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Abstract
Purpose Adipokines produced by adipose tissue have been found to be involved in the pathophysiology of metabolic and 
cardiovascular diseases. We aimed to investigate the relationships of resistin, retinol-binding protein 4 (RBP4) and adiponec-
tin produced by epicardial adipose tissue with coronary artery disease (CAD) and cardiac structure and function.
Methods Forty-one non-diabetic males scheduled for cardiothoracic surgery were examined. Anthropometric measurements, 
echocardiography, coronary angiography, and blood analysis were performed preoperatively. We measured the serum levels 
of resistin, RBP4, and adiponectin and their mRNA expression in thoracic subcutaneous adipose tissue and two epicardial 
adipose tissue samples, one close to left anterior descending artery (LAD) (resistin-LAD, RBP4-LAD, adiponectin-LAD), 
and another close to the right coronary artery (RCA) (resistin-RCA, RBP4-RCA, adiponectin-RCA).
Results Left ventricular (LV) ejection fraction correlated negatively with adiponectin-LAD (rho =  − 0.390, p = 0.025). 
The ratio of early to late diastolic transmitral flow velocity, as an index of LV diastolic function, correlated negatively with 
resistin-LAD (rho =  − 0.529, p = 0.024) and RBP4-LAD (rho =  − 0.458, p = 0.049). There was no difference in epicardial 
adipose tissue mRNA expression of resistin, RBP4, and adiponectin between individuals with CAD and those without CAD. 
When we compared the individuals with CAD in the LAD with those without CAD in the LAD, there was no difference in 
resistin-LAD, RBP4-LAD, and adiponectin-LAD. There was no difference in resistin-RCA, RBP4-RCA, and adiponectin-
RCA between the individuals with CAD in the RCA and those without CAD in the RCA.
Conclusion Elevation of epicardial adipose tissue mRNA expression of adiponectin was associated with LV systolic dysfunc-
tion, while that of both resistin and RBP4 was linked to LV diastolic dysfunction.

Keywords Adipokines · Epicardial fat · Adipose tissue · Left ventricular function · Coronary artery disease

Introduction

A growing body of evidence suggests that the adipokines 
produced by adipose tissue may be involved in the patho-
physiology of metabolic and cardiovascular diseases [1–5]. 
Serum levels of specific adipokines, including leptin, adi-
ponectin, resistin, and retinol-binding protein 4 (RBP4), have 
been associated with the presence of coronary artery disease 
(CAD), suggesting a potential role of these adipokines in the 
pathogenesis of CAD [1, 3–5]. Moreover, increased serum 
levels of leptin, resistin, and RBP4 and decreased levels of 
adiponectin have previously been reported to be associated 
with left ventricular (LV) dysfunction and the development 
of heart failure, highlighting the importance of these adi-
pokines in the pathophysiology of heart failure [5–12].
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Deeper investigation into the role of the adipokines 
produced by epicardial adipose tissue in cardiac disease is 
warranted, given that these cytokines are highly likely to 
exert an impact on the neighboring myocardium through a 
paracrine effect. Studies to date on the relationship between 
epicardial adipose tissue mRNA expression of adipokines 
and cardiovascular disease have yielded conflicting results, 
which could be attributed to the fact that these studies have 
focused almost exclusively on CAD, essentially neglecting 
the potential role of the adipokines produced by epicardial 
adipose tissue in the cardiac structure and function [13–16]. 
Convincing evidence points to an association of epicardial 
adipose tissue mRNA expression of leptin with LV dias-
tolic function; meanwhile, the roles of epicardial adipose 
tissue mRNA expression of resistin, RBP4, and adiponectin 
in cardiac structure and function remain to be elucidated 
[7]. The above studies, moreover, did not take into account 
the possibility that regional epicardial adipose tissue mRNA 
expression of adipokines could be associated with the pres-
ence of significant stenosis in the corresponding coronary 
artery or with the structure and function of the correspond-
ing myocardium. We postulated that epicardial adipose tis-
sue mRNA expression of resistin, RBP4, and adiponectin 
from epicardial areas corresponding to the LV myocardium 
may correlate with echocardiographic indices of LV sys-
tolic and diastolic function. Additionally, we hypothesized 
that epicardial adipose tissue mRNA expression of resistin, 
RBP4, and adiponectin from epicardial areas close to major 
coronary arteries could correlate with the severity of ath-
erosclerosis of the corresponding coronary artery. Thus, the 
aim of the present study was to investigate the relationships 
of resistin, RBP4, and adiponectin produced by different 
regions of epicardial adipose tissue with cardiac structure 
and function and with CAD.

