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Abstract

Background: Epicardial adipose tissue (EAT) mimics visceral fat which is associated with metabolic derangements and coronary

artery disease (CAD). EAT volume (EAT-V) measured by CT scan had shown good correlation with CAD. QRISK3 score is

a validated risk predictor of future cardiovascular events but has limitations. We assessed whether EAT thickness (EAT-T)

measured by echocardiography, a simple and widely available tool, correlated with EAT-V, and whether EAT-T is a predictor

of CAD independently of QRISK3 scores. Methods: We enrolled 97 patients who underwent CTA for evaluation of chest pain.

EAT-T was measured by 2D-echocardiography in parasternal long axis (PLAX) and parasternal short axis (PSAX) views. We

evaluated association of EAT-T with EAT-V and CAD ([?]50% stenosis on CTA); and independent predictive value of EAT-T

for CAD after adjusting for QRISK 3 scores. Results: EAT-T was significantly more in patients with CAD (PLAX: 4.82 ±
1.31 mm vs. 4.06 ± 1.25 mm, p=0.005). EAT-T correlated strongly with EAT-V (r=0.75, p<0.001). On receiver operating

characteristic curve analysis, EAT-T (PLAX) [?]3.9 mm (area-under-curve: 0.68; 95% CI: 0.58-0.79, sensitivity 84%, specificity

55%) predicted the presence of CAD. On multivariate analysis after adjusting for QRISK 3 scores, EAT-T showed significant

association with CAD with highest odds ratio for indexed EAT-T (EAT-T/body surface area) (PLAX) [?]2.2 mm/m2 (OR

5.40; 95% CI: 2.17-13.55.; p<0.001). Conclusion: EAT-T is a predictor of CAD independent of QRISK3 scores. An increased

EAT-T detected CAD with >80% sensitivity. These findings need to be validated in larger prospective cohort studies.
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Abstract:

Background: Epicardial adipose tissue (EAT) mimics visceral fat which is associated with metabolic deran-
gements and coronary artery disease (CAD). EAT volume (EAT-V) measured by CT scan had shown good
correlation with CAD. QRISK3 score is a validated risk predictor of future cardiovascular events but has li-
mitations. We assessed whether EAT thickness (EAT-T) measured by echocardiography, a simple and widely
available tool, correlated with EAT-V, and whether EAT-T is a predictor of CAD independently of QRISK3
scores.

Methods: We enrolled 97 patients who underwent CTA for evaluation of chest pain. EAT-T was measured
by 2D-echocardiography in parasternal long axis (PLAX) and parasternal short axis (PSAX) views. We
evaluated association of EAT-T with EAT-V and CAD ([?]50% stenosis on CTA); and independent predictive
value of EAT-T for CAD after adjusting for QRISK 3 scores.

Results: EAT-T was significantly more in patients with CAD (PLAX: 4.82 ± 1.31 mm vs. 4.06 ± 1.25 mm,
p=0.005). EAT-T correlated strongly with EAT-V (r=0.75, p<0.001). On receiver operating characteristic
curve analysis, EAT-T (PLAX) [?]3.9 mm (area-under-curve: 0.68; 95% CI: 0.58-0.79, sensitivity 84%,
specificity 55%) predicted the presence of CAD. On multivariate analysis after adjusting for QRISK 3 scores,
EAT-T showed significant association with CAD with highest odds ratio for indexed EAT-T (EAT-T/body
surface area) (PLAX) [?]2.2 mm/m2 (OR 5.40; 95% CI: 2.17-13.55.; p<0.001).

Conclusion: EAT-T is a predictor of CAD independent of QRISK3 scores. An increased EAT-T detected
CAD with >80% sensitivity. These findings need to be validated in larger prospective cohort studies.

Keywords:

Epicardial Adipose Tissue Thickness; Epicardial Adipose Tissue Volume; Echocardiography; QRISK3 Score

1. Introduction:

Coronary artery disease (CAD) occurs 5–10 years earlier in Indians(1). Risk stratification using risk calcula-
tors like QRISK3 score is a key element in the efforts to prevent premature CAD, and to improve targeted
implementation of preventive therapies for CAD. Limitations and lack of validation of these risk scores in
local population lead to need for simple and widely accessible novel risk markers to provide a clinically
meaningful improvement as a screening tool across the population.

