFV) of 56 +21.5 ml. In Group ||,
there were 53 patients (44%) with a mean EFV of 56+ 15.8 ml, when compared to the results of Group |, which were
considerably higher (p=0.0004). Regarding prevalence of obstructive coronary artery disease in our patient popu-
lation, 86 individuals (72.3%) were diagnosed with obstructive coronary artery disease and exhibited a tendency

to have a greater value of epicardial fat volume at 56.4 +18.9 ml, with a range of 19-121 ml, compared to those
without coronary artery disease at 45.2+6.7 ml, with a range of 33-55 ml (P<0.02). The prevalence of coronary artery
disease was 85% in group Il and 87% in group Il. Patients in group lll with coronary artery disease exhibited a substan-
tially higher EFV of 46+6.63 vs 16+£3.2 ml (p=0.001) compared to those without obstructive coronary artery disease.

Conclusions Although epicardial fat volume was elevated in patients with coronary artery disease independent
of their BMI, the predictive ability of epicardial fat volume for coronary artery disease was more pronounced in indi-
viduals with a body mass index more than 25 kg/m?.
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Background

Coronary artery disease (CAD) is responsible for the
highest burden and mortality in 31% of global fatalities.
Obesity, hypercholesterolemia, hypertension (HTN),
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Epicardial fat (EF) buildup is a significant reservoir
of free fatty acids (FFAs), inflammatory cytokines, and
pro-atherogenic mediators. These substances contribute
to the inflammation of blood vessel walls and promote
the advancement of atherosclerosis, ultimately lead-
ing to the development of CAD. EAT refers to a specific
type of visceral adipose tissue that surrounds the myo-
cardium and the visceral layer of the pericardium [3].
Thus, it could contribute to the classification of risk for
persons who experience chest pain [4]. The quantity of
visceral fat found in the abdominal cavity was associ-
ated with the amount of EAT, which was assessed using
several techniques such as CT, MRI, and echocardiog-
raphy. The consumption of food is frequently associated
with an increased likelihood of developing cardiovascular
disease, beyond the influence of recognized biochemical
and anthropometric risk factors. Non-invasive imaging
techniques have demonstrated a strong and consistent
relationship between the deposition of EAT and both
BMI and CAD. This association has been established
using measurements of EAT thickness in two dimen-
sions and EAT volume in three dimensions [5]. The pur-
pose of this research was to investigate the relationship
between the BMI and the amount of epicardial fat in
male patients, as well as the occurrence of CAD in these
specific individuals.

Methods
Study design and populations
This study is a retrospective cross-sectional observational
study conducted on 119 patients complaining of chest
pain (The baseline probability of CAD was moderate)
and sent to do multidetector CT and according to the
results if positive proceeded to coronary angiography.
Patients were seen et al. Zahraa Hospital and the Islamic
Centre of Cardiology’s department between December
2021 and June 2023. Since the study was observational
and all procedures followed standard care of our institu-
tion’s Ethics Committee of the Institutional Review Board
gave their blessing to the study, and it was carried out in
a manner that adhered to the ethical standards outlined
in the Helsinki Declaration. The individuals who took
part in the research provided their informed consent,
and the processes were carried out in compliance with
all applicable standards and rules. Patients with the fol-
lowing conditions were excluded from the study: signifi-
cant arrhythmia, age below 18 years, history of previous
revascularization (percutaneous intervention or coro-
nary bypass graft), heart failure, cardiomyopathy, acute
coronary syndrome, active inflammation and pregnancy.
We conducted measurements of our weight and height
for the purpose of calculating our BMI. The traditional
risk factors for CAD encompass age, HTN, dyslipidemia,
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DM, and active smoking. The epicardial fat volume (EFV)
was consecutively measured in 119 male patients, with a
mean age of 57.1+9.3 years.

