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The correlation between endothelin-1 
levels and spirometry in dialysis 
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Introduction

Treatment of end stage renal diseases (ESRD)
patients with any type of dialysis ultimately leads
to the development of complications in most ma-
jor organs and organ systems. The negative ef-
fects of uremia are also present in the lungs. The
ventilatory function disorder in this group of pa-
tients is mainly presented as an obstructive pul-
monary disease [1-3]. Apart from these findings,
a number of medical journals provides data stat-
ing the existence of a vasoactive molecule imbal-
ance in uremic patients, primarily endothelin-1
(ET-1) [4-11]. In addition to its powerful vasoac-
tive effects, ET-1 causes bronchoconstrictive ef-
fects as well [12, 13]. There is a small number of
studies which investigated the effects of ET1 on
thespirometry parameters in patients with ESRD

treated with dialysis. The aim of this study was to
investigate the correlation between ET-1 levels
and spirometric values in ERSD patients treated
with hemodialysis (HD) and continuous ambula-
tory periotneal dialysis (CAPD) compared to
healthy subjects.

Material and methods

Three groups of subjects were included in this
study.

The first group consisted of 28 ESRD patients
treated with HD three times per week at the Insti-
tute for Nephrology at the University Hospital in
Niš (15 male, 13 female, mean age 55.9±16.2
years). Duration of each HD procedure was be-
tween 180 and 240 minutes. Hemodialysis ma-
chines were produced by Gambro and Fresenius
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Background and Aim. Several studies demonstrated a
six-fold increase in plasma concentration of endothelin-1
(ET-1) in diaysis patients (hemodialysis and peritoneal dialy-
sis) compared to healthy control subjects. However, the ef-
fects of ET-1 on respiratory function in these patients are less
known. The aim of this study was to determine the potential
differences in spirometric values in relation to ET-1 levels.

Methods. The study included 28 patients (15 male, 13
female, mean age 55.9±16. 2 years) with end stage renal
diseases (ESRD) receiving regular hemodialysis (HD), 23
patients (10 males, 13 females, mean age 55.8±15.8 years)
with ESRD treated with continuous ambulatory peri-
toneal dialysis (CAPD) without any cardiovascular or res-
piratory diseases, and 30 healthy volunteers (14 male, 16
female, mean age 51.8±15.6 years) in control group. In
each of the three groups the participants were divided in-
to two additional sub-groups according to the serum levels

of ET-1. The spirometry values were recorded before the
onset of hemodialysis and prior to emptying the peritoneal
cavity in CAPD patients. The results were analyzed using
standard statistical methods (Student’s t-test).

Results. Patients who were treated with HD or CAPD
were found to have significant difference in values of most
pulmonary function parameters between subjects with
ET-1 levels lower than 6,6 pg/ml and subjects with ET-1
levels higher than 6,6 pg/ml. In the control group there
was no difference in pulmonary function parameters in
correlation with ET-1 levels. ET-1 values in patients of
both dialysis groups were significantly higher compared to
healthy subjects.

Conclusions. Higher levels of ET-1 in dialysis patients
over healthy subjects is associated with lower parameters
of lung function tests. A possible pathophysiological mech-
anism for deterioration of pulmonary function might be
explained by progression of inflammation, pulmonary
oedema also known as “uraemic lung” or/and the pro-
gression of pulmonary hypertension.
Monaldi Arch Chest Dis 2013; 79: 2, 61-66.
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with controlled ultrafiltration and with usage of ac-
etate and bicarbonate module. Haemodialysis was
performed using the following dialysers: E4H, F6,
F60, F60s. Heparinisation was continuous with
4000-5000 i.u. of heparin per patient. No patient
had primary pulmonary disease, which was con-
cluded after reviewing medical records and chest
x-ray examinations. We did not find any other co-
morbidities that could induce ventilatory failure.
None of these patients had haemodynamic insta-
bility during haemodialysis.

A second group included 23 patients (10 male,
13 female, mean age 55.8±15.8 years) who were
treated with CAPD at the Institute for Nephrology
at the University Hospital in Niš. Dialysis solution
was changed three times per day and patients were
trained to do it by themselves or it was carried out
at the Institute under the supervision of a member
of the medical staff. None of the patients in second
group h resulted as having primary pulmonary dis-
ease which was concluded by the same approach
as was used in the first group.

Apart from the first two groups of patients, we
also included a third group which consisted of 30
healthy subjects (14 male, 16 female, mean age
51.8±15.6 years) to serve as a control group. We
measured the levels of ET-1 in the third group and
its mean level (±SD) which served as a reference
value. All studied subjects were non-smokers.