Visceral adipose tissue deposition is a documented risk factor for cardiovascular diseases especially among
Indians (2). Epicardial adipose tissue (EAT) mimics visceral fat which is present between epicardium and
visceral pericardium, and is associated with metabolic derangements and increased cardiovascular risk. EAT

2
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. is implicated as an independent risk for CAD because of its proximity to the adventitia of major epicardial
coronary arteries and has adverse autocrine and paracrine effect on coronary arteries (3, 4). EAT, including
epicardial adipose tissue thickness (EAT-T) by echocardiography and epicardial adipose tissue volume (EAT-
V) by computed tomography angiography (CTA) have been associated with CAD(5). Thus, it may have
incremental benefits in assessment of CAD risk and needs to be studied in local population.

Epicardial adipose tissue can be measured by three imaging modalities [CTA, magnetic resonance imaging
(MRI) and echocardiography](6). Each of these modalities has their attending benefits as well as limitations.
CTA has been increasingly used recently because of its high spatial resolution which results in precise mea-
surements of EAT-T as well as three-dimensional EAT volume (EAT-V), along with concurrent assessments
of coronary artery calcium (CAC) score, coronary artery stenosis and high-risk plaque features (HRPF).
However, CT is limited by the associated ionizing radiation related risks, relatively high cost, and limited
availability. MRI avoids radiation exposure. However, limited availability and high costs limit the widespread
use of MRI. Echocardiography is the widest available modality and a relatively cheaper method to measure
EAT-T. Echocardiography also provides information on cardiac functions, has no radiation exposure, and
easy to perform.

Hence, we tried to evaluate the correlation between echocardiographic EAT-T [and indexed EAT-T (EAT-
T/ body surface area)] and EAT-V by CTA to know whether EAT-T could be used as surrogate marker
for EAT-V, and whether EAT-T and indexed EAT-T are independent predictors of CAD in a multivariate
analysis with QRISK3 score.

2. Methods:

We enrolled 97 consecutive patients with at least one cardiovascular risk factor [Hypertension (blood pressure
[?]130/80 mmHg or on anti-hypertensive treatment), Type 2 Diabetes mellitus (Hba1c [?]6.5 or on anti-
diabetic treatment), dyslipidaemia (total cholesterol [?]200 mg/dl or LDL-C [?]130 mg/dl or on lipid lowering
drugs) or Tobacco use (current smoker or tobacco chewing)] who were undergoing CTA for chest pain
evaluation over a period of 12 months (January 2019 to February 2020) at the Cardio Thoracic Centre, All
India Institute of Medical Sciences (AIIMS) New Delhi. Transthoracic echocardiography was performed in
all patients for EAT-T measurements in parasternal long axis (PLAX) and parasternal short axis (PSAX)
view, while CTA was reviewed for CAD, CAC score and EAT-V measurements. All patients included were
assessed with detailed history, clinical examination and biochemical tests (blood sugar, blood pressure, lipid
profile). The exclusion criteria were: (a) patients with known CAD, (b) patients with un-interpretable CT
quality, (c) patients with poor echo window, and (d) those not consenting to participate.

2.1. Measurements of EAT-V, CAC score and CAD definition on CTA:

EAT-V was measured on the non-contrast CT images using a semi-automated technique on a dedicated
workstation (Syngo.via; Siemens Healthcare, Forchheim, Germany). The region of interest (ROI) was man-
ually drawn in all cases by tracing the pericardium in axial sections at 1 cm intervals, from the level of
origin of left main coronary artery cranially to the cardiac apex (just below the level of posterior descending
artery) caudally. Attenuation thresholds of -30 and -250 HU were applied within the ROI to identify adipose
tissue-containing voxels.

CAC score was calculated on the non-contrast CT images using the Agatston method (7) using a semi-
automated technique (Application: Calcium scoring; syngo.via, Siemens Healthcare, Forchheim, Germany).