Measurement of EFV

The 128-slice CT scanners; Toshiba Aquilion Prime was
used to do CT scans on each patient. All participants in
the study exhibited sinus rhythms consistently. Once the
time delay is computed, there is an augmentation in the
concentration of contrast (80-100 ml total contrast vol-
ume, 8 ml/sec) in the coronary arteries and ascending
aorta. Using the workstation, axial images were rebuilt in
three dimensions with optimal window settings. We ana-
lyzed the visual data by using photos that were scaled in
many planes. To measure the openness of the blood ves-
sels, several 2 D reconstructions of the coronary arteries
were done. The acquisition of EFV took place. The man-
ual tracing was performed on every fourth non-contrast
cardiac CT slice, ranging from the level of the aortic root
to the apex, using slices that were 5.0 mm thick. A range
of 35 to 45 slices were obtained per heart, with attenu-
ation ranging from —190 to—30 Hounsfield units (HU)
defined as fat voxels, Fig. 1.

The EFV calculation involved multiplying the total
cross-sectional area of fat by the thickness of the slice [6].
The software utilized automated tracing of the parietal
pericardium in each manually drawn slice to calculate the
EFV measured cm®.

Coronary angiography

Coronary angiography (CA) was conducted using tra-
ditional techniques, either by the radial or femoral
approach. Each coronary angiography was assessed by
an experienced cardiologist. They were not aware of the
complete patient’s information. The most significant type
of CAD found after a quantitative analysis of the CA was
obstructive CAD. This was defined as having a>70%
internal diameter narrowing in the left anterior descend-
ing coronary artery, left circumflex coronary artery, right
coronary artery, or their major branches, or a>50% nar-
rowing in the left main coronary artery [7].

The study’s participants were classified into three
groups based on their BMI values: Group I (BMI>18.5—
24.9 kg/m?), Group II (BMI >25-29.9 kg/m?), and Group
III (BMI>30 kg/m?). Subsequently, afterwards, the par-
ticipants were separated into two separate groups: group
B exhibited no evidence of CAD, while group A displayed
a significant presence of CAD as determined by the inva-
sive coronary artery research.

Statistical analysis
Data management and statistical analysis were done
using SPSS version 28 (IBM, Armonk, New York, United
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Fig. 1 Measurement of epicardial fat volume by computed tomography

States). Quantitative data were assessed for normality
using the Shapiro—Wilk test and direct data visualization
methods. Quantitative data were summarized as means
and standard deviations. Categorical data were sum-
marized as numbers and percentages. Quantitative data
were compared between the studied groups using inde-
pendent t-test. Categorical data were compared using the
Chi-square test. Agreement between 2 and 3D parame-
ters was assessed using intraclass correlation coefficient.
Correlation analyses were done using Pearson’s correla-
tion. All statistical tests were two-sided. P values less
than 0.05 were considered significant.

Results

The study found that the average age of the patients
included was 57.1+9.3 years, and the average EFV was
56.4+19.3 ml. Additional essential patients features dem-
onstrated in Table 1.

Clinical characteristics

The clinical features, categorized according to BMI, are
presented in Table 2, 3. The normal BMI group had 23
individuals with a mean age of 59+6.9 years. The high
BMI group (group III) consisted of 53 individuals, with a
mean age of 57+9.6 years. When comparing the normal
BMI group (group I) to the high BMI group (group III),
it was shown that participants who had a high BMI had
higher incidences of HTN and DM, as well as elevated
levels of LDL and TG. However, they had decreased lev-
els of HDL. However, those in group II exhibited elevated
rates of HTN and DM, as well as decreased levels of total
cholesterol, HDL, and LDL. However, their levels of

Table 1 Baseline characteristics of all subjects and patients

Demographic data All patients (1=119) Median (range)

Mean+SD
Age (years) 571493 56.6 (38.3-76)
Weight (kg) 89.5+11.2 89.2 (61-135)
Height (cm) 1715+7.3 170 (155-188)
BMI (kg/mz) 306+44 30.3(22.6-52.8)
SBP 134+131
DBP 85+84
PULSE 73+33
Total cholesterol (mg/dL) 21044615 199 (97-375)
LDL (mg/dl) 1324+50.7 120 (46-260)
HDL (mg/dL) 426178 40 (28-73)
Triglycerides (mg/dL) 177.7+87.6 160 (35-488)
EFV (ml) 564+193 51(19-122)

