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Abstract 

Background:  Regional adiposity has a significant impact on the formation of adverse metabolic and cardiovascular 
risk profiles. While much of the attention was directed to the importance of intra-abdominal adipose tissue, there 
were several new investigations about mediastinal and epicardial regions’ visceral adiposity. Our study aimed to deter-
mine the association between non-alcoholic fatty liver and increased epicardial adipose tissue mass with coronary 
artery disease severity.

Methods:  This study was conducted on sixty patients who presented with symptoms of coronary artery disease 
and attended elective coronary angiography to rule out coronary artery disease. All patients have been subjected to 
full hepatic profile, noninvasive scoring system such as Fibrosis-4 and non-alcoholic fatty liver disease fibrosis score 
and abdominal ultrasound for diagnosis of non-alcoholic fatty liver disease and trans-thoracic echocardiography for 
measurement of average epicardial adipose tissue thickness. Student T test, analysis of variance test, chi-square test, 
and Fisher’s exact test were used for statistical analysis.

Results:  According to the severity of coronary artery disease, patients with significant coronary stenosis had statis-
tically significant higher degree of hepatic steatosis in abdominal ultrasound (P value < 0.001) while regarding the 
non-alcoholic fatty liver disease fibrosis score and Fibrosis-4 for non-alcoholic fatty liver disease diagnosis, there was 
no significance between both groups. Also, the epicardial adipose tissue mean thickness was found to be statistically 
significantly higher among those with significant coronary stenosis than those without [7.859 ± 0.691 mm versus 
5.600 ± 0.386 mm]. Moreover, statistically significant higher epicardial adipose tissue thickness values were found 
among grade 3 hepatic steatosis than in grades 2, 1, or 0 (P value < 0.001). At a cutoff > 6.1 mm, epicardial adipose 
tissue thickness was a valuable tool in discrimination between significant and non-significant coronary artery disease 
with specificity and sensitivity of 100%.

Conclusion:  High epicardial adipose tissue thickness may represent a marker of severity of non-alcoholic fatty liver 
disease as well as an independent predictor of coronary artery disease risk.
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Introduction
Coronary artery diseases (CAD) have become a serious 
epidemic reason of morbidity and mortality. Numerous 
studies are investigating many parameters as a marker 
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for coronary artery diseases. One of the main concerns of 
the cardiology studies is how to prevent coronary artery 
disease development and how to estimate the risk of the 
disease before it becomes clinically symptomatic [1].

Variation in the prevalence of non-alcoholic fatty liver 
disease (NAFLD) is found based on factors such as race, 
ethnicity, age, gender, geographical distribution, and the 
diagnostic modality used [2]. NAFLD has been firmly 
linked to insulin resistance, type 2 diabetes mellitus, dys-
lipidemia, and metabolic syndrome, especially in patients 
with sedentary lifestyles, changing dietary patterns, and 
increased obesity [3]. These factors also comprise the 
risk profile for CAD. Both CAD and NAFLD share the 
same underlying pathophysiological mechanism, risk fac-
tors, lifestyle modification, and treatment plans and were 
therefore hypothesized to be closely related [4]. NAFLD 
is recently suggested to be an independent risk for car-
diovascular diseases and is also associated with higher 
cardiovascular mortality [4].

A result of the studies emphasized that there was some 
parallelism between visceral adiposity and ischemic heart 
disease [5]. As both progression of NAFLD and increas-
ing epicardial adipose tissue (EAT) mass have the same 
risk factors, therefore these two conditions might be 
associated with each other [6].

The aim of our work was to determine the association 
between non-alcoholic fatty liver and increased epicar-
dial adipose tissue mass and its relation to severity of 
CAD.

Methods
A cross‑sectional study
The design of the study was approved by the ethical 
committee of the faculty of medicine, Ain Shams Uni-
versity, and was following the 1975 Helsinki declaration. 
All patients included in our study have given written 
informed consent after explaining the procedures and 
before they participated in the study.

This was a cross-sectional study including 60 patients 
who had signs and symptoms of coronary artery dis-
ease who attended elective coronary angiography to rule 
out coronary artery disease. Patients with any form of 
chronic liver disease as alcoholic or viral liver disease, 
Wilson’s disease, and hereditary hemochromatosis and 
patients with poor echogenicity, pericardial effusion 
> 0.5  cm, calcified pericardium or pericardial thickness 
> 5 mm all had been excluded.

