
Correspondence: ORASAN REMUS AUREL, CENTRUL DE DIALIZA NEFROMED CLUJ-
NAPOCA, STR. ANA ASLAN NR 40, COD POSTAL 400528, CLUJ-NAPOCA, Tel.
0744646831, Email: remusorasan@yahoo.com

Studia Universitatis „Vasile Goldiş”, Seria Ştiinţele Vieţii
Vol. 22, issue 2, 2012, pp. 297-306

© 2012 Vasile Goldis University Press (www.studiauniversitatis.ro)

ENDOTHELIAL DYSFUNCTION IS ASSOCIATED WITH VISFATIN

AND OXIDATIVE STRESS IN HEMODIALYSIS PATIENTS

REMUS AUREL ORASAN1 *, SIMONA RACASAN1, RAZA AWON2, IOAN MIHAI PATIU1, INA KACSO2,

DIANA MOLDOVAN2, GABRIEL SAMASCA3, DOINA DAICOVICIU4, ADRIANA MURESAN4, MIRELA

GHERMAN CAPRIOARA2

1 Nefromed Dialysis Centers Cluj

2 “Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, Nephrology Department

3 “Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, Pediatrics Department

4 “Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, Physiology Department

Abstract: Background: Endothelial dysfunction (ED) is marker of atherosclerosis in chronic renal failure. In

uremia, visfatin was associated with inflammation and endothelial dysfunction. Materials and methods: We

evaluated 32 chronic hemodialysis patients (group 1), divided in 2 subgroups (with and without diabetes mel-

litus) and 20 volunteers-control group (group 2). Plasma visfatin, endothelial-dependent flow-mediated vasodi-

latation and nitroglycerin-induced endothelium independent vasodilatation (NMD) were assessed for all groups.

Malondialdehyde (MDA), hemoglobin, Kt/V, parathormone, C-reactive protein (CRP), albumin, ferritin, transferin

saturation, cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol, calcium, phosphorus and body mass

index (BMI) were determined in group 1. Results: FMD (p=0.02) and NMD (p=0.01) were significantly higher

in group 2 than in group 1. In group 1, FMD negatively correlated with visfatin (p=0.007) and MDA (=0.03) and

positively correlated with LDL-cholesterol (p=0.0007). BMI, CRP and HDL-cholesterol were significantly higher

(p=0.009, =0.001, =0.01 respectively) in diabetes patients compared to patients with no diabetes, while NMD,

albumin and calcium were significantly lower (p=0.04, =0.003, =0.04 respectively). Conclusions: Endothelial

dysfunction, measured by FMD, is increased in HD patients compared to controls and is associated with visfatin

and oxidative stress. Diabetes mellitus is associated with NMD, but it does not influence FMD and visfatin,

even if inflammation is enhanced in these patients.
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INTRODUCTION

Excessive incidence of atherosclerosis and cardio-
vascular mortality in hemodialysis (HD) patients was
observed years ago (Lindner et al., 1974) and this has
not changed since then. Uremia is associated with en-
dothelial dysfunction (ED) and impaired bioavailabil-
ity of nitric oxide upon shear stress-induced
stimulation of the endothelium (Kari et al., 1997). En-
dothelial dysfunction may work as a trigger for the ac-
celerated atherosclerosis in patients with chronic renal
failure. Systemic inflammation and oxidative stress
seem to contribute to endothelial dysfunction in
chronic kidney disease (CKD) patients (Del Vecchio
et al., 2011; Recio-Mayoral et al., 2011). 

Adipose tissue has been described as a hormonally
active organ with a role in the pathogenesis of cardio-
vascular complications seen in uremia (Axelsson et al.,
2008). Some adipokines appear to work as modulators
of vascular injury (Wang et al., 2006) and inflamma-

tion (Takami et al., 2001). Associations between
adipokines and ED have been demonstrated in chronic
kidney disease (CKD) (Malyszko et al., 2004). 