Materials and methods

Subjects

In the present study, 41 non-diabetic males scheduled for 
cardiothoracic surgery were consecutively recruited from 
the cardiothoracic clinic of the University Hospital of Ioan-
nina, Ioannina, Greece. Exclusion criteria were as follows: 
age less than 18 years, severe kidney disease, liver disease, 
gastrointestinal disease, malignancy, any endocrine, or meta-
bolic disorder (e.g., Cushing’s syndrome, untreated hypothy-
roidism, or hyperthyroidism) other than obesity, more than 
5% change in body weight (BW) during the 3 months prior 
to enrollment, any state of systemic inflammation and treat-
ment with antidiabetic or antiobesity drugs and nonsteroi-
dal anti-inflammatory agents, or glucocorticoids, within 
the preceding 3 weeks. Diagnosis of diabetes mellitus as an 

exclusion criterion was based on previous taking of antidia-
betic medications or fasting blood glycemia (i.e., ≥ 126 mg/
dL on two separate tests).

All subjects were evaluated by an experienced clinician. 
A detailed medical history was obtained, and a comprehen-
sive physical examination was carried out. The subjects’ 
height and BW were measured. Body surface area was calcu-
lated using the Du Bois formula. Body fat percentage (BF%) 
was estimated using the CUN-BAE (Clínica Universidad 
de Navarra-Body Adiposity Estimator) formula [17]. Body 
fat mass (BFM) was calculated as BW × BF%/100 and lean 
body mass as BW – BFM. An individual was diagnosed 
with CAD if there was evidence of at least one coronary 
artery stenosis ≥ 50% on preoperative coronary angiogra-
phy. Venous sampling was performed 1 day prior to surgery. 
Collection of venous blood samples was carried out in the 
morning, following an overnight fast of at least 12 h. After 
centrifugation, the serum samples were stored at − 80 °C 
until analysis.

Three biopsy samples were collected from each patient 
before extracorporeal circulation was initiated. The three 
biopsy samples included one subcutaneous adipose tissue 
sample from the thoracic region, one epicardial adipose 
tissue sample close to the left anterior descending artery 
(LAD) and another epicardial adipose tissue sample close 
to the right coronary artery (RCA). The samples were trans-
ported in normal saline solution. After centrifugation, the fat 
pads for mRNA determination were stored at − 80 °C until 
analysis.

Written informed consent was obtained from all the 
study participants. This study was performed in accordance 
with the Declaration of Helsinki and was approved by the 
Research Ethics Committee of the University Hospital of 
Ioannina (741/2017). The trial was registered in Clinical-
sTrials.gov (NCT03322332).

