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Predictive role of endothelin in left ventricular remodeling of chronic
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ABSTRACT
Background: In chronic kidney disease (CKD), endothelin-1 (ET-1) always increases and there are
changes in cardiac ultrasonography. In the present study, we aimed at investigating the role of
serum ET-1 in predicting cardiac complications in patients with CKD.
Methods: The level of serum ET-1 was measured by enzyme-linked immunosorbent assay (ELISA)
and cardiac ultrasonography was performed in enrolled patients. Indexes of heart failure, such as
left ventricular mass index, interventricular septum thickness and left ventricular end diastolic
diameter, were measured in patients with CKD.
Results: In the present study, we found that the level of serum ET-1 was significantly correlated
with left ventricular mass index, interventricular septum thickness and left ventricular end dia-
stolic diameter (p< .001) in non-dialysis patients with CKD.
Conclusions: The results of the present study indicated that the level of serum ET-1 is closely
related to the cardiac complications of CKD and is a useful predictor of cardiac complication.
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Introduction

Chronic kidney disease (CKD) is one of the major causes
of death in patients with kidney disease. Early detection
and active treatment of its complications, especially car-
diovascular complications, can significantly improve the
prognosis of patients. In the present study, we observed
changes in serum endothelin-1 (ET-1) levels and ultra-
sonographic parameters reflecting structural and func-
tional changes in non-dialysis patients with CKD. The
aim of the present study was to investigate the role of
serum ET-1 in the prediction of cardiac complications in
patients with CKD.

Materials and methods

Materials

One hundred seventeen patients with CKD without dialy-
sis were enrolled in the present study at the Department
of Nephrology, Qilu Hospital of Shandong University
from July 2014 to April 2016. All met the diagnostic crite-
ria for CKD. All enrolled patients were divided into five

stages according to the US NKF-K/DOQI working group
recommendations in 2003 [1]: (see Table 1)

Stage I, glomerular filtration rate (GFR)� 90mL/
(min�1.73 m2), 19 cases, 11 males and 8 females, aver-
age age (43.26 ± 11.56) years;

Stage II, GFR 60–89mL/(min�1.73 m2), 25 cases, 11 males
and 14 females, average age (46.48±12.23) years;

Stage III, GFR 30–59mL/(min�1.73 m2), 23 cases, 12 males
and 11 females, average age (48.95±14.91) years;

Stage IV, GFR 15–29mL/(min�1.73 m2), 27 cases, 16 males
and 11 females, average age (47.56±12.58) years;

Stage V, GFR<15mL/(min�1.73 m2), 23 cases, 11 males
and 12 females, average age (49.68 ± 12.63) years.

Equipment

The equipment used was as follows:
c Radioimmunoassay (Technology Industrial

Corporation, University of Science and Technology of
China), HP Sonos 5500 color Doppler echocardiography
(Philips Corporation, Netherlands), LD24-0.8 Automatic bal-
ance microcentrifuge (Beijing Medical Centrifuge Factory),
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772 grating spectrophotometer (Shanghai No. 3
Analytical Instrument Factory), and Bayer l650 auto-
matic biochemical analyzer (Bayer Corporation,
Germany). The ET-1 kit was provided by Nanjing
Jiancheng Bioengineering Research Institute, with intra-
assay variation CV <10% and inter-assay variation
CV <15%.

Methods

Endothelin-1

Six milliliters of venous blood was collected from the
left elbow median artery from all patients with a fasting
status in the morning (at least 8 h without eating).
Serum was separated from 2mL of venous blood and
was stored by cryopreservation, and the level of ET-1 in
the serum was measured from these samples. The
remaining 4mL of venous blood was evenly injected
into glass anticoagulant test tubes, 2mL each. Serum
urea nitrogen, creatinine and hemoglobin were meas-
ured by enzymatic methods the picric acid method
and the high iron oxide method. Medication with an
angiotensin-converting enzyme inhibitor (ACEI), an
Angiotensin II receptor antagonist (ARB), calcium chan-
nel blockers (CCB), diuretics, nitrates, digitalis drugs and
vasodilators was excluded from all enrolled patients at
least 36–48 h before blood samples were collected.

Cardiac ultrasonography

Left ventricular end-diastolic diameter (LVDd), interven-
tricular septal thickness (IVST) and left ventricular pos-
terior wall thickness (LVPWT) were measured from the
standard sternal left ventricular long axis, according to
the American Society of Echocardiography (American
Society of Echocardiography) standard by HP Sonos
5500 color Doppler echocardiography. The left ventricu-
lar ejection fraction (EF) was calculated according to
Simpson7S. The left ventricular mass index (LVMI) and
relative wall thickness (RWT) were calculated according
to Devereux’s calibration formula. All enrolled patients
were measured for height (H, cm), weight (W, kg),

systolic blood pressure (SBP), diastolic blood pressure
(DBP), hemoglobin (Hgb), and age on admission to the
present study. We used the following formula (body
surface area (BSA)¼ 0.0061�Hþ 0.0128�W� 0.1529)
to calculate the body surface of enrolled patients.
Glomerular filtration rate (GFR) was calculated using
the modification of diet in renal disease (MDRD)
[2–6].

