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to linear regression analysis, PON-1 levels and age were 
found to be independent predictors of EFT.
Conclusion Reduced PON-1 activity was negatively asso-
ciated with EFT and PON-1 activity independently predicts 
EFT in renal transplant recipients.

Keywords Paraoxonase · Cardiovascular risk · Renal 
transplantation

Introduction

Cardiovascular disease (CVD) is the main cause of mortal-
ity among renal transplant (RT) recipients [1]. This risk is 
attributed to the presence of end-stage renal disease before 
transplantation and immunosuppressive treatment after 
transplantation [2]. However, arterial stiffness, a CVD risk 
factor, improves after kidney transplantation; however, the 
leading cause of death in RT recipients is still CVD [3, 4]. 
Several factors including age, gender, graft function, blood 
pressure and also donor’s age are associated with cardio-
vascular risk in RT recipients [5, 6].

Paraoxonase-1 (PON-1) is a 354 amino-acid protein 
with a molecular mass of 43 kDa. PON-1 protects lipids 
in lipoproteins, macrophages and erythrocytes from oxi-
dation; therefore, it can be a potential contributing factor 
in preventing atherosclerosis [7]. It has been shown that 
decreased PON-1 activity is associated with increased car-
diovascular risk [8]. PON-1 activity was found to be lower 
in patients with ESRD and was also restored by renal trans-
plantation [9]. In recent studies, authors have demonstrated 
the relationship between PON-1 and CVD in renal trans-
plant recipients [10, 11].

Epicardial fat tissue (EFT) is the visceral adipose tissue 
surrounding the subepicardial coronary vessels and has the 

Abstract 
Aims Cardiovascular disease is a major cause of mortality 
in renal transplant recipients. Paraoxonase-1 (PON-1) has 
been shown to protect against atherosclerosis by modifying 
lipoproteins. Epicardial fat tissue (EFT) has been proposed 
as a new cardiovascular risk factor. The aim of this study 
was to investigate the relationship between PON-1 activity 
and EFT in renal transplant recipients.
Methods Eighty renal transplant recipients were enrolled 
in this cross-sectional study. PON-1 activity was assessed 
from the rate of enzymatic hydrolysis of paraoxon to 
p-nitrophenol. EFT was measured by echocardiography.
Results The mean age of the patients was 
40.4 ± 12.3 years and mean post transplant follow-up 
duration was 57.2 ± 46 months. Mean PON-1 activity was 
68.5 ± 30 U/L. PON-1 activity was positively correlated 
with age and body mass index and negatively correlated 
with parathyroid hormone, dialysis duration and EFT. The 
mean EFT thickness was 0.64 ± 0.17 cm. Multiple linear 
regression analysis was used to define independent deter-
minants of EFT in renal transplant recipients. According 
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same origin as abdominal fat tissue. EFT secretes proath-
erosclerotic and proinflammatory cytokines [12, 13]. It has 
been well established that EFT is a predictor of CVD in 
both non uremic and uremic populations, such as in perito-
neal dialysis (PD) and hemodialysis (HD) patients [14–16]. 
However, only one study mentioned that EFT is lower in 
RT recipients compared to HD patients [17]. At present 
there are not enough data about EFT and cardiovascular 
disease in RT recipients.

Thus, we aimed to investigate the relationship between 
PON-1 and EFT thickness in RT recipients.

Material and methods

Study population

This single-center, cross-sectional study was performed 
in monitored patients with RT at the Nephrology Depart-
ment of the Medical Faculty of Erciyes University, Turkey, 
in the period between March 2014 and October 2014. The 
study was approved by the University Ethics Committee. 
All participants provided written informed consent, and the 
study was performed in accordance with the Declaration of 
Helsinki.

In our tertiary medical center 125 RT recipients are cur-
rently being followed up. The patients included in the study 
were selected according to the following inclusion and 
exclusion criteria. RT patients were included if they under-
went transplantation at least 6 months previously and their 
serum creatinine level was lower than 1.5 mg/dL. Patients 
with conditions that could possibly affect EFT thickness 
were excluded. The exclusion criteria were heart failure, 
active infection, autoimmune disease, chronic inflam-
matory diseases and secondary hyperparathyroidism, RT 
recipients with a serum creatinine level >1.5 mg/dL, and 
proteinuria at the nephrotic level.

Biochemical measurements

Blood samples were taken from the vein of the antecubi-
tal fossa, with subjects in a seated position and following a 
20 min. rest following 12 h of fasting. Glucose, creatinine, and 
lipid profile were determined using standard methods [18]. 
C-reactive protein (CRP) was measured using a BN2 model 
nephelometer (Dade-Behring, Germany) [19]. Tri-potassium 
EDTA based anticoagulated blood samples were drawn to 
measure complete blood count (Sysmex K-1000 auto ana-
lyzer, Block Scientific, USA) within 30 min of sampling [20].