EFV, epicardial fat volume; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; BMI, body mass index SBP; systolic blood pressure, DBP; diastolic
blood pressure, SD, standard deviation

triglyceride (TG) were only slightly higher, and this differ-
ence did not meet the criteria for statistical significance.
In the group of individuals with a normal BMI (I), the
average EFV (end-diastolic volume) was 40+9.42.8 ml
The average EFV in the high BMI group III was
56+15.8 ml. In group II, individuals with a range of
BMI (25-29.9) kg/m? had a mean end-diastolic volume
(EFV) of 56+£21.5 ml. When comparing group III with
high BMI to group I with normal BMI, the average EFV
was significantly greater in group III (56 +15.8 ml) com-
pared to group I (40+9.42.8 ml, p=0.0004). In addition,
it is worth noting that the average EFV was significantly
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Table 3 Baseline characteristics according to body mass index in
group lll compared to normal group

Group | Group Il (BMI) P value
(BMI<25 kg/m?) (n=43)
(n=23)
Age 59+6.9 55+8.1 0.2
Weight 76+87 85+59 0.007
Height 179+9.7 174+58 0.15
BMI 24+08 28+13 <0.01
Cholesterol (mg/dl)  224+409 201+633 0.15
LDL 142+£285 126+£514 0.2
HDL 48+10.6 43+6.5 0.16
TG 146+53.2 165+87.7 037
SBP 131+£87 131+13.2 0.92
DBP 85+53 83+93 0.36
Pulse 70+1.5 72431 0.002
EFV 40+94 56+215 <0.01
Risk factors
DM 11 (47%) 24 (93%)
HTN 8 (35%) 25 (58%)
Dyslipideamia 7 (30%) 19 (44%)
Smoking 4 (17%) 24 (56%)
CAD (numbers) 20 (87%) 38 (88.3%)
Single vess 5(21.7%) 19 (44.1%
Two vessels 7 (30.4%) 11 (25.6%)
More than two 9 (39%) 8 (18.6%)

vess

EFV, epicardial fat volume; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; BMI, body mass index SBP; systolic blood pressure, DBP; diastolic
blood pressure, DM; diabetes mellitus, HTN; hypertension, CAD; coronary artery
disease, SD, standard deviation

larger in the BMI group II when compared to the normal
BMI group I (56 +21.5 ml versus 40+9.42.8 ml, p<0.01),
as demonstrated in Table 2.

For the inter-and intraobserver variability of the
EFV measurement, the magnitudes of the average
paired differences were 0.0201+0.39526, p=0.873 and
0.0032+0.5586, p=0.978, respectively. These results
demonstrate that the EFV measurement is highly repro-
ducible. 27.7% of patients with inconclusive results on
MSCT did not show any significant coronary angiogra-
phy. Consequently, these patients were classified as group
B and underwent ICA.

Group A comprised the remaining participants,
accounting for 72.2% of the total, and exhibited sig-
nificant CAD. Specifically, out of the total number of
patients, 33 individuals (27.7%) did not exhibit obstruc-
tive CAD, while the remaining 86 patients (72.3%) did
have obstructive CAD. persons diagnosed with obstruc-
tive CAD are likely to have significantly larger EFV values
(56.5+19.4 ml) compared to persons without obstruc-
tive CAD (44.9+7.7 ml) with a statistically significant

Demographic data Group | (n=23) Group lll (h=53) Pvalue

Age 59+6.9 57+96 06
Weight 76+8.7 94+11.3 0.002
Height 179+9.7 168+6.1 0.006
BMI 24+0.8 33+35 <0.0001
Cholesterol (mg/dl) 224+409 216+619 057
LDL 142+£285 136+50.7 0.64
HDL 48+10.6 42+6.8 0.08
TG 146+£53.2 189+£89.2 0.04
SBP 131+£87 136+13.3 0.18
DBP 85+53 85+80 0.85
Pulse 70+1.5 75+£2.8 <001
EFV 40+94 56+158 0.0004
Risk factors

