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R E S E A R C H

A R T I C L E

Relationship of Endothelin-1, Tumor Necrosis Factor- and
Interleukin-6 with the Progression of Heart Failure
Mona Yolanda1,4, Marsetio Donoseputro2, and Anwar Santoso3

ACKGROUNDS: Heart failure, a new epidemic
of cardiovascular disease, has become an
important issue and its prognosis is poor. Heart
failure is the condition where the impaired heart cannot
pump enough blood to provide the needs of metabolic
tissues and organs. Early diagnosis of heart failure is
really crucial to determine the success of treatment and to
prevent further myocardial dysfunction and worsening
clinical symptoms. This condition can be worsened by
ET-1, which triggers the secretion of IL-6 and TNFas pro inﬂammation factors. In Systolic Heart Failure,
systolic function changes are accompanied by changes
in diastolic function. Thus, the condition of systolic
heart failure is worse than Diastolic Heart Failure.
The purpose of this study is to assess the relationship
of ET-1 with diastolic and systolic heart failure groups
and the relationship of ET-1 with TNF- and IL-6 as pro
inﬂammation factors.

KEYWORDS: Endothelin-1 (ET-1), Interleukin-6
(IL-6), Tumor Necrosis Factor- (TNF- , heart
failure.
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Intro duction
Heart failure has become such a highly important
public health problem that it is named “a new
epidemic of cardiovascular disease”, with a poor
prognosis. More than 4 million new cases of heart
failure are diagnosed each year in the United State.
Worldwide, it is estimated that there are 15 million
new cases of heart failure in a year. The number may
increase rapidly in association with the increased
number of aging populations.1
The diagnosis of heart failure can be properly
made based on clinical presentations, history,
physical activity tolerance, and several other
relevant investigations. It is easy to identify the level
of heart failure, ranging from moderate to severe
degree, mainly based on the signs and symptoms.
The problem appears when deﬁning and diagnosing
heart failure at the initial stage where no apparent
signs and symptoms present.2
In this study, we tried using plasma ET-1, IL-6 and
TNF- for early diagnosis of heart failure and using
BNP and echocardiography for classifying the two
groups of heart failure i.e. diastolic and systolic heart
failure. In Systolic Heart Failure, systolic function
changes are accompanied by changes in diastolic
function. Thus, the condition of systolic heart failure
is worse than Diastolic Heart Failure.

METHODS: The design of this study was cross-sectional
analysis on 62 patients with heart failure, grouped
according to the classiﬁcation of diastolic and systolic
heart failure.
RESULTS: A signiﬁcant positive correlation of ET-1
with diastolic and systolic heart failure was found (p =
0.008; r = 0.324). A signiﬁcant positive correlation was
also found between ET-1 and IL-6 (p = 0.001; r = 0.393),
but a less signiﬁcant correlation was noted between ET-1
and TNF- (p = 0.201; r = -0.158).
CONCLUSIONS: ET-1 has the strongest correlation
(p=0.033) with prevalence ratio 3.930 and can differentiate
between Diastolic and Systolic Heart Failure.
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ET-1 i s a strong vasoconstrictor and i t can induce
proliferation o f VSMC and p roduction of ﬁ broblasts,
modulate synthesis extracellular matrix t hat causes
hypertrophy o f VSMC, and i t can a ffect vascular
permeability and i nﬂammation.3 Exercise causes
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up-regulation of e xpression of myocardial ET-1; it i s
stated that ET-1 plays a role in maintaining the heart
function. Hypoxia is a strong stimulus to the synthesis
of ET-1, which is highly important in ischemia.4

Figure 1. Phsiologic effect of Natriuretic Peptide is induced by the heart when venous return increases8
Copyrigh© [1998] Massachusettes Medical Society. All rights reserved
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The level of ET-1 is positively correlated with the
progression of heart failure, increased mortality rate,
and clinical symptoms in patients with heart failure;
and it can also predict the resilience congestive life
4, 5, 6. ET-1 also induces production of cytokines in
human VSM. ET-1 induces L-6 from the SMC. IL-6 is a
multifunctional cytokines that causes stimulus of acute
phase reactions such as C-reactive protein (CRP).
Natriuretic peptide works as a vasodilator that has
an hypotensive effect, causes natriuresis and diuresis,
inhibits activity of the sympathetic nervous system
and several hormonal systems, including the system
of RAAS endothelin-1, cytokines, and vasopressin;
and it can prevent pathophysiologic mechanisms
responsible for ventricular and vascular hypertrophy
and remodeling.7
TNF- causes structural changes such as heart
muscle apoptosis and hypertrophy resulting in dilated
cardiomyopathy. Increased TNF- causes left ventricle
dysfunction and collagen remodeling by changes in
the heart muscles. IL-6 is a multifunctional cytokine
that mediates both immunological response and
inﬂammation that cause myocardial injury 9. IL-6 and
TNF- are associated with the degree of illness and
degree of LVH activation on sympathetic system and
rennin-angiotensin. 10 Thus TNF- and IL-6 are not
directly involved in the occurrence of hypertrophy
that will cause the heart failure.

