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Abstract
Systemic sclerosis is associated with an increased prevalence/incidence of coronary artery disease. The aim of this study was 
to investigate epicardial adipose tissue (EAT) thickness which may contribute to cardio-metabolic risk in systemic sclerosis 
(SSc) patients without overt cardiac disease. EAT thickness was measured by transthoracic conventional Doppler echo-
cardiography and compared in SSc patients (n = 47) and age- and sex-matched healthy controls (n = 36). The relationships 
between EAT thickness and markers of cardio-metabolic risk in SSc were examined. EAT thickness was significantly greater 
in patients with SSc compared to healthy controls (6 [7–5] vs 5 [6.75–3.25], p = 0.041). Compared to controls, erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP), leukocyte, neutrophil, B-type natriuretic protein (BNP), fasting plasma 
insulin and HOMA-IR were elevated (18 [31–10] vs 8.5 [18–4], p < 0.001; 0.4 [0.67–0.18] vs 0.21 [0.48–0.09], p = 0.012; 
7510 [8731–5990] vs 6435 [7360–5195], p = 0.002; 4350 [5440–3570] vs 3390 [4168–2903], p < 0.001; 111 [185–74] vs 
70 [127–70], p = 0.010; 6.7 [10.5–4.7] vs 4.7 [6.8–4.1], p = 0.008; 1.7 [2.6–1] vs 1.1 [1.7–0.9], p = 0.015, respectively). The 
total and low-density lipoprotein (LDL)-cholesterol were decreased in SSc patients (197 ± 45 vs 284 ± 36, p = 0.005; 118 
[148–84] vs 140 [180–115], p = 0.003, respectively). In patients with SSc, the EAT thickness correlated positively with age, 
ESR, CRP, insulin, hemoglobin A1c and total and LDL-cholesterol (r = 0.574, p < 0.001; r = 0.352, p = 0.015; r = 0.334, 
p = 0.022; r = 0.290, p = 0.048; r = 0.317, p = 0.030; r = 0.396, p = 0.006 and r = 0.349, p = 0.016, respectively). Our study 
confirms that EAT thickness is greater in SSc patients compared to healthy controls using echocardiographic measurements. 
The results of our study suggest that EAT thickness is a candidate for atherosclerotic risk assessment in SSc.
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Introduction

Systemic sclerosis (SSc) is a connective tissue disease 
characterized by vascular abnormalities and immune dys-
function, leading to fibrosis of the skin and internal organs 
[1]. Based on the results from epidemiological studies, in 
SSc patients, approximately one-third of deaths not directly 
attributable to the SSc are known to be caused by cardiac 
disease and this occurs more than one decade earlier com-
pared to the general population.

Cardiac involvement in SSc is variable and silently 
progressive until overt clinical manifestations occur. The 
prevalence of cardiac disease varies depending on its defi-
nition and the methods used for diagnosis. Although cardiac 
involvement is often clinically occult, myocardial involve-
ment is estimated to affect almost all of the patients with SSc 
depending on the sensitivity of the diagnostic method [2]. 
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The main etiologic factors of cardiac involvement are usually 
identified as myocarditis, fibrosis, pulmonary hypertension 
and blood vessel abnormalities [3]. The patchy myocardial 
fibrosis with contraction band necrosis, which is reported to 
develop as a response to an ischemia–reperfusion insult from 
microvascular involvement, increases the risk of conduction 
abnormalities. An increase in the prevalence of atheroscle-
rotic vascular disease affecting coronary arteries, carotid 
arteries, cerebrovascular vessels, and peripheral arteries 
has been reported in SSc [4]. The factors which may con-
tribute to atherosclerosis in SSc are not well-understood [5]. 
However, chronic inflammation, microvasculopathy, altered 
lipid profile, treatment agents (corticosteroids, etc.) and age 
have been reported to be related to increased risk of car-
diovascular disease [6, 7]. In autoimmune diseases, chronic 
inflammation is a well-known and widely reported cause of 
accelerated atherosclerosis, mainly related to the secretion 
of inflammatory cytokines or oxidative stress [8–10].

Adipose tissue has been recognized as an endocrine and 
paracrine organ, producing a variety of molecules that play 
a role in energy metabolism, inflammation and immuno-
logic responses [11, 12]. Based on previous studies, EAT 
has been suggested to be a promising marker for increased 
cardio-metabolic risk [13]. EAT is the inner layer of the peri-
cardium located on the free wall of the right ventricle and 
is also found extending from the surface of the myocardium 
to the adventitia of the coronary arteries [14]. Echocardiog-
raphy has been previously validated for the assessment of 
EAT thickness [15].