Visfatin, also known as nicotinamide phosphoribo-
syltransferase (NAMPT), is an adipokine that was first
described in 2005 by Fukuhara et al., who found that
visfatin was correlated with visceral fat mass and has
an insulin mimetic activity. Visfatin might be influ-
enced by renal function (Yilmaz et al., 2008) and in
uraemia, it was associated with inflammation and
markers of endothelial damage (IL-6, ICAM, CD164
and VCAM-1) (Axelsson et al., 2007; Malyszko et al.,
2010), but also with altered flow mediated dilatation
(Yang et al., 2007). Contradictory results were re-
ported regarding visfatin’s association with body fat
mass and diabetes in patients on maintenance dialysis
(Chen et al., 2006; Haider et al., 2006; Pagano et al.,
2006).

The aim of this study was to assess endothelial dys-
function, measured by flow mediated dilatation
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(FMD), in patients on maintenance HD and to corre-
late it with diabetes and markers of inflammation, ox-
idative stress, anemia, lipid profile and calcium
phosphorus metabolism. Also, we determined vis-
fatin levels in these patients and we investigated its
relationship with ED.

MATERIALS AND METHODS
A prospective, transversal and observational study

was performed in a single dialysis unit. A total of 32
patients undergoing hemodialysis 3 times a week
were included in the study (62.3±15.7 years; duration
of HD 2.0±1.4 years; 23 men and 9 women) (group
1). We used as exclusion criteria infections and ma-
lignancies. Group 1 was divided in 2 subgroups: 17
patients with diabetes mellitus (66.67±6.47 years, du-
ration of HD 1.5± 0.9 years; 12 men and 5
women)(subgroup A) and 15 patients without dia-
betes mellitus (58.00±14.84 years, duration of HD
2.6±2.2 years, 11 men and 4 women)(subgroup B).
Twenty volunteers served as matched controls
(41.2±7.32 years, 9 men and 11 women)(group 2).
The dialysis program of the patients was 4 hours 3
times per week using polyamide hollow-fibres mem-
branes (Gambro AB, Stockholm, Sweden) and bicar-
bonate dialysis. The informed consent of all patients
and controls was obtained and the study was ap-
proved by the Ethics Committee of our unit.

General clinical and laboratory measurements
Samples were obtained before dialysis session and

stored at -80°C until the analysis. We determined
plasma visfatin, plasma malondialdehyde (MDA),
body mass index (BMI), C-reactive protein (CRP),
albumin, cholesterol, HDL-cholesterol, LDL-choles-
terol, triglycerides, ferritin, transferrin saturation, he-
moglobin, calcium (Ca), phosphorus (P),
parathormone (PTH) and Kt/V in HD patients and
visfatin in the control group. Laboratory analysis was
made by Synevo laboratory in Cluj Napoca. 

Plasma visfatin levels were determined by ELISA
method (Human Visfatin ELISA kit, BioVision,
Mountain View, California, USA) in the Immunology
Department of the Second Pediatric Clinic Cluj
Napoca.

Plasma malondialdehyde was measured by fluo-
rimetric method using the thiobarbituric acid test. The
plasma was heated in a boiling water bath for 1 h with
a solution of 10 mM 2 – thiobarbituric acid in 75 mM
K2HPO4, pH 3 solution. The reaction product was
extracted in n-butanol after cooling. The MDA was
spectrofluorometrically determined in the organic
phase using a synchronous technique with excitation
at 534 nm and emission at 548 nm. Plasma MDA was
assessed in the Oxidative Stress Laboratory within

the Physiology Department of the University of Med-
icine and Pharmacy “Iuliu Hatieganu” Cluj Napoca.

Vascular assessment
Endothelium-dependent vasodilatation (FMD)

and endothelium-independent vasodilatation (NMD)
of the brachial artery were assessed using ultrasound
examination as described by Celermajer et al in 1992.
Measurements were made by a single observer using
a GE Logiq 3 ultrasound system (General Electric
Company, Fairfield, CT, USA) with a 7.5-MHz
probe. The non-fistula arm was used. All vasoactive
medications were withheld 24 hours before the pro-
cedure. After 15 minutes of rest before the examina-
tion started, the brachial artery diameter was assessed
5 cm above the antecubital fossa. Three adjacent
measurements were made. A pneumatic tourniquet
was inflated to 300 mm Hg with obliteration of the
radial pulse. After 4 minutes the cuff was deflated and
flow measurements were made at 1 minute and 10
minutes post deflation. After further 15 minutes
measurements were repeated and again 3 and 4 min-
utes after administration of sublingual nitroglycerin
325 µg po. FMD was calculated as the percent
change in brachial artery diameter post deflation
compared with baseline resting diameters. NMD was
calculated as the percent change in brachial artery di-
ameter post nitroglycerin administration compared
with baseline resting diameters. 

