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New biochemical markers in chronic
heart failure

E.M. El-Bindary ' and A.Z. Darwish?
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ABSTRACT We investigated the plasma levels of tumour necrosis factor-alpha (TNF-c), leptin and insulin,
and their relation to body mass index {BMI} in 80 male patients who presented with chronic heart failure
(mean age: 47 + 4 years) at Tanta University Hospital. Plasma leptin, TNF-o and insulin were significantly
increased and BMI significantly decreased in New York Heart Association classes Ill and 1V patients. TNF-¢,
leptin and insulin were positively correlated, and TNF-cc and BMI and leptin and BMI were negatively correlat-
ed in stages |l and IV of heart tailure. We conclude that cytokine neuroendocrine activation may form part of
advanced stage heart failure. It may also be responsible for worsening cachexia, and can be used as a
marker to determine disease severity,

Nouveaux marqueurs biochimiques dans I'insuffisance cardiaque chronigque

RESUME Nous avons examiné les niveaux plasmatiques du facleur nécrosant des tumeurs alpha (TNF-g),
de la leptine et de linsuline, et leur relation avec I'indice de masse corporelle chez 80 patients de sexe
masculin qui sont venus consulter pour une insuffisance cardiaque chronique {age moyen : 47 + 4 ans)a
I'hépital universitaire de Tanta. La leptine, le TNF-u et l'insuline plasmaticues étaient en augmentation signi-
ficative et Findice de masse corporelle diminuait considérablement chez les patients des classes lil et IV
définies par la « New York Heart Association ». Il y avait une corrélation pusilive entre le TNF-u, la leptine el
linsuline et une corrélation négative entre le TNF-a etFindice de masse corporelle et entre fa leptine et ) indice
de masse corporelle aux stades Ill et IV de l'insuffisance cardiaque. Nous concluons que I'activation neu-
roendncrinienna par las cytokines peut faire partie de l'insuffisance cardiaque au stade avancé. Elle peut étre
egalement responsable de 'aggravation de la cachexie, et peut étre utilisée comme marqueur pour déter-
miner la sévérité de la maladie.
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introduction

A highly conserved protein, leptin, has been
discovered to play a role in regulating ener-
gy balance in humans and rodents. A
strong association between plasma con-
centration of tumour necrosis factor-o
(TNF-x) and the presence of cachexia has
been noted. Chronic heart failure consti-
tutes a complex syndrome associated with
disturbance in several metabolic and endo-
crine functions. There is accumulated evi-
dence that the weight loss and cachexia
seen in advanced stages of chronic heart
failure constitute a sign of poor prognosis
in these patients. Increased plasma leptin is
possibly implicated in the wasting associat-
ed with the late stage of heart failure.

Contradictory views regarding the level
of leptin in patients with congestive heart
failure (CHF) are described in the literature.
Leyva et al. demonstrated hyperleptinaemia
in chronic heart failure patients, with leptin
levels elevated by 81.3% compared to a
normal control group [7]. Bottner et al. re-
ported that patients with severe heart fail-
ure had a higher serum leptin level
compared to those with less advanced
heart failure [2]. On the other hand, Anker
et al. observed that serum leptin levels were
decreased by less than half in patients with
a severe grade of CHF [3]. Similarly, Mur-
doch et al. reported that leptin tends to de-
crease in cachectic patient with more
advanced stage disease [¢]. However, Toth
et al. reported normal leptin levels in heart
failure patients | 3].

Chronic heart failure is also character-
ized by a hyperinsulinaemic state [6], in
which there 1s a striking loss of both mus-
cle and adipose tissue leading to overt car-
diac cachexia in these patients [7].

Recent attention has tocused on cytok-
ine activity in heart failure. A strong corre-
lation between plasma concentration of

TNF-o and the presence of cachexia has
been noted [8]. It is important to investi-
gate whether leptin is implicated in the
pathogenic process of the disease or more
likely affected as a part of the disease. This
study was designed to assess the changes
of plasma leptin and plasma TNF-o in pa-
tients with CHF, and to evaluate their rela-
tionship with the severity af disease. The
study also sought to evaluate the relation-
ship between plasma leptin, TNF-o and
plasma insulin fevels.