Quantitative real‑time polymerase chain reaction

The TRIzol reagent Invitrogen was used for the isolation 
of total RNA from subcutaneous and epicardial (close to 
the LAD or the RCA) white adipose tissue samples from 
patients who underwent cardiac surgery. A spectrophoto-
metric method was applied for the determination of total 
RNA concentration in each sample. A SuperScript II reverse 
trancriptase kit (Invitrogen) and total RNA (1 μg) from each 
sample were utilized for cDNA production, which was used 
in quantitative and reverse transcription polymerase chain 
reaction (PCR) assays. The sequences of the forward and 
reverse gene-specific primers that were used in this study 
are displayed in Supplementary Table 1. SYBR Green PCR 
Master Mix (Applied Biosystems, Foster City) was used for 
real-time reactions, which were performed using the Ther-
mal Cycler Real-Time Detection System C1000 (BioRad, 
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Italy). The relative mRNA expression levels of each gene 
were normalized using β-actin mRNA levels (QuantiTect 
primer assay, QIAGEN) and the values were quantified 
using the comparative threshold cycle method. The fol-
lowing abbreviations were used for the mRNA expression 
of adipokines: resistin-sc, RBP4-sc, and adiponectin-sc: 
mRNA expression of resistin, RBP4, and adiponectin from 
subcutaneous adipose tissue; resistin-LAD, RBP4-LAD, and 
adiponectin-LAD: mRNA expression of resistin, RBP4, and 
adiponectin from epicardial adipose tissue samples close to 
the LAD; and resistin-RCA, RBP4-RCA, and adiponectin-
RCA: mRNA expression of resistin, RBP4, and adiponectin 
from epicardial adipose tissue samples close to the RCA. 
Quantitative real-time polymerase chain reaction (qPCR) 
was performed in duplicate for each adipose tissue sample.

ELISA measurements

Measurement of serum resistin was performed with an 
ELISA kit (R&D Systems, Inc., Minneapolis, USA) [18]. 
The intra-assay coefficient of variation (CV) was < 6% and 
the inter-assay CV was < 10%.

Serum RBP4 was analyzed using an ELISA kit (ALPCO 
Diagnostics, Salem, MA, USA) [19, 20]. The intra-assay CV 
was 5% and the inter-assay CV was < 10%.

Serum adiponectin was determined using an ELISA kit 
(ALPCO DIAGNOSTICS, Salem, NH, USA) [21]. The 
intra-assay CV was 5% and the inter-assay CV was 5%.

Blood test measurements

Biochemical parameters were determined from fresh blood 
samples by standard laboratory methods. Low-density lipo-
protein cholesterol (LDL-C) was calculated using the Friede-
wald equation LDL-C = TC − HDL-C—TG/5 (TC: total cho-
lesterol, HDL-C: high density lipoprotein cholesterol, TG: 
serum triglycerides) in individuals with TG ≤ 400 mg/dL. 
Non-HDL-cholesterol was calculated as TC—HDL-C. The 
estimated glomerular filtration rate was calculated based on 
the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) formula.

Echocardiography

All echocardiographic images were acquired using a com-
mercially available ultrasound system (Vivid I; GE Medical; 
Horten, Norway) with a 1.5- to 4-MHz phased-array trans-
ducer. All images were obtained by the same experienced 
cardiologist-ultrasonographer with the participant in the left 
lateral decubitus position. A comprehensive assessment of 
the structure and function of the left heart was undertaken 
by the same cardiologist in accordance with the guidelines of 
the American Society of Echocardiography and the European 

Association of Cardiovascular Imaging [22]. LV end-diastolic 
volume (LVEDV) and end-systolic volume were estimated 
using the Simpson biplane method, allowing the calculation 
of LV ejection fraction (LVEF). Both early (MVE) and late 
(MVA) diastolic transmitral flow velocities were measured via 
the use of pulsed wave Doppler echocardiography with the 
sample volume placed in the tips of the mitral valve. The ratio 
of early to late diastolic transmitral flow velocity (MVE/A) 
was calculated. Mitral annular velocities were measured at the 
septal and lateral aspects of the mitral valve annulus using 
tissue Doppler. The ratio of MVE to the average of septal and 
lateral early diastolic mitral annular velocity [MVEa(s-l)] was 
used as an estimate of LV filling pressures. LV stiffness was 
estimated by the ratio MVE/Ea(s-l)/LVEDV [23].

