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Background: Endotheline-1 (ET-1), an endothelial mediator, influences on mineral metabolism; especially vascular calcification in uremic 
patients.
Objectives: The aim of the present study was to evaluate of ET-1, high-sensitivity C-reactive protein (hs-CRP) and mineral metabolites as the 
main factors for vascular calcification and inflammation in hemodialysis (HD) patients.
Patients and Methods: In this cross-sectional study, 46 chronic stable HD patients were selected from nephrology departments of Tabriz 
University of Medical Sciences affiliated hospitals and classified based on phosphorus (P), Ca-P product (Ca × P) and intact Parathyroid 
Hormone (iPTH) levels. We evaluated fasting serum ET-1and hs-CRP levels by the standard methods and compared with 46 healthy control 
subjects.
Results: The levels of serum hs-CRP and ET-1 were significantly higher in the patient’s group compared with controls (4.40 ± 1.26 vs. 1.38 
± 1.61, P < 0.0001, and 2.31 ± 0.87 vs. 0.75 ± 0.48, P < 0.0001, respectively) and with regard to Ca × P product cut-off point (3.99 ± 0.78 vs. 
5.33 ± 1.64, P < 0.0001, and 2 ± 0.73 vs. 3.04 ± 0.73, P < 0.0001 respectively). ET-1 was correlated significantly with hs-CRP level (r = 0.776, P < 
0.0001). Serum P, Ca × P and iPTH levels directly and Ca indirectly were correlated with serum ET-1 in HD patients (r = 0.932, P < 0.0001, r 
= 0.766, P < 0.0001, r = 0.514, P < 0.0001, r = -0.538, P < 0.0001 respectively). Multiple regression analysis demonstrated that serum P were 
independently associated with ET-1 levels (β = 0.932, P < 0.0001).
Conclusions: Serum P and iPTH levels were independently associated with ET-1 and those may play a role in development of endothelial 
dysfunction in chronic kidney disease.

Keywords:Hemodialysis; Parathyroid Hormone; Endothelin-1

Implication for health policy/practice/research/medical education:
The present study demonstrated that ET-1 have positive correlation with PTH in ESRD patients undergoing HD. This is the first study that investigates the 
potential association between mineral metabolites and ET-1 in the HD patients, showing that serum P is a risk factor for the presence of an endothelial 
dysfunction accompanied with increased ET-1 level.
Copyright © 2014, Iranian Red Crescent Medical Journal; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Cardiovascular events rate are markedly increasing in 

hemodialysis (HD) patients. Approximately 50% deaths 
of patients with end stage renal disease (ESRD) originate 
from cardiovascular diseases (1). Cardiovascular mortali-
ty in ESRD population is 10 to 30 times more than general 
population (2). It has been shown that endothelial dys-
function (ED) is one of the major risk factors for develop-
ment of atherosclerosis and subsequent cardiovascular 
events in HD patients (3, 4).

Endothelins (ETs) are a family of 21 amino acid peptides 
including Endothelin-1 (ET-1), Endothelin-2 (ET-2), Endo-
thelin-3 (ET-3) and Endothelin-4 (ET-4); each with distinct 
genes and tissue distributions. ET-1 is the major endothe-
lial isoform that originally isolated from porcine aortic 
endothelial cells (5-7). ET-1is a pleiotropic molecule, best 

known for its action as a potent constrictor (8) and vascu-
lar endothelium is an abundant source of ET-1 (9, 10). ET-1 
gene transcription is enhanced with various stimulants 
such as pro-inflammatory cytokines, hyperglycemia, 
acidosis and thrombin. Inflammation is the other impor-
tant factor for atherosclerosis process in HD patients. The 
prognostic value of high sensitivity C-reactive protein 
(hs-CRP) in prediction of cardiovascular disease has been 
suggested by many investigators. Elevation of hs-CRP 
is strongly associated with vascular disease. It has been 
suggested that this protein not only is a marker, but also 
acts as a mediator in atherogenesis. In ESRD, hs-CRP has 
been proven to be associated with endothelial dysfunc-
tion. Pasceri et al. (11) showed that hs-CRP in endothelial 
cell of umbilical vein culture, stimulates endothelin-1 re-



www.SID.ir

Arc
hive

 of
 S

ID

Halaj Zadeh J et al.

Iran Red Crescent Med J. 2014;16(6):e181152

leasing, a potent endothelial-derived contracting factor. 
Despite of high prevalence and relevance of alterations 
in mineral metabolism in the chronic kidney diseases 
(CKDs), those relationships with inflammation and ET-1 
have scarcely been explained.