The basal activity of paraoxonase was measured. Paraoxon 
is a toxic organophosphate that is also known as diethyl-p-
nitrophenylphosphate. PON1 activity was measured in serum 
samples by Rel Assay Diagnostics®Kit(Turkey). The linear 

increase of the absorbance of p-nitrophenol, which is pro-
duced from paraoxon, is followed at kinetic measurement 
mode. Nonenzymatic hydrolysis of paraoxon was substracted 
from the total rate of hydrolysis. The molar absorptivity of 
p-nitrophenol is 18.290 m−1 cm−1 (MK dan 18290/mol/cm) 
and one unit of paraoxonase activity is equal to 1 μmol of 
paraoxon hydrolyzed per liter per minute at 37 °C. The reac-
tion was initiated at 37 °C by the addition of the substrate 
solution, and, by using a spectrophotometer, absorbance was 
continuously monitored at 405 nm and 25 °C [21].

Echocardiogram and epicardial fat tissue thickness 
measurement

All participants underwent transthoracic echocardiography 
imagings using an echocardiograph equipped with a broad-
band transducer (Vivid S6, GE Medical Systems, USA). 
Measurements were obtained from the long axis and apical 
four-chamber view according to the standard criteria. The 
echocardiographic images were entered into a computer-
ized database (EchoPac system). The offline measurements 
of the EFT were performed by two cardiologists blinded to 
the subjects’ information in order to avoid inter-reader vari-
ability. The echocardiograms of 20 patients were randomly 
selected and a second measurement of the EFT was per-
formed 2 weeks later in order to assess the inter-observer 
and intra-observer variability. Echocardiographic assess-
ments of the EFT were measured according to the method 
previously described by Iacobellis et al. [22]. The epicar-
dial fat was identified as an echo-free space in the pericar-
dial layers on two-dimensional echocardiography [23, 24]. 
The maximum EFT was measured at the point on the free 
wall of the right ventricle along the midline of the ultra-
sound beam, perpendicular to the aortic annulus as the ana-
tomic landmark at end-diastole in three cardiac cycles. The 
inter-observer and intra-observer variabilities of the EFT 
were found as 3.5 and 2.9 %, respectively.

Statistical analysis

All parameters are expressed as the mean ± SD. A P value 
<0.05 was considered as significant. Pearson’s rank corre-
lation was used to compare correlations of PON-1 and EFT 
with other variables. Multivariate linear regression analy-
sis was used to study the predictive factors for PON-1 and 
EFT. All statistical analyses were performed using SPSS, 
version 15.0 (Chicago, IL, USA).

Results

The demographic, clinical, and laboratory characteris-
tics of the study population are shown in Table 1. The 
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mean age of the patients was 40.4 ± 12.3 years and 
mean dialysis duration prior to renal transplantation was 
47.4 ± 40.1 months. Mean post transplant follow-up dura-
tion was 57.2 ± 46 months. Twenty-five patients were on 
mammalian target of rapamycin (mTOR) inhibitors (10 
everolimus, 15 sirolimus), 55 patients were on calcineurin 

inhibitors (CNIs) (20 cyclosporin A, 35 tacrolimus), and 
90 % of patients were taking anti-hypertensive medication. 
There is no difference between patients treated by mTOR 
inhibitors and CNIs in terms of EFT (p: 0.23) and PON-1 
activity (p: 0.18).

Mean PON-1 activity was 68.5 ± 30 U/L. PON-1 activ-
ity was negatively correlated with EFT (r: −0.27, p: 0.01) 
(Fig. 1), dialysis duration (r: −0.24, p: 0.04) (Fig. 2), and 
parathyroid hormone (r: −0.28, p: 0.03) (Fig. 3) and posi-
tively correlated with age (r: 0.36, p: 0.01) and body mass 
index (r: 0.40, p: 0.01; Table 2). The mean EFT thickness 
was 0.64 ± 0.17 cm. Multiple linear regression analysis 
was used to define independent determinants of EFT in 
renal transplant recipients. According to linear regression 

Table 1  Demographical, clinical and laboratory characteristics of the 
study population

BMI body mass-index, BUN blood urea nitrogen, HDL high-density 
lipoprotein, LDL low-density lipoprotein, CNIs calcineurin inhibitors, 
hs-CRP high selective C-reactive protein, mTORi mammalian target 
of rapamycin inhibitors, PON-1 paraoxonase-1, EFTT epicardial fat 
tissue thickness

