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Abstract

Background: Epicardial adipose tissue (EAT) is a distinct visceral
adipose tissue that is present in between the visceral pericardium and
myocardium, in which the coronary arteries are lodged. This tissue
releases several inflammatory and atherogenic mediators which lead
to the initiation and/or progression of coronary atherosclerosis and
its thickness is related to the presence and severity of atherosclerotic
coronary artery disease (CAD). In this study, we aimed to evaluate the
EAT thickness in type 2 diabetes mellitus (T2DM) patients by non-
contrast computed tomography (NCCT) of the chest and to correlate
its value with HbAlc¢ levels, duration of T2DM and carotid intima-
media thickness (CIMT).

Methods: This was a cross-sectional study comprising of 40 patients
with T2DM who underwent NCCT of chest and ultrasonographic es-
timation of CIMT. Ten individuals with equivalent age and sex were
included as controls, in whom NCCT of chest was done for other
purposes. All the individuals underwent thorough history, clinical
examination and certain investigations based on a predesigned pro-
forma.

Results: The EAT thickness was significantly increased in patients
with T2DM as compared to controls (8.7 £ 2.94 mm vs. 3.48 + 0.99
mm, P <0.001) and also strongly correlated with duration of diabetes
(P=0.02), HbAlc (P <0.001), total cholesterol (P <0.001), serum tri-
glyceride levels (P <0.001) and body mass index (BMI) (P < 0.001).

Conclusion: EAT thickness can be regarded as a sensitive and non-
invasive marker for risk stratification of CAD.
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Introduction

Globally, type 2 diabetes mellitus (T2DM) is one of the most
common comorbidities with a steadily increasing incidence. It is
the most common form of diabetes mellitus characterized by hy-
perglycemia, insulin resistance and relative insulin deficiency.
Patients with diabetes are at an increased risk of developing cor-
onary artery disease (CAD) due to accelerated atherosclerosis.

Epicardial adipose tissue (EAT) is a distinct visceral adi-
pose tissue that is present in between the visceral pericardium
and myocardium, in which the coronary arteries are lodged.
Epicardial adipocytes are anatomically, structurally and physi-
ologically different from other visceral fats. EAT releases
several inflammatory and atherogenic mediators that lead to
the initiation and progression of CAD [1, 2]. The severity and
extent of atherosclerotic CAD is proportional to the thickness
and volume of EAT [3-7].

Visceral fat cells have enhanced lipolytic activity leading to
increased delivery of free fatty acids (FFAs) into the portal and
systemic circulation along with the release of adipokines or adi-
pocytokines involved in atherosclerosis [8, 9]. Hence, visceral
obesity also leads to metabolic syndrome that encases insulin re-
sistance, diabetes, hypertension and dyslipidemia, which can fur-
ther promote accelerated diabetic cardiovascular atherosclerosis.

Few studies have already reported that increased EAT
thickness is a risk factor for CAD, metabolic syndrome and
obesity [10, 11]. There is paucity of published data describ-
ing the role of EAT thickness in patients with T2DM and its
correlation with HbAlc levels and the duration of T2DM. In
the present study, we evaluated the EAT thickness in patients
with T2DM by non-contrast computed tomography (NCCT) of
chest and investigated its relationship with duration of T2DM,
HbA ¢ levels and carotid intima-media thickness (CIMT).

Materials and Methods

The study was a cross-sectional study, conducted in Depart-
ment of Medicine, Maulana Azad Medical College and associ-
ated Lok Nayak Hospital, New Delhi, India, after obtaining
clearance from Institutional Ethics Committee between Octo-
ber 2018 and March 2020. This study was conducted in com-
pliance with the ethical standards of the responsible institution
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on human subjects as well as with the Helsinki Declaration.

Study population

Patients with T2DM attending the Endocrinology Clinic, Med-
icine Outpatient Department (OPD), inpatients of Medicine
Ward from Lok Nayak Hospital, New Delhi, India, were taken
up for the study based on the inclusion and exclusion criteria.

Sample size

A total number of 40 T2DM were taken up for the study. Ten
individuals with equivalent age and sex were included as con-
trols, in whom NCCT of chest was done for other purposes.

Inclusion criteria

Forty non-obese and non-hypertensive patients with T2DM
(diagnosed according to American Diabetes Association cri-
teria), aged between 30 and 59 years, of either sex who were
willing to participate and give consent were taken as cases. Ten
age- and sex-matched non-obese, non-hypertensive and non-
diabetic individuals were taken as controls.