2. Objctives
Our aim from this study was to evaluate the correlation 

of hs-CRP and ET-1, as markers of endothelial dysfunction, 
and mineral metabolites in the HD patients.

3. Patients and Methods

3.1. Participants
The study was performed in the Biochemistry and He-

modialysis Department of Tabriz University of Medical 
Sciences (TUOMS) affiliated hospitals, Iran. The ethics 
committee of TUOMS approved the study and informed 
consent was obtained from all the participants in the 
study. Recruitment of the patients occurred from March 
2011 to October 2011. Forty six (28 males and 18 females) 
stable HD patients without any active infection, malig-
nancy, viral hepatitis, or chronic inflammatory diseases 
and 46 age and race matched Healthy Controls (HC) (23 
males and 23 females) were included in the study. Sample 
size was calculated by sample size formula based on ET-1 
concentration (α = %5, β = %10). Patients treated by Para-
thormone or history of cardio vascular diseases were ex-
cluded from the study. The causes of renal failure in the 
patients were diabetic nephropathy (41.3%), chronic glo-
merulonephritis (8.6%), polycystic kidney disease (10.8%), 
hypertensive ischemic nephropathy (19.5%), obstructive 
nephropathy (15.2%) and unknown etiology (4.3%). All of 
the HD patients were under regular hemodialysis for at 
least six months (6-84 months) in three sessions of 4 hour 
per week by synthetic high-flux membranes with Frese-
nius-2008B hemodialyser.

3.2. Laboratory Analyses
Blood samples for biochemical evaluations were drawn 

prior to a dialysis session (after 12 hours of overnight fast-
ing). Serum samples were separated within 30 minutes 
and stored at -80°C until tests were done. The following 
parameters were measured: serum total calcium (Ca), 
phosphorus (P), alkaline phosphatase (ALP), intact PTH 
(iPTH), albumin (Alb), cholesterol (Ch), triglycerides (TG), 
urea, creatinine (Cr) and hs-CRP. Biochemical parameters 
were measured by colorimetric methods with an auto-
mated chemical analyzer (Abbott analyzer, Abbott labora-
tories, Abbott Park, North Chicago, IL). Total calcium was 
corrected for serum albumin by this equation: Calcium = 
Ca + 0.8 [4.0-albumin (g/dL)]. iPTH level was measured by 
two-site ELISA method [Enzyme-Linked Immunosorbent 
Assay] (Immunodiagnostic System, Bolden, UK), with the 
sensitivity of 1.57 pg/mL. ET-1 serum concentration was 
determined with a Chemiluminescent Immunoassay 

method for human Endothelin (QuantiGlo® ELISA kit, 
Reutlingen, Germany), which uses a high affinity mono-
clonal antibody specific for this protein. The minimum 
detectable dose (MDD) with inter-assay coefficient of vari-
ation (CV) 9.1% and intra-assay CV of 3.4% was 0.064 pg/mL 
hs-CRP concentration was measured by nephelometric 
method (Pars Azmoon Co).

3.3. Statistical Analysis
All data were analyzed by Kolmogorov-Smirnov test for 

normality of distribution. Results are expressed as mean 
± SD for parametric data and as median (inter quartile 
range) for nonparametric data. Numbers (%) are shown 
when appropriate. Differences among groups were as-
sessed by Mann-Whitney-U test for the nonparametric 
data or by independent samples t-test for parametric 
data. We further determined correlations between all 
variables with Pearson’s correlation test. The null hypoth-
esis was rejected at a two-tailed P < 0.05. Differences be-
tween groups were evaluated using ANOVA test. Simple 
and multiple regression analyses were used to test the 
relationships between the variables as appropriated. Sta-
tistical analysis was performed using SPSS version 18.

4. Results
Characteristics of HD patients and HC are shown in Ta-

ble 1. There were no significant differences in the mean 
age and sex between the two study groups. Up to 69.56% 
(n = 32) of patients had serum P above the upper limit of 
5.5 mg/dL (12) and the 34.78% of patients (n = 16) had Ca × P 
product above the upper limit of 55 mg/d (12, 13).