M et hod s
The design of this study was cross-sectional analysis
on 62 patients with heart failure, grouped into
systolic (Ejection Fraction<40%) and diastolic heart
failure (Ejection Fraction>40%) as assessed by
echocardiographic measurement. The diagnosis of
heart failure was made based on the Framingham
criteria. Changes in ET-1, IL-6, TNF- , and BNP were
determined. None of the patients had any signs of
acute or chronic disease.
ASSAYS OF BIOCHEMICAL MARKERS
Plasma levels of ET-1, IL-6, and TNF- were
measured by ELISA methods using R&D Systems,
Inc, Minneapolis, USA. Plasma levels of BNP were
determined by ﬂuoresence immunoassay method
using Triage® BNP test (Biosite Inc, San Diego,
California).

STATISTICAL ANALYSIS
Statistical analyses were performed with SPSS for
Windows version 13.0 software. P value of less than
0.05 was used to indicate statistical signiﬁcance.
General description of data was made by univariate
analysis to assess mean, median, and standard
deviation. For comparing all factors between groups of
patients of systolic and diastolic heart failure we used
T-test. Multiple regression test was used to analyze
correlation of different factors.

Re su lts
Statistical analysis made on the two groups of heart
failure classiﬁed as Systolic Heart Failure (SHF) and
Diastolic Heart Failure (DHF) used independent
samples t-test to see differences in the factors that
contributed to the degree of heart failure namely the
levels of ET-1 , IL-6, and TNF- .

Table 1. Clinical characteristics and
biochemical parameters of 62 patients with
heart failure
Parameter

Mean ± SD

Age (yr)

57 ± 10.75

ET-1 (pg/ mL)

1.56 ± 1.17

IL-6 (pg/ mL)

10.81 ± 24.77

BNP (pg/ mL)

524.44 ± 556.67

BNP: Brain Natriuretic Peptide
ET-1: Endothelin-1
IL-6: Interleukin-6
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to maintain homeostasis.8 BNP works as a vasodilator
having hypotensive effect, causing diuresis and
natiuresis, and prevents symphatic nervous system
activity and several hormonal systems, including
RAAS system, ET-1, cytokines, and vasopressin.7
According to Marguiles K et al; Wei C et al; and
Schirger et al there is increased expression of ET-1
in heart failure that can increase the degree of heart
failure through progression of hemodynamic effects
such as remodeling of heart muscles vascularities.12
In addition, results of this study also showed
that the concentration of BNP in the SHF was higher
than DHF (p = 0,000 *). This was due to the chemicalphysical features of BNP as a biochemical receptor
secreted in certain circumstances, in this case the
volume overload of SHF that was more severe than
DHF, so the value of BNP was greater concurrently
with the progression of the heart failure.
ET-1 induces production of cytokines in human
VSMC. ET-1 also induces production IL-6 from the
SMC. Ability of ET-1 to initiate inﬂammatory response
on VSMC activation was enhanced by the human
transcript proinﬂammatory NF- B and stimulation
of production of cytokines. Browatzki et al found
that ET-1 induced IL-6 activation through NF- B in
human vascular smooth muscles and stimulation of
production of other cytokines.
Other studies point out that IL-6 from stimulated
ET-1 that is mediated through ET-A and ET B-receptors
reduces the production of IL-6. 5,13
PRAISE
(Prospective Randomized Amlodipine Survival
Evaluation) multicentre study has proven that the
decrease in the mortality of CHF is associated with the
decrease in plasma concentration of IL-6. 9
TNF- has a higher concentration in patients
who have prolonged heart failure than new heart
failure patients. IL-6 ﬁrst increases rather than TNF-

in the pathogenesis of heart failure, both involved
in determining the degree of heart failure. 14 TNFcauses structural changes in the myocardium such
as apoptosis and hypertrophy resulting in dilated
cardiomiopathy. Recent studies point out declined
contractibility of the myocardium, arterial stiffness,
and coronary action is triggered through ET-1. 9 TNFis a key mediator in the immune and inﬂammatory
responses.
In our present study, there was a weak positive
correlation found between ET-1, IL-6 and TNF- in
heart failure patients. IL-6 and TNF- were secreted
from tissue cardiomyosites and entered blood
circulation. In another previous study, IL-6 and
TNF- showed to have strong correlation with the
progression of heart failure. This ﬁnding was due
to the different type of samples used in the study as
compared with the ones used in our study. In our
study, we used samples obtained from plasma and in
the above other previous study the samples were taken
from tissue cardiomyosites. Therefore, IL-6 and TNFlevels from the tissues were higher than those in the
plasma, hence the weak positive correlation found in
our study between ET-1, IL-6 and TNF- .
ET-1 has the most signiﬁcant role in determining
the degree of illness due to the heart’s being unable
to distinguish SHF from DHF (p = 0,033), with a
prevalence rate of 3.930, which means that individuals
with heart failure having a concentration of ET-1 >1:27
pg / mL get an incidence rate of SHF 3.93 times greater
than that of DHF.
In conclusion, ET-1 is a factor that can trigger
vasoconstriction, stimulate VSMC secreted by IL-6
and TNF- as inﬂammatory factors, and it is most
signiﬁcantly associated with Diastolic and Systolic
Heart Failure.
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