CAD was defined as presence of >50% diameter stenosis in any of the coronary arteries on contrast-enhanced
CTA.

2.2. Measurements of EAT-T by transthoracic echocardiography:

Transthoracic two-dimensional echocardiography was performed using standard technique in left lateral
decubitus position on Philips EPIQ 7C system. EAT was defined as hypoechoic space between the linear
hyperechoic visceral pericardium and epicardium. EAT-T was measured perpendicularly over the right

3
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. ventricular free wall from both parasternal long-axis (PLAX) and parasternal short-axis (PSAX) view at
end-systole in three cardiac cycles. Maximum value perpendicular to the aortic annulus for PLAX view
(Figure 1 ) and perpendicular to the inter-ventricular septum at the mid-chordal level for PSAX view
(Figure 2 ) was measured and average of three measurements was taken. Echocardiography was recorded
and interpreted by observer who was blinded to CT findings, first 25 recordings was read by 2 observers
for assessment of inter-observer variability (intra class correlation coefficient, 0.867; 95% CI, 0.699–0.921;
P<0.001).

2.3. Statistical analysis:

The quantitative variable/s was summarized through descriptive statistic mean and standard deviation (SD),
and Inter-Quartile Range. The categorical variable/s was summarized through frequency (%). Comparison
of continuous and categorical variables was performed using unpaired t test and chi square test respec-
tively. Strength of correlation between continuous variables like EAT-T by echocardiography and EAT-V
by was assessed by Pearson’s correlation coefficient. Univariate regression analysis and multivariate logistic
regression analysis was done with EAT-T and indexed EAT-T as predictors to assess association with CAD.
Cut-off value of EAT-T for diagnosis of CAD was assessed using receiver operating characteristic (ROC)
curve analysis and area under the curve (AUC) by Youden index. P<0.05 indicated statistical significance.

3. Results:

Baseline characteristics of the study participants are shown inTable 1 . Out of these 97 recruited patients,
38 had CAD based on the criteria defined in methods. CAD patients more often had significant CAC ([?]100
score) as compared to non-CAD patients (29% vs 1.7%, p value: 0.001). QRISK3 score was significantly
more in CAD vs non-CAD patients (17.8% vs 12.4%, p value: 0.007).

EAT-T measured by echocardiography, as well as EAT-V measured by CTA was significantly more in CAD
patients as compared to non-CAD patients (Table 2 ). EAT-V measured by CTA showed significant cor-
relation with EAT-T measured by echocardiography, both absolute and indexed, as shown in Table 3 and
Table4 .

On receiver operating characteristic (ROC) curve analysis, EAT-T (PLAX) [?]3.9 mm (AUC 0.68; 95% CI
0.58-0.79, sensitivity of 84% and specificity of 55%), EAT-T (PSAX ) [?]3.8 mm (AUC 0.66; 95% CI 0.56-
0.78, sensitivity of 84% and specificity of 50%), indexed EAT-T (PLAX) [?]2.2 mm/ m2 (AUC 0.69; 95%
CI 0.59-0.80, sensitivity of 85% and specificity of 50%), and indexed EAT-T (PSAX ) [?]2.1 mm/ m2 (AUC
0.67; 95% CI 0.57-0.78, sensitivity of 89% and specificity of 44%) predicted the presence of CAD (Figure
3 ). Similarly, EAT-V [?]101 cm3(AUC 0.73; 95% CI 0.64-0.84, sensitivity of 92% and specificity of 51%)
and indexed EAT-V [?]60 cm3/ m2(AUC 0.76; 95% CI 0.68-0.86, sensitivity of 92% and specificity of 59%)
predicted the presence of CAD (Figure 3 ).

On univariate regression analysis EAT-T by PLAX (absolute value [?]3.9 mm and indexed value [?] 2.2
mm/m2) and by PSAX (absolute value [?]3.8 mm and indexed value [?]2.1 mm/m2) showed significant
association with CAD with odds ratios for CAD as shown inTable 5 .