Statistical analysis
Normally distributed variables were expressed as

mean ± SD, while non-normally distributed variables
were expressed as median (range). A p-value <0.05
was considered to be statistically significant. Inde-
pendent samples Student’s t-test, Wilcoxon’s test for
independent samples, Pearson test and Spearman test
were applied for statistical analysis of the results. All
statistical calculations were made using the Rcmdr
Version 1.6-0.

RESULTS AND DISCUSSION
Mean±SD for the normally distributed variables

and median (range) for the non-normally distributed
variables of the studied parameters in HD patients are
represented in Table I. FMD was significantly higher
in the control group (14.30±5.53 %) than in group 1
(Fig. 1). Also NMD was significantly increased in
control group (20.71±9.18 %) compared to HD pa-
tients (Fig. 2). Plasma visfatin levels din not vary sig-
nificantly between the control group (1.41±1.11
pg/ml) and HD patients group (1.13 (0.00-9.65). In
the HD patients group, FMD was negatively corre-
lated with visfatin (rho=-0.53, p=0.007) (Fig. 3) and
MDA (rho=-0.42, p=0.03). In this group, there was a
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positive correlation between FMD and LDL-choles-
terol (rho=0.66, p=0.0007), but also between NMD
and LDL-cholesterol (rho=0.65, p=0.002). Visfatin
was negatively associated with NMD in group 1
(rho=-0.38, p=0.04) (Fig. 4). We found no other sig-
nificant relationship between FMD, NMD and vis-
fatin on one hand and the other studied parameters
on the other hand.

Body mass index, CRP and HDL-cholesterol were
significantly higher (p=0.009, =0.001, =0.01 respec-
tively) in subgroup A compared to subgroup B, while
NMD, albumin and calcium were significantly lower
(p=0.04, =0.003, =0.04 respectively) (Table I). There
was no other statistically significant variation be-
tween the 2 subgroups.

* Independent samples Student ‘s t-test or independent samples Wilcoxon’s test, statisti-

cally significant (p<0.05), subgroup A compared to subgroup B

Table I. The laboratory and vascular assessments in group 1,subgroups A and B

FMD=flow mediated dilatation, NMD=nitroglycerine mediated dilatation, BMI=body mass

index, CRP=C-reactive protein, Hb=hemoglobin, PTH=parathomone, Ca=calcium,

P=phosphorus
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Fig. 1. Plot of means showing the increased FMD in controls compared to hemodial-

ysis patients

FMD=flow mediated dilation

* Independent samples Student’s t-test, statistically significant (p<0.05)
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Fig. 2. Plot of means showing the increased NMD in controls compared to hemodial-

ysis patients

NMD=nitroglycerine mediated dilation

* Independent samples Student’s t-test, statistically significant (p<0.05)
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Fig. 3. Scatter plot showing the significant negative relatioship between plasma vis-

fatin concentration and FMD in hemodialyis patients

FMD=flow mediated dilation

* Spearman rank-order, statistically significant (p<0.05)
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Fig.4. Scatter plot showing the significant negative relatioship between plasma vis-

fatin concentration and NMD in hemodialyis patients 

NMD=nitroglycerin mediated dilation

* Spearman rank-order, statistically significant (p<0.05)
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In chronic renal failure endothelial dysfunction
and atherosclerosis are almost universal, generating
cardiovascular complications. Hypertension and
shear stress, inflammation, diabetes-associated fac-
tors such as advanced glycated end products and ure-
mic toxins are among the risk factors of ED in CKD
(Malyszko et al., 2010). Traditional cardiovascular
risk factors do not explain the high cardiovascular
morbidity and mortality in CKD, therefore non-tra-
ditional cardiovascular risk factors have been sug-
gested to play an important role. In HD patients, such
non-traditional cardiovascular risk factors are ED,
oxidative stress, anemia, inflammation, uremic toxins
and abnormalities in bone and mineral metabolism
(Kendrick et al., 2008).