Full history, full clinical examination, and measuring of 
body mass index (BMI) were done to all patients. Labo-
ratory investigations including alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline phos-
phatase, gamma GT, fasting sugar, HbA1C, and lipid pro-
file were obtained from all patients.

Calculation of NAFLD fibrosis scoring was also done 
in form

(1)	 NAFLD fibrosis scoring system (NFS)

	 NFS is >  − 1.455 (proved to have no or mild fibrosis) 
or < 0.676 (proved to have advanced fibrosis).

(2)	 FIB-4 scoring

FIB-4 score is < 1.30 (proved to have no or mild fibro-
sis) or > 2.67 (proved to have advanced fibrosis).

Study procedures
Coronary angiography
Selective coronary angiography was performed by 6F 
or 7F catheters via standard Judkin’s technique using 
the right or left femoral or radial approaches. Coronary 
artery lesions above 50% lesion were considered sig-
nificant while those below 50% lesion were considered 
non-significant.

Abdominal ultrasound
Liver ultrasonography performed by experienced radi-
ologists correlated to clinical details (Toshiba real-time 
device using a 3.5  MHz convex transducer). Diagnosis 
of NAFLD based on detection of the following findings; 
liver parenchyma hyperechogenicity, poor visualization 
of intra-hepatic vessel borders, and attenuation of ultra-
sound beam Semi-quantitative assessment of the sever-
ity of hepatic steatosis was also done as follows: 0 (none), 
grade 1 (mild), grade 2 (moderate), and grade 3 (severe), 
depending on the discrepancy degree of amplitude of 
echo between liver and kidney and echoes loss from the 
intrahepatic vessels walls and diaphragm.

Echocardiography
Trans-thoracic echocardiography was performed (GE 
Vivid 7 device using 3.5  MHz transducer) to measure 
EAT thickness using the long and short parasternal axes 
in the left lateral decubitus position. Pericardial fat thick-
ness was measured on the right ventricle free wall and 
three measurements were taken and averaged.

Statistical analysis
Data were collected, tabulated, and entered into a PC 
using (SPSS 25). Descriptive statistics were done using 

1.675 + 0.037 × age (years) + 0.094 × BMI (kg∕m2)

+ 1.13 × IFG∕diabetes (yes = 1, no = 0)

+ 0.99 × AST∕ALT ratio − 0.013 × platelet (×109∕l)

− 0.66 × albumin (g∕dl)

(Age × AST (IU∕l)∕platelets count (×109∕litre) ×
√

ALT (IU∕l))
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mean and standard deviation for numerical data, fre-
quency, and percentage for non-numerical data. The sta-
tistical significance of the difference between two study 
group means was assessed using the Student T test while 
the statistical significance of the difference between more 
than two study group means was assessed using ANOVA 
Test. The relationship between two qualitative variables 
was examined using the chi-square test and Fisher’s exact 
test. P value of ≤ 0.05 was considered significant while a 
P value of ≤ 0.01 was considered highly significant.

This study was approved by the ethical committee of 
the cardiology department, Ain Shams University under 
Federal Wide Assurance No.FWA 000,017585.

Results
Our study comprised of sixty patients. They were divided 
according to the coronary angiography into 2 groups; 
group A included those having a significant coronary 
artery disease (above 50% stenosis) and group B com-
prised of patients having a non-significant coronary 
artery disease (below 50% stenosis). Forty-four patients 

were found to be in group A (73.3%) while 16 patients 
were found to be in group B (26.7%).

Regarding group A, they were 36 (82%) males and 2 
(18%) females with a mean age of 49.750 ± 10.607 while 
in group B, they were 14 (87.5%) males and 2 (12.5%) 
females with a mean age of 54.625 ± 8.717. Regarding 
age, sex, and BMI distribution, no statistically signifi-
cant differences could be detected between both groups 
(Table 1).

In group A, 28 patients had DM (64%), 29 patients were 
hypertensive (66%), and 40 patients were smokers (91%) 
while in group B, 12 patients had DM (75%), 12 patients 
had HTN (75%), and 12 patients were smokers (75%). 
Regarding the distribution of risk factors of CAD, no sta-
tistically significant differences between both groups did 
exist (Table 2).