DM 11 (47%) 20 (37.7%)

HTN 8 (35%) 34 (64.1%)

Dyslipideamia 7 (30%) 38 (71.7%)

Smoking 4 (17%) 7 (13.2%)

CAD (numbers) 20 (87%) 46 (86.8%)

Single vess 5(21.7%) 45 (84.9%)

Two vessels 7 (30.4%) 0

More than two vess 8 (34.8%) 8 (15.1%)

EFV, epicardial fat volume; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; BMI, body mass index SBP; systolic blood pressure, DBP; diastolic
blood pressure, DM; diabetes mellitus, HTN; hypertension, CAD; coronary artery
disease, SD, standard deviation

difference (P<0.02) as shown in Table 4 There were no
notable disparities in terms of BMI, HTN, DM, smok-
ing, and dyslipidemia between the two groups. The ROC
curve analysis of the diagnostic accuracy of EFV, as meas-
ured by MDCT, in predicting CAD revealed a threshold

Table 4 Comparison between group A and group B regarding
the demographic data

Demographicdata  Group A (With  Group B (Without P value
CAD) (n=86) CAD) (n=33)
Age (years) 575+84 532+114 0.08
Weight (kg) 89.6+10.3 893+157 0.8
Height (cm) 1720+7.2 1682+78 0.03
BMI (kg/m?) 303+36 319+72 05
Risk factors
HTN 57 (66.3%) 10 (30.3%) 0.09
DM 41 (47.7%) 5(15.2%) 04
Smoking 33 (38.4%) 2 (0.06%) 0.1
Dyslipidemia 47 (54.7%) 7(21.2%) 0.7
EFV by CT 56.5+194 449+77 0.02

HTN: hypertension, DM: diabetes mellitus
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Table 5 EFV in predicting CAD; ROC curve analysis

SN % (95% Cl) SP % (95% Cl) PPV % (95% Cl) NPV % (95% ClI) P-value (Sig.)
EFV>49 ml 61.6% (50.5-71.9) 64.3% (35.1-87.2) 91.4% (81.0-97.1) 21.4% (10.3-36.8) 0.003

EFV in patients with CAD vs without according to level of BMI

60
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Fig.2 EFVin patients with CAD versus without CAD according to level of BMI

value of 49 ml or greater. The sensitivity was 61.6% and
the specificity was 64.3%. The statistical significance was
P <0.003, as shown in Table 5.

EFV serves as a prognostic indicator for CAD based on BMI
categorization

EFV was elevated significantly in CAD patients in com-
parable to healthy ones (50.5 ml vs. 45.5 ml, p=0.02). In
group III, where the BMI was greater than 30 kg/m?, the
prevalence of CAD was 85%, while in group II, where the
BMI was from 25 to 30 kg/m? the prevalence was 87%.
CAD Patients in both the normal group I and high BMI
group III had substantially higher mean end-diastolic
volume (EFV) compared to those without CAD (36 vs
41+9.9 ml, p=0.19 and 46+6.63 vs. 16.2 ml, p=0.001,
respectively).

A comparison was made between patients with coro-
nary artery disease (CAD) in group II, who had a BMI
greater than 25 kg/m?% and subjects without CAD.
The results showed that the average end-diastolic
volume (EFV) was significantly higher in the CAD
group (57+22.7 ml) compared to the non-CAD group
(48 +6.8 ml, p=0.08), as illustrated in Fig. 2.