Statistical analysis

All statistical analyses were performed using the software 
IBM SPSS Statistics 23.0. The Shapiro–Wilk test was used 
to verify the normality of the distributions of the param-
eters of interest. Parameters with normal distribution were 
expressed as mean ± standard deviation and with non-normal 
distribution as median (minimum–maximum). Comparisons 
between two independent groups were performed with the 
independent t-test for normally distributed variables and 
the Mann–Whitney U test for non-normal variables. Com-
parisons between more than two independent groups were 
performed with the Kruskal–Wallis H test. Before correla-
tion analysis, parameters with non-normal distribution were 
subjected to logarithmic transformation if the parameters 
were characterized by positive skew or power transformation 
(second power) in the case of negative skew. Logarithmic 
transformation of parameters with non-normal distribution 
was performed only to better identify the outliers. Analysis 
for exclusion of outliers using Cook’s distance (values with 
Cook’s distance > 4/n were considered outliers, where n was 
the number of observations) preceded correlation analysis. 
The univariate associations between the parameters of inter-
est were assessed with Spearman’s correlation analysis. We 
performed backward stepwise regression analysis to predict 
LVEF and MVE/A using as independent variables age, body 
mass index (BMI), the categorical variable for the existence 
of CAD or not, logadipokine-LAD, and log(circulating adi-
pokine). A two-tailed p value < 0.05 was considered statisti-
cally significant.

Results

Characteristics of the study participants

The median age was 66 (38–83) years and the mean BMI was 
28.4 ± 3.5 kg/m2 (17 overweight and 16 obese individuals) 



324 Hormones (2023) 22:321–330

1 3

(Table 1). The reasons for cardiac surgery were as follows: 
(n = 13) angina, (n = 14) recent myocardial infarction, (n = 9) 
valvular heart disease, (n = 2) newly diagnosed heart failure, 
and (n = 3) dilatation of the thoracic aorta. Thirty individu-
als were diagnosed with CAD, including one patient with 
one-vessel disease, 14 patients with two-vessel disease and 
15 patients with three-vessel disease. CAD in the LAD was 
found in 29 patients, while CAD in the RCA was detected in 
21 patients. Twenty-eight individuals were diagnosed with 
arterial hypertension and one with atrial fibrillation. The 
biochemical parameters are presented in Supplementary 
Table 2.

Comparisons of adipokines between groups

Table 2 shows the comparisons of adipose tissue mRNA 
expression and serum levels of adipokines between indi-
viduals with CAD and no CAD. There was no difference in 
subcutaneous and epicardial adipose tissue mRNA expres-
sion of resistin, RBP4, and adiponectin between individu-
als with CAD and those without CAD. Serum adiponectin 
levels were lower in patients with CAD compared to patients 
without CAD (p < 0.001). The statistical significance of the 
comparisons of adipose tissue mRNA expression and serum 
adipokine levels between individuals with CAD and no CAD 
was not influenced after adjustment for statin treatment.

When we compared the individuals with significant 
CAD in the LAD with those without significant CAD 
in the LAD, there was no difference in resistin-LAD 
(p = 0.229), RBP4-LAD (p = 0.218) and adiponectin-
LAD (p = 0.426). There was no difference in resistin-RCA 
(p = 0.230), RBP4-RCA (p = 0.774), and adiponectin-RCA 
(p = 0.322) between the individuals with significant CAD 
in the RCA and those without significant CAD in the RCA.

Correlation analysis of adipokines

Associations of adipokines with echocardiographic 
parameters

The associations of adipose tissue mRNA expression 
of adipokines with echocardiographic parameters are 
detailed in Table 3. Left ventricular end-diastolic internal 
diameter correlated negatively with RBP4-LAD. LVEF 
was negatively associated with adiponectin-LAD. 
MVE/A correlated negatively with resistin-LAD and 
RBP4-LAD. Aortic valve peak velocity (AVVmax) was 
positively associated with resistin-RCA, RBP4-RCA, and 
adiponectin-RCA. RBP4-LAD correlated positively with 
MVE/Ea(s-l)/LVEDV (rho = 0.762, p = 0.028), an estimate 
of LV stiffness.