LVM gð Þ¼0:8�f1:04�½ LVDdþIVSTþLVPWTð Þ3�LVDd3 �g

þ0:6

BSA ¼ 0:0061�Hþ0:0128�W�0:1529

LVMI g=m2
� �

¼ LVM=BSA

RWT¼2LVPWT=LVDd

Outcome criteria

We used echocardiography normal references from
Ruijin Hospital, Shanghai Second Medical University,
Institute of Hypertension. Normal standards of LVDd,
IVST, and LVPWT were 40–60, 6–11, and 6–11mm,
respectively. EF< 50% and E/A< 1 are diagnosed as left
ventricular systolic dysfunction and left ventricular dia-
stolic dysfunction. For males and females, the diagnos-
tic standard for left ventricular hypertrophy is different:
in males it is LMVI �135 g/m2 and in females it is LVMI
�111 g/m2. RWT> 0.45 was the standard for cardiac
enlargement [7,8]. Left ventricular configurations
were divided into four types according to RWT and
LVMI: Left ventricular hypertrophy classifications:
centripetal hypertrophy, centripetal reconstruction,
eccentric hypertrophy and normal structure of the four
types [9].

Statistical analysis

Data were expressed as the mean± SD (�x ± s). Statistical
analyzes were evaluated using SPSS for Windows 16.0
software, followed by a one-way analysis of variance
and the q-test to assess the significance of the differen-
ces among the various groups. Correlation analyzes
were assessed by a linear regression analysis.
Significance was considered p< .05.

Results

Left ventricular configuration distribution

Of the 117 patients, left ventricular hypertrophy was
found in 59 patients (50.63%), including left ventricular
concentric hypertrophy in 22 patients (18.75%) and left
ventricular eccentric hypertrophy in 37 patients (31.88%).

Table 1. Level of ET-1 in enrolled patient with CKD (�x ± s).

Stage n M/F Average age (y)
GFR

(ml/min�1.73 m2) ET-1 (q/ng�L�1)

I 19 11/8 43.26 ± 11.56 �90 59.94 ± 14.88
II 25 11/14 46.48 ± 12.23 60–89 102.49 ± 18.01�
III 23 12/11 48.95 ± 14.91 30–59 154.51 ± 47.69�&
IV 27 16/11 47.56 ± 12.58 15–29 189.15 ± 43.16�&D
V 23 11/12 49.68 ± 12.63 <15 190.39 ± 42.51�&D
M: male; F: female; ET-1: Endothelin-1; GFR: glomerular filtration rate.�p< .01 vs. Stage I.
&p< .01 vs. Stage II.
Dp< .01 vs. Stage III.
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Twenty-seven patients had left ventricular concentric,
accounting for 23.13%, and 31 cases that had a normal
structure, accounting for 26.25%.

The levels of ET-1 and the results of cardiac ultrason-
ography are seen in Tables 1 and 2. The correlation
between endothelin and echocardiographic indexes is
seen in Table 3 [10]. A multiple stepwise regression ana-
lysis was performed on multiple factors affecting left ven-
tricular hypertrophy. The results showed that LVMI was
positively correlated with systolic blood pressure (SBP)
and serum ET-1 activity, and the coefficient of determin-
ation was R2¼ 0.408, F¼ 12.819, and p¼ .000 (Table 4).

Discussions

Chronic kidney disease is one of the leading public
health issues due to frequent and serious complications.
Once the function of the kidneys is disrupted, regard-
less of the etiology, there are numerous factors that can
accelerate the decrease in glomerular filtration rate,
including hypertension, proteinuria and dyslipidemia.
Patients with CKD are at high risk for cardiovascular dis-
eases [11]. Cardiovascular complications are a common
complication of CKD, accounting for approximately 50%
of deaths in patients with CKD, and the incidence of left
ventricular hypertrophy is high. There is an endothelial
dysfunction in CKD, and the manifestation of the endo-
thelial dysfunction is the imbalance of the various
factors deriving from endothelial cells, mainly the imbal-
ance of endothelium-derived vasoconstrictor factors
(e.g., ET-1) and relaxation factors (e.g., NO) [10,12].