In addition to established risk factors for CAD such as
age, smoking, HTN, and DM, EFV has been identified

Table 6 Correlation of EFV (ml) with demographic parameters
and lipid profile (Spearman’s correlation)

(r) P value
Age (years) 0.25 0.01
Weight (kg) 0.24 0.015
Height (cm) 0.11 0.28
BMI (kg/m?) 0.15 0.14
Total cholesterol (mg/dL) 0.06 0.51
LDL (mg/dL) 0.08 0.39
HDL (mg/dL) -013 0.21
Triglycerides (mg/dL) 0.17 0.08

EFV: epicardial fat volume, BMI: body mass index, LDL: low density lipoprotein,
HDL: high density lipoprotein

as a separate factor that is linked to CAD. Additionally,
it was discovered that there was a noteworthy associa-
tion between the variable and age and weight (p=0.01).
Nevertheless, no substantial association was detected
between the variable and to Cholesterol, TG, HDL,
LDL, and BMI. The information is presented in Table 6.
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Discussion

BMI is a numerical quantity that define an individual’s
percentage of body fats by taking into account their
height and weight. To calculate the BMI, divide the
weight in kilograms by the square of the height in meters
(weight (kg)/height (m?). NIH has substituted the utiliza-
tion of outdated height vs. weight charts with the BMI
for classifying persons into categories of underweight,
normal weight, overweight, or obese. The WHO and
the NIH utilize the BMI classifications for individuals
belonging to White, Hispanic, and Black ethnicity [1].

The study included 23 patients, which accounted for
19% of the total patients recruited. These patients were
classified in group I, which consisted of patients (BMI > to
18.5 to 24.9 kg/m?). Group II, consisting of individu-
als who were overweight or had pre-obesity, accounted
for 36 percent of the patients (BMI=25 to 29.9 kg/m?),
while Group III, consisting of obese patients, accounted
for 44 percent of the patients (with a BMI of 30 kg/m?
or above). The study’s findings suggest that in order to
accurately forecast CAD, it is necessary to include certain
EFV values dependent on BMIL.

BMI is commonly employed in extensive epidemiologi-
cal and observational studies as a reliable and replicable
tool for classifying obesity and assessing overall body
fatness. Increasing clinical data shows that obesity sig-
nificantly contributes to cardiovascular disorders, both
directly and indirectly [8].

In this study, we employed the WHO classification of
BMI using the unit kg/m?> Therefore, any value equal to
or exceeding 30 kg/m? was regarded as the BMI indicat-
ing obesity [9]. Previous study indicates that individuals
with a BMI of 30 kg/m? or more have an increased likeli-
hood of mortality due to cardiovascular illnesses. Recent
research on Asian individuals has established a corre-
lation between low BMI and cardiovascular diseases.
According to a 2007 Kangwha Cohort Study [10], the
Korean population with a BMI category more than 27 kg/
m? experienced a substantially elevated susceptibility to
cardiovascular diseases.

A growing number of people are beginning to acknowl-
edge the idea that myocardial obesity is becoming an
emergent risk factor for CAD. There is a suggestion that
EAT can serve as a reliable signal for both an unfavorable
metabolic profile and visceral obesity. The study found
that the EFV was 56+15.8 ml in the high BMI (obesity)
group III, and 56+21.5 ml in the non-high (overweight)
group II. These values were substantially higher than the
EFV of 40 £9.42.8 ml in the normal BMI group I [11].

Lately, there has been a growing interest in understand-
ing the impact of epicardial adipose tissue on the devel-
opment of coronary atherosclerosis. There is a proposal
suggesting that the fat in the pericardial space tissue has
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complex and contradictory functional characteristics that
can be both advantageous and harmful, particularly in
its interaction with the coronary veins. The mechanisms
regulating pericardial fat expansion and the tempo-
ral relationship between pericardial fat changes and the
development of coronary atherosclerosis remain uncer-
tain. In addition, the current investigation discovered that
individuals with obstructive CAD had significantly larger
values of EFV compared to the non-obstructive group
(56.5+19.4 ml vs. 44.9+7.7 ml; P<0.02). Nevertheless,
there were no notable disparities between the two groups
regarding BMI, HTN, DM, smoking, or dyslipidemia. The
diagnostic accuracy of EFV, as determined by MDCT, in
predicting CAD was found to have a threshold of >49 ml.
The sensitivity was measured at 61.6% and the specificity
at 64.3%; the p-value was less than 0.003, which is statisti-
cally significant [12].