Table 1  Characteristics of the 
study participants

BF% body fat percentage, BMI body mass index, BW body weight, CAD coronary artery disease, COPD 
chronic obstructive pulmonary disease, RAAS renin–angiotensin–aldosterone system, 1VD one-vessel dis-
ease, 2VD two-vessel disease, 3VD three-vessel disease
Data are expressed as mean ± SD for normally distributed variables or median (minimum–maximum) for 
non-normally distributed variables
Moderate alcohol use was defined as consumption of up to two drinks per day

All (n = 41) No CAD (n = 11) CAD (n = 30)

Age (years) 66 (38–83) 66 (39–81) 66 (38–83)
BW (kg) 82.6 ± 12.3 83.0 ± 13.0 82.4 ± 12.2
BMI (kg/m2) 28.4 ± 3.5 28.2 ± 3.8 28.5 ± 3.5
BF% (%) 30.7 ± 4.1 30.5 ± 4.5 30.8 ± 4.0
Lean/overweight/obese 6/17/16 (not available 

data for 2 patients)
3/4/4 3/13/12

CAD 30 0 30
1VD/2VD/3VD 1/14/15 0/0/0 1/14/15
Hypertension 28 10 18
Atrial fibrillation 1 1 0
COPD 4 1 3
Never/former/current smokers 5/14/19 (not available 

data for 3 patients)
2/3/5 3/11/14

Regular alcohol drinkers 19 6 13
Moderate/excessive alcohol use 7/12 3/3 4/9
Statins 27 3 24
b-blocker 26 4 22
RAAS inhibitors 25 10 15
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Multiple linear regression analysis

LV systolic function

We performed backward stepwise regression analysis to 
predict LVEF using as independent variables age, BMI, 
the categorical variable for the existence of CAD or not, 
logadiponectin-LAD, and log(circulating adiponectin). The 
final model included only one independent variable, logad-
iponectin-LAD (standardized β =  − 0.382, p = 0.050).

LV diastolic function

We performed backward stepwise regression analysis to 
predict MVE/A using as independent variables age, BMI, 
the categorical variable for the existence of CAD or not, 
logresistin-LAD, and log(circulating resistin). The final 
model (adjusted  R2 = 0.336, p = 0.012) included BMI 
(standardized β =  − 0.345, p = 0.092) and logresistin-LAD 
(standardized β =  − 0.455, p = 0.031) as independent vari-
ables. Thus, the only independent determinant of MVE/A 
was logresistin-LAD.

We performed backward stepwise regression analy-
sis to predict MVE/A using as independent variables age, 
BMI, the categorical variable for the existence of CAD or 
not, logRBP4-LAD, and RBP4-serum. The final model 
(adjusted  R2 = 0.389, p = 0.006) included BMI (standard-
ized β =  − 0.366, p = 0.061) and logRBP4-LAD (stand-
ardized β =  − 0.500, p = 0.014) as independent variables. 
Therefore, the only independent determinant of MVE/A 
was logRBP4-LAD.

Discussion

The key findings of the present study include the follow-
ing: (1) increased adiponectin mRNA expression from LV 
epicardial adipose tissue was associated with reduced LV 
systolic function, whereas elevation of both resistin and 
RBP4 mRNA expression from LV epicardial adipose tis-
sue was linked with decreased LV diastolic function; (2) 
the regional epicardial adipose tissue mRNA expression of 
resistin, RBP4, and adiponectin did not differ between indi-
viduals with CAD of the corresponding coronary artery and 
those without CAD.