Multivariate regression analysis with QRISK3 score revealed that EAT-T by PLAX and PSAX (both absolute
as well as indexed value) showed significant association with CAD (Table 6 ). The odds ratio of having
CAD at EAT-T (PLAX) [?]3.9 mm and EAT-T (PSAX) [?]3.8 mm was 2.8 (95% CI 1.15-6.75, p=0.02)
and 2.6 (95% CI 1.07-6.03, p=0.03) respectively. Similarly, the odds ratio of indexed EAT-T (PLAX) [?]2.2
mm/m2 and indexed EAT-T (PSAX) [?]2.1 mm/m2 was 5.4 (95% CI 2.17-13.55, p<0.001) and 3.3 (95% CI
1.37-7.93, p=0.01) respectively.

4. Discussion:

Patients with CAD had higher values of EAT. EAT-T by echocardiography correlated with EAT-V by
CTA and was an independent predictor of CAD. Individuals with an EAT-T (PLAX) [?]3.9 mm and EAT-
T (PSAX) [?]3.8 mm had Odd’s ratio of 2.8 and 2.6 respectively of having CAD. The sensitivity of these

4
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. parameters to detect CAD was over 80% with specificity in the range of 50%. The marker was an independent
risk factor after adjusting for clinical risk score of QRISK 3 which includes traditional risk factors.

Previous studies have shown positive correlation of EAT with indices of obesity like BMI (8). So, to nullify
the effect of obesity on EAT and for better refinement of data, its indexed value was also evaluated in our
study. Odds ratio of having CAD was higher for indexed EAT-T values as compared to absolute values in
our study, which further signified the importance of neutralizing the effect of obesity on EAT measurement
by indexing it to body surface area.

Epicardial adipose tissue surrounding the heart has been postulated in contributing to the development of
coronary atherosclerosis by various mechanisms (3). One such mechanism is EAT acting as inflammatory
organ leading to local secretion of various adipo-cytokines and inflammatory mediators like tumour necrosis
factor, interleukin-6 and free fatty acids from epicardial adipocytes which may adversely affect coronary
arteries (9, 10). Recent studies have also found that EAT was associated with the presence of high-risk
vulnerable plaques (11).

EAT-V measured by CTA in multiple studies has been associated with CAD. Iwasaki et al (12) measured
EAT-V in patients who underwent CTA and found that patients with significant coronary artery stenosis
had higher EAT-V. K Yamashita et al (13)showed that EAT-V was associated with total coronary plaque
burden and vulnerable lipid rich necrotic plaques, and Ueno et al(14) showed independent association of
chronic total occlusions with EAT-V. A recent study by Wenji Yu et al in Chinese population also revealed
association of EAT volume to obstructive CAD(15). Thus EAT-V has emerged as a reliable risk predictor
of CAD, plaque burden and vulnerable plaques, and EAT-T by echocardiography in our study showed good
correlation with it.

On the other hand, echocardiographic EAT-T has not been widely studied due to the proposed limitations of
measurement in linear dimensions, inter-observer variation and lack of good acoustic windows(16, 17). There
are only few studies of EAT-T by echocardiography and have shown its association with CAD severity
(assessed by various scores like Gensini score, SYNTAX score, and number of epicardial vessels involved),
and with the presence of CAD (cut off being taken from 50% to 70% diameter stenosis) (18, 19). Verma
B. et al showed that EAT-T has positive correlation with waist circumference, LDL-C level, Gensini score,
and SYNTAX score, and also showed that EAT-T is independent predictor of CAD after adjusting for all
conventional risk factors (20). All these studies have adjusted for conventional risk factors in a multivariate
model for showing EAT-T as independent predictor of CAD. However, in our study we included QRISK3
score in multivariate model. Since calculation of QRISK3 score require all conventional risk factors and is a
better predictor of CAD and future CV events than individual conventional risk factor, therefore putting it
in a multivariate model enhanced the independent predictive value of EAT-T.