Regarding the hepatic and metabolic profile, a sta-
tistically significant higher liver enzyme [ALT, AST, 
GGT, ALP] among group A patients than in group B (P 
value 0.006, 0.001, < 0.001, < 0.001, respectively), while 
regarding the noninvasive scoring system [NFS and 

Table 1  Demographics and anthropometric data of the patients

BMI body mass index, SD standard deviation, N number, % percentage

Groups T test
Group A Group B t P value

Age Range 30–74 38–67 -1.645 0.105

Mean ± SD 49.750 ± 10.607 54.625 ± 8.717

BMI Range 25–34 26.1–29 1.361 0.179

Mean ± SD 28.132 ± 2.045 27.413 ± 0.827

Chi-square N % N % X2 P value
Sex Male 36 81.82 14 87.50 0.273 0.602

Female 8 18.18 2 12.50

Table 2  CAD risk factors distribution in group A versus group B

DM diabetes mellitus, HTN hypertension, N Number, % percentage

Groups Chi-square

Group A Group B

N % N % X2 P value

DM
  Positive 28 63.64 12 75.00 0.682 0.409

  Negative 16 36.36 4 25.00

HTN
  Positive 29 65.91 12 75.00 0.448 0.503

  Negative 15 34.09 4 25.00

Smoking
  Positive 40 90.91 12 75.00 2.570 0.109

  Negative 4 9.09 4 25.00
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FIB-4] for NAFLD diagnosis, there was no significance 
between both groups (Table 3).

Regarding the distribution and grading of NAFLD 
in our study population, it was as follows: 19 patients 
were described as having no hepatic steatosis (32%), 21 
patients were with grade 1 disease (35%), 18 patients 
were with grade 2 (30%), and 2 patients had grade 
3 (3%). A statistically significantly higher percent-
age of hepatic steatosis (grades 1 and 2) was found 

among group A patients in comparison to group B (P 
value < 0.001) (Table 4).

No statistically significant relationship between the 
NAFLD fibrosis scoring system of the patients and their 
sex or their comorbidities could be detected (Table 5).

Average EAT thickness in Group A ranged between 
6.7 and 9.7 mm while in group B, it ranged between 4.9 
and 6.1  mm yielding statistically higher values among 
group A patients in comparison to those of group B (P 
value < 0.001) as shown in Table 6.

Regarding the risk factors, average EAT thickness was 
statistically significantly higher among patients with DM 
and HTN but not among smokers. No statistically sig-
nificant relationship was found between the average EAT 
thickness of the patients and their sex (Table 7).

A statistically significant positive correlation was found 
between average EAT thickness on one side and BMI (P 
value = 0.011) and each of the following patients’ meta-
bolic parameters on the other side: alkaline phosphatase 
(P value = 0.003), gamma GT (P value < 0.001), fasting 
sugar (P value = 0.019*), HbA1C (P value = 0.032), and 
LDL (P value = 0.029) (Table 8).

Also, statistically significant higher EAT thickness val-
ues were found among grade 3 hepatic steatosis than in 
grades 2, 1, or 0 (P value < 0.001). These data are repre-
sented in Table 9.

Finally, our study demonstrated the best cutoff value 
of EAT thickness in the detection of significant CAD 
among all studied patients as > 6.1 mm, with 100% sen-
sitivity, 100% specificity, 100% PPV, and 100% NPV with 
an overall accuracy of 100%. This was shown in Table 10 
and Fig. 1.

NAFLD fibrosis scoring system cutoff value that shows 
discrimination between significant and non-significant 
CAD, at cutoff >  − 2.18, sensitivity was 79.55, specificity 
was 50, PPV was 81.4, NPV was 47.1, and accuracy was 
56%. These data are represented in Table 11 and Fig. 2.

Discussion
Cardiovascular diseases represent the largest cause of 
death in the world and the greatest proportion of those 
deaths are due to CAD. Therefore, more sensitive meas-
ures for risk stratification and prevention and treatment 
of coronary vascular disease are highly required [7].

Excess adiposity had been linked to increased cardio-
vascular risk. A growing amount of evidence suggests 
that regional adiposity has been associated with the 
development of adverse metabolic and cardiovascular 
risk profiles. The major site of fat accumulation is the 
subcutaneous tissue and this type of fat represents the 
“good” fat [7].