Associations of adipokines with LV systolic function

An inverse relationship was found in the present study 
between LVEF and adiponectin mRNA expression from 
LV epicardial adipose tissue, implying an upregulation of 
the production of adiponectin from LV epicardial adipose 
tissue in patients with LV systolic dysfunction. Indeed, 
cardiac release of adiponectin was previously reported to 
correlate positively with brain natriuretic peptide levels 
and negatively with LVEF in patients with reduced LVEF 
[24]. Furthermore, an inverse association between plasma 
adiponectin levels and LVEF and an elevation of plasma 
adiponectin levels in individuals with systolic heart failure 
have previously been shown [10–12]. Considering the fact 
that natriuretic peptides have been reported to enhance 
adiponectin production in patients with heart failure and 
adiponectin has been demonstrated to exert beneficial 
effects on myocardial systolic function through an anti-
oxidant mechanism and AMP-activated protein kinase 

Table 2  Adipose tissue mRNA expression and serum levels of adipokines in individuals with coronary artery disease (CAD) and no CAD

Data are expressed as mean ± standard deviation for normally distributed variables or median (minimum–maximum) for non-normally distrib-
uted variables. Comparisons between individuals with CAD and the ones without CAD were performed with independent t-test for normally 
distributed variables and Mann–Whitney U test for non-normal variables. P values in bold indicate statistically significant differences
CAD coronary artery disease, LAD left anterior descending artery, RBP4 retinol-binding protein 4, RCA  right coronary artery, sc subcutaneous

All (n = 41) No CAD (n = 11) CAD (n = 30) p value (CAD 
vs No CAD)

Resistin-sc 2.52 (0.01–287.27) 4.74 (0.10–287.27) 1.93 (0.01–96.72) 0.201
Resistin-LAD 1.90 (0.01–186.03) 0.74 (0.01–186.03) 3.82 (0.03–121.86) 0.251
Resistin-RCA 0.35 (0.01–136.62) 0.78 (0.06–136.62) 0.35 (0.01–56.87) 0.126
Circulating resistin (ng/mL) 5.99 (3.80–13.37) 7.65 (4.55–13.37) 5.93 (3.80–11.52) 0.147
RBP4-sc 6.32 (0.15–129.95) 5.42 (0.60–129.95) 6.35 (0.15–69.64) 0.837
RBP4-LAD 4.21 (0.01–764.97) 3.56 (0.01–39.30) 4.64 (0.12–764.97) 0.195
RBP4-RCA 0.10 (0.01–2.34) 0.09 (0.01–2.34) 0.10 (0.01–0.67) 0.724
Circulating RBP4 (mg/L) 13.31 ± 1.55 13.93 ± 1.19 12.99 ± 1.64 0.102
Adiponectin-sc 0.21 (0.01–4.00) 0.71 (0.01–2.58) 0.15 (0.01–4.00) 0.052
Adiponectin-LAD 7.40 (0.01–687.77) 3.24 (0.01–687.77) 15.16 (0.20–338.67) 0.356
Adiponectin-RCA 0.58 (0.03–22.51) 0.58 (0.09–22.51) 0.70 (0.03–20.57) 0.848
Circulating adiponectin (mg/L) 3.06 (1.77–12.89) 6.55 (2.34–12.89) 2.50 (1.77–5.82)  < 0.001
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(AMPK)-dependent production of vascular endothelial 
growth factor, elevation of adiponectin production from 
epicardial adipose tissue may represent a counterregula-
tory response to myocardial insufficiency [24–27]. Nota-
bly, the current study found that LVEF was associated only 
with adiponectin-LAD, but not with adiponectin-RCA, 
suggesting that the upregulation of the production of adi-
ponectin from the epicardial adipose tissue may occur only 
locally corresponding to the LV myocardial segments with 
systolic dysfunction.