Erkan et al observed mean EAT values of 4.3+-0.9 mm, 5.2+-1.5 mm, and 7.5+-1.9 mm in patients with
normal coronary arteries, minimal CAD, and significant CAD, respectively. In that study, a EAT cut-off
value of 5.8 mm predicted significant CAD (AUC: 0.875; P < 0.001, 95% CI: 0.825–0.926) in that study (21).
While various other studies found a threshold of 6-7 mm as elevated EAT-T(22, 23). In our study, optimum
EAT cut-off value to predict CAD was identified as [?]3.9 mm on PLAX view (AUC: 0.68, 95% CI: 0.58-0.79)
with a sensitivity of 84 % and a specificity of 55 %, respectively. These variations in EAT cut-offs in different
studies may be explained by ethnic differences in the threshold for association with CAD as described by
Moharram et al (24).

Our study had the following limitations. This was a single centre study with moderate number of patients.
The above findings and cut-offs need to be validated in larger prospective cohort studies. The measurement
of EAT is operator-dependent and inter-observer variations may occur; although we observed good inter-
observer correlation. Also measuring EAT-T in obese and those with sub-optimal echo windows is a challenge,
these patients were excluded from this study. Also, this was a hospital-based study and may not reflect the
normal population. However, a CT scan-based study to show correlation with CAD may not be feasible in
normal population.

5



P
os

te
d

on
A

u
th

or
ea

17
J
u
n

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

39
63

04
.4

82
28

73
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 5. Conclusion:

EAT thickness measured by transthoracic echocardiography correlated with CTA-based EAT volume. The
EAT thickness was an independent predictor of CAD and a sensitive tool to diagnose CAD in Indian
population. However, larger prospective studies will be needed to validate these findings.
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Table 1: Baseline characteristics of study participants

Characteristics CAD (n=38) No CAD (n=59) P value

Age (mean ± SD) 59.18 ± 8.56 mg/dL 54.15 ± 8.23 mg/dL 0.99
Males (n, %) 21 (55.3%) 29 (49.2%) 0.68
Females (n, %) 17 (44.7%) 30 (50.8%) 0.56
HTN (n, %) 28 (73.7%) 46 (78%) 0.63
DM (n, %) 13 (34.2%) 19 (32.2%) 0.84
Dyslipidaemia (n, %) 14 (36.8%) 18 (30.5%) 0.81
Tobacco use (n, %) 7 (18.4%) 5 (8.5%) 0.15
Obesity (n, %) 7 (18.4%) 14 (23.7%) 0.53
CAC (0) (n, %) 13 (34.2%) 48 (81.4%) <0.001*
CAC (0-99.99) (n, %) 14 (36.8%) 10 (17%)
CAC ([?]100) (n, %) 11 (29%) 1 (1.7%)
TC (mean ± sd) 165.50 ± 52.76 mg/dl 167.62 ± 49.20 mg/dl 0.42
LDL (mean ± sd) 99.43 ± 32.89 mg/dl 109.37 ± 39.60 mg/dl 0.11
TG (mean ± sd) 180.11 ± 162.74 mg/dl 165.92 ± 101.86 mg/dl 0.69
BMI (mean ± sd) 25.82 ± 5.02 26.18 ± 5.68 0.37
QRISK3 score (risk of heart attack/stroke in 10 years) (median ± range) 17.80 ± 11.90 % 12.38 ± 8.56 % 0.007*

* Statistically significant (p value <0.05)
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. [HTN= hypertension, DM= diabetes mellitus, CAD: coronary artery disease; CAC= coronary artery calcium
score, TC= total cholesterol, LDL= low density lipoprotein, TG= triglyceride, BMI= body mass index]

Table 2: Correlation of epicardial adipose tissue thickness and epicardial adipose tissue volume
with coronary artery disease:

Variable CAD (n=38) NO CAD (n=59) P value

EAT-T (PLAX) 4.82 ± 1.31 mm 4.06 ± 1.25 mm 0.005*
Indexed EAT-T (PLAX) 2.91 ± 0.96 mm/m2 2.35 ± 0.74 mm/m2 0.002*
EAT-T (PSAX) 4.79 ± 1.32 mm 4.09 ± 1.24 mm 0.01*
Indexed EAT-T (PSAX) 2.89 ± 0.97 mm/m2 2.37 ± 0.74 mm/m2 0.04*
EAT-V (CTA) 129.55 ± 31.51 cm3 104.42 ± 30.19 cm3 <0.001*
Indexed EAT-V (CTA) 77.05 ± 19.49 cm3/m2 60.01 ± 16.50 cm3/m2 <0.001*