The purpose of this study was to investigate EAT thick-
ness by echocardiography in SSc patients without overt 
cardiovascular disease. We also aimed to assess its associa-
tion with organ involvement due to SSc and laboratory and 
metabolic parameters related to cardiovascular risk.

Materials and methods

Study population

Forty-seven patients who fulfilled the 2013 American Col-
lege of Rheumatology/European League Against Rheuma-
tism (ACR/EULAR) SSc classification criteria [16] and 36 
gender- and age-matched healthy subjects were selectively 
enrolled in the study. The patients were classified into lim-
ited or diffuse cutaneous SSc (lcSSc) according to LeRoy’s 
criteria [17]. The extent of the skin involvement was evalu-
ated by using the modified Rodnan skin score (mRSS) by 
a single rheumatologist [18]. The severity of disease was 
assessed by Medsger severity scale [19] and activity with 
the European Scleroderma Trials and Research Group 
(EUSTAR) activity index [20]. The disease duration was 
defined from the onset of first non-Raynaud’s phenomenon 

(RP) symptom related to SSc. Patients with known diabetes 
mellitus (i.e., patients with a history of diabetes who were 
on a diabetic diet or on treatment with oral hypoglycemic 
drugs or insulin, with fasting blood glucose > 126 mg/dl), 
chronic renal disease (creatinine > 1.3 mg/dl), liver disease, 
thyroid dysfunction, respiratory disorders (asthma, chronic 
obstructive pulmonary disease), hypertension (i.e., patients 
who were on treatment with antihypertensive drugs, with 
systolic blood pressure > 140 mmHg or diastolic blood pres-
sure > 90 mmHg [21]), overt cardiac disease (a history of 
angina pectoris, coronary artery disease, acute coronary syn-
drome or coronary revascularization, rhythm and conduction 
disorders, valvular heart disease, pacemaker, prosthetic heart 
valves, tachycardia, stroke, left ventricular systolic dysfunc-
tion with LV ejection fractions < 55%), pulmonary arterial 
hypertension diagnosed by right heart catheterization, 
peripheral artery disease or patients on treatment with glu-
cocorticoid treatment were excluded. Patients with a pulmo-
nary artery pressure (PAP) greater than 45 mmHg indirectly 
calculated by measuring the Doppler flow of the tricuspid 
regurgitant jet on echocardiography were excluded because 
of the strong correlation between right heart catheterization 
and this estimated cut-off level [22].

The study was approved by the local ethics committee 
and conducted in accordance with the principles of the 
World Health Organization-Declaration of Helsinki. Writ-
ten informed consent was obtained from all patients and 
controls.

Metabolic and laboratory parameters

The biochemical, haematologic and immunologic test results 
including C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), plasma fasting glucose and insulin, 
hemoglobin A1c (HbA1c), cholesterol, uric acid, B-type 
natriuretic peptide (BNP), homocysteine, anti-nuclear anti-
bodies (ANA), anti-centromere antibodies (ACA) and anti-
topoisomerase I antibodies (Scl-70) autoantibodies were 
obtained from blood samples after 12 h of fasting in both 
groups. ANA indirect immunofluorescent (IIF) testing was 
performed and evaluated by two experienced physicians at 
our laboratory.

Insulin resistance was estimated using the homeostasis 
model assessment of insulin resistance index (HOMA-
IR) formula [(fasting insulin (μU/l) × fasting glucose 
(mmol/l)]/22.5] [23]. Metabolic parameters including waist 
circumference, weight and height were measured and body 
mass index (BMI) was calculated. Those patients with a BMI 
of < 18.5 kg/m2 were considered underweight, 18.5–24.9 kg/
m2 normal, 25–29.9 kg/m2 overweight and ≥ 30 kg/m2 obese 
[24].

Metabolic syndrome was defined based on the National 
Cholesterol Education Program Adult Treatment Panel 
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(NCEP) III criteria. Three or more of the following NCEP 
criteria needed to be met in order to be classified as hav-
ing Metabolic syndrome: waist circumference > 102 cm 
in men and > 88 cm in women, triglycerides ≥ 150 mg/dl, 
HDL < 40 mg/dl in men and < 50 mg/dl in women, high 
blood pressure ≥ 130/85 mmHg or use of antihypertensives, 
and fasting glucose ≥ 110 mg/dl [25].