Recent increased awareness of the NAFLD is deemed 
essential as it has been shown to correlate with other 

Table 3  Full hepatic and metabolic profile among group A 
versus group B

* mean significant

Groups T test

Group A Group B t P value

ALT
  Range 11–67 11–27 2.868 0.006*

  Mean ± SD 26.295 ± 12.676 16.875 ± 5.377

AST
  Range 12–67 11–25 3.498 0.001*

  Mean ± SD 26.773 ± 11.620 16.250 ± 4.837

Alkaline phosphatase
  Range 45–134 35–65 4.264  < 0.001*

  Mean ± SD 68.114 ± 17.276 48.375 ± 10.794

Gamma GT
  Range 2–54 4–12 6.389  < 0.001*

  Mean ± SD 28.250 ± 12.920 7.375 ± 2.419

Fasting sugar
  Range 80–400 100–250 0.722 0.473

  Mean ± SD 199.455 ± 81.494 183.750 ± 49.244

HbA1C
  Range 5–7.5 4.9–7.1  − 0.163 0.871

  Mean ± SD 6.277 ± 0.743 6.313 ± 0.737

T. cholesterol
  Range 101–225 130–190 0.112 0.911

  Mean ± SD 157.227 ± 27.606 156.375 ± 21.229

LDL
  Range 45–147 90–105  − 1.547 0.127

  Mean ± SD 87.182 ± 23.695 96.500 ± 6.022

HDL
  Range 25–62 43–50  − 1.626 0.109

  Mean ± SD 42.227 ± 10.046 46.375 ± 2.419

TG
  Range 65–347 130–200  − 2.887 0.005*

  Mean ± SD 132.636 ± 44.186 166.250 ± 23.488

FIB-4
  Range 0.39–2.98 0.41–1.5 1.729 0.089

  Mean ± SD 1.100 ± 0.529 0.850 ± 0.386

NAFLD fibrosis scoring system
  Range  − 4.46–1.34  − 3.73–0.06 1.039 0.303

  Mean ± SD  − 1.250 ± 1.290  − 1.665 ± 1.568
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diseases, in particular atherosclerotic CAD. It has been 
suggested that NAFLD induces a systemic inflamma-
tory response, increased oxidative stress, insulin resist-
ance, fatty acid toxicity, and endothelial dysfunction; 
all of which share the same pathophysiology for the 

development of atherosclerotic CAD [8]. The study 
aimed to investigate the association between NAFLD 
and increased EAT mass and their relationship with 
coronary artery disease severity.

Our study population consisted of sixty patients who 
presented with signs and symptoms of coronary artery 
disease eligible for elective coronary angiography to 
rule out CAD. In our study, 41 patients were with a his-
tory of hypertension (68%), 40 patients with a history of 
diabetes mellitus (66.7%), and 52 patients were smok-
ers (86.7%). All patients were examined by abdominal 
ultrasound for the diagnosis of NAFLD. 41 patients 
were detected as having NAFLD (68%) and they were 
classified as follows: 21 patients were classified as grade 
1 (35%), 18 patients with grade 2 (30%), while 2 patients 
were described as having grade 3 disease (3%). There 
were 19 patients with no steatosis (32%).

Table 4  NAFLD grading distribution in group A versus group B

NAFLD non-alcoholic fatty liver disease, N number, % percentage
* Significant

NAFLD Groups Chi-square

Group A Group B

N % N % X2 P value

Grade 0 7 15.91 12 75.00 20.834  < 0.001*

Grade 1 17 38.64 4 25.00

Grade 2 18 40.91 0 0.00

Grade 3 2 4.55 0 0.00

Table 5  Relationship between NAFLD fibrosis scoring system 
and sex of the patients and their comorbidities

NAFLD non-alcoholic fatty liver disease, DM diabetes mellitus, HTN hypertension, 
N number

NAFLD fibrosis scoring 
system

T test or ANOVA

N Mean ± SD T or F P value

Sex

  Male 42  − 1.343 ± 1.408  − 0.685 0.497

  Female 8  − 0.984 ± 1.026

DM

  Positive 33  − 1.109 ± 1.293 1.295 0.202

  Negative 17  − 1.628 ± 1.436

HTN

  Positive 34  − 1.237 ± 1.345 0.366 0.716

  Negative 16  − 1.388 ± 1.404

Smoking

  Positive 44  − 1.376 ± 1.300  − 1.301 0.200

  Negative 6  − 0.617 ± 1.658

Table 6  Average EAT thickness in group A versus group B

EAT epicardial adipose tissue thickness, SD standard deviation
* Significant

Groups T test

Group A Group B t P value

Average EAT thickness

Range 6.7–9.7 4.9–6.1 12.351  < 0.001*

Mean ± SD 7.859 ± 0.691 5.600 ± 0.386

Table 7  Relationship between average EAT thickness and sex of 
the patients and their comorbidities

