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Introduction. Pulmonary arterial hypertension (PAH) is a destructive
disease that is characterized by vasoconstriction, alterations and
abnormal angiogenesis in pulmonary vessels, and right ventricular
dysfunction. There is no certain treatment known for this condition.
Patients with PAH have a lower level of apelin in their blood and
less apelin is secreted in their endothelial cells, but this condition
is not investigated in hemodialysis patients. This study aimed to
compare apelin level in hemodialysis patients with and without
PAH.

Materials and Methods. Forty hemodialysis patients with PAH were
compared with 40 patients without the condition. Apelin serum
level was measured using an enzyme-linked immunosorbent assay
technique. Dialysis adequacy was measured and its relationship with
apelin level and the pulmonary arterial pressure was investigated.
Results. The mean level of apelin in the group suffering from
PAH was 54.87 + 23.50 ng/L, while it was 76.85 + 34.66 ng/L in
those without PAH (P = .001). It was also found that hemodialysis
adequacy had no effect on apelin level or pulmonary arterial
pressure.

Conclusion. The findings of our study suggest that in hemodialysis
patients with PAH, apelin peptide serum levels are significantly
lower than patients with normal arterial pressure and this condition
is not affected by hemodialysis.
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Chronic kidney disease is one of the many chronic
diseases that have seen increased prevalence in
recent years and is associated with significantly
increased risk of cardiovascular disease and stroke.!
The United States National Kidney Foundation
defines chronic kidney disease as kidney damage
with a glomerular filtration rate less than 60 mL/
min/1.73 m? for a duration of at least 3 months. This
is a progressive and irreversible malfunction that
will cause uremia.? Serum creatinine levels higher
than 2.5 mg/dL can indicate kidney disease. Also,
a serum albuminuria level of 30 mg or higher in 24

hours for more than 3 months has been considered
a marker for chronic kidney disease.**

In patients with chronic kidney failure,
hemodialysis is accompanied with an increased
rate of cardiovascular diseases. Left ventricular
hypertrophy, arteriosclerosis, ischemic heart
disease, pericardial diseases, valve disruptions,
and congestive heart failure are the most prevalent
cardiovascular diseases among these patients.” In
recent studies, pulmonary arterial hypertension
(PAH) has been reported as an independent and
important mortality predictor of hemodialysis
patients.®” Prevalence of this risk factor varied
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from 20% to 58% in different studies.® Pulmonary
arterial hypertension is diagnosed by a pulmonary
arterial pressure (PAP) of higher than 25 mm Hg
at rest. If diagnosed in early stages, this disease
can be treated before it leads to right ventricle
dysfunction by modifying the underlying factors;
the mortality rate of hemodialysis cardiac patients
can thereby be reduced.’

Apelin is a 36 amino acid peptide generated
from the cleavage of a pre-proprotein of 77 amino
acids (pre-proapelin). It was first isolated in 1998
from bovine stomach extracts, as an endogenous
ligand for the G-protein-coupled APJ receptor.'
It has shown that in humans apelin can affect
the cardiovascular performance and glucose
homeostasis and energy metabolism, though it
seems that its effect on the cardiovascular system
is greater, as it increases myocardial contractile
force and lowers the blood pressure.!!

It should be noted that the working mechanisms
of this peptide are not entirely known. There are
2 theories regarding the release of apelin into the
blood circulation: The first theory maintains that as
the apelin level in blood is significantly correlated
to the apelin level in the heart, part of the apelin
originates in the cardiovascular system.> However,
other researchers believe that an increase in fat
tissue can also be the origin of plasma apelin and
it is related to insulin and body mass index.! This
peptide hormone broadly affects the metabolism
of different organs, including the cardiovascular
system, kidney, liver, fat tissues, lungs, digestive
system, brain, pancreas, and endothelium. In
animals, apelin has a diuretic effect and lowers
blood pressure. However, many effects of apelin
are still unknown.!?13

In a study of 52 patients with polycystic kidney
disease, it was established that the level of peptide
apelin was lower in these patients than the normal
population, and this had a significant correlation
with performance marker of the kidney.'* In another
study, the relationship between peptide apelin
and coronary artery disease in patients who had
undergone kidney transplant was investigated.
It was concluded that among patients who had
undergone a kidney transplant, apelin was
significantly lower in patients that had coronary
artery disease than the group that did not have
coronary artery disease."®

Plasma level of peptide apelin can vary in kidney
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diseases and pulmonary arterial hypertension.
Based on our literature research, there have not
been any studies investigating concentration level
of this biomarker in hemodialysis patients and its
relationship with PAH to date. This peptide can
be used as a biomarker for early diagnosis and
prognosis of patients undergoing hemodialysis
who have PAH. This study was aimed to measure
the plasma apelin level in chronic kidney disease
patients under hemodialysis who have PAH.