Baseline echocardiography and assessment 
of epicardial adipose tissue thickness

All subjects were imaged in the left lateral decubitus posi-
tion with a commercially available system (VIVID 7, Gen-
eral Electric-Vingmed Ultrasound, Horten, Norway) using 
a 3.5-MHz transducer. Images were stored in GE echopacs 
(Vingmed Ultrasound, Horten, Norway) system. Basal 
echocardiographic measurements including chamber diam-
eters, wall thicknesses, and mitral velocities were measured 
according to previous guidelines [26]. Ejection fraction (EF) 
was measured with the modified biplane Simpson’s method 
from the apical 4- and 2-chamber views [27].

A previously validated method was used to asses EAT 
thickness in captured images [15]. Briefly, EAT thickness 
was measured on the free wall of right ventricle from the 
parasternal long-axis view. The aortic annulus was used as 
the reference point. Echo-free space between the echo-dense 
pericardial layers on two-dimensional echocardiography was 
measured perpendicularly on the ahead of the right ventricle 
free wall at the end of diastole. After the measurement of 
two beats, maximum EAT thickness values were measured 
and the average value was obtained. This method was shown 
to be strongly correlated with various metabolic markers.

Intra‑observer variability

All echocardiographic studies and measurements were 
performed by an experienced cardiologist (T.S.) who was 
blinded to previously obtained data. In our laboratory, the 
intra-observer variability was r = 0.98 for two-dimensional; 
and M-mode echocardiographic measurements, and r = 0.97 
for Doppler measurements.

Statistics

Descriptive statistics for clinical and demographic charac-
teristics of the patients were presented as frequency and per-
centage (%) for categorical variables and mean with standard 
deviation (mean ± SD) or median with interquartile range 
(median [Q3–Q1]) according to the distribution of the con-
tinuous variables.

The normality was assessed both visually and through 
Shapiro–Wilk test. The independent samples t test was 
used to evaluate the intergroup differences for the variables 

which were normally distributed (age, waist circumference, 
body mass index, hemoglobin, fasting plasma glucose, total 
cholesterol, HDL-cholesterol, LV mass index, LVESD, and 
TAPSE). For the parameters which were not normally dis-
tributed, Mann–Whitney U test (Wilcoxon rank sum test) 
or Kruskal–Wallis test was used as appropriate. Pearson 
Chi-square test was applied to analyze the categorical vari-
ables between SSc and controls. Conventional echocardiog-
raphy data was tested with independent sample t test or the 
Mann–Whitney U test (Wilcoxon rank sum test) between 
SSc and controls.

Among patients with SSc, the relationships between EAT 
thickness and anthropomorphic measures, demographics, 
disease activity, inflammation, cardiovascular risk factors, 
and severity index were assessed. Spearman’s rank correla-
tion coefficients were used to calculate the bivariate rela-
tionships between categorical and continuous variables and 
EAT thickness. Independent associations were examined by 
multiple linear regression with adjustment for age and sex as 
covariates. EAT thickness was not normally distributed and 
was therefore corrected by log-transformation. A multivari-
able analysis to estimate predictors of EAT was performed 
using variables found to be significantly different between 
patients and controls on univariate analysis.

Statistical analyses were performed using “SPSS version 
20.0 software package” (IBM Inc., Chicago, IL, USA). Two-
sided p values less than 0.05 were considered statistically 
significant (p < 0.05).

Results

Baseline characteristics of the study subjects

A total of 83 participants (47 SSc patients, 36 control sub-
jects) were included in the study. The clinical and laboratory 
features of SSc patients are summarized in Table 1. The 
mean disease duration was 8.51 ± 5.9 years and 70.2% of the 
patients had limited disease subset. None of the patients had 
severe organ involvements, including interstitial lung disease 
(ILD), pulmonary hypertension (PHT) or scleroderma renal 
crisis. During the study, a total of 13 patients (27.7%) under-
went immunosuppressive treatment.