EAT epicardial adipose tissue thickness, N number, DM diabetes mellitus, HTN 
hypertension, SD standard deviation
* Significant

Average EAT thickness T test or ANOVA

N Mean ± SD T or F P value

Sex
  Male 50 7.228 ± 1.141  − 0.417 0.679

  Female 10 7.400 ± 1.440

DM
  Positive 40 7.488 ± 1.230 2.205 0.031*

  Negative 20 6.795 ± 0.954

HTN
  Positive 41 7.478 ± 1.219 2.196 0.032*

  Negative 19 6.779 ± 0.968

Smoking
  Positive 52 7.354 ± 1.148 1.645 0.105

  Negative 8 6.625 ± 1.293
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Relation between NAFLD and cardiovascular risk
The present study showed that patients with significant 
coronary stenosis had statistically significantly higher 

liver enzymes [ALT, AST, ALP, GGT] than patients with-
out significant coronary stenosis. While there was an 
insignificant higher NAFLD fibrosis scoring system and 
FIB-4 among patients with significant coronary stenosis.

Although reports have addressed the relationship 
between these liver enzymes and risk factors for CVD, 
there exists discordance in the relationships between spe-
cific liver enzymes and CVD. A meta-analysis performed 
by Fraser et al. [9] has shown that GGT but not ALT is 
associated with the incidence of coronary heart disease 
and stroke. Another stratified analysis has demonstrated 
that ALT is positively associated with stroke but nega-
tively associated with coronary heart disease [10]. On the 
contrary, Lee et  al. [11] showed that elevated ALT and 
AST are related to CVD mortality. These variations in 
previous findings may result from different ages, genders, 
ethnicities, and sample sizes of the studies and also from 
variable disease conditions.

Also in this study, patients with significant CAD have a 
statistically significantly higher percentage of NAFLD by 

Table 8  Correlations between average EAT thickness and BMI of 
the patients and their metabolic parameters

BMI body mass index, ALT alanine aminotransferase, AST aspartate transaminase, 
GT gamma glutamyl transpeptidase, HBA1C hemoglobin A1C, T total, LDL low-
density lipoprotein, HDL high-density lipoprotein, TG triglyceride, EAT epicardial 
adipose tissue, FIB-4 Fibrosis-4, NAFLD non-alcoholic fatty liver disease
* mean significant

Correlations

Average EAT thickness

R P value

FIB-4 0.161 0.219

NAFLD fibrosis scoring system 0.082 0.535

Age  − 0.207 0.112

BMI 0.325 0.011*

ALT 0.187 0.153

AST 0.236 0.069

Alkaline phosphatase 0.377 0.003*

Gamma GT 0.461  < 0.001*

Fasting sugar 0.303 0.019*

HbA1C 0.277 0.032*

T. cholesterol 0.178 0.173

LDL 0.282 0.029*

HDL  − 0.187 0.152

TG  − 0.088 0.506

Table 9  Correlation between average EAT thickness and grading 
of NAFLD among the study population

EAT epicardial adipose tissue, NAFLD non-alcoholic fatty liver disease, N number, 
SD standard deviation
* Significant

Average EAT thickness ANOVA

N Mean ± SD F P value

NAFLD

  Grade 0 19 6.100 ± 0.745 35.920  < 0.001*

  Grade 1 21 7.224 ± 0.875

  Grade 2 18 8.256 ± 0.418

  Grade 3 2 9.600 ± 0.141

Table 10  ROC curve of EAT thickness in prediction of significant 
coronary artery disease (above 50% stenosis)

PPV positive predictive value, NPV negative predictive value

ROC curve between group A and group B

Cutoff Sensitivity Specificity PPV NPV Accuracy

 > 6.1 100.0 100.0 100.0 100.0 100%

Fig. 1  The ROC (receiver operating characteristic) curve for the best 
cutoff value of epicardial fat volume to predict significant coronary 
stenosis

Table 11  ROC curve of NAFLD fibrosis score in prediction of 
significant coronary artery disease (above 50% stenosis)

PPV positive predictive value, NPV negative predictive value

ROC curve between group A and group B

Cutoff Sensitivity Specificity PPV NPV Accuracy

 > -2.18 79.55 50.0 81.4 47.1 56%
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ultrasound(grades 1 and 2) in comparison to those with 
non-significant CAD (P value = 0.005). The results of 
our study are concordant with Targher et al. in 2008 who 
reported that NAFLD per se is associated with acceler-
ated Atherogenesis [12].