Methods

From the Cardiac Unit of Tanta University
Hospital, 80 male patients presenting with
CHF (mean age: 47 = 4 years) were stud-
ied. The severity of CHF was classified ac-
cording to the New York Heart Association
classification [9] (Table 1), Their clinical
and haemodynamic conditions were stable.
Patients with significant concomitant dis-
cases such as infection, pulmonary disease,
malignancy or collagen vascular disease
were not included. A control group com-
prised of 20 heaithy individuals matched
for age and sex, without a history of cardi-
ac disease or anv family history of coro-
nary artery discase (CAD) was also
studied.

All patients underwent full clinical and
physical examination. Haemodynamic
studies using cardiac catheterization were
performed in the 30 patients for the assess-
ment of CAD and measwement of pulmo-
nary artery wedge pressure (PAWP).
Echocardiographic studies were performed
on all patients and controls for measure-
ment of left veniricular ejection fraction
(LVEF%) and cardiac output. Cardiac in-
dex was calculated as the ratio of cardiac
output to the body surface area,
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Table 1 New York Heart Association functional classifications for patients with heart disease

Class

Functional classification

i Patients with cardiac disease but without resulting limitations of physical activity. Ordinary
physical activity does not cause undue fatigue, palpitation, dyspnea, or anginal pain.

il Patients with cardiac disease resulting in slight limitation of physical activity. They are
comfortable at rest. Qrdinary physical activity results in fatigue, palpitation, dyspnea, or anginal

pain.

il Patients with cardiac disease resulting in marked limitation of physical activity. They are
comfortable atrest. Less than ordinary physical activity causes fatigue, palpitation, dyspnea, or

anginal pain.

v Patient with cardiac disease resulting in inability to carry on any physical activity without
discomfort. Symptorns of cardiac insufficiency or of the anginal syndrome may be present even
at rest. If any physical activity is 1indertaken, discomfort is increased.

Fasting blood samples were collected
from controls and patients using disposable
plastic syringes containing EDTA and
placed in ice until separation of the plasma,
which was stored until assay was per-
formed and thawed only once. Plasma lep-
tin was measured using commercially
available kits [Medipan Diagnostica,
Selchow, Germany]. Plasma insulin was
measured by radicimmunoassay, also using
commercially available kits [/(}]. Plasma
TNF-o0 was measured using enzyme im-
munoassay kits {Diaclone, Besangon,
France]. In assessing body mass index
(BMI), individuals with BMI > 27 kg/m’
were considered obese [11]. Data were
tabulated and statistically analysed using
the independent sample s~test and correla-
tion coefficient #-test {77].

Results

There was a significant increase in all pa-
rameters studied in patients classed as stag-
¢s lIl and 1V heart disease (£ < 0.001), and

an insignificant change in patients classed
as stages T and I when these results were
compared to controls (P > 0.05) {Table 2).
In stage IlI, there was an increase in plas-
ma concentrations of fasting insulin, plas-
ma leptm and TNF-¢ of 71.6%, 49.4% and
30.74% respectively, and a decrease in
BMI of 20.84%, compared to controls. In
stage IV, plasma levels of fasting insulin,
leptin and TNF-a were higher than those
of the control group by 88.4%, 81.2% and
161.3% respectively, while BMI was
31.3% lower.

These results suggest a positive correla-
tion between plasma levels of TNF-ot and
leptin, between TNF-a and insulin, and
also between plasma leptin and insulin in
patients with stage TV heart failure (Figures
1-3). There is a negative correlation he-
tween both plasma TNF-g, leptin and BM1
in the late two stages of chronic heart fail-
ure (Figures 4,5).