Comparison of demographics and laboratory 
parameters of the study subjects

The main characteristics of the study population are detailed 
in Table 2. There were no differences between the groups 
in terms of age, gender, body mass index (BMI), waist 
circumference, current smokers, homocysteine, uric acid, 
triglycerides (TG), fasting plasma glucose and HbA1c. 
ESR, CRP, leukocyte and neutrophil counts and BNP 
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concentration were significantly higher in patients with SSc 
compared to the control group (18 [31–10] vs 8.5 [18–4], 
p < 0.001; 0.4 [0.67–0.18] vs 0.21 [0.48–0.09], p = 0.012; 
7510 [8731–5990] vs 6435 [7360–5195], p = 0.002; 4350 
[5440–3570] vs 3390 [4168–2903], p < 0.001; 111 [185–74] 
vs 70 [127–70], p = 0.010, respectively). The fasting plasma 
insulin and HOMA-IR were significantly higher (6.7 
[10.5–4.7] vs 4.7 [6.8–4.1], p = 0.008; 1.7 [2.6–1] vs 1.1 
[1.7–0.9], p = 0.015, respectively); and total cholesterol and 
low-density lipoprotein cholesterol (LDL-C) were signifi-
cantly lower in SSc patients than healthy controls (197 ± 45 
vs 284 ± 36, p = 0.005; 118 [148–84] vs 140 [180–115], 
p = 0.003, respectively).

At our laboratory, the normal adult range for leukocyte, 
neutrophil, and CRP are 3.6–10.2 × 103/μl, 1.7–7.6 × 103/
μl and < 0.5 mg/dl, respectively. Among the patients with 
SSc (n = 47), 2 (4.3%) had leukocyte count > 10.2 × 103/μl 
and 2 (4.3%) had neutrophil count > 7.6 × 103/μl. The com-
parison of the numbers of the subjects with leukocyte and 
neutrophil counts over the normal range were not statisti-
cally significant between SSc and healthy controls. Among 
47 patients with SSc, 17 (36.2%) had CRP > 0.5 mg/dl and 
among 36 healthy controls 7 (19.4%) had CRP > 0.5 mg/
dl. The patients with SSc were not different from controls 
in terms of having CRP > 0.5 mg/dl (p = 0.077). The mark-
ers of inflammation (leukocyte, neutrophil, and CRP) were 

Table 1   Clinical characteristics, laboratory features and severity score index of SSc patients

Data are expressed as mean ± SD or percentile as appropriate
LcSSc limited cutaneous systemic sclerosis, FVC forced vital capacity, DLCO diffusing capacity for carbon monoxide, mRSS modified Rodnan 
skin score

SSc (n = 47)

LcSSc 33 (70.2%)
Disease duration, years 8.51 ± 5.9
Raynaud’s phenomenon 47 (100%)
Sclerodactyly 35 (74.5%)
Fingertip ulcers 12 (25.5%)
Pitting scars 30 (63.8%)
Telangiectasia 30 (63.8%)
Dyspnea 13 (28.3%)
Gastrointestinal involvement 21 (44.7%)
Inflammatory arthritis 2 (4.3%)
Interstitial lung disease 13 (27.7%)
Immunosuppressive treatment 13 (27.7%)
Cyclophosphamide 2 (4.3%)
Methotrexate 9 (19%)
Azathioprine 2 (4.3%)
FVC (%) 93.4 ± 15
DLCO (%) 67.5 ± 15.5
Anti-nuclear antibodies (positive) 44 (93.6%)
Anti-centromere antibodies (positive) 21 (44.7%)
Anti-topoisomerase I antibodies (positive) 14(29.8%)
mRSS 11.5 ± 7.2
EUSTAR activity index 1.71 ± 1.11

Medsger severity scale Normal Mild Moderate Severe

General 28 (59.6%) 12 (25.5%) 6 (12.8%) 1 (2.1%)
Peripheral vascular 1 (2.1%) 25 (53.2%) 9 (19.1%) 12 (25.5%
Skin – 37 (78.7%) 9 (19.1%) 1 (2.1%)
Joint/tendon 41 (87.2%) 4 (8.5%) 2 (4.3%) –
Muscle 47 (100%) – – –
GI tract 42 (89.4%) 5 (10.6%) – –
Lung 12 (25.5%) 24 (51.1%) 11 (23.4%) –
Heart 47 (100%) – – –
Kidney 47 (100%) – – –
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higher in patients with SSc compared to controls. However, 
there were no differences between the two groups in terms 
of having any parameters over the normal range.

When we tested the number of the participants with a 
BMI ≥ 30, among 47 SSc patients 20 (42.6%) were obese 
and among 36 healthy controls, 1 (2.8%) was obese. The 
obesity was significantly higher in SSc compared to controls 
(p < 0.001). EAT did not differ between limited and diffuse 
disease subsets (6 [7–5] vs 6 [7.25–4.75], p = 0.499).