Exclusion criteria

Patients with obesity, hypertension, diagnosed CAD, type 1
diabetes mellitus, endocrinopathies like Cushing syndrome
and hypothyroidism, polycystic ovary disease and pregnant
females were excluded.

Methodology

All the diabetic patients underwent thorough history and clini-
cal examination based on a predesigned proforma. Certain in-
vestigations like hemogram, kidney function test (KFT), liver
function test (LFT), serum calcium, serum phosphate and serum
alkaline phosphatase, serum protein/albumin, complete lipid
profile, fasting blood sugar (FBS) and post prandial blood sugar
(PPBS) levels, HbAlc levels, thyroid function tests, electrocar-
diogram and urine routine microscopic examination were done
in all study cases and controls. NCCT of chest was done in all
these patients for estimation of EAT thickness. That cross-sec-
tion of NCCT of chest was chosen to measure the EAT thickness
which had maximum EAT thickness. Further, CIMT was meas-
ured by bilateral carotid artery Doppler in all these individuals.

Statistical analysis

Mean and standard deviation were used to represent continu-
ous variables which were further compared by using Student’s
t-test. Frequencies and percent values were used for categorical
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variables which have been compared by Chi-square test. The
P-value < 0.05 was considered to be significant for all statisti-
cal tests. Co-relations between the EAT thickness and HbAlc
levels, duration of diabetes and CIMT were analyzed by Pearson
correlation coefficient. All the data gathered were processed by
SPSS (Statistical Package for the Social Sciences) version 22.

Results

Baseline characteristics of cases and controls

The mean ages of the patients in the case and control groups
were 47.48 + 7.37 and 39.70 + 4.24 years, respectively, with a
range of 32 to 58 years and 32 to 45 years in cases and controls,
respectively. The case study population comprised of 37.5%
males and 62.5% females and the control study population had
80% males and 20% females. The male/female ratios were
0.6:1 and 4:1 in cases and controls, respectively. The mean du-
ration of T2DM in the case study population was 5.83 + 4.02
years. The proportion of case group subjects who were diabetic
for <1 year, 1 - 10 years and > 10 years are 7.5%, 77.5% and
15%, respectively. The baseline vitals and characteristics of
the subjects in case and control groups are enlisted in Table 1.

Comparison of EAT and CIMT between cases and con-
trols

The EAT thickness was measured by NCCT of chest (Figs. 1
and 2) and the CIMT was measured with ultrasound bilateral
carotid artery Doppler. The mean EAT thicknesses of the cases
and the controls were 8.7 £ 2.94 and 3.48 + 0.99 mm, respec-
tively (Fig. 3), which were statistically significant (P < 0.001)
and the mean CIMTs were 0.65 + 0.26 and 0.56 + 0.12 mm in
cases and controls, respectively (Fig. 4), which did not come
out to be statistically significant (P =0.17) (Table 2).

Correlations of the EAT thickness with different variables
in diabetic patients

In the case subjects, a positive correlation was observed be-
tween the EAT thickness and HbAlc levels (P < 0.001), dura-
tion of diabetes (P = 0.02), body mass index (BMI) (P <0.001),
triglyceride (P < 0.001) and the total cholesterol levels (P <
0.001), which was statistically significant. There was also a
positive correlation between the EAT thickness and the age of
the subjects (P = 0.26) and CIMT (P = 0.17), but it was not
statistically significant. However, a negative correlation was
observed between the EAT thickness and the FBS (r = -0.23)
and PPBS levels (r = -0.22).

Receiver operating characteristics (ROC) curve of the EAT

Area under the curve was 0.99 (95% confidence interval (CI):
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Table 1. Baseline Characteristics of the Study Population (n = 50)