Moreover, on applying ROC curve analysis, the best 
discrimination between significant and non-significant 
CAD in relation to NAFLD fibrosis scoring was found 
at cutoff value of > -2.18, sensitivity was 79.55, specificity 
was 50, PPV was 81.4, NPV was 47.1, and accuracy was 
56%.

Accumulation of liver fat and elevated liver enzymes 
are associated with type 2 diabetes and hypertension, 
both of which are representative risk factors for CVD. 
Furthermore, on using  18F-fluorodeoxyglucose positron 
emission tomography (FDG-PET), it was found that 
NAFLD is associated with vascular inflammation, which 
may reflect rupture-prone vulnerable atherosclerotic 
plaques. Both visceral fat accumulation and risk of meta-
bolic syndrome are significantly correlated with GGT 
and ALT levels [13].

Relation between EAT and cardiovascular risk
Visceral fat perhaps more than total fat is implicated in 
atherosclerosis.  Epicardial adipose tissue (EAT), a non-
traditional visceral fat depot modulates coronary arteries 
through paracrine or vasocrine secretion of bioactive adi-
pokines [14].

In our study, hypertension, diabetes mellitus, and dys-
lipidemia (represented by LDL-c) were found to have sta-
tistically significant higher EAT thickness. These results 
are consistent with the findings of a study by Kim et al. 
in 2015 which investigated epicardial fat thickness meas-
ured by echocardiography and its relation to coronary 
artery calcification where they found that epicardial 
fat thickness has a statistically significant correlation to 
hypertension, diabetes mellitus, and LDL-C [15].

Also, the EAT mean thickness was found to be statis-
tically significantly higher among those with significant 
coronary stenosis than those without [7.859 ± 0.691 mm 
versus 5.600 ± 0.386  mm] (P value < 0.001). This obser-
vation is supported by the study of Shambu et  al. who 
measured EAT in 503 patients undergoing coronary 
angiogram and found that mean EAT was signifi-
cantly higher in the CAD group than the control group 
(5.55 ± 1.21 mm vs 3.25 ± 1.15 mm, p < 0.0001) [14].

The results of our study are also concordant with Jeong 
et al. in 2007 who found that the EAT layer is significantly 
thicker in patients presenting with acute coronary syn-
drome compared to those having chronic stable angina 
and considered EAT as one of the risk factors of clinically 
significant CAD, along with other risk factors as age, dia-
betes mellitus, and smoking [16].

Moreover, on applying ROC curve analysis, the best 
discrimination between significant and non-significant 
CAD in relation to EAT thickness was found at cutoff 
value of > 6.1  mm, sensitivity was 100, specificity was 
100, PPV was 100, NPV was 100 and accuracy was 100%. 
This result was supported by Eroglu et  al. in 2009 who 
reported that the best cutoff value of EAT for CAD was 
5.2 mm [5]. Also, Shambu et al. found that EAT at a cut-
off ≥ 4.75 mm had 87% sensitivity and 63% specificity for 
the prediction of significant CAD [14].

All these findings could be attributed to and supported 
by Mazurek and collaborators who compared the expres-
sion of inflammatory factors in biopsy specimens of sub-
cutaneous adipose tissue (SAT) and EAT in patients with 
severe coronary artery disease who did not have diabetes 
or obesity. The local expression of certain chemokines 
(MCP-1) and inflammatory cytokines (IL-1β, IL-6, and 
TNFα) was higher in EAT than in SAT, showing that 
EAT may contribute to the coronary local inflammatory 
potential. The author also observed a higher infiltration 
of macrophages in EAT than in SAT [17].

Relation between EAT and NAFLD
The current study showed a statistically significant rela-
tion between EAT thickness and degree of steatosis by 
ultrasound with higher values of EAT thickness meas-
ured among grade 3 hepatic steatosis than in grade 2 
(9.600 ± 0.141 vs 8.256 ± 0.418  mm) (P value < 0.001). 