Variables Mean ± SD

Age (years) 40.4 ± 12.3

Sex (male, %) 44, 55 %

Posttransplantation month 57.2 ± 46

Dialysis duration (months) 47.4 ± 40.1

Systolic blood pressure (mmHg) 132.6 ± 27.3

Diastolic blood pressure (mmHg) 87.7 ± 22.2

BMI, kg/m2 25.3 ± 3.3

BUN (mg/dL) 19.2 ± 11.4

Creatinine (mg/dL) 1.2 ± 0.4

Parathyroid hormone (pg/mL) 67.2 ± 80.2

Uric acid (mg/dL) 6.3 ± 1.8

Calcium (mg/dL) 9.6 ± 0.5

Hemoglobin (g/L) 13.3 ± 1.9

hs-CRP (mg/L) 6.8 ± 6.7

PON 1 (U/L) 68.5 ± 30

PON-1 in patients treated by CNIs (U/L) 67.5 ± 27

PON-1 in patients treated by mTORi (U/L) 69.1 ± 29

EFTT (cm) 0.64 ± 0.17

EFTT in patients treated by CNIs (cm) 0.66 ± 0.14

EFTT in patients treated by mTORi (cm) 0.63 ± 0.12

Total cholesterol (mg/dL) 188.7 ± 28.5

HDL-cholesterol (mg/dL) 38.7 ± 8.2

LDL-cholesterol (mg/dL) 123.4 ± 26.2

Plasma triglyceride (mg/dL) 154.7 ± 62.2

Statin usage (n, %) 9 (11)

Serum glucose (md/dL) 106 ± 37

Hemoglobin A1c (%) 6,4 ± 1.3

Cause of end stage renal disease (n, %)

 Diabetes mellitus 15 (19 %)

 Hypertension 18 (23 %)

 Glomerulonephritis 8 (10 %)

 Polycystic kidney disease 3 (4 %)

 Obstructive uropathy 9 (11 %)

 Unknown 25 (31 %)

 Alport syndrome 1 (1 %)

 Hellp syndrome 1 (1 %)

Fig. 1  Correlation analysis of PON-1 and EFT

Fig. 2  Correlation analysis of PON-1 and dialysis duration
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analysis, PON-1 levels and age were found independent 
predictors of EFT (Table 3).

Discussion

Cardiovascular disease is the main cause of death in renal 
transplant recipients, as in patients with end-stage renal 
disease. The presence of atherosclerosis due to tradi-
tional risk factors including hypertension, diabetes, and 
hyperlipidemia and also non-traditional risk factors such 

as oxidative stress is attributed to increased CVD risk in 
RT patients [1, 2, 25]. PON-1 is an enyzme that protects 
against atherosclerosis by preventing lipid oxidation and its 
level is decreased in chronic kidney disease [9, 10]. EFT 
is a kind of adipose tissue which is similar to abdominal 
visceral fat and it is closely linked to CVD [14]. It has been 
previously shown that PON-1 is associated with arterial 
stiffness in RT patients; however, the data about PON-1 and 
EFT are lacking in this population [11]. Thus, according to 
the best of our knowledge, we have demonstrated herein, 
for the first time, that PON-1 activity is associated with 
EFT and also independently predicts EFT in RT recipients 
as a major finding of our study. Another important result 
of this study is that PON-1 levels are negatively correlated 
with dialysis duration before renal transplantation.

Oxidative stress is closely linked to vascular dysfunction 
and the balance between oxidant and anti-oxidant mecha-
nisms is relevant to the occurrence of atherosclerosis. Oxi-
dized low-density lipoprotein (LDL) contributes to athero-
sclerosis. Moreover, high-density lipoprotein (HDL) plays 
a crucial role in the prevention of atherosclerosis by pro-
tecting LDL from oxidation [26, 27]. PON-1 is an enzyme 
that is synthesized in the liver and secreted to the blood. 
However PON-1 is involved in many enyzmatic activi-
ties, such as arylesterase and lactonase. Its main function 
is its binding to HDL and protecting LDL from lipid per-
oxidation [28]. Moreover, an inverse association was dem-
onstrated between oxidative stress and PON-1 as a potent 
HDL-associated antioxidant enzyme [29]. Decreased 
PON-1 activity has been reported in populations with high 
cardiovascular risk including diabetes mellitus, coronary 
artery disease, and chronic kidney disease [9, 30, 31]. The 
role of PON-1 in cardiovascular risk in RT recipients has 
not been widely studied; thus recent studies have focused 
on this relation. Hasselwander et al. [32] demonstrated that 
PON-1 gene polymorphisms and enzyme activity are not 
associated with increased cardiovascular risk. Supporting 
these findings, Dantoine et al. [9] showed that the PON-1 
activity of RT patients was similar to that of control sub-
jects and they reported that renal transplantation restored 
PON-1 activity. In contrast to these studies, Paragh et al. 
[33] found that PON-1 activity was decreased in RT recip-
ients. Also, Sztanek et al. reported that PON-1 activity is 
associated with increased CVD risk in RT patients [10]. 
More recently, Gungor et al. [11] found that there was a 
correlation between PON-1 level and atherosclerosis in RT 
recipients.