A recent study has shown that evaluating pericardial
fat volume (PFV) using MDCT, which is a measure of fat
around the heart, is a more accurate method than BMI
for measuring the overall cardiometabolic problems
linked to increasing fat accumulation [13].

The evidence from this study indicates that PFYV,
rather than BMI, is a additional relevant indication of
cardiometabolic problems associated with various obe-
sity phenotypes. CAD patients in both the high BMI
group (group III) and the normal group I showed signifi-
cantly larger average end-diastolic volume (EFV) values
(57+16.2 vs 46 £6.63; p=0.001 and 41+ 9.9 ml vs 36 ml,
respectively) compared to participants without CAD.
Patients in group II with CAD demonstrated a notably
larger average EFV (57 £22.7 ml vs 48 £6.8 ml, p=0.08).
Conversely, though, there was a distinguishable variation
in the distribution of PFV between patients who were
obese and those who were of normal weight [2]. Obese
individuals exhibited a markedly increased PFV com-
pared to individuals with a normal weight.

Research conducted on individuals has shown that
EAT is a notable producer of pro-inflammatory adi-
pokines and is metabolically active [14]. Based on a study,
individuals with CAD exhibited significantly reduced
amounts of the anti-inflammatory protein adiponectin in
their epicardial adipose tissue (EAT) compared to those
without CAD [15].

EFV was identified as a major independent factor
linked to CAD, exhibiting a substantial correlation with
age and weight (p=0.01). However, it showed no signifi-
cant correlation with total cholesterol, TG, LDL, HDL,
and BMI. EFV, along with other established risk factors
for CAD such as age, smoking, HTN, and DM, has been
found to be associated with CAD. This association was
reported in studies conducted by Alina Cristina Silaghi
et al. in 2011 [16] and Bénédicte Gaborit et al. in 2015
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[10], with a p-value of 0.2. Additionally, it was observed
that there was no significant link between the EAT and
BMI in this study, as indicated by the p-values of 0.82 and
0.315.

The ongoing analysis revealed a notable correlation
between EFV and CAD specifically in those with a BMI
exceeding 30 kg/m?. The study conducted by Gorter et al.
found a correlation between CAD and increased CT
measures of pericoronary fat volume and EAT volume in
individuals with a BMI below 27 kg/m? [4]. While other
studies utilized a different approach to assess EAT, by
evaluating its thickness using echocardiography, the find-
ings agreed with the results documented by Gorter et al.

Limitation
The present investigation exhibits certain limitations.
Originally, the study was conducted using a cross-sec-
tional design instead of a cohort one. Pericardial fat has
been demonstrated to independently forecast the occur-
rence of coronary heart disease in a community-based
prospective cohort study, regardless of traditional risk
factors. The researchers assessed the association between
pericardial fat and CAD without stratifying the study
participants based on their level of obesity [17].
Furthermore, the EFV by CT does not accurately
reflect the overall amount of EAT. While echocardiogra-
phy may not be the most optimal method for measuring
EAT, previous studies have utilized echocardiography
to examine epicardial fat thickness and have discovered
a significant correlation between the overall amount of
EAT and the measured thickness [13]. EAT refers to the
accumulation of visceral fat surrounding the heart. The
splanchnopleuritic mesoderm, which is attached to the
gut, serves as the shared precursor for epicardial, mesen-
teric, and omental fat [9]. Furthermore, further investiga-
tion is necessary to highlight the numerous roles of EFV
in relation to BMI taking into consideration gender and
racial inequalities.

Conclusions

The ability of EFV to predict CAD was greater in persons
with a BMI > 25 kg/m?, despite the fact that EFV was sig-
nificantly higher in CAD patients regardless of BMI.
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