Endothelin-1 is a 21 amino acid peptide produced by
a variety of cell types throughout the body. ET-1 was ori-
ginally identified as a vasoconstrictor with activity at

sub-nanomolar concentrations, and it is now additionally
known to be a pro-inflammatory, mitogenic, natriuretic,
and nociceptive mediator [13]. Under healthy conditions,
ET-1 is constitutively expressed in all cells of the glom-
erulus and participates in homeostasis of the glomerular
structure and filtration function. ET-1 is the most potent
and long-lasting vasoconstrictor known, being 100-times
more potent than noradrenaline. ET-1 was detected as a
peptide with vasoconstrictor activity in the supernatant
of endothelial cells [14]. The present study showed that
with the deterioration of renal function in patients with
CKD, serum ET-1 activity gradually increased, and there
were significant differences among different stages. The
mechanism of elevated ET-1 may be due to residual
glomerular vascular blood flow redistribution, which can
cause changes in microvascular endothelial cell shear
stress, proendothelin gene expression, and increased
synthesis and release of mature ET-1. Glomerular local
vasoactive substances, such as angiotensin II, thromb-
oxane A, and transforming growth factor b can stimulate
an increase of renal ET-1 biosynthesis. Ischemia, hypoxia,
high sodium, high glucose, hyperlipidemia, acid metabo-
lites and mechanical injury increase synthesis and
reduce clearance of ET-1. Elevated ET-1 further alters
renal hemodynamics, promotes mesangial cell prolifer-
ation, and accelerated renal interstitial fibrosis, leading
to glomerular sclerosis, which forms a vicious circle,
resulting in undesirable consequences.

The results of the present study indicated that there
were significant correlations between levels of serum
ET-1 and LVMI, IVST, and LVDd in patients with CKD,
and there were no significant correlations between lev-
els of serum ET-1 and LVPWT, EF, or E/A. A stepwise
regression analysis was performed on multiple factors
influencing LVMI. After correction for blood pressure,
only ET-1 was associated with LVMI, which suggested
that ET-1 causes left ventricular hypertrophy independ-
ent of blood pressure.

The present study indicated that the effect of ET-1
on changing the structure of the left ventricle may be

Table 2. Comparison in echocardiographic indicators (�x ± s).
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

LVDd (d/mm) 42.12 ± 4.23 45.10 ± 5.52D 49.43 ± 5.39D 49.17 ± 5.13D 49.76 ± 4.52D
IVST (d/mm) 11.23 ± 2.14 11.38 ± 2.12 12.91 ± 1.68D 11.75 ± 1.19 12.98 ± 2.42D
LVPWT (d/mm) 9.61 ± 0.69 9.20 ± 1.88 11.20 ± 1.49� 11.08 ± 1.64� 11.65 ± 3.46�
LVMI (g/m2) 95.24 ± 28.67 129.2 ± 41.64D 149.96 ± 40.88D� 150.34 ± 41.78D� 149.91 ± 36.87D�
EF (%) 0.65 ± 0.06 0.59 ± 0.06D 0.65 ± 0.08� 0.60 ± 0.14D 0.59 ± 0.11D
E/A 0.94 ± 031 0.98 ± 0.42 0.92 ± 0.12� 0.65 ± 0.35D� 0.59 ± 0.25D�
Dp< .01 vs. Stage 1.�p< .01 vs. Stage 2.

Table 3. Correlation analysis of ET-1 and left
ventricular changesa.
x y r p

ET-1 LVDd 0.331 .029
ET-1 IVST 0.429 .001
ET-1 LVPWT 0.254 .110
ET-1 LVMI 0.494 .000
ET-1 EF 0.36 .824
ET-1 E/A �0.013 .935
aPeng et al. [10].

Table 4. Multivariate regression analysis.
Regression equation R2 F p

LVMI ¼49.31þ 1.003� SBP þ0.327� ET-1 0.408 12.819 .000
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related to the following factors: ET-1 can stimulate myo-
cardial fibroblast Type I and Type III collagen prolifer-
ation and synthesis and promote myocardial collagen
network reconstruction, which plays an important role
in myocardial fibrosis and remodeling. ET-1 can induce
c-fos gene expression in cardiomyocytes, activate the
local renin–angiotensin–aldosterone system (RAAS), and
promote proliferation and hypertrophy of cardiomyo-
cytes. ET-1 can also promote platelet-derived growth
factor (PDGF), TGF release, and indirectly promote myo-
cardial cell proliferation, which leads to cardiac hyper-
trophy. Another study [15] found that endothelin
receptor antagonists (ETR) can prevent myocardial fibro-
sis and myocardial cell wall thickening of small arterial
blood vessels in uremic rats, confirming that ET-1 is
closely related to left ventricular remodeling.

The results of the present study showed that with the
deterioration of renal function, LVMI increased gradually
in the different groups, and there was a significant correl-
ation between LVMI and ET-1 (p< .01). It was confirmed
that with renal function deterioration in chronic renal fail-
ure, the appearance of hypertension, accumulation of
uremic toxins, and imbalance in endothelial function
became increasingly serious. The patient’s cardiac struc-
ture and function deteriorated, and of all the indicators of
cardiac ultrasound, in particular, LVMI and IVST were
closely related to ET-1 activity. So, perhaps we can partially
predict developing complications of CKD, especially car-
diovascular complications, thereby reducing mortality and
improving survival and quality of life in patients with CKD.

In summary, cardiovascular complications are a com-
mon complication of CKD, and with the deterioration of
renal function in patients with CKD, serum ET-1 levels
gradually increased. The level of serum ET-1 is closely
related to cardiac complications of CKD.

Limitations

This study had some limitations, including the small sample
size and the short time.
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