Associations of adipokines with LV diastolic 
function

We demonstrated that increased levels of both resistin-
LAD and RBP4-LAD were associated with a delayed 
relaxation pattern of LV filling, as indicated by decreased 
MVE/A. Importantly, LV diastolic dysfunction was asso-
ciated only with epicardial adipose tissue mRNA expres-
sion of adipokines from the region of the LAD, which 
corresponds to the LV myocardium, highlighting the pos-
sible existence of a causal relationship. In this respect, 
resistin and RBP4 secreted by the epicardial adipose tis-
sue of the LV myocardium may promote the development 
of increased LV chamber stiffness resulting in diastolic 
dysfunction of delayed relaxation pattern. Consistently, 
serum levels of both resistin and RBP4 have previously 
been reported to be associated with LV diastolic dysfunc-
tion and development of heart failure, highlighting the 
importance of these adipokines in the pathogenesis of 
heart failure [6–9]. The mechanism underlying resistin-
induced myocardial dysfunction was recently elucidated 
by Zhao et al. using experiments in mice [28]. Specifically, 
deletion of resistin in vivo was demonstrated to attenuate 
the overload-induced LV myocardial dysfunction, whereas 
overexpression of resistin was shown to deteriorate cardiac 
function and induce heart failure in mice through mecha-
nisms involving the miR148b-3p/Gadd45a axis and DNA 
damage response [28]. With regard to the mechanism of 
RBP4-induced myocardial dysfunction, Zhang et al. dem-
onstrated that knockdown of RBP4 in the heart diminished 
acute myocardial dysfunction-related cardiac dysfunction 
via downregulation of cardiomyocyte pyroptosis [29]. The 
present study demonstrates for the first time, to our knowl-
edge, the relationship of LV diastolic dysfunction with 
epicardial adipose tissue mRNA expression of resistin 
and RBP4, indicating the possible existence of a paracrine 
effect of these adipokines on the neighboring myocardium. 
This paracrine effect may exist independently from any 
systemic effect of serum resistin and RBP4, as suggested 
by the results of the backward stepwise regression analysis 
of this study.

Associations of adipokines with hemodynamics 
of aortic valve

AVVmax, which increases in relation to the severity of 
calcific aortic stenosis, was found in this study to correlate 
positively with mRNA expression of resistin, RBP4, and 
adiponectin from epicardial adipose tissue near the RCA. 
Taking into account that the RCA passes through the right 
atrioventricular groove, which is in close proximity to the 
fibrous skeleton of the heart, the epicardial adipose tissue 
specimens near the RCA were collected from a region adja-
cent to the fibrous skeleton of the heart, the calcification of 
which is expected to be increased in individuals with aortic 
valve calcification [30]. Therefore, the extensive calcifi-
cation of the epicardial adipose tissue near the RCA may 
upregulate the mRNA expression of resistin, RBP4, and adi-
ponectin in cases of calcific aortic stenosis. This postulated 
mechanism could be further corroborated by the previously 
reported induction of adiponectin expression in adipocytes 
by the calcification-promoting hormone osteocalcin and the 
association of vascular expression of adiponectin with vas-
cular calcification [31, 32].

