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Epicardial adipose tissue thickness is increased in  
patients with cardiac syndrome X
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Abstract: Background: Cardiac syndrome X (CSX) is defined as normal coronary arteries with angina pectoris and 
a positive stress test. Epicardial adipose tissue (EAT) plays an important role in inflammatory process in cardiovas-
cular system, therefore EAT may affect the pathogenesis of different cardiovascular disease. The aim of this study 
was to investigate the EAT thickness in patients with CSX and compare normal subjects. Methods: We prospectively 
enrolled 30 consecutive patients with CSX. The control group consisted of 30 age and sex-matched individuals 
with anginal chest pain and a negative treadmill or myocardial perfusion scan test. EAT thickness was measured 
by transthoracic echocardiography. Results: There were no differences in baseline clinical, biochemical and echo-
cardiographic characteristics between CSX patients and the control group. Patients with CSX had significantly in-
creased EAT thickness than those of the controls (3.43 ± 0.88 vs. 2.34 ± 0.89 mm, p=0.0001). Conclusion: We 
found that EAT thickness is increased in patients with CSX. This finding suggests that EAT may contribute to the 
etiopathogenesis of the CSX.
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Introduction

Cardiac syndrome X (CSX) is defined as angina-
like chest pain, positive stres test and normal 
coronary arteriography [1, 2]. These patients 
have objective signs of myocardial ischemia 
despite open epicardial coronary artery [2]. 
Endothelial dysfunction and coronary microvas-
cular abnormalities have been proposed as 
potential mechanisms of the disease [3, 4]. 
Recent studies suggested that inflamation may 
be responsible for the pathogenesis of CSX [5, 
6].

Epicardial adipose tissue (EAT) covers more 
than three quarters of the surface of the heart 
and is considered an cardiovascular risk pre-
dictor [7-9]. EAT is supplied by side-branches of 
the coronary arteries similar to the microcircu-
lation of the myocardium [10]. Recent studies 
have identified EAT as an active organ, which 
secretes several mediators, such as adipokines 
[11]. Also EAT have high capacity of local proin-
flammatory activity [12]. Therefore, EAT can 

locally modulate both myocardium and coro-
nary arteries. EAT can be measured by trans-
thoracic echocardiography, magnetic reso-
nance imaging (MRI) and multidetector com- 
puted tomography scanning [13]. Echocardio-
graphic assessment of EAT is easily reproduc-
ible and showed an excellent reliability with the 
MRI measurements [14]. The association bet-
ween CSX and inflammation is well known, how-
ever the potential pathophysiological role of 
EAT has not been well established in patients 
with CSX. Therefore, the aim of our study was to 
evaluate the EAT by transthoracic echocardiog-
raphy in patients with CSX and to compare with 
normal control subjects.

Materials and methods

Study population

We prospectively studied 30 consecutive CSX 
patients who had diagnesed our clinic between 
June 2011 and June 2013. CSX is defined 
patients with typical chest pain, objective isch-
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emia evidence, and normal coronary angio-
grams. The control group consisted of 30 age 
and sex-matched individuals with anginal chest 
pain and a negative treadmill or myocardial per-
fusion scan test in similar time period. 
Demographic, clinical and routine biochemical 

The chi-square or Fischer’s exact test test were 
employed for the comparison of categorical 
variables. A p value of <0.05 was considered 
statistically significant. Statistical analyses 
were performed using SPSS software (Version 
10.0, SPSS, Inc., Chicago, IL). 

Table 1. Baseline characteristics of study populations
Control group 

(n=30)
CSX group 

(n=30) p

Age (years) 53.6 ± 8 52.4 ± 8 0.56
Male (%) 53 46 0.4
Smoking (%) 38 78 0.2
Diabetes Mellitus (%) 4 16 0.1
Hypertension (%) 30 40 0.3
Body mass index (kg/m2) 29 ± 7 29 ± 4.5 0.8
Glucose (mg/dL) 91.5 ± 8 99.4 ± 20 0.1
LDL cholesterol (mg/dL) 123 ± 36 126 ± 36 0.6
P count (x 103/uL) 236 ± 37 239 ± 61 0.85
Hemoglobin (g/dL) 14.5 ± 1.3 14.2 ± 1.4 0.21
Creatinine (mg/dL) 0.77 ± 0.16 0.75 ± 0.14 0.64
Pharmacological Therapy
    ACE-I or ARB (%) 20 23.3 0.5
    B Blocker (%) 6.7 23.3 0.08
    CCBs (%) 10 3.3 0.3
    OAD (%) 4 16 0.1
    Statin (%) 6.7 6.7 1
LDL: Low-density lipoprotein, P: Platelet, ACE-I: Angiotensin-convert-
ing enzyme inhibitors, ARB: Angiotensin receptor blockers, CCBs: 
Calcium channel blockers, OAD: Oral Anti-diabetic. 