The mean iPTH concentration was 367.29 ± 133.38 pg/mL; 
in 69.56% of patients (n = 32) iPTH was above the upper 
limit of 300 pg/mL (12). As shown in Table 1, concentra-
tion is higher in the HD than the control group, [67.5%, P 
< 0.0001]. Table 2 shows that serum levels of ET-1 did not 
differ between males and females in the HD and control 
groups [P = 0.1, P = 0.43 respectively]. A significant differ-
ence in serum hs-CRP concentration between the HD 
and HC was found; Serum hs-CRP concentration in the 
HD patients was higher than the control group [61.8%, P 
< 0.0001]. Serum hs-CRP concentration was almost equal 
in the males and females in the HD [P = 0.08] and HC [P = 
0.43] groups (Table 2). After dividing the patients group 
into two subgroups according to the Ca × P product cut-
off point (12) (< 55 and > 55 mg/dL, respectively), hs-CRP 
and ET-1 were found to be significantly different between 
the two subgroups (Table 1). Further analysis was conduct-
ed for evaluating the patients group according to Ca × P 
product, P and iPTH (Table 3). Plasma levels of hs-CRP and 
ET-1 showed a trend to increase that led to a significant 
difference between tertile subgroups. hs-CRP and ET-1 val-
ues reached statistical significance between Ca × P prod-
uct tertiles (ANOVA; P < 0.0001, P < 0.0001, respectively). 
Regarding P, serum hs-CRP and ET-1 levels were also high-
er in patients with highest tertile (ANOVA; P < 0.0001, P 
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< 0.0001, respectively). Higher concentrations of hs-CRP 
and ET-1 were shown in patients with the highest tertile of 
iPTH (ANOVA; P < 0.04, P < 0.02, respectively).

Table 4 shows potential correlations from the bivariate 
analysis examining ET-1 and serum P, Ca × P and iPTH. The 

independent relationship of mineral metabolism and 
inflammation was evaluated. Multiple regression analy-
sis showed that among different independent variables, 
only serum P was independently associated with ET-1 (β = 
0.932 P < 0.0001) (Table 5).

Table 1.  Demographic and Clinical Characteristics of Reference Controls, of 46 End-Stage Renal Disease (ESRD) Patients on Hemodi-
alysis Treatment, and of the Two Subgroups Obtained According to Ca × P Product Cut-off point a,b

Variable HD Group
(n = 46)

HC Group
(n = 46)

P Valuec Ca × P ≤ 55, 
mg/dL (n = 32)

Ca × P > 55, 
mg/dL (n = 14)

P Value d

Age, y 61.08 ± 13.92 61.84 ± 1152 NS 61.46 ± 15.32 60.21 ± 10.47 NS

Sex, male/female 28/18 23/23 - 22/10 6/8 -

SYS, mmHg 141.8 ± 20.6 108.9 ± 12.9 0.000 140.1 ± 19.8 143.9 ± 21.2 NS

DIA, mmHg 77.3 ± 10.2 75.4 ± 9.6 NS 78.6 ± 9.6 76 ± 10.8 NS

Time on dialysis, month 44 ± 34.4 - - 45.7 ± 33.3 43 ± 30 NS

Alkaline phosphatase, IU/L 411.15 ± 310.05 185.76 ± 59.93 0.000 459.12 ± 354.65 301.50 ± 119.26 0.0001

Calcium, mg/dL 8.81 ± 0.90 9.50 ± 0.56 0.000 8.67 ± 0.56 9.46 ± 1.31 0.0001

Ca × P product, mg/dL 53.43 ± 9.74 38.73 ± 7.82 0.000 48.66 ± 5.86 64.34 ± 7.88 0.0001

Albumin, g/dL 3.48 ± 0.77 3.98 ± 0.49 0.000 3.50 ± 0.78 3.45 ± 0.78 NS

Total protein, g/dL 8.25 ± 1.01 7.88 ± 1.3 NS 8.16 ± 1.11 8.47 ± 0.72 NS

Phosphorus, mg/dL 6.05 ± 0.91 4.08 ± 0.87 0.000 5.71 ± 0.71 6.85 ± 0.82 0.0001

iPTH, pg/dL 367.29 ± 133.38 26.04 ± 15.34 0.000 157.46 ± 179.28 397.91 ± 151.38 0.0001

Creatinine, mg/dL 9.20 ± 2.44 1.10 ± 0.28 0.000 9.14 ± 2.2 9.35 ± 2.91 NS

Urea, mg/dL 104 ± 17.47 39.56 ± 16.05 0.000 99.71 ± 14.43 114 ± 20.18 0.0001

Cholesterol, mmol/L 82.88 ± 14.41 79.1 ± 44.29 NS 82.88 ± 14.59 83.42 ± 15.5 NS

Triglyceride, mmol/L 169.1 ± 53.9 97.4 ± 35.6 0.000 165 ± 56 167 ± 50 NS

hs-CRP, mg/L 4.40 ± 1.26 1.38 ± 1.61 0.000 3.99 ± 0.78 5.33 ± 1.64 0.0001

Glucose, mg/dL 126 ± 7.21 92.43 ± 28,83 NS 132.3 ± 74.1 111.8 ± 46.98 NS

ET-l, pg/mL 2.31 ± 0.87 0.75 ± 0.48 0.000 2 ± 0.73 3.04 ± 0.73 0.0001
a Abbreviations: DIA, diastolic; ET-1, endothelin-1; HC, health control; hs-CRP, high sensitive C reactive protein; HD, hemodialysis patients; iPTH, intact 
parathormone; NS, non-significant; SYS, systolic.
b Data are presented as Mean ± SD.
c  P < 0.05 vs. controls.
d  P < 0.05 subgroup Ca × P, 55 mg/dL vs. subgroup Ca × P > 55 mg/dL.