In the present study we investigated the presence
of endothelial dysfunction in CKD patients on main-
tenance HD and we assessed the relationship between
FMD and markers of oxidative stress, inflammation,
anemia, lipid profile and calcium-phosphorus metab-
olism. We found that FMD and NMD are signifi-
cantly decreased in HD patients compared to healthy
subjects. This confirms earlier reports suggesting that
endothelial dysfunction is increased in these patients
(Yilmaz et al., 2008). FMD negatively correlated
with plasma MDA levels in HD patients, showing the
positive association between ED and oxidative stress.
This association was found also by other authors
(Costa-Hong et al., 2009), suggesting that oxidative
stress and ED might be involved in the increased sus-
ceptibility of CKD patients to cardiovascular dis-
eases. FMD and NMD were positively correlated
with LDL-cholesterol, a rather surprisingly associa-
tion which could be explained by the fact that oxi-
dized LDL, but not native LDL-cholesterol, was
shown to downregulate endothelial NO synthase ac-
tivity (Fleming et al., 2005).

Chronic renal failure has been associated with im-
paired immunity and subclinical inflammation in-
volving cytokines derived from adipose tissue,
adipocytokines (Malyszko et al., 2010). Visfatin is an
adipocytokine with critical impact on energy avail-
ability, function and survival of cells (Yang et al.,
2007). In CKD patients, a major source of visfatin
may be the infiltration of inflammatory cells (a com-
ponent of white adipose tissue) or adipose cells
(Malyszko et al., 2010). In HD patients there are
some specific major sources of inflammation, such
as usage of dialysis membranes with different de-
grees of biocompatibility, uremic toxins, infection re-
lated to vascular access and (accidental) presence of
bacteria or endotoxins in the dialysis liquid.

In our study, visfatin did not differ significantly
between the HD patients group and the control group,
although it tended to have more reduced levels in

healthy volunteers. This result does not support en-
tirely the observation that plasma visfatin levels in-
crease along with renal function reduction (Yilmaz et
al., 2008). Visfatin was negatively correlated with
FMD and NMD in HD patients, confirming the as-
sociation with ED in CKD and suggesting that high
levels of visfatin could be related to increased mor-
tality in end-stage renal disease. Although visfatin is
considered to be associated with inflammation, we
did not find a significant relationship with CRP and
albumin, but it tended to positively correlate with
MDA in HD patients. 

In this study we analyzed if the presence of dia-
betes mellitus could influence the levels of the stud-
ied parameters. FMD and visfatin did not variate
significantly, but NMD was statistically significant
decreased in diabetes patients, suggesting an en-
hanced arterial stiffness. Literature reports have con-
tradictory results regarding the FMD values in
diabetes and non-diabetes HD patients. On one hand,
Rus and Buturovic-Ponikvar (Rus et al., 2009) ob-
served a significant reduction in FMD of diabetic HD
patients compared to non-diabetic HD patients, while
Prasad et al., (2007) found similar FMD levels in
both diabetic and non-diabetic HD patients. No asso-
ciation with visfatin was shown for adiposity, or for
parameters of glucose metabolism in end-stage renal
disease patients (Axelsson et al., 2007; Yilmaz et al.,
2008). Visfatin was shown to be elevated in both di-
abetic and non-diabetic patients on maintenance dial-
ysis (Ziegelmeier, 2008).

In the diabetes mellitus group we found that BMI
and CRP were significantly elevated compared to
non-diabetic patients group, while albumin was sig-
nificantly lower, showing a tendency for overweight,
increased inflammation and poor nutrition. HDL-
cholesterol was significantly lower in nondiabetic
HD patients compared to diabetic HD patients, but
the mean values were low for both groups. The dif-
ference in Ca values between subgroups should be
careful interpreted since the patients were treated
with calcium-containing phosphate binders.

CONCLUSIONS
In conclusion, endothelial dysfunction, measured

by flow mediated dilatation, is increased in patients
undergoing chronic hemodialysis compared to con-
trols and it is associated with visfatin and oxidative
stress, when measured by malondialdehyde. The
presence of diabetes mellitus seems to be associated
with increased arterial stiffness, when explored by ni-
troglycerin-mediated dilatation, but does not influ-
ence flow mediated dilatation and visfatin, in
hemodialysis patients, even if inflammation is en-
hanced in this subgroup of patients. More and larger
studies are needed to evaluate endothelial dysfunc-
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tion in patients on maintenance hemodialysis.
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