Although there was a gradual increase
in plasma levels of TNF-o and leptin with
increasing NYHA class, there were signifi-
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Figure 1 Correlation between plasma TNF-cand leptin levels in NYHA
class IV heart failure
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Figure 2 Correlation between plasma TNF-o and insulin levels in
NYHA class IV heart faijure

cant elevations of both in NYHA classes [1l  Diseussion

and 1V, and a significant inverse correlation

between both leptin and TNF-a, with  Itis clear from our results that in late stag-

those of LVEF% (Figures 6,7). es of CHF, there is a significant elevation of
TNF-a (Table 2). These results are in ac-
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Figure 3 Correlation between plasma leptin and insulin {aveis in NYHA
class [V heart faiture
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Figure 4 Correlation between plasma level of TNF-c. and 3MIin NYHA
class |V heart failure

cordance with those previously reported by ute to the progression of the cardiac dec-
Torre-Amione et al., who observed that the  ompensation that occurs in advanced cases
level of circulating TNF-atis elevated inpa-  of CHF [/4]. Different but still unknown
tients with advanced CHF [/3]. Mann and  mechanisms may be responsible for the in-
Young reported that TNF-oc may contrib-  creased release of these proinflammatory
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Figure 5 Correiation between plasma level of leptin and BML in NYHA
class [V heart failure
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Figure 6 Correlation between plasma level of leptin and LVEF% in
NYHA class iV heart failure

cytokines in late stages of heart failure. The  cally active TNF-a., as evidenced by in-
heart itself may be a source of TNF-a  creased TNI-o0 mRNA and protcin in con-

[15]. ditions of failure of the human heart.
Kapadia et al. [/6] demonstrated that TNF-a produces a negative inotropic ef-
the heart is capable of synthesizing biolegi-  feot on the cardiac tissucs as well as on
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Figure 7 Correlation between plasma level of TNF-o and LVEF% in

NYHA class IV heart failure

cardiac muscle cells [/7]. This raises the
interesting possibility that over-expression
of myocardial TNF-ot may be one of the
important maladaptive mechanism in cases
of advanced heart failure. Anker et al. [§]
focused on the strong association between
the plasma concentration of TNF-ot and
the presence of cachexia in late stage heart
failure.

The results of our study reveal a nega-
tive correlation hetween TNF-or and BMI
in patients with stage I and stage [V (Fig-
ure 4), and a positive correlation between
TNF-a and plasma leptin conecentration
(Figure 1), Few reports on the mechanism
by which TNF-a affects BMI and plasma
leptin are available. TNF-at may act directly
on the adipocyte to increase the production
of the lipostatic factor leptin [18]. Zum-
bach et al. showed that the level of serum
leptin is under the control of TNF-o [79].
These results are similar to those previous-
ly reported by Leyva et al. {/], who ob-
served an increase of plasma leptin in late
stages of heart failure. Leptin is an endoge-
nous appetite suppressant and may in-

crease energy production by non-shivering
thermogenesis [5]. This may explain the
decrease of BMI and cahexia that occurs in
late stages of CHF {7].

It is evident from our results that there
is a significant elevation of the insulin fevel
in late stages of CHF (Table 2). The ob-
served increase in insulin level could be
secondary to increased TNF-a in these pa-
tients in late stages of the disease. TNF-«
promotes significant insulin resistance
[20). Hostens et al. also observed that ex-
posure of the a-cells of the pancreas to cy-
tokines released from infiltrating
immunocytes (TNF-ot) causes elevation of
the proinsulin level [27]. Figure 2 demon-
strates a positive correlation observed be-
tween TNF-o and insulin levels in stages
III and IV of heart failure.

Another mechanism for the observed
hyperinsulinaemia in late stages of CHF is
the increase in plasma leptin. Figure 3
shows a positive correlation between plas-
ma leptin and insulin level in late-stage dis-
ease. These results are similar to those
previously reported by Haffner et al. [22]
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and Saad et al. [23], who found a positive
association between plasma leptin and insu-
lin concentration, independent of adiposity.
The increased plasma leptin and associated
increase in insulin could be another factor
for cachexia and decreased BMI observed
in this work. Leyva et al. [/] found a posi-
tive correlation between plasma leptin and
insulin suggesting that the insulin feptin axis
may be related to increased energy expen-
diture in patients with advanced-stage CHF.

We can conclude that the increase in
plasma TNF-o, leptin and insulin levels,

and the positive correlation between them
in late stages of heart failure may constitute
a part of the many vicious circles of ad-
vanced stage CHF, and may provide new
information about the interplay between
cells of the immune system, adipocyte and
endocrine system. It is possible that cytok-
ine neuroendocrine activation is responsible
for worsening heart failure, and may be a
marker for detecting the severity of dis-
ease.
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