Table 2.  Comparison of the Serum Levels of ET-1and hs-CRP Between Males and Females in Two HD and HC Study Groups a,b

Parameters Male Female P Valuec

ET-1, ng/mL

HD 2.15 ± 0.73 (58.69) 2.57 ± 1.02 (41.3) 0.1

HC 0.8 ± 0.6 (50) 0.69 ± 0.34 (50) 0.43

P valued 0.0001 0.0001 -

hs-CRP, ng/mL

HD 4.14 ± 0.83 (58.69) 4.79 ± 1.69 (41.3) 0.08

HC 1.2 ± 1.42 (50) 1.57 ± 1.78 (50) 0.43

P valuee 0.0001 0.0001 -
a Abbreviations: HD, hemodialysis patients; HC, health control.
b Data are presented as Mean ± SD, (%).
c Differences among groups in ET-1 and hs-CRP were assessed by Independent-Sample t-test, Serum ET-1 and hs-CRP levels (males vs. females).
d Serum ET-1 levels (HD group vs. HC group).
e Serum hs-CRP levels (HD group vs. HC group).
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Table 3.  Plasma Concentrations of ET-1, iPTH and hs-CRP According to the Tertiles of Ca × P Product, P and iPTH in Hemodialysis 
Patients a

Tertile I, n = 14 Tertile II, n = 17 Tertile III, n = 15 P Value b

Tertiles of Ca × P product

ET-l, pg/mL 1.42 ± 0.39 2.41 ± 0.58 3.04 ± 0.73 0.0001

hs-CRP, mg/L 3.3 ± 0.36 4.51 ± 0.56 5.29 ± 0.73 0.0001

Tertiles of phosphorus n = 16 n = 13 n = 17

ET-l, pg/mL 1.4 ± 0. 35 2.51 ± 0.42 3.03 ± 0.69 0.0001

hs-CRP, mg/L 3.46 ± 0.7 4.37 ± 0.36 5.31 ± 1.47 0.0001

Tertiles of iPTH n = 15 n = 16 n = 15

ET-l, pg/mL 1.88 ± 0.73 2.30 ± 0.59 2.76 ± 1.05 0.02

hs-CRP, mg/L 3.98 ± 0.92 4.18 ± 0.63 5.04 ± 1.78 0.04
a Abbreviations: iPTH, intact parathormone; ET-1, endothelin-1; hs-CRP, high sensitive C reactive protein.
b ANOVA test.

Table 4.  Correlation Coefficients (r) of ET-1 With hs-CRP, Ca and P in Hemodialysis Patientsa

Variables ET-1 P

Calcium, mg/dL -0.538 0.0001

Phosphorus, mg/dL 0.932 0.0001

Ca × P, mg/dL 0.766 0.0001

iPTH, pg/dL 0.514 0.0001

hs-CRP, mg/L 0.776 0.0001
a Abbreviations: iPTH, intact parathormone; ET-1, endothelin-1; hs-CRP, high sensitive C reactive protein.

Table 5.  Multiple Regression Analysis for ET-l as Dependent Variablea

Independent Variable Beta-regression
Coefficient

SE of Regression
Coefficient

t P Value

hs-CRP, mg/L -0.068 0.083 -0.565 0.575

Ipth, pg/dL 0.033 0.001 -0.414 0.681

Calcium, mg/dL -0.076 0.140 -0.901 0.373

Phosphorus, mg/dL 0.932 0.158 5.650 0.0001

Ca ×P, mg/dL 0.006 0.009 0.054 0.957

Vitamin D 25, OH -0.042 0.009 -0.585 0.562

ALP, IU/L 0.003 0.000 0.052 0 .959
a  Abbreviations: ALP; Alkaline phosphatase, ET-1; Endothelin-1, hs-CRP; high sensitive C, iPTH; intact Parathormone, reactive protein.