data were recorded. Echocardiographic 
examination was performed in CSX 
patients and control groups. The echocar-
diographic examinations were obtained by 
using GE VingMed System 7 (Norway). Left 
ventricular (LV) functions were measured 
by using the American Echocardiography 
Society guideline [15]. LV mass index was 
measured using the formula proposed by 
the Penn Convention [16]. Patients with 
hemolytic, hepatic, chronic renal diseases, 
collagenosis, thyroid dysfunction, moder-
ate to severe valvular lesions, LV ejection 
fraction <45%, previous myocardial infarc-
tion, hypertrophic or dilated cardiomyopa-
thy were excluded. Written informed con-
sent was obtained from each subject, and 
the institutional ethics committee 
approved the study protocol.

Measurements of epicardial adipose tis-
sue thickness

EAT was evaluated by transthoracic echo-
cardiography. EAT thickness was mea-
sured by two cardiologists who were blind-
ed the patient’s data according to the 
method previously described by Iacobellis 
et al. [14]. EAT was defined as echo-free 
space in front of the right ventricle free 
wall on transthoracic parasternal long-axis 
images. The measurement of EAT thick-
ness was made to be perpendicular to the 
aortic anulus at the end-diastole. All mea-
surements was performed for three con-
secutive cardiac cycles and an average 
value was obtained. Intra- and inter 
observer variability were calculated as 
3.9% and 4.8%, respectively.

Statistical analyses

Continuous data were expressed as the 
mean ± SD; categorical variables were 
defined as percentages. The differences 
between normally distributed numeric vari-
ables were evaluated by Student’s t-test, 
while non-normally distributed variables 
were analyzed by Mann-Whitney U-test. 

Table 2. Echocardiographic measurement of study 
populations

Control group 
(n=30)

CSX group 
(n=30) p

LVEDD (mm) 46.3 ± 3.2 47.6 ± 4.2 0.16
LVESD (mm) 28 ± 3.6 29.4 ± 3.9 0.12
LVEDV (ml) 86.4 ± 23.2 84.7 ± 23.8 0.77
LVESV (ml) 30.2 ± 10 29.7 ± 9.3 0.83
EF (%) 65.1 ± 4.1 65 ± 4.3 0.9
LVMI (g/m2) 91 ± 17.5 96 ± 17 0.23
IVS (mm) 11.2 ± 1.8 10.7 ± 1.2 0.16
PW (mm) 10.1 ± 1.2 10.5 ± 1 0.21
LA (mm) 34.7 ± 2.9 35.1 ± 3.4 0.65
EAT Thickness (mm) 2.34 ± 0.89 3.43 ± 0.88 0.0001
LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ven-
tricular end-systolic diameter, LVEDV: Left ventricular end-diastolic 
volume, LVESV: Left ventricular end-systolic volume, EF: Ejection 
fraction, LVMI: Left ventricular mass index, IVS: Interventricular 
septum, PW: Posterior wall, LA: Left atrium, EAT: Epicardial adipose 
tissue.
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Results

The baseline demographic and biochemical 
parameters of the patient and the control 
groups are demonstrated in Table 1. There 
were no significant differences in age, gender, 
body mass index, hemoglobin, thrombosit 
count, serum creatinine, glucose and LDL cho-
lesterol levels between the groups. The medi-
cations were statistically similar between the 
groups (Table 1). EAT thickness and baseline 
echocardiographic parameters of both groups 
were given in Table 2. There were no significant 
differences in LV diameters, LV volumes, ejec-
tion fraction, LV wall thickness and LV mass 
index between the groups (Table 2). EAT thick-
ness was significantly higher (3.43 ± 0.88 vs 
2.34 ± 0.89 mm, p=0.0001) in patients with 
CSX than controls (Table 2, Figure 1).