Comparison of conventional echocardiography data 
of the study subjects

The conventional echocardiographic measurements dis-
played no difference between the two groups (Table 3). 
EAT thickness was significantly higher in patients with SSc 
compared to the control group (6 [7–5] vs 5 [6.75–3.25], 
p = 0.041) (Fig. 1). There was no other significantly differ-
ent echocardiographic parameter between the patients and 
controls. 

Associations between EAT thickness 
and cardio‑metabolic risk factors, anthropomorphic 
and inflammatory parameters in SSc patients

There was a positive correlation between the EAT thick-
ness and cardiovascular risk factors including age, ESR, 
CRP, insulin, HbA1c, total cholesterol and LDL (r = 0.574, 
p < 0.001; r = 0.352, p = 0.015; r = 0.334, p = 0.022; 
r = 0.290, p = 0.048; r = 0.317, p = 0.030; r = 0.396, p = 0.006 
and r = 0.349, p = 0.016, respectively) in patients with SSc. 
In healthy subjects, no relationship between the EAT thick-
ness and these parameters, except a positive correlation 
with CRP (r = 0.463, p = 0.004), was demonstrated. There 
was a negative correlation between the EAT thickness and 
the lung domain of the Medsger severity scale (r = − 0.575, 
p > 0.001). After adjustment for age and sex, significant 
associations with EAT thickness remained for insulin 
(p = 0.009) and the lung domain of the Medsger sever-
ity scale (p = 0.004), and a previously hidden association 
with HOMA-IR was detected (p = 0.016). The correlations 

Table 2   Demographics and 
clinical features of SSc patients 
and controls

Data are expressed as mean ± SD, median [IQR] or percentile as appropriate
BP blood pressure, BMI body mass index, ESR erythrocyte sedimentation rate, CRP C-reactive protein, 
HOMA-IR homeostatic model assessment of insulin resistance

SSc (n = 47) Healthy controls (n = 36) p

Age, years (mean ± SD) 52.1 ± 12.4 49.4 ± 8.4 0.256
Female, n (%) 42 (89.4%) 33 (91.7%) 1.000
Systolic BP, mmHg (mean ± SD) 120 [120–110] 123 [124–110] 0.902
Diastolic BP, mmHg (mean ± SD) 73 [80–70] 75 [84–70] 0.934
Height, cm (mean ± SD) 164 [165–159] 163 [165–160] 0.934
Weight, kg (mean ± SD) 72 [83–61] 68 [78–66] 0.360
Waist circumference, cm (mean ± SD) 86 ± 12 89 ± 8.5 0.174
Body mass index, kg/m2 (mean ± SD) 27.4 ± 4.8 26 ± 2.2 0.148
Smoking (current) [n (%)] 11 (23.4) 12 (33.3) 0.335
ESR, mm/h 18 [31–10] 8.5 [18–4] < 0.001
CRP, ng/ml 0.4 [0.67–0.18] 0.21 [0.48–0.09] 0.012
Leukocyte, 103/μl 7510 [8731–5990] 6435 [7360–5195] 0.002
Neutrophil, 103/μl 4350 [5440–3570] 3390 [4168–2903] < 0.001
Hemoglobin, g/dl 12.8 ± 1.7 12.8 ± 1.2 0.916
Homocysteine, mg/dl 12.7 [5.3–9.7] 11.3 [13.2–10] 0.220
Brain natriuretic peptide, mg/dl 111 [185–74] 70 [127–70] 0.010
Uric acid, mg/dl 4.1 [4.8–3.4] 3.9 [4.4–3.2] 0.111
Galectin-3, mg/dl 6.7 [8.3–5.5] 7.6 [9.1–6.5] 0.096
Fasting plasma glucose, mg/dl 95.4 ± 12.7 92.5 ± 8.9 0.247
Insulin, mg/dl 6.7 [10.5–4.7] 4.7 [6.8–4.1] 0.008
HOMA 1.7 [2.6–1] 1.1 [1.7–0.9] 0.015
HbA1C, % 5.5 [5.9–5.3] 5.3 [5.7–5.1] 0.100
Total cholesterol, mg/dl 197 ± 45 284 ± 36 0.005
LDL-cholesterol, mg/dl 118 [148–84] 140 [180–115] 0.003
HDL-cholesterol, mg/dl 52.4 ± 15.2 52.7 ± 13 0.936
Triglyceride, mg/dl 104 [143–81] 120 [139–81] 0.578
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between EAT and anthropomorphic, inflammatory and 
metabolic parameters are shown in Table 4. Disease dura-
tion correlated positively with EAT thickness, but it was not 
observed after adjustment for age and sex. To create a multi-
variable regression model predictive for the EAT thickness, 
we decided to include ESR, CRP, insulin, HbA1c, LDL-
cholesterol among the variables which were found signifi-
cantly different between patients and controls on univariate 
analysis. We dropped the lung domain of Medsger severity 
scale because of our concern about the accuracy of the result 
in our study population. Also, we excluded total cholesterol 