Fig. 2  The ROC (receiver operating characteristic) curve for the 
best cutoff value of the NAFLD fibrosis scoring system to predict 
significant coronary stenosis
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These results were in agreement with Lacobellis et  al. 
who conclude that epicardial fat thickness was signifi-
cantly higher (P < 0.01) in obese subjects with NAFLD 
when compared to those without NAFLD as well as in 
subjects with severe (ultrasound score 3) than those 
with moderate (score 2) liver steatosis (9.7 ± 0.2 vs. 
8 ± 0.7 mm, P < 0.01) [18]. Also, the results of our study 
come in concordance with the findings of Stramaglia 
et al. in 2010 who reported that EAT measured by echo-
cardiography was related to the severity of hepatic steato-
sis as detected by ultrasonography [19].

Also, a significant positive correlation was noted 
between EAT thickness and both ALP and GGT levels. 
These results are matching with Iacobellis et al. in 2008 
who found a statistically significant relation between EAT 
on one side and ALT and AST on the other side [20].

Hence, our data suggested that echocardiography-
measured epicardial fat thickness is independently associated 
with NAFLD. Its measurement can be clinically feasible and 
represent an additional tool for the stratification of the car-
diometabolic risk in coronary heart disease.

Conclusions
High EAT thickness may represent a marker of the sever-
ity of NAFLD as well as an independent predictor of 
coronary artery disease risk. EAT assessment by trans-
thoracic echocardiography is a simple and non-invasive 
tool that can be used for cardiovascular risk stratification.

Limitation of the study
The study includes rather a small number of cases and 
represents a single-center study. More advanced and 
expanded studies are recommended on a larger number 
of patients to get a better evaluation and to clarify the 
pathogenesis of the local fat tissues’ influence on sys-
temic atherosclerosis.

Abbreviations
CAD: Coronary artery diseases; EAT: Epicardial adipose tissue; BMI: Body mass 
index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NFS: 
NAFLD fibrosis scoring system; FIB4: Fibrosis-4.

Acknowledgements
The authors express their gratitude to staff members of both the Internal 
Medicine Department [Hepatology and Gastroenterology Department] and 
the Cardiology Department, Faculty of Medicine, Ain Shams University, Cairo, 
Egypt.

Authors’ contributions
In addition to being the corresponding author, HSR had proposed the idea 
for research and had conducted a final revision of the gathered data. SAA 
and ASH had collected the relevant data. HSR and SAA had prepared the 
manuscript. SED and HHZ had outlined the study design and revised the 
manuscript. The authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from any funding agencies.

Availability of data and materials
The datasets that support the findings of this study are available on request 
from the corresponding author. The data are not publicly available due to 
privacy or ethical restrictions.

Declarations

Ethics approval and consent to participate
This study was performed according to the ethical standards for human 
experimentation and in accordance with the ethical principles of the 1975 
Declaration of Helsinki. Patients included in this study signed an informed 
written consent to participate and all the procedures were in accordance 
with the standards of the Research Ethics Committee (REC) of the Faculty of 
Medicine, Ain Shams University (FWA 000017585).

Consent for publication
Consent was taken from each author for publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Internal Medicine Department, Faculty of Medicine, Ain Shams University, 
Cairo 11566, Egypt. 2 Cardiology Department, Faculty of Medicine, Ain Shams 
University, Cairo 11566, Egypt. 

Received: 3 May 2022   Accepted: 20 June 2022

References
	1.	 Carr DB, Utzschneider KM, Hull RL et al (2004) Intra-abdominal fat is 

a major determinant of the National Cholesterol Education Program 
Adult Treatment Panel III criteria for the metabolic syndrome. Diabetes 
53(8):2087–2094

	2.	 Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M (2016) 
Global epidemiology of nonalcoholic fatty liver disease—meta-analytic 
assessment of prevalence, incidence, and outcomes. Hepatology 
64(1):73–84

	3.	 Anstee QM, Targher G, Day CP (2013) Progression of NAFLD to diabetes 
mellitus, cardiovascular disease or cirrhosis. Nat Rev Gastroenterol 
Hepatol 10(6):330–344

	4.	 Stahl EP, Dhindsa DS, Lee SK, Sandesara PB, Chalasani NP, Sperling LS 
(2019) Nonalcoholic fatty liver disease and the heart: JACC state-of-
the-art review. J Am Coll Cardiol 73(8):948–963