Discussion

In the present study we have found that EAT 
thickness was significantly higher in patients 
with CSX than control subjects.

Although the pathophysiology of CSX has not 
been well established yet, some mechanisms 
have been proposed to be responsible for CSX. 
Quyyumi et al suggested an endothelial dys-
function of the coronary microvasculature in 
patients with chest pain and angiographically 

cule-1 and intercellular adhesion molecule-1 
are increased in these patients [6, 18, 19]. In a 
recent study, Recio et al demonstrated that 
CSX patients with C-reactive protein (CRP) lev-
els >3 mg/l had more ischemic events during 
adenosine stress and a more severe reduction 
in corrected coronary flow reserve compared 
with patients with CRP ≤3 mg/l [5]. Whereas 
coronary flow reserve was similar between CSX 
patients with CRP ≤3 mg/l and control. They 
suggested that inflammation is most important 
modulator of microvascular function in patients 
with CSX.

EAT is a true visceral adipose tissue. It is also 
closely associated with myocardium and coro-
nary arteries [7]. EAT and myocardium share 
the same microcirculation. EAT plays an impor-
tant role in inflammatory process in cardiovas-
cular system because of it relases several bio-
active molecules including adiponectin and 
proinflammatory cytokines such as interleu-
kin-1, interleukin-6 and tumor necrosis factor 
[8-11]. Increased EAT promote inflammatory 
markers that impair coronary microvascular 
fuction, and may thus contribute to pathogen-
esis of CSX. On the other hand EAT may affect 
the pathogenesis of several cardiovascular dis-
ease. In the last decade, many studies suggest-
ed that EAT was associated with several cardio-
vascular advers effects such as atherosclerosis 

normal epicardial coronary 
arteries [4]. Egashira et al. 
reported that endothelium-
dependent dilatation of the 
resistance coronary arter-
ies is impaired in patients 
with CSX [3]. In addition, 
other some abnormalities 
including insulin resis-
tance, abnormal autonomic 
control, enhanced sodium 
hydrogen exchange activity, 
abnormal cardiac sensitivi-
ty have been reported [17]. 
Numerous studies indicat-
ed that inflamation may be 
responsible for the patho-
genesis of CSX [5, 6, 18, 
19]. It has been shown that 
markers of inflammation 
such as C-reactive protein 
(CRP), pentraxin-3, vascu-
lar cell adhesion mole-

Figure 1. Epicardial adipose tissue thickness in the study groups. EAT: Epicar-
dial adipose tissue, CSX: Cardiac syndrome X.
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[20], arterial stiffness [21], impaired coronary 
flow reserve [22], enlarged atrial and ventricu-
lar dimension [23, 24], increased LV mass 
index [25], diastolic dysfunction [23] and atrial 
fibrillation [26]. In addition to these clinical situ-
ation, increased EAT may be responsible for the 
development of CSX.

Previous study has reported the relation 
between EAT and CSX [22]. Sade et al studied 
the relation of EAT and coronary microvascular 
function in patients with women with chest 
pain and angiographically normal coronary 
arteries [22]. They found that EAT is indepen-
dent predictor of reduced coronary flow reserve. 
However their study did not include control 
group and male patients with CSX. Also their 
study groups include patients with normal and 
indetermined stress test. 

Limitations of study

Firstly, modest number of patients is a poten-
tial limitation of this study which warrants the 
necessity of large prospective studies to estab-
lish the relationship between EAT and CSX. In 
this study we measured EAT thickness by trans-
thoracic echocardiography. Iacobellis et al 
showed that echocardiographic measurement 
of EAT was strongly correlated with MRI mea-
surements of EAT [14]. However, echocardio-
graphic EAT measurement may not reflect the 
total epicardial fat volume. But, echocardiogra-
phy is accurate, easier, and less expensive than 
MR and computed tomography imaging. We did 
not analyse markers of inflammation such as 
CRP in the current study, although the role of 
inlammation has been previously reported in 
patients CSX [5, 6, 18, 19].

In conclusion, EAT thickness is increased in 
patients with CSX. Increased EAT may have 
impact on the pathogenesis of CSX. 
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