5. Discussion
There is a strong relationship between elevated serum 

P, Ca × P product, and parathyroid hormone and cardiac 
causes of death in HD patients, especially deaths result-
ing from CAD and sudden death (13). In this study, we ex-
plored the association of mineral markers of metabolism 
(Ca, P, and PTH) and inflammation parameters (hs-CRP) 
with endothelin-1 in hemodialysis patients. We observed 
significant differences in plasma ET-1 levels in the two 
subgroups obtained by dividing the whole group accord-

ing to Ca × P product cut-off point. These data indicate 
relationship between ET-1 and mineral metabolism in 
HD patients. A further analysis conducted after dividing 
the overall group according to Ca × P product, P and iPTH 
showed a direct correlation with increase of ET-1 con-
centration. Chang et al. (14) reported that ET-1 increased 
PTH release in a dose-dependent manner in human para-
thyroid cells. A recent study demonstrated that the ET-1 
receptor blocker, Bosentan, failed to reduce parathyroid 
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hyperplasia and PTH values in 5/6 of nephrectomized 
rats. In contrast, Palermo et al. showed an inverse and 
independent relationship between the circulating levels 
of PTH and ET-1 in HD patients. The results of the present 
study seem to be against with results of Palermo et al. (15) 
bivariate correlation analysis showed that PTH is directly 
correlated with ET-1. Such a correlation seems to be logic 
as high levels of both ET-1 and PTH are usually found in 
CKD patients, and both could participate in enhancing 
CV damage in this population.

Although numerous observational studies have dem-
onstrated association between CKD and excess cardiovas-
cular risk (CV) (16-18), the underlying pathophysiological 
mechanisms of this relationship still need more inves-
tigation. In CKD, there are often clusters of classical CV 
risk factors such as hypertension and diabetes mellitus. 
It should be noted that in these patients, particularly 
in late-stage CKD, the role of classical risk factors in the 
prediction of CV outcomes are not well identified as in 
the general population. Indeed, in individuals with es-
tablished renal failure (ERF) there is an inverse relation-
ship between CV event rates and conventional risk factors 
such as total cholesterol, obesity and even blood pressure 
(19). These paradoxical associations may, at least in part, 
be explained by “reverse causality”, a feature of chronic 
disease malnutrition-inflammation syndromes (20). The 
failure of conventional risk factors to fully account for 
the excess CV mortality seen in CKD has fuelled ongoing 
interest into a number of emerging risk factors, most no-
tably endothelial dysfunction.

Many risk factors, traditional and non-traditional, are 
thought to have major or minor role in development and 
progression of CVD in CKD patients. Some of these are es-
tablished cardiovascular risk factors, for example: hyper-
tension and smoking and their successful treatment or 
cessation results in reducing cardiovascular events and 
slowing down its progression. Others just seem to iden-
tify patients who are amongst at risk, such as high serum 
homocysteine level. Traditional and nontraditional risk 
factors for atherosclerosis is further complicated in pa-
tients with progressive CKD, because of the appearance 
of uremia-specific risk factors with the potential of con-
tributing to endothelial and vascular dysfunction and 
damage.

Many novel putative ‘biomarkers’ of risk, either for CVD 
or for progression, have been discovered in the last two 
decades. For many of them causality has not been proven 
yet, even in experimental studies, and for almost all of 
them the definitive confirmation of their pathophysi-
ological role and clinical relevance from intervention tri-
als in CKD patients is still pending.

In accordance with the findings in the general popu-
lation, several studies have shown that elevated CRP 
predicts both all cause and cardiovascular mortality in 
hemodialysis (HD) (21-23). A significant difference of hs-
CRP has been observed between HD subjects and healthy 
controls in our study. Our results are in accordance with 

the previous studied. Although markedly elevated plas-
ma concentrations of proinflammatory cytokines, such 
as IL-6, have been documented in most ESRD patients, 
the origin of inflammation in patients with chronic re-
nal disease remains unclear. However, it seems that both 
non-dialysis-related factors, such as reduction of kidney 
function per seconds, (24, 25) clotted access graft (26), 
failed kidney grafts (27), atherosclerosis (28) and persis-
tent infections (29-31), and dialysis-related factors, such 
as generation of complement fractions as a result of plas-
ma protein-membrane contact, the back filtration of con-
taminated dialysate to the blood compartment, and the 
direct contact of blood cells with the dialysis membrane 
(31, 32) might contribute.