from the analysis because of the collinearity with LDL-cho-
lesterol. The results of this analysis revealed that about 30% 
of the total variability in logEAT is explained by the vari-
ables (adjusted R square = 0.322). The model had explana-
tory power (ANOVA table, F = 4.646, p = 0.001). The age 
and insulin had predictive ability for logEAT (p = 0.001; 
p = 0.015, respectively). When we ran the regression model 
in healthy subjects we did not detect significant results 
(ANOVA, F = 2.289, p = 0.063).

Discussion

Patients with SSc were shown to be at increased risk for car-
diovascular disease on which the impact of the disease itself 
may be greater even than that of hypertension or diabetes 
[28]. In a study, the contribution of traditional cardiovascular 
risk factors was small, and the other disease-related factors 
such as disease duration, renal involvement, and pulmonary 
arterial hypertension were more involved in cardiac disease 
[29].

The main finding in our study was the increased burden of 
EAT in patients with SSc, compared to healthy subjects. To 
the best of our knowledge, this is the first study to investigate 
EAT thickness in SSc patients by using echocardiography. 
In the literature, there is only one study which evaluated 
the epicardial fat volume (EFV) with coronary computed 
tomography angiography in SSc. In their study, the EFV was 
reported to be greater in SSc than healthy subjects and found 
to be associated with the presence and severity of SSc, inde-
pendent of the cardiovascular risk factors [30]. The severity 
of SSc was defined by the presence of pulmonary arterial 
hypertension (PAH) and it was found to be associated with 
higher EFV. Unlike their study, we used an echocardiogra-
phy technique and excluded patients with PAH to avoid its 
possible confounding effect.

EAT is associated with the release of many pro-inflamma-
tory chemokines that suggest a particular association with 
inflammation [31, 32]. Additionally, epicardial adipose tis-
sue is known to secrete inflammatory cytokines sufficient 

Table 3   Conventional echocardiography data of SSc patients and 
healthy controls

Data are expressed as mean ± SD except where indicated otherwise
EAT epicardial adipose tissue, LV left ventricular, LVEDV left ven-
tricular end diastolic volume, LVESV left ventricular end systolic vol-
ume, LVEDD left ventricular end diastolic diameter, LVESD left ven-
tricular end systolic diameter, LVEF left ventricular ejection fraction, 
A late peak mitral inflow velocity, E′ early diastolic velocity at basal 
mitral annulus, E/E′ ratio of peak early diastolic velocity to early dias-
tolic velocity at basal mitral annulus, PASP pulmonary arterial sys-
tolic pressure, TAPSE tricuspid annular plane systolic excursion
* p < 0.05

SSc (n = 47) Controls (n = 36) p

EAT, mm 6 [7–5] 5 [6.75–3.25] 0.041*
LVEDV, ml 89 [103–79] 93 [108–79] 0.343
LVESV, ml 21 [29–18.6] 22 [28–19] 0.897
LV mass index, g/m2 86 ± 19 82 ± 18 0.330
LVEDD, cm 4.4 [4.7–4.2] 4.5 [4.8–4.2] 0.292
LVESD, cm 2.6 ± 0.33 2.5 ± 0.34 0.698
LVEF (%) 74 [77–71] 76 [78–73] 0.058
E, m/s 0.78 [0.87–0.70] 0.85 [0.95–0.70] 0.186
A, m/s 0.80 [0.93–0.63] 0.71 [0.83–0.64] 0.106
Deceleration time, ms 207 [226–191] 196 [220–182] 0.081
E/A, ratio 0.88 [1.35–0.72] 1.16 [1.36–0.87] 0.149
E′, cm/s 0.08 [0.11–0.07] 0.10 [0.11–0.08] 0.088
E/E′, ratio 9 [11–7.1] 8.9 [9.6–7.1] 0.361
PASP, mmHg 0 [25–0] 0 [25–0] 0.525
TAPSE 21 ± 3.9 21 ± 4.6 0.704