* Statistically significant (p value <0.05)

[EAT-T: epicardial adipose tissue thickness; EAT-V: epicardial adipose tissue volume; PLAX: parasternal
long-axis view; PSAX: parasternal short-axis view; CTA: computed tomography angiography; CAD: coronary
artery disease]

Table 3: Correlation of epicardial adipose tissue volume with epicardial adipose tissue thickness:

Variable EAT-T (PLAX) EAT-T (PLAX) EAT-T (PSAX) EAT-T (PSAX)

r p value r p value
EAT-V (CTA) 0.69 <0.001* 0.67 <0.001*

* Statistically significant (p value <0.05)

[r: Pearson correlation coefficient; EAT-T: epicardial adipose tissue thickness; EAT-V: epicardial adipose
tissue volume; PLAX: parasternal long-axis view; PSAX: parasternal short-axis view; CTA: computed to-
mography angiography]

Table 4: Correlation of indexed epicardial adipose tissue volume with indexed epicardial adipose tissue thick-
ness:

Variable Indexed EAT-T (PLAX) Indexed EAT-T (PLAX) Indexed EAT-T (PSAX) Indexed EAT-T (PSAX)

r p value r p value
Indexed EAT-V (CTA) 0.75 <0.001* 0.73 <0.001*

* Statistically significant (p value <0.05)

[r: Pearson correlation coefficient; EAT-T: epicardial adipose tissue thickness; EAT-V: epicardial adipose
tissue volume; PLAX: parasternal long-axis view; PSAX: parasternal short-axis view; CTA: computed to-
mography angiography]

Table 5: Univariate regression analysis for the effect of epicardial adipose tissue thickness on coronary artery
disease:

Variable OR 95% CI P value

EAT-T (PLAX) 2.50 1.08-5.79 0.03*
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. Variable OR 95% CI P value

Indexed EAT -T (PLAX) 2.88 1.24-6.71 0.01*
EAT -T (PSAX) 2.24 0.97-5.14 0.05*
Indexed EAT -T (PSAX) 2.68 1.16-6.22 0.02*

* Statistically significant (p value <0.05)

[EAT-T: epicardial adipose tissue thickness; PLAX: parasternal long-axis view; PSAX: parasternal short-axis
view]

Table 6: Multivariate regression analysis for effect of epicardial adipose tissue thickness (ab-
solute and indexed) on coronary artery disease:

VARIABLE OR 95%CI P value

QRISK 3 EAT-T (PLAX) 1.1 1.00-1.10 0.03* 2.8 1.15-6.57 0.02*
QRISK 3 Indexed EAT-T (PLAX) 1.1 1.00-1.10 0.04* 5.4 2.17-13.55 <0.001*
QRISK 3 EAT-T (PSAX) 1.1 1.00-1.10 0.03* 2.6 1.07-6.03 0.03*
QRISK 3 Indexed EAT -T (PSAX) 1.1 1.01-1.10 0.03* 3.3 1.37-7.93 0.01*

* Statistically significant (p value <0.05)

[EAT-T: epicardial adipose tissue thickness; PLAX: parasternal long-axis view; PSAX: parasternal short-axis
view]

Figure Legends:

Figure 1: Quantification of epicardial adipose tissue thickness (arrow) by transthoracic echocardiography,
parasternal long axis view. [Ao: aorta; RV: right ventricle; LV: left ventricle; LA: left atrium]

Figure 2: Quantification of epicardial adipose tissue thickness (arrow) by transthoracic echocardiography,
parasternal short axis view. [RV: right ventricle; LV: left ventricle]

Figure 3: Receiver operating characteristic (ROC) area under curve (AUC) for epicardial adipose tissue.
[EAT-T: epicardial adipose tissue thickness; EAT-V: epicardial adipose tissue volume; PLAX: parasternal
long-axis view; PSAX: parasternal short-axis view; MSCT: multi-slice computed tomography angiography]
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