Spirometry parameters were recorded using a
portable spirometer (Microlab - micro medical
limited 2003). In the group 1 spirometry was per-
formed before the haemodialysis procedure, when
the interdialysis weight gain (fluid overload) was
at its highest, while in group 2 spirometry was per-
formed when the abdominal cavity was filled with
dialysis fluid, just before emptying. This way, both
groups of patients were equalized in fluid balance.
At the time of measurement both groups of pa-
tients had the highest levels of harmful substances
in the blood along with the highest interdialysis
weight gain. Spirometry procedure was performed
at bedside on each patient three times and the best
result was used. All studied patients were in a seat-
ed position during spirometry measuring. One
trained technician led this procedure.

Our aim was to perceive the potential effect of
ET-1 on the spirometry parameters. Thus, we com-
pared respiratory function parameters in accor-
dance with serum levels of ET-1. The mean value
of measured ET-1 levels in the control group was
6,6 pg/mL and was arbitrarily taken as a threshold
value. From the whole blood specimen serum was

separated in a heated bath at 37°C. Activity of
serum ET-1 was measured with the EIA methodol-
ogy which is based on an immunometric assay, the
so called “sandwich technique”. Measurement was
performed using a computer-based ELISA reader
(ELx 800 Universal Microplate Reader Biotek In-
struments, INC) with a wavelength of 405 nm. We
used a prepared enzyme kit (Endothelin-1; EIA kit
- IBL Hamburg, Germany).

The results were processed using a standard
statistical method (Student’s t-test for small de-
pendent samples, “difference method” and for
small independent samples) (modification by
Cochran & Cox) shown as mean ± standard mean
error (X±SX). We tested the significance of dif-
ferences in mean values between studied groups
with the aim of monitoring changes in respiratory
function parameters as well as enzymatic activity.
We considered the value of p < 0,05 as statistical-
ly significant.

Results

Demographic characteristics of the included
patients are shown in table 1. Figure 1 and 2 show
comparison of spirometry parameters (in percent-
ages of predicted values) in correlation with ET-1
levels (mean level of ET-1 of 6,6 pg/ml in healthy
subjects) between patients on regular haemodia-
lyisis and patients on CAPD. We found statisti-
cally significant difference in values of most of
the pulmonary function parameters in correlation
with ET-1 levels in both tested groups of patients.
Figure 3 shows comparison between spirometry
parameters (in percentages of predicted values) in
correlation with ET-1 levels (mean level of ET-1
of 6,6 pg/ml) in healthy subjects. There was no
statistically significant difference in spirometry
parameters in the control group. Mean levels of
ET-1 in all studied subjects are presented in fig-
ure 4. Table 2 shows basic and predicted values
of parameters of ventilatory function and their re-
spective correlations between all of the studied
subjects.

Discussion

This study demonstrated that some spirometry
parameters (expressed as percentages of predicted
values) are significantly lower in patients with ET-
1 levels higher than 6,6 pg/mL compared to pa-
tients with ET-1 levels lower than 6,6 pg/mL in
both groups of tested patients. Earlier studies

Table 1. - Basic demographic characteristics of patients

Age Length of dialysis
N Male Female (years) (years)

x–(±SD) x–(±SD)

Haemodialysis 28 15 13 55.9±16.2 4.14±13.3
CAPD 23 10 13 55.8±15.8 3.4±14.7
Control group 30 14 16 51.8±15.6 –
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showed that patients treated with regular HD and
CAPD had significantly higher levels of ET-1
compared to healthy subjects [37-44]. ET-1 values
were higher in both dialysis groups of patients in
comparison with healthy subjects. The role of ET-
1 in lung diseases is significant and the number of
respiratory tract disorders, in which pathophysiol-
ogy of this molecule holds a crucial role, is rising.
Apart from pulmonary hypertension where ET-1
has a considerable effect, obstructive pulmonary
diseases as well as pulmonary fibrosis should be
also outlined [17, 35]. In both dialysis groups of
patients we found obstructive and restrictive (re-
duction of pulmonary volume) lung diseases. Re-
sults by other authors who have studied spirometry
parameters in different dialysis modules are
scarce, hence a reference comparison is difficult.