Cases Controls P value
Age (in years) 47.48 +7.37 39.70 £4.24 -
Male (%) 37.5 80.0 -
Female (%) 62.5 20.0 -
Duration(years) 5.83 £4.02 - -
Pulse rate (beats per minute) 76.35+5.54 76.01 £3.33 0.95
SBP (mm Hg) 126.05 £5.51 119.01 + 6.48 <0.01
DBP (mm Hg) 77.15 +4.39 78.40 +3.24 0.64
BMI (kg/m?) 19.92 +1.48 20.82 +0.93 0.04
Hb (g/dL) 12.71 £ 1.37 14.06 + 0.55 <0.01
TLC (/uL) 7,181.50 = 1,787.46 6,570.01 + 1,629.62 0.43
P/C (in Lakhs) 2.13+0.55 2.39+0.55 0.12
Blood urea (mg/dL) 27.99 +10.45 26.50 + 3.59 0.85
Serum creatinine (mg/dL) 0.825 +0.141 0.79+0.12 0.43
TG (mg/dL) 101.33 £23.57 93.80 +20.92 0.52
Total cholesterol (mg/dL) 153.55 +£24.60 115.90 +30.89 <0.01
LDL (mg/dL) 96.90 + 17.16 77.30 +9.94 <0.001
HDL (mg/dL) 40.65+4.22 43.20+5.11 0.13
FBS (mg/dL) 162.03 £ 55.24 95.00 + 4.9 <0.001
PPBS (mg/dL) 234.70 £ 74.72 112.60 +7.19 <0.001
HbAlc (%) 9.27+2.55 498 +£0.22 <0.001
Calcium (mg/dL) 8.95+0.34 9.10+0.21 0.11
Phosphate (mg/dL) 3.77+0.35 3.97+0.27 0.10
Total bilirubin (mg/dL) 0.76 £0.13 0.79 £ 0.09 0.51
Direct bilirubin (mg/dL) 0.26 +0.09 0.21 £ 0.05 0.18
AST (IU/L) 30.38 +10.83 27.20+4.16 0.29
ALT (IU/L) 34.03 +15.49 25.50+3.41 0.11
ALP 58.70 + 6.64 49.30 £ 14.60 0.05
Total protein (mg/dL) 7.32+0.36 7.59 +£0.33 0.03
Serum albumin (mg/dL) 3.95+0.20 4.04+0.16 0.23
EAT thickness (mm) 8.70 £2.94 3.48 +0.99 <0.001
CIMT (mm) 0.65 +0.26 0.56+0.12 0.17

SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; TLC: total leukocyte count; TG: triglyceride; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; FBS: fasting blood sugar; PPBS: post prandial blood sugar; AST: aspartate transaminase; ALT: alanine
transaminase; ALP: alkaline phosphatase; EAT: epicardial adipose tissue; CIMT: carotid intima-media thickness.

0.97 - 1.00). In this study, cutoff value for high-risk EAT thick-
ness obtained was 4.99 mm with sensitivity and specificity of
92.5% and 100.0%, respectively (Fig. 5).

Discussion

EAT is a distinct visceral fat surrounding the heart in terms
of the adipocyte structure, biochemical and metabolic activity.
Structurally, it is composed of adipocytes which are smaller as
compared to other visceral fat depots. These adipocytes produce
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adipokines and cytokines that affect myocardium and coro-
nary arteries through paracrine and vasocrine mechanisms. By
paracrine, these released cytokines traverse the coronary wall
from outside to inside, interacting with cells in each layer of
the vessel wall. By vasocrine, these mediators are released di-
rectly into vasa vasorum that carries them downstream into the
coronary wall. Both of these mechanisms lead to accelerated
atherogenesis. Physiologically, EAT provides mechanical sup-
port, has thermoregulatory properties and can be cardioprotec-
tive through its anti-atherogenic/anti-inflammatory properties,
high FFAs release and uptake and low glucose requirements,
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Figure 1. NCCT of chest showing EAT thickness in a case subject. NCCT: non-contrast computed tomography; EAT: epicardial

adipose tissue.

which serves as a major source of energy to the heart. Despite
these protective roles, an excess of EAT becomes cardio-toxic
leading to local inflammation and cardiac dysfunction due to
the production of inflammatory mediators such as interleukin
(IL)-6, IL-1beta, tumor necrosis factor (TNF)-alfa, monocyte
chemotactic protein (MCP-1) and the expression of mRNAs of
adiponectin, resistin, leptin and CD45 [12-14].

In this study, the mean ages of the patients in the case and
control groups were 47.48 + 7.37 and 39.70 + 4.24 years, re-
spectively, with a range of 32 to 58 years and 32 to 45 years in
cases and controls, respectively. In a study by Cetin et al, which
showed the relation of EAT thickness with CIMT in patients

with T2DM, the mean ages of individuals in case and control
groups were 54.3 £ 9.2 and 52.1 + 7.3 years, respectively [15].
In a similar study by Yafei et al, the mean ages of patients in
case and control groups were 50.4 + 8.4 and 48.1 & 4.6 years,
respectively [16]. In a related study by Wang et al, the mean
ages of patients in case and control groups were 59.17 = 9.7
and 58.07 + 9.2 years, respectively [17]. The differences in the
mean age groups of population in these studies could possibly
be because our study included case subjects with age ranging
between 30 and 59 years. This age group was chosen in our
study because firstly, the mean age of presentation of T2DM is
45 years and secondly, the EAT thickness increases per se with