Associations of adipokines with CAD

The comparison of epicardial adipose tissue mRNA expres-
sion and serum levels of resistin, RBP4, and adiponectin 
between individuals with CAD and without CAD revealed 
a significant difference only for serum adiponectin levels. 
Indeed, circulating adiponectin has previously been shown 
to be downregulated in patients with CAD and involved in 
anti-atherosclerotic pathways [1, 33]. The inconsistency 
in the reported associations of epicardial adipose tissue 
mRNA expression of resistin, RBP4, and adiponectin with 
CAD in the literature may challenge the notion that these 
adipokines produced by epicardial adipose tissue could be 
causally linked with coronary atherosclerosis through a par-
acrine effect [13–16, 34, 35]. Considering that the patients 
with advanced CAD who underwent coronary artery bypass 
surgery in these studies were expected to be more commonly 
characterized by LV diastolic and systolic dysfunction com-
pared to individuals without CAD, the reported associations 
of epicardial adipose tissue mRNA expression of resistin, 
RBP4, and adiponectin with CAD in some studies could 
be attributed at least in part to the association of these adi-
pokines with LV dysfunction [36, 37]. Consistently, among 
patients with CAD, epicardial adipose tissue mRNA expres-
sion of resistin was found to be upregulated only in those 
with a history of myocardial infarction or those with acute 
coronary syndrome, implying the possible existence of the 
confounding effect of LV dysfunction [13, 34]. Furthermore, 
epicardial adipose tissue mRNA expression of adiponectin 
was demonstrated to be downregulated only in patients with 
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multivessel CAD and not in individuals with one-vessel dis-
ease [35]. The present study demonstrated for the first time 
that regional (i.e., close to the LAD or the RCA) epicardial 
adipose tissue mRNA expression of adipokines is not associ-
ated with the presence of significant stenosis of the coronary 
artery supplying the relevant myocardial vascular region, 
thus further reinforcing the concept of a possible neutral 
paracrine role of these adipokines produced by epicardial 
adipose tissue in coronary atherosclerosis.

Study strengths and limitations

Strengths of the present study include, firstly, the fact that 
we applied a novel approach to determine whether regional 
(i.e., close to the LAD or the RCA) epicardial adipose tissue 
mRNA expression of adipokines may be associated with 
the presence of significant stenosis in the corresponding 
coronary artery or with the structure and function of the 
corresponding myocardium. Secondly, as opposed to the 
overwhelming majority of previous relevant studies, the 
population of the current study included only non-diabetic 
participants, eliminating the confounding effect of diabetic 
status on the study of adipokines [4].

The results of our study should be interpreted in light 
of some limitations. Firstly, a proportion of participants 
were evaluated in the period following a recent myocardial 

infarction, which may have altered mRNA expression of 
adipokines from epicardial adipose tissue samples in close 
proximity to a healing myocardial infarction. Secondly, the 
ranges of distributions of adipokine mRNA expressions were 
relatively wide. Nevertheless, the relevant parameters were 
evaluated after log-transformation, resulting in less non-
normal distribution with decreased variability. A similarly 
wide range of epicardial adipose tissue mRNA expression 
of adipokines has previously been reported [38]. Indeed, 
skewed distribution with the presence of outliers is increas-
ingly being recognized as a not uncommon characteristic 
of human gene expression, attributed to various potential 
mechanisms, including gene interaction and incomplete 
penetrance [39]. Thirdly, taking into account the cross-
sectional design of the current study, the observed relation-
ships between epicardial adipose tissue mRNA expression 
of adipokines and the studied parameters cannot prove the 
presence of causal associations. Moreover, a proportion of 
the study population was taking statins that may have influ-
enced the adipokine mRNA expressions. Fifthly, it should be 
acknowledged that the non-parametric tests that were used 
in the present study are generally characterized by lower 
power than the respective parametric tests. Furthermore, the 
number of patients with CAD was greater than the number 
of individuals without CAD resulting in decreased power of 
the study to detect significant differences. These two facts 

Fig. 1  Associations of resistin, retinol-binding protein 4 (RBP4), and adiponectin produced by epicardial adipose tissue with left ventricular 
(LV) myocardial function
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together may represent a limitation of this study as concerns 
the associated increase in type II error. In this respect, fur-
ther studies with greater numbers of participants are needed 
to confirm the absence of statistically significant differences 
of the studied parameters.

Conclusion

In conclusion, increased epicardial adipose tissue mRNA 
expression of adiponectin was associated with LV systolic 
dysfunction, while the elevation of epicardial adipose tissue 
mRNA expression of both resistin and RBP4 was associ-
ated with LV diastolic dysfunction (Fig. 1). Further studies 
are required to elucidate whether these associations repre-
sent causal relationships and if the adipokines produced by 
epicardial adipose tissue can be promising targets of future 
treatments for heart failure.
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