Apart from all previously listed complications
of uremia and its treatment with [one of] dialysis
modules, pulmonary hypertension should also be
taken into account. Studies show that 40% of this
population usually develop the above mentioned
complications. Pulmonary hypertension is accom-
panied by ventilatory disorders which is reflected
in changes in spirometry parameters [26]. One
possible reason for the obtained results in this
study is the pathophysiological mechanism by
which progression of pulmonary hypertension as-
sociated with pulmonary fibrosis leads to a reduc-
tion in spirometry results [36]. The first link in this
pathophysiology chain is a phenomenon called 
“micro-inflammatory state” which is present in
this population [27]. The most commonly de-
scribed causes of this condition were: postsynthet-

Fig. 1. - The correlation between endothelin 1 level and spirometry parameters in patients on haemodialysis program. For abbreviations see text.
* p < 0,05, NS = p > 0,05

Fig. 2. - The correlation between endothelin 1 level and spirometry parameters in patients on CAPD program. For abbreviations see text. * p < 0,05,
NS = p > 0,05
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Fig. 4. - Mean levels of ET-1 in all studied subjects (1- Healthy subjects; 2- HD patients; 3- CAPD patients). * p < 0,05

Fig. 3. - The correlation between ET-1 and spirometry in healthy subjects. For abbreviations see text. NS = p > 0,05

studies which showed that patients in a terminal state
of uremia who are treated with regular HD had ET-1
levels two to six times higher compared to those of
the healthy population [4, 6, 7]. Knowing the effects
of ET-1 on the pathogenesis of pulmonary hyperten-
sion as well as its effects on respiratory function, a
series of studies demonstrates that 40% of patients
treated with regular HD have pulmonary hyperten-
sion [18-26, 41-44]. In addition to the listed pato-
physiologic events, the endotelin molecule itself
along with its physiology can cause such events, as
all three forms of ET can cause respiratory bron-
choconstriction of the bronchial tree smooth muscle
cells, but ET-1 stands out with its bronchoconstricto-
ry effect. The work carried out by a group of authors
who studied the effects of endothelin in isolated
bronchial model show that ETB receptors placed on

ic protein modification [28], oxidative stress [6], a
type of dialysis membrane or dialysis module [30],
dialysis quality [31] or infection [30].

It is well known that Tumor Necrosis Factor
(TNF-α) is one of the leading mediators of inflam-
mation. On the other hand, this inflammation medi-
ator plays a significant role in releasing ET-1 from
smooth muscle cells of the bronchial tree [32-34].
This cascade of inflammation mediators can affect
respiratory function and consequently spirometry
parameters. ET-1 can have a twofold effect,
bronchoconstriction and vasoconstriction on one
side and proinflammatory effect on the other, creat-
ing a vicious circle of pathophysiologic events. Cu-
mulative effects on the bronchial tree can be viewed
as bronchoconstriction and inflammation accom-
panied by fibrosis [35]. This fact is supported by
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Table 2. - Absolute and predicted values of ventilatory function parameters and their correlations in all studied subjects
(for abbreviations see text)

Ventilatory parameters Measured basic values Predicted values

Haemodialysis patients

FVC 3.967±1.06 3.965±0.72
FEV1 3.025±0.93 3.029±0.65
FEF25-75 3.23±1.73 3.27±1.36
FEF75 6.32±2.13 6.97±1.2
FEF50 3.76±2.05 4.86±0.71*
FEF25 1.6±0.85 2.05±0.51*

CAPD patients

FVC 3.36±0.95 3.63±0.54
FEV1 2.6±0.79 2.75±0.81
FEF25-75 2.43±1.02 2.91±0.93
FEF75 4.97±1.57 6.4±1.08**
FEF50 2.93±1.44 4.54±0.58**
FEF25 1.1±0.53 1.9±0.51**

Healthy subjects

FVC 3.81±0.96 3.83±0.83
FEV1 3.43±0.83 2.86±0.68
FEF25-75 4.75±1.73 4.73±1.7
FEF75 8.35±1.13 6.93±0.91
FEF50 4.5±1.03 3.94±0.77
FEF25 1.96±0.96 1.25±0.65

* p < 0.05; ** p < 0.01.

the smooth muscles of the bronchial tree have the
highest affinity for ET-1 [14, 15].

These findings are supported by the fact that
ETA receptor blockers do not highlight the bron-
chodilatatory effect, while ETB receptor agonists
potentiate the bronchoconstrictor effects [12-16].

Some limitations within our investigation
should be noted, though. First of all, we did not
measure the diffusion capacity of the lung for car-
bon monoxide (DLCO) in studied subjects. DLCO
is a parameter which contributes to a better assess-
ment of the pulmonary function tests. Secondly,
we did not take into account interdialytic weight
gain which represents the amount of interstitial
fluid. Interstitial fluid in the lungs could explain
for such significantly low values of expiratory
flows and reduced FVC in dialysis patients.

From this study it can be concluded that ET-1
levels can be a marker of a poor clinical condition
rather than a cause of airway obstruction in pa-
tients who are in a terminal stage of renal insuffi-
ciency and who are being treated with one of dial-
ysis methods.
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