Figure 2. NCCT of chest showing EAT thickness in a control. NCCT: non-contrast computed tomography; EAT: epicardial adipose

tissue.
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Figure 3. Comparison of EAT thickness between cases and controls. EAT: epicardial adipose tissue.

age being 22% thicker in individuals older than 65 years [18].
Among the cases, 37.5% of the study population were males
and 62.5% were females. The male/female ratios were 0.6:1
and 4:1 in cases and controls, respectively.

The mean duration of T2DM in the case study population
was 5.83 + 4.02 years which is comparable to the mean dura-
tion in other similar studies. In a study by Cetin et al, the mean
duration of diabetes was 6.5 + 3.9 years. In other related stud-
ies by Yafei et al and Song et al, the mean durations of diabetes
were 4.85 £4.5 and 6 + 3 years, respectively.

The mean BMIs of subjects in case and control groups in
our study were 19.92 = 1.48 and 20.82 + 0.93 kg/m?, respec-
tively. In the study by Cetin et al, the mean BMI of the case
group was 27.6 + 3.1 kg/m?. In other similar studies by Yafei et
al and Wang et al, the mean BMIs of the case population were
31 £ 5.2 and 25.3 + 6.5 kg/m?, respectively. This difference
between the mean BMI of case group of our study and other
studies could be because our study included only non-obese
patients, as the EAT thickness has a direct correlation with

obesity [19] and obesity according to BMI in Indian popula-
tion is defined as a BMI > 25 kg/m?.

In the present study, EAT thickness measured by NCCT of
chest showed that patients with T2DM had significantly higher
EAT thickness as compared to the non-diabetic controls, with
a mean value of 8.7 £ 2.94 and 3.48 + 0.99 mm, respective-
ly, at a P < 0.001. In the study by Cetin et al also, echocar-
diographic EAT thickness was significantly higher in patients
with T2DM. Similarly, a study by Song et al also concluded
that EAT thickness measured with multidetector computed
tomography (MDCT) was higher in patients with T2DM. In
our study, the CIMT was measured by using bilateral carotid
ultrasound Doppler, the mean of which was found to be 0.65 +
0.26 and 0.56 = 0.12 mm (P = 0.17) in cases and controls, re-
spectively. The value of CIMT was higher in diabetic patients
than in controls but was not statistically significant.

The present study also revealed that increased EAT thick-
ness is associated positively and significantly with the dura-
tion of diabetes (P < 0.02), HbAlc (P < 0.001), total choles-

u DM
(n=40)

= Controls

(n=10)

Figure 4. Comparison of CIMT between cases and controls. CIMT: carotid intima-media thickness.
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Table 2. Correlations of the Epicardial Adipose Tissue Thick-
ness With Different Variables in Diabetic Patients

r value P value
HbAlc 0.86 <0.001
Duration of diabetes 0.34 0.02
Age 0.18 0.26
BMI 0.81 <0.001
CIMT 0.21 0.17
FBS -0.23 0.13
PPBS -0.22 0.17
TG 0.93 <0.001
Total cholesterol 0.94 <0.001

BMI: body mass index; CIMT: carotid intima-media thickness; FBS:
fasting blood sugar; PPBS: post prandial blood sugar; TG: triglyceride.

terol (P < 0.001), serum triglyceride (P < 0.001) and BMI (P
< 0.001) which is corresponding to the previous studies done
by lacobellis et al and Wang et al [17, 20]. Other similar stud-
ies including Cetin et al and Yafei et al showed that the CIMT
was significantly higher in diabetic patients than in controls.
We also found that EAT thickness associated positively but not
significantly with age and CIMT. The possible explanation for
this could be that firstly, the mean age of the case population in
our study was lesser than the mean age of cases of other studies
and secondly, the mean duration of diabetes of the case study
population was more in other studies than in our study.

However, it was seen in this study that, EAT thickness cor-
related negatively with the FBS and PPBS levels, the possible
explanation of which could be that firstly, the samples taken
for these are stat samples, the values of which could have been
within the normal range and secondly, these diabetic patients
are already on either oral hypoglycemic agents or insulin and
hence would have their blood sugar levels within the normal
range.