Fig. 1   Epicardial adipose tissue 
(EAT) thickness in SSc and 
controls
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to cause a systemic inflammatory effect [33]. Our study 
revealed that the inflammatory markers such as ESR, CRP, 
and leukocyte and neutrophil counts were higher in SSc 
than healthy controls. Within the SSc patients, we showed 
a correlation between EAT thickness and CRP and ESR, 
thus, suggesting that amount of EAT may be correlated to 
the degree of inflammation, which is a key component in 
the progression of atherosclerosis. Although it is not pos-
sible in our study to discriminate whether this finding is 
associated with the inflammation due to the disease itself 
or related to the atherosclerotic process, this relation can-
not be ignored. However, we tried to eliminate the con-
tribution of the disease as much as possible by excluding 
the patients with severe organ involvements, short disease 
duration, and high disease activity. The patients in our 
study seem to have had moderate disease-related inflam-
mation since disease duration was longer than expected in 

the early inflammatory-cellular phase [34]. Moreover, they 
did not have severe organ manifestation and disease activ-
ity scores were low. Our results seem to represent a possi-
ble link between EAT thickness and the lung domain of the 
Medsger severity scale. As we tried to exclude the patients 
with severe organ involvement, many items of the Medsger 
severity scale were not fulfilled as a result. Although most of 
our patients were assessed to have mild pulmonary involve-
ment, based on their physical examination or other labora-
tory investigations, the lung domain of the Medsger severity 
scale was worse than expected. The main contributor to the 
lung domain in our patients was the pulmonary function 
test results. We have linked this result to patients’ lack of 
co-operation in performing the pulmonary function tests cor-
rectly. Therefore, we had a concern about the misinterpreta-
tion of the severity scale in assessing disease status for our 
study population. Moreover, we demonstrated no difference 

Table 4   Correlations of EAT 
and cardio-metabolic risk 
factors, anthropomorphic 
and inflammatory parameters 
assumed to contribute in the 
cardiovascular risk in SSc 
patients

mRSS modified Rodnan skin score, ESR erythrocyte sedimentation rate, CRP C-reactive protein, HOMA-IR 
homeostatic model assessment of insulin resistance
p* Spearman correlation coefficient p values
p** Multiple variable linear regression was used for adjustment of age and sex

Spearman (rho) p* value Adjusted 
p** value

Age, years (mean ± SD) 0.574 < 0.001* –
Disease duration, years 0.307 0.036 0.881
mRSS − 0.142 0.351 0.295
Weight, kg (mean ± SD) 0.160 0.282 0.161
Waist circumference, cm (mean ± SD) 0.162 0.275 0.159
Body mass index, kg/m2 (mean ± SD) 0.200 0.177 0.091
ESR, mm/h 0.352 0.015* 0.328
CRP, mg/dl 0.334 0.022* 0.512
Leukocyte, 103/μl 0.013 0.930 0.772
Neutrophil, 103/μl 0.056 0.710 0.758
Fasting plasma glucose, mg/dl 0.123 0.440 0.576
Insulin, mg/dl 0.290 0.048* 0.009*
HOMA 0.274 0.062 0.016*
HbA1C, % 0.317 0.030* 0.192
Total cholesterol, mg/dl 0.396 0.006* 0.465
LDL-cholesterol, mg/dl 0.349 0.016* 0.777
HDL-cholesterol, mg/dl − 0.145 0.335 0.811
Triglyceride, mg/dl 0.193 0.194 0.738
Homocysteine, mg/dl 0.233 0.133 0.708
Brain natriuretic peptide, mg/dl 0.250 0.114 0.699
EUSTAR activity index − 0.213 0.160 0.214
Medsger-general − 0.237 0.109 0.228
Medsger-peripheral vascular − 0.151 0.312 0.590
Medsger-skin − 0.052 0.729 0.169
Medsger-joint–tendon − 0.137 0.371 0.347
Medsger-GI tract − 0.244 0.098 0.410
Medsger-lung − 0.575 < 0.001* 0.004*
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in EAT thickness between the disease-related involvements 
and disease subtypes.