Chronic inflammation results in endothelial dysfunc-
tion by quenching the production of NO and diminish-
ing its bioactivity, (33) and facilitates the interactions 
between modified lipoproteins, monocyte-derived 
macrophages (34). Studies, largely in endothelial and 
monocyte-macrophage and vascular smooth muscle 
cells, support the role for hs-CRP in atherogenesis. In the 
venous endothelium, hsCRP has been shown to promote 
the release of the potent endothelial-derived contracting 
factor ET-1 (32). ET-1 not only is a potent vasoconstrictor 
but also appears to be a mediator of hs-CRP-induced up-
regulation of adhesion molecules and monocyte chemo-
attractant protein-1 in venous EC. Accumulating evidence 
suggests that high concentrations of hs-CRP, directly ef-
fects on endothelial cells dysfunction. Verma et al. (35) 
in vitro study confirmed that pro-atherogenic effects of 
hs-CRP were potentiated in the presence of hyperglyce-
mia with increasing of ET-1 production and up regulated 
adhesion molecules and monocyte chemoattractant che-
mokine (MCP-1) expression in venous endothelial. There 
is insufficient data on the correlation between ET-1 and 
hs-CRP in hemodialysis patients up to now. Our study 
showed that correlation of hs-CRP with ET-1 is significant, 
both in the HC and HD groups, although it is more signifi-
cant in the later (r = 0.366, P = 0.012, r = 0.835 P < 0.0001, 
respectively). It appears that uremic situation have a re-
inforcement effect on correlation between hs-CRP and 
ET-1. liu et al. in HD patients, found a close correlation be-
tween serum ET-1 level and hs-CRP (P < 0.01) and showed 
that serum ET-1 level, but not the hs-CRP, was significantly 
associated with the extent of carotid atherosclerosis (36).

Plasma levels of hs-CRP showed a trend to increase with 
higher of P, Ca × P and iPTH concentration. Our data in-
dicate a relation between ET-1 and mineral metabolism 
in HD patients in according with study of Palermo et 
al. In further analysis, which was conducted after divid-
ing the HD group according to tertiles of iPTH, P and 
Ca × P, showed a trend toward a progressive increase 
of ET-1 concentration in the higher tertiles. The results 
of the present study indicate that elevated serum P is 
an independent predictor for increased levels of endo-
thelial dysfunction in these patients, suggesting that 
hyperphosphatemia may promote and/or facilitate the 
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development of endothelial disorder in CKD patients. 
The mechanisms which high phosphate levels adversely 
affect cardiovascular function are poorly understood. In 
Vitro, studies have shown that supraphysiological con-
centrations of phosphate reduce eNOS expression and 
no production in HUVECs (37). The simulated hyperphos-
phatemia induces down-regulation of eNOS expression 
that could be reversed by co-treatment with PFA, which 
is a specific inhibitor of phosphate transport across the 
cell membrane (37).

On the other hand, Previous studies support the role of 
elevated levels of ET-1 paralleling a decrease in eNOS ex-
pression, including acute renal failure (38), hypercholes-
trolemia and atherosclerosis (39). Therefore, it is possible 
to speculate that increased P concentration may trigger 
ET-1 releasing-driven signaling endothelial dysfunction 
cascades.

Measuring only few markers in ESRD patients in our 
study is one of our main limitations; however, the ob-
tained results may be the basis for further studies on 
many other factors, which may be involved in the patho-
genesis of this disease.

In conclusion, the present study demonstrated that ET-1 
have positive correlation with PTH in the ESRD patients 
undergoing HD. This result seems to be inconsistent with 
the report that whether ET-1 with well-known harmful ac-
tions on CV is also able to inhibit PTH secretion. This is 
the first study that investigates the potential association 
between mineral metabolites and ET-1 in the HD patients, 
showing that serum P is a risk factor for the presence of 
an endothelial dysfunction accompanied with increased 
ET-1 level. Our observation on the association between 
serum P and ET-1 requires further exploration and confir-
mation by longitudinal prospective studies.

Funding/Support
This Study was funded by the Biotechnology Research 

Center of Tabriz University of Medical Sciences.

References
1.       Tsimihodimos V, Dounousi E, Siamopoulos KC. Dyslipidemia in 

chronic kidney disease: an approach to pathogenesis and treat-
ment. Am J Nephrol. 2008;28(6):958–73.

2.       Jeong JC, Ro H, Hwang YH, Lee HK, Ha J, Ahn C, et al. Cardiovascu-
lar diseases after kidney transplantation in Korea. J Korean Med 
Sci. 2010;25(11):1589–94.

3.       Brunet P, Gondouin B, Duval-Sabatier A, Dou L, Cerini C, Dignat-
George F, et al. Does uremia cause vascular dysfunction? Kidney 
Blood Press Res. 2011;34(4):284–90.

4.       Jourde-Chiche N, Dou L, Cerini C, Dignat-George F, Brunet P. Vas-
cular incompetence in dialysis patients--protein-bound uremic 
toxins and endothelial dysfunction. Semin Dial. 2011;24(3):327–37.