Previous studies by Wang et al, Kumar et al and Kamal
et al [17, 21, 22] used echocardiographic estimation of EAT
thickness to indicate the presence and severity of atheroscle-
rosis in carotid and coronary arteries. The positive linear cor-
relation between EAT thickness and duration of diabetes and
CIMT in the present study support the findings in a study by
Sengul et al [23] and also ascertain the usefulness of EAT
thickness as a measure of subclinical atherosclerosis in T2DM.
Few other studies used magnetic resonance imaging (MRI) or
computed tomography (CT) for measurement of EAT thick-
ness and concluded that EAT thickness was an independent
risk factor for CAD in asymptomatic T2DM [24]. Results of
the present study also support these findings. In a study by
Nasri et al [25], a positive correlation was observed between
EAT thickness measured by echocardiography and severity of
CAD measured by modified Gensini scoring system after angi-
ography. This study also concluded that by evaluation of EAT
thickness, we could have an estimation of the severity of CAD
before using more invasive techniques.

Iacobellis et al [19] reported that the threshold values of
high-risk EAT thickness are median values of 9.5 mm (85%
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Figure 5. Receiver operating characteristics curve of the EAT thick-
ness to differentiate between diabetic and control group. EAT: epicar-
dial adipose tissue.

sensitivity and 63% specificity) and 7.5 mm (82% sensitivity
and 62% specificity) in white males and females, respectively.
In another study on hypertensives conducted by Natale et al
[26], patients with EAT thickness > 7 mm showed a signifi-
cantly higher CIMT (0.84 + 0.2 mm). In another study per-
formed on patients presenting for cardiovascular preventive
care, Nelson et al [27] reported that EAT thickness > 5.0 mm
may be used to identify an individual who is at a risk of devel-
oping carotid atherosclerosis. In a study by Santosh et al [28],
EAT > 4.65 mm was obtained as a threshold value to predict
the presence of coronary stenosis with sensitivity and specific-
ity of 71.6% and 73.1%, respectively. They also concluded that
EAT thickness measured by transthoracic echocardiography
(TTE) significantly correlated with the presence and severity
of CAD. In the present study, an EAT thickness of 4.99 mm
was found as a high-risk value for the development of subclin-
ical atherosclerosis with sensitivity and specificity of 92.5%
and 100%, respectively. Variations in race and patient popula-
tion in different studies may be the probable cause of the differ-
ences in the threshold values of EAT thickness. Irrespective of
the threshold values obtained, increased EAT thickness seems
to be related to atherosclerotic process.

EAT is considered as a potential risk factor for metabolic
syndrome [29, 30]. Due to ethnic variations and variety of
methods used in its quantification, there are some difficulties
in establishment of a standard cutoff value for high-risk EAT
thickness [21, 31]. Different studies reported that increased
EAT thickness correlates significantly with the degree and se-
verity of CAD, irrespective of the presence or absence of tra-
ditional risk factors [22, 32]. It has been studied that increased
EAT thickness is associated with the presence of unstable non-
calcified coronary artery plaques, which are the most danger-
ous type of plaque [33].
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In the past, EAT thickness has also been associated with
other markers of subclinical atherosclerosis, like apo B/apoA-
1 ratio and total cholesterol/high-density lipoprotein (HDL)
ratio in symptomatic and asymptomatic adults with high risk
of atherosclerosis, in obese children and in non-obese adults
[34-37]. EAT thickness is also known to be increased in pa-
tients with prediabetes [36].

Our study had some limitations. Firstly, this was a case-
control study, and prospective studies are needed to show cor-
relation between EAT thickness and CIMT, HbAlc, duration
of T2DM, lipid profile and BMI. Secondly, all values were
based on a single stat measurement and hence may not reflect
the association of EAT thickness with CIMT, HbAlc, dura-
tion of diabetes, lipid profile, BMI, FBS and PPBS levels with
time. In order to establish EAT thickness as a high-risk crite-
rion for CAD in T2DM, more studies are necessary on a larger
group of population.

Conclusion

The present study concludes that EAT thickness measured by
NCCT of chest was significantly increased in patients with
T2DM. The results from our study may suggest that the as-
sessment of EAT thickness by NCCT of chest is a reliable
marker for atherosclerosis and increased cardiovascular risk
in patients with T2DM. It is a sensitive, non-invasive, cost-
effective tool which may be used as an additional risk factor
for CAD. Further studies are needed to confirm these findings.
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