We found a significant association between the EAT 
thickness and LDL and total cholesterol levels in SSc 
patients compared to healthy controls. Serum cholesterol 
levels are reported to be associated with EAT thickness in 
autoimmune diseases [35]. There are controversial results 
suggesting cholesterol levels as a risk factor for cardiovas-
cular disease in SSc. Based on the current data, the role 
of hypercholesterolemia in SSc-associated cardiovascular 
disease is unclear, with some studies reporting increased, 
decreased or similar levels of LDL and triglycerides in SSc 
compared to controls [28]. Our study revealed the insulin 
and HOMA-IR were significantly higher in patients with 
SSc, and the EAT thickness correlated positively with insu-
lin and HbA1c. Based on the multivariable regression analy-
sis, insulin and age have predictive ability for EAT thickness. 
As we excluded the major risk factors for cardiovascular 
diseases in the study, only two patients were able to ful-
fill metabolic syndrome (MS) criteria. Since insulin and 
its derivative HOMA are closely related to insulin resist-
ance and metabolic syndrome, we suggest that our patients 
may be at risk even though they do not fulfill the metabolic 
syndrome criteria [36]. Although the number of patients in 
our study is too small to demonstrate this relationship defi-
nitely, our results support the evidence for an association 
between EAT and metabolic syndrome [37]. In connection 
with this result, we found that the obesity was more com-
mon in the patients with SSc which may be linked to the 
high frequency of patients with limited cutaneous SSc in our 
study that is known to be less severe than diffuse subtype 
in terms of malnutrition and its relevant measure BMI. We 
preferred to interpret this finding related to the results of 
univariable analysis and multivariable regression analysis 
which revealed an association with EAT and metabolic risk 
factors. Based on the results of our study, we speculate that 
there is a close link between EAT thickness and traditional 
cardiovascular risk factors in our patients.

The conventional echocardiography data had no statis-
tically significant differences, other than EAT thickness, 
between SSc patients and healthy controls. In the early 
phases of cardiac involvement in SSc, diastolic dysfunc-
tion is known to precede the other findings. The parameters 
related to myocardial diastolic function were not statistically 
different between our SSc patients and healthy subjects.

We excluded the patients receiving steroids while 
designing the study to avoid drug effects because the uti-
lization of glucocorticoids in SSc is still controversial, and 
the data about adding glucocorticoid to other immunosup-
pressive drugs could lead to better control of the disease is 
scarce. Glucocorticoids are mainly part of the therapeutic 
strategy in the management of interstitial lung disease, 
diffuse cutaneous disease, arthritis or myositis in SSc [38]. 

The patients enrolled in our study did not exhibit severe 
clinical involvements which require steroid treatment and 
were steroid-free for at least 1 year prior to enrollment.

As a limitation of our study, we did not directly evaluate 
atherosclerosis with arterial angiography in the patients. 
Nonetheless, all patients were asymptomatic in this regard 
and overt clinical atherosclerotic risk factors were elimi-
nated as much as possible. However, carotid intima–media 
thickness (IMT) might be an option to evaluate the pre-
diction of subclinical atherosclerosis and oxidized LDL 
can be considered fort he association with atherosclerosis. 
Using a noninvasive technique which is a surrogate of ath-
erosclerosis appeared more appropriate in asymptomatic 
patients. Another issue is the limitations of conventional 
echocardiography which may be less sensitive and reliable 
for measuring fat thickness especially in obese patients 
[39, 40]. However, echocardiographic measurement of 
EAT thickness is comparable to MRI measurements of 
visceral fat [15], and echocardiography is still easier and 
more accessible than MRI and computed tomography. 
The other point which may be considered as a limitation 
is that 13 of our patients were under immunosuppressive 
treatment. Although immunosuppressive drugs have been 
mentioned as potentially cardiotoxic agents in previous 
studies, their effects on the cardiovascular system are still 
unclear [41].

As our study aimed to investigate the EAT thickness 
in SSc patients without overt cardiovascular disease, the 
design of our study does not allow us to evaluate ath-
erosclerosis in the disease group. This prevents us from 
detecting a cut-off for EAT thickness associated with the 
presence of significant coronary artery disease in SSc. 
There is a need for future studies investigating the rela-
tionship between EAT thickness and overt atherosclerotic 
cardiac or cerebral diseases in a more heterogeneous group 
in terms of cardiovascular disease.

In conclusion, in SSc patients without overt cardiac dis-
ease, the EAT thickness is greater than matched healthy sub-
jects and associated with both inflammatory markers and 
metabolic risk factors. Based on the results of our study, we 
speculate that EAT thickness is related to traditional cardio-
vascular risk factors in our patients rather than the factors 
related to disease or disease activity. Although this is one of 
the first reports and there is no comparable data, we suggest 
EAT thicknesses measurement as a candidate for assessing 
the atherosclerotic risk in SSc patients. The follow-up stud-
ies in large cohorts may offer insight into the association of 
EAT with cardiovascular events in SSc patients.
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