For this analytical-descriptive study, 40
hemodialysis patients suffering from PAH and
40 age- and sex-matched hemodialysis patients
with normal PAP were randomly selected from
patients on hemodialysis. The criteria for exclusion
from the study group were known cardiovascular
diseases such as valvular cardiac disorders, left
ventricle disorders, liver diseases, lung diseases,
and collagen vascular diseases. Patients” written
consent was obtained, and the study protocol was
approved by the Ethics Committee of Kerman
University of Medical Sciences (Permission No
IR. KMU.AH.REC.95.76).

Patients’ data, including demographic data, such
as age and sex, medications, comorbidities, and
cause of kidney disorder were collected. A venous
blood sample was collected from each patient on
the same day after dialysis, which were kept at
-70°C after separating the serum by centrifuge.

Apelin 13 serum levels were measured using
an enzyme-linked immunosorbent assay (Human
Apelin 13 Elisa Kit Catalog number E1273Hu,
Bioassay Technology Laboratory, China). A
specific antibody against each antigen (apelin
13) was coated in the wells and our antigen was
sandwiched between primary and secondary
HRP-coated antibody, then color progress was
assessed within 10 minutes by an enzyme-linked
immunosorbent assay reader (450 nm; reference
wavelength, 630 nm).

Both groups of cases and control were examined
in stable hemodynamic conditions. Diagnosis of
PAH was made by a cardiologist using M-mode,
2-dimensional, and Doppler echocardiography,
and the tricuspid regurgitation systolic jet was
measured using continuous wave Doppler probe
from parasternal or apical regions, then the PAP was
calculated using the modified Bernoulli equation:
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PAP =4 x (tricuspid systolic jet)* + 10 mmHg
(estimated right atrial pressure)

The mean PAP was calculated as follows:

Mean PAP = 0.61 x systolic PAP + 2 mm Hg

Pulmonary arterial hypertension was defined
as the mean PAP greater than or equal to 25 mm
Hg at rest.!®

Based on the literature,'* which reports apelin
level in cases and control groups of hemodialysis
patients being 3.6 ng/L and 4.49 ng/L, respectively,
the sample size for each group was calculated to be
11. To increase the statistical power of the study,
40 patients were studied in each group.

A total of 80 hemodialysis patients in the two
groups of 40 were studied, one group consisted of
patients with PAH, the other, of patients without
PAH. Of these patients, 32 were women (40%)
and 48 were men (60%). The mean age of the
patients was 62.63+11.7 years, with the youngest
being 30 years old, and the oldest being 85 years
old. The mean dialysis duration was 42.34 + 24.7
months, the mean time from detection of kidney
dysfunction was 80.44 + 12.9 months, the mean value
for dialysis adequacy (Kt/V) was 1.5 + 1.01, the
mean arterial oxygen saturation was 95.11 + 1.38%,
and the mean hemoglobin level was 11.02 + 1.5.
22 g/dL. Twenty-two patients had a Kt/V of less
than 1.2. The mean systolic PAP was 41.85 + 17.17
mm Hg, and mean PAP was 24.94 + 8.8 mm Hg.
The mean serum apelin level was 65.8 + 31.4ng/L
(Table 1).

In terms of the cause of chronic kidney disease,
the most frequent cause was hypertension with a
frequency of 31 (38.8%; Table 2). Fifty-two patients
(65%) had an arteriovenus fistula and 24 patients
(30%) were using a catheter (Table 3).

The mean level of apelin in the group suffering

Table 1. Investigated Parameters

Parameter Mean Value
Age, y 62.63 + 11.70
Dialysis duration, mo 42.34 +24.70
Time from Kidney disease diagnosis, mo 80.44 £ 12.90

KtV 1.50 £1.01

Arterial oxygen saturation, % 95.11 £ 1.38
Hemoglobin, g/dL 11.02 £ 1.50
Systolic pulmonary arterial pressure, mm Hg  41.85+17.17
Mean pulmonary arterial pressure, mm Hg 24.94 + 8.80
Peptide apelin level, ng/L 65.80 £ 31.40

Table 2. Causes of Chronic Kidney Disease (CKD)

Cause of CKD Frequency (%)
Autosomal dominant polycystic diseases 3(3.8)

Diabetes mellitus 11 (13.8)
Diabetes mellitus and hypertension 19 (23.8)
Hypertension 31(38.8)
Ischemic heart disease 1(1.3)
Progressive sclerosing glumeronephritis 1(1.3)
Urinary calculus 1(1.3)
Uncertain 13 (16.3)
Total 80 (100)

Table 3. Vascular Access Methods for Hemodialysis

Cause of CKD Frequency (%)

Arteriovenus fistula 52 (65.0)
Arteriovenus fistula and permicath 2(2.5)
Graft 2(2.5)
Permicath 24 (30.0)
Total 80 (100)

from PAH (as per mean PAP criterion) was
54.87 + 23.50 ng/L, and while in the group with
normal PAP, it was 76.85 + 34.66 ng/L (Figure;
P =.001). Statistical tests based on systolic PAP
criterion yield similar results.