A recently defined cardiovscular risk factor is EFT, 
which is located subepicardially around both ventri-
cles of the heart. EFT is a metabolically active organ that 
secretes many cytokines like TNF-a, IL-6, angiotensino-
gen and plasminogen activator inhibitor-1 (PAI-1), which 
are proinflammatory or proatherogenic [34]. According 

Fig. 3  Correlation analysis of PON-1 and parathyroid hormone

Table 2  Correlation analysis of PON-1 with other variables

EFTT epicardial fat tissue thickness, BMI body-mass index

PON 1

rho p value 95 % confidence interval

Age 0.36 0.01 (−0.16 to 0.32)

Parathyroid hormone −0.28 0.03 (−0.30 to 0.86)

Dialysis duration −0.24 0.04 (−0.22 to 0.21)

EFTT −0.29 0.01 (−0.42 to 0.15)

BMI 0.40 0.01 (−0.26 to 0.22)

Table 3  Multivariate linear regression analysis of the predictive fac-
tors for EFTT (r2 = 0.282)

PON-1 paraoxonase -1, EFTT epicardial fat tissue thickness

Variables β p 95 % confidence interval

Parathyroid hormone −0.12 0.12 0.3 (−0.23 to 0.7)

Dialysis duration −0.24 0.08 0.4 (−0.20 to 0.6)

PON 1 −0.26 0.04 0.6 (−0.2 to 0.9)

Age 0.31 0.02 0.8 (−0.1 to 0.9)
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to these findings, recent interest has shifted towards the 
role of EFT in CVD in both renal and non-renal patients. 
Increased EFT thickness, as obtained by echocardiography, 
is related with atherosclerosis in patients with diabetes and 
also hypertension [35, 36]. Turkmen et al. [37] found that 
that EFT was increased in ESRD patients and a positive 
correlation between EFT and malnutrition-inflammation-
atherosclerosis syndrome was revealed in their study. They 
also reported in another study that EFT was associated with 
coronary artery calcification in PD patients [16]. Moreover, 
a recent study in HD patients implicated that EFT predicts 
mortality in HD patients [38]. After the suggestion of EFT 
use in the prediction of CVD risk assessment, Karohl et al. 
[39] reported that EFT may be useful and correlated with 
myocardial perfusion for screening CKD patients prior to 
renal transplantation in order to predict future cardiovas-
cular risk. Only one report by Colak et al. [17] assessed 
the role of EFT in renal transplant patients and they con-
cluded that EFT is correlated with left ventricle mass index. 
In addition, they observed that EFT thickness was simi-
lar to that in a healthy population and significantly lower 
than that of HD patients in their cohort. However, data on 
PON-1 and EFT are lacking in renal transplant recipients. 
The role of oxidative stress and its association with CVD 
risk stratification remains unclear. Our study showed that 
PON-1 activity was inversely correlated with EFT and that 
PON-1 is one of the independent predictors of EFT in renal 
transplant recipients.

The present study has several limitations. Firstly, it is 
a cross-sectional study. Secondly, only a small number of 
patients were enrolled in the investigation due to its single-
center study design. Thus, prospective studies are needed in 
larger populations. Thirdly, although we found an inverse 
correlation between PON-1 level and EFT, the pathophysi-
ologic mechanism is unclear. Fourthly, correlations with 
PON-1 and other variables found were significant, but 
essentially weak (rho <0.3 except age and BMI). Finally, 
we assessed EFT thickness by echocardiography. Although 
magnetic resonance imaging and computerized tomog-
raphy may be more accurate due to volumetric measure-
ment availability, echocardiography has several advantages 
in that it is easily accessible, has a low cost and does not 
require X-ray exposure.

In conclusion, PON-1 activity is associated with EFT in 
renal transplant recipients. PON-1 might be useful in the 
assessment of oxidative status in RT recipients. Finally, our 
results should be interpreted with caution. Further studies 
are needed to validate these results.
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