5.       Inoue A, Yanagisawa M, Kimura S, Kasuya Y, Miyauchi T, Goto K, 
et al. The human endothelin family: three structurally and phar-
macologically distinct isopeptides predicted by three separate 
genes. Proc Natl Acad Sci U S A. 1989;86(8):2863–7.

6.       Inoue A, Yanagisawa M, Takuwa Y, Mitsui Y, Kobayashi M, Ma-
saki T. The human preproendothelin-1 gene. Complete nu-
cleotide sequence and regulation of expression. J Biol Chem. 
1989;264(25):14954–9.

7.       Hickey KA, Rubanyi G, Paul RJ, Highsmith RF. Characterization 
of a coronary vasoconstrictor produced by cultured endothelial 
cells. Am J Physiol. 1985;248(5 Pt 1):C550–6.

8.       Allahdadi KJ, Hannan JL, Tostes RC, Webb RC. Endothelin-1 in-
duces contraction of female rat internal pudendal and clitoral 
arteries through ET(A) receptor and rho-kinase activation. J Sex 
Med. 2010;7(6):2096–103.

9.       An SJ, Boyd R, Wang Y, Qiu X, Wang HD. Endothelin-1 expression 
in vascular adventitial fibroblasts. Am J Physiol Heart Circ Physiol. 
2006;290(2):H700–8.

10.       Kawanabe Y, Nauli SM. Endothelin. Cell Mol Life Sci. 2011;68(2):195–203.
11.       Pasceri V, Cheng JS, Willerson JT, Yeh ET. Modulation of C-reactive 

protein-mediated monocyte chemoattractant protein-1 induc-
tion in human endothelial cells by anti-atherosclerosis drugs. 
Circulation. 2001;103(21):2531–4.

12.       National Kidney F. K/DOQI clinical practice guidelines for chron-
ic kidney disease: evaluation, classification, and stratification. 
Am J Kidney Dis. 2002;39(2 Suppl 1):S1–266.

13.       Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK. Asso-
ciation of elevated serum PO(4), Ca x PO(4) product, and parathy-
roid hormone with cardiac mortality risk in chronic hemodialy-
sis patients. J Am Soc Nephrol. 2001;12(10):2131–8.

14.       Chang JM, Kuo MC, Chen HM, Lee CH, Lai YH, Chen HC, et al. En-
dothelin-1 regulates parathyroid hormone expression of human 
parathyroid cells. Clin Nephrol. 2006;66(1):25–31.

15.       Palermo A, Mule G, Guarneri M, Arsena R, Riccobene R, Lorito 
MC, et al. Parathyroid hormone is inversely related to endo-
thelin-1 in patients on haemodialysis. Nephrology (Carlton). 
2008;13(6):467–71.

16.       Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney 
disease and the risks of death, cardiovascular events, and hospi-
talization. N Engl J Med. 2004;351(13):1296–305.

17.       Matsushita K, Chronic Kidney Disease Prognosis C, van der Velde 
M, Astor BC, Woodward M, Levey AS, et al. Association of estimat-
ed glomerular filtration rate and albuminuria with all-cause and 
cardiovascular mortality in general population cohorts: a collab-
orative meta-analysis. Lancet. 2010;375(9731):2073–81.

18.       Van Biesen W, De Bacquer D, Verbeke F, Delanghe J, Lameire N, 
Vanholder R. The glomerular filtration rate in an apparently 
healthy population and its relation with cardiovascular mortal-
ity during 10 years. Eur Heart J. 2007;28(4):478–83.

19.       Fort J. Chronic renal failure: a cardiovascular risk factor. Kidney 
Int Suppl. 2005(99):S25–9.

20.       Kalantar-Zadeh K, Block G, Humphreys MH, Kopple JD. Reverse 
epidemiology of cardiovascular risk factors in maintenance di-
alysis patients. Kidney Int. 2003;63(3):793–808.

21.       Yeun JY, Levine RA, Mantadilok V, Kaysen GA. C-Reactive protein 
predicts all-cause and cardiovascular mortality in hemodialysis 
patients. Am J Kidney Dis. 2000;35(3):469–76.

22.       Qureshi AR, Alvestrand A, Divino-Filho JC, Gutierrez A, Heim-
burger O, Lindholm B, et al. Inflammation, malnutrition, and 
cardiac disease as predictors of mortality in hemodialysis pa-
tients. J Am Soc Nephrol. 2002;13 Suppl 1:S28–36.