The mean value of apelin level in the patients
with dialysis adequacy (Kt/V) of less than 1.2
was 67.65 + 32.90 ng/L and in the patients with
the dialysis adequacy of higher than 1.2, it was
62.63 + 11.70 ng/L, which was not significantly
different (P = .14). The mean PAP in the patients
with dialysis adequacy (Kt/V) of less than 1.2
was 23.43 = 8.07 mm Hg, and in the patients with
the dialysis adequacy of higher than 1.2, it was
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Apelin levels comparison between patients with and without
pulmonary artery hypertension (PAH)
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28.91 + 9.8 mm Hg, which was not significantly
different (P = .64).

The correlation between the level of peptide
apelin and other parameters was examined and
only 1 weak correlation was found between peptide
apelin level and oxygen saturation (r = 0.239).

The finding of our study suggests that apelin
serum level in patients with PAH is significantly
lower than patients with normal pulmonary arterial
pressure who undergo dialysis. According to these
results, apelin level measurement can be suggested
as a marker for diagnosing PAH. In addition, the
results assert that apelin role in reducing pulmonary
arterial pressure. The confounding factors in the
research, effects of Kt/V on apelin and PAP was
assessed and no significant relationship was found.
Based on our findings and searches performed
in scientific databases, this study is the first that
investigates apelin level in hemodialysis patients
and its relationship with PAP.

Apelin peptide was first discovered in 1998 from
bovine stomach extracts as an endogenous receptor
ligand (APJ). Apelin exerts its physiological effects
by linking to this receptor. It had been proven that
apelin has effects on cardiovascular function in
humans, and glucose hemostasis and energy are
affected too. This peptide is present in various
organs, although it seems that the cardiovascular
system is its main target. This peptide and its
receptors are also expressed in endothelial and
vascular smooth muscle cells. Histologic studies
have clearly identified this peptide and its receptors
in the tunica media of the aorta and pulmonary
arteries.!'” Cardiovascular stimulation leads to
apelin production and eventual activation of its
receptors. Recent findings show that when apelin
activates its receptors in endothelial cell level
through endothelial nitric oxide synthase, and as
a result, vascular smooth muscles are relaxed and
blood pressure is reduced.'®

Studies have shown that in patients with PAH,
endothelial cells are discordant, so that mitosis
and migration are increased and angiogenesis is
ineffective. Apelin’s effect on pulmonary artery
is only studied in a few studies.'”? In one study,
it was shown that high apelin levels alone could
reduce vascular tone by 17% in a reversible
way.?! In another study, it was shown that apelin
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reduced vascular tone up to 11% and this reduction
disappeared after apelin removal and blocking
endothelial nitric oxide synthase system. Also, it
revealed that apelin restrains pulmonary artery
contraction in rats with isolated pulmonary arterial
hypertension, but does not have this effect in rats
that hypoxia is the cause of PAH.?

An experimental study on pulmonary embolism
showed that a single dose of apelin in the amount of
20 mg/kg lowers the mean PAP within 2 minutes.
However, the ratio of pulmonary vascular resistance
to systemic vascular resistance did not show any
changes.?® Also, studies on animal models of PAH
over long periods of time reveals the lowering
effect of apelin on pulmonary arterial pressure;
however, the mechanism of this effect and whether
it is direct or indirect is not known yet.?*?

The acute vasodilatory effect of apelin on
pulmonary artery pressure is moderate (10% to
17%), and it is even weakened in hypoxia cases.
Nevertheless, the long-term effect of apelin on
vasodilation cannot be refuted. Apelin effectively
decreases secretion of endothelial vasoconstrictive
factors.” In any case, the medications that are
presently in use for lowering PAH do not control
it effectively. Hence, lately the research on control
of PAH has been focused on basic mechanisms
that create this condition and factors affecting
proliferation and remodeling of pulmonary arteries.?®
In this regard, some studies report the chronic effect
of apelin on lowering the PAP in animal models
of this disease, with proposed mechanisms of
stabilization of endothelial cells and preventing
the inappropriate division of cells.?*? Apelin can
also affect the inflammation process, though the
research on has had conflicting results.”

In view of the apelin effects on PAP, which
was independent of dialysis adequacy (Kt/V), it
is hereby proposed that a study be undertaken to
examine the factors influencing increase generation
and extend the half-life of apelin in the body.

The finding of our study suggests that apelin
peptide serum levels in patients with PAH who
are under hemodialysis are significantly lower
than patients who have normal PAP. According
to these results, apelin level measurement can be
used as a diagnostic marker for PAH. This study
also shows that apelin level in patients with chronic
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kidney disease under hemodialysis is not related
to dialysis adequacy and is significantly lower
in patients with PAH. Further research should
be undertaken to understand the mechanism
that causes PAH and developing medicines that
would aid endogenous synthesis of this molecule
or control its breakdown so that this peptide
could be used in treating PAH and reducing
mortality and morbidity from chronic kidney
disease.
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