	5.	 Eroglu S, Sade LE, Yildirim A et al (2009) Epicardial adipose tissue thick-
ness by echocardiography is a marker for the presence and severity of 
coronary artery disease. Nutr Metab Cardiovasc Dis 19(3):211–217

	6.	 Alexopoulos N, McLean DS, Janik M et al (2010) Epicardial adipose 
tissue and coronary artery plaque characteristics. Atherosclerosis 
210(1):150–154

	7.	 Roden M (2006) Mechanisms of disease: hepatic steatosis in type 2 dia-
betes– pathogenesis and clinical relevance. Nat Clin Pract Endocrinol 
Metab 2(6):335–348

	8.	 Saraya S, Saraya M, Mahmoud M et al (2021) The associations between 
coronary artery disease, and non-alcoholic fatty liver disease by com-
puted tomography. Egypt Heart J 73:96

	9.	 Fraser A, Harris R, Sattar N, Ebrahim S, Smith GD, Lawlor D (2007) 
Gamma-glutamyl transferase is associated with incident vascular 
events independently of alcohol intake. Arter Thromb Vasc Boil 
27:2729–2735

	10.	 Kunutsor SK, Apekey TA, Khan H (2014) Liver enzymes and risk of cardio-
vascular disease in the general population: a meta-analysis of prospective 
cohort studies. Atherosclerosis 236:7–17



Page 9 of 9Rasmy et al. Egyptian Liver Journal           (2022) 12:38 	

	11.	 Lee H, Shin NW, Lee TH, Yang H-K, Ahn E, Yoon J-M, Lee H-K, Suh B, Son 
KY, Kim JS et al (2016) Association between change in serum aminotrans-
ferase and mortality. Medicine 95:e3158

	12.	 Targher G, Marra F, Marchesini G (2008) Increased risk of cardiovascular 
disease in non-alcoholic fatty liver disease: causal effect or epiphenom-
enon? Diabetologia 51(11):1947–1953

	13.	 Choi KM, Han K, Park S et al (2018) Implication of liver enzymes on 
incident cardiovascular diseases and mortality: a nationwide population-
based cohort study. Sci Rep 8(1):3764

	14.	 Shambu SK, Desai N, Sundaresh N, Babu MS, Madhu B, Gona OJ (2020) 
Study of correlation between epicardial fat thickness and severity of 
coronary artery disease. Indian Heart J 72(5):445–447

	15.	 Kim BJ, Kim BS, Kang JH (2015) Echocardiographic epicardial fat thickness 
is associated with coronary artery calcification-results from the CAESAR 
study. Circ J 79(4):818–824

	16.	 Jeong JW, Jeong MH, Yun KH et al (2007) Echocardiographic epicardial fat 
thickness, and coronary artery disease. Circ J 71(4):536–9

	17.	 Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H, Sarov-Blat 
L, O’Brien S, Keiper EA, Johnson AG, Martin J, Goldstein BJ, Shi Y (2003) 
Human epicardial adipose tissue is a source of inflammatory mediators. 
Circulation 108(20):2460–6

	18.	 Lacobellis G, Barbarini G, Letizia C, Barbaro G (2014) Epicardial fat thick-
ness and nonalcoholic fatty liver disease in obese subjects. Obesity 
22:332–336

	19.	 Stramaglia G, Greco A, Guglielmi G et al (2010) Echocardiography and 
dual-energy x-ray absorptiometry in elderly patients with metabolic 
syndrome: a comparison of two different techniques to evaluate visceral 
fat distribution. J Nutr Health Aging 14(1):6–10

	20.	 Iacobellis G, Pellicelli AM, Grisorio B et al (2008) Relation of epicardial 
fat and alanine aminotransferase in subjects with increased visceral fat. 
Obesity (Silver Spring) 16(1):179–83

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association between non-alcoholic fatty liver disease and epicardial adipose tissue volume with cardiometabolic risk in coronary heart disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	A cross-sectional study
	Calculation of NAFLD fibrosis scoring was also done in form
	Study procedures
	Coronary angiography
	Abdominal ultrasound
	Echocardiography

	Statistical analysis

	Results
	Discussion
	Relation between NAFLD and cardiovascular risk
	Relation between EAT and cardiovascular risk
	Relation between EAT and NAFLD

	Conclusions
	Limitation of the study

	Acknowledgements
	References