23.       Selim G, Stojceva-Taneva O, Zafirovska K, Sikole A, Gelev S, Dze-
kova P, et al. Inflammation predicts all-cause and cardiovascular 
mortality in haemodialysis patients. Prilozi. 2006;27(1):133–44.

24.       Pecoits-Filho R, Heimburger O, Barany P, Suliman M, Fehrman-
Ekholm I, Lindholm B, et al. Associations between circulating 
inflammatory markers and residual renal function in CRF pa-
tients. Am J Kidney Dis. 2003;41(6):1212–8.

25.       Wang AY, Wang M, Woo J, Lam CW, Lui SF, Li PK, et al. Inflamma-
tion, residual kidney function, and cardiac hypertrophy are 
interrelated and combine adversely to enhance mortality and 
cardiovascular death risk of peritoneal dialysis patients. J Am Soc 
Nephrol. 2004;15(8):2186–94.

26.       Saeed Abdulrahman I, Al-Mueilo SH, Bokhary HA, Ladipo GO, Al-
Rubaish A. A prospective study of hemodialysis access-related 
bacterial infections. J Infect Chemother. 2002;8(3):242–6.

27.       Lopez-Gomez JM, Perez-Flores I, Jofre R, Carretero D, Rodriguez-
Benitez P, Villaverde M, et al. Presence of a failed kidney trans-
plant in patients who are on hemodialysis is associated with 
chronic inflammatory state and erythropoietin resistance. J Am 



www.SID.ir

Arc
hive

 of
 S

ID

Halaj Zadeh J et al.

7Iran Red Crescent Med J. 2014;16(6):e18115

Soc Nephrol. 2004;15(9):2494–501.
28.       Libby P. Inflammation in atherosclerosis. Nature. 

2002;420(6917):868–74.
29.       Sessa R, Di Pietro M, Ratanarat R, Rassu M, Ronco C. Chlamydia 

pneumoniae as risk factor of cardiovascular disease in dialysis 
patients. Int J Artif Organs. 2005;28(1):3–7.

30.       Wolf SC, Mayer O, Jurgens S, Vonthein R, Schultze G, Risler T, 
et al. Chlamydia pneumoniae IgA seropositivity is associated 
with increased risk for atherosclerotic vascular disease, myo-
cardial infarction and stroke in dialysis patients. Clin Nephrol. 
2003;59(4):273–9.

31.       Walter R, Mischak H, Haller H. Haemodialysis, atherosclerosis 
and inflammation-identifying molecular mechanisms of chron-
ic vascular disease in ESDR patients. Nephrol Dial Transplant. 
2002;17 Suppl 3:24–9.

32.       Verma S, Li SH, Badiwala MV, Weisel RD, Fedak PW, Li RK, et al. 
Endothelin antagonism and interleukin-6 inhibition attenu-
ate the proatherogenic effects of C-reactive protein. Circulation. 
2002;105(16):1890–6.

33.       Verma S, Wang CH, Li SH, Dumont AS, Fedak PW, Badiwala MV, 
et al. A self-fulfilling prophecy: C-reactive protein attenuates 

nitric oxide production and inhibits angiogenesis. Circulation. 
2002;106(8):913–9.

34.       Hurlimann D, Enseleit F, Ruschitzka F. [Rheumatoid arthritis, in-
flammation, and atherosclerosis]. Herz. 2004;29(8):760–8.

35.       Verma S, Wang CH, Weisel RD, Badiwala MV, Li SH, Fedak PW, et 
al. Hyperglycemia potentiates the proatherogenic effects of C-
reactive protein: reversal with rosiglitazone. J Mol Cell Cardiol. 
2003;35(4):417–9.

36.       Liu H, Peng Y, Liu F, Liu Y, Ouyang L, Xiao W, et al. Correlation be-
tween endothelin-1 and atherosclerosis in chronic hemodialysis 
patients. J Nephrol. 2010;23(5):593–602.

37.       Peng A, Wu T, Zeng C, Rakheja D, Zhu J, Ye T, et al. Adverse effects 
of simulated hyper- and hypo-phosphatemia on endothelial cell 
function and viability. PLoS One. 2011;6(8):e18115.

38.       Yanagisawa H, Nodera M, Sato M, Moridaira K, Sato G, Wada O. 
Decreased expression of brain nitric oxide synthase in macula 
densa cells and glomerular epithelial cells of rats with mercury 
chloride-induced acute renal failure. Toxicol Appl Pharmacol. 
2002;184(3):165–71.

39.       Sainani GS, Maru VG, Mehra AP. Role of endothelin-1 in genesis of 
coronary artery disease. Indian Heart J. 2005;57(2):121–7.



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

