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Abstract

Leptin is produced primarily by adipocytes. Although originally
associated with the central regulation of satiety and energy metabo-
lism, increasing evidence indicates that leptin may be an important
mediator in cardiovascular pathophysiology. The aim of the present
study was to investigate plasma leptin levels in patient with Chagas’
heart disease and their relation to different forms of the disease. We
studied 52 chagasic patients and 30 controls matched for age and body
mass index. All subjects underwent anthropometric, leptin and N-
terminal pro-brain natriuretic peptide (NT-proBNP) measurements
and were evaluated by echocardiography, 12-lead electrocardiogram
(ECG), and chest X-ray. All patients had fasting blood samples taken
between 8:00 and 9:00 am. Chagasic patients were divided into 3
groups: group I (indeterminate form, IF group) consisted of 24 sub-
jects with 2 positive serologic reactions for Chagas’ disease and no
cardiac involvement as evaluated by chest X-rays, ECG and two-
dimensional echocardiography; group II (showing ECG abnormali-
ties and normal left ventricular systolic function, ECG group) con-
sisted of 14 patients; group III consisted of 14 patients with congestive
heart failure (CHF group) and left ventricular dysfunction. Serum
leptin levels were significantly lower (P < 0.001) in the CHF group
(1.4 ± 0.8 ng/mL) when compared to the IF group (5.3 ± 5.3 ng/mL),
ECG group (9.7 ± 10.7 ng/mL), and control group (8.1 ± 7.8 ng/mL).
NT-proBNP levels were significantly higher (P < 0.001) in the CHF
group (831.8 ± 800.1 pg/mL) when compared to the IF group (53.2 ±
33.3 pg/mL), ECG group (83.3 ± 57.4 pg/mL), and control group (32
± 22.7 pg/mL). Patients with Chagas’ disease and an advanced stage
of CHF have high levels of NT-ProBNP and low plasma levels of
leptin. One or more leptin-suppressing mechanisms may operate in
chagasic patients.
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Chagas’ disease is an important public
health disorder in Latin America. It is an
infectious disease caused by the protozoan
parasite, Trypanosoma cruzi. Up to 60% of
infected patients have no evidence suggest-

ing cardiovascular or gastrointestinal involve-
ment. These individuals are thought to have
what is known as the indeterminate form of
the disease (1). Previous longitudinal studies
of such patients have revealed percentages
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of electrocardiographic changes ranging from
23 to 38% during long-term follow-up (2,3).
Cardiac involvement is the most noticeable
manifestation when congestive heart failure
(CHF) appears in the late phase of cardio-
myopathy.

Leptin is a 167-amino acid product of the
ob gene, which is produced primarily by
adipocytes. Although originally associated
with the central regulation of satiety and
energy metabolism, increasing evidence now
indicates that leptin may be an important
mediator in cardiovascular pathophysiology
(4). In addition to its direct effects on energy
metabolism and caloric intake, leptin has
distinct effects on the cardiovascular system
leading to vascular remodeling, oxidative
stress, neointima formation, as well as car-
diomyocyte hypertrophy (5,6). Several cir-
culatory effects appear to be mediated by an
interaction with the sympathetic nervous
system and the major reflexogenic area in-
volved in cardiovascular homeostatic con-
trol (5). Metabolic abnormalities in chronic
heart failure include several local and sys-
temic paracrine/endocrine systems and lead
to an imbalance between catabolic and ana-
bolic mechanisms. Leptin contributes to the
modulation of metabolism, breathing con-
trol and inflammation, all of which have
been linked to cardiovascular health and
disease (6).

Previous studies have shown contradic-
tory results in patients with heart failure. In a
study by Schulze et al. (7), patients with
advanced CHF had elevated serum levels of
leptin and its soluble receptor. This finding
indicates that leptin may participate in the
catabolic state leading to the development of
cardiac cachexia in the course of CHF. Con-
versely, Richartz et al. (8) observed that
plasma leptin concentrations were signifi-
cantly lower in CHF patients compared to
controls.

The peculiar involvement of the auto-
nomic nervous system in Chagas’ heart dis-
ease causes abnormalities in neurogenic car-

diovascular control before left ventricle dys-
function or overt heart failure even appears
(9). Chagas’ cardiomyopathy has several
specific characteristics such as early cardiac
denervation and neurohormonal abnormali-
ties that differ from those observed in other
cardiomyopathies. This different pathophysi-
ology suggests that some metabolic abnor-
malities might be different in chagasic pa-
tients.

Although there is an extensive literature
regarding the action of leptin in the cardio-
vascular system in normal and congestive
heart failure subjects, there is a lack of infor-
mation regarding the action of leptin in the
cardiovascular system of chagasic patients
with different forms of the disease.

The aim of the present study was to in-
vestigate plasma leptin levels and their rela-
tion to different forms of Chagas’ disease,
because the increasing understanding of the
role played by natriuretic peptides and leptin
opens new frontiers in the care of chagasic
heart failure.

Fifty-two patients with a diagnosis of
Chagas’ disease were recruited prospectively
from the Cardiomyopathy Clinical Unit of
the Heart Institute (InCor), University of
São Paulo Medical School. The inclusion
criteria were patients with 2 positive sero-
logic reactions for Chagas’ disease, age over
18 years, both genders, and with different
forms of Chagas’ disease. The exclusion
criteria were myocardial infarction (evalu-
ated by Q waves on an electrocardiogram
(ECG), segmental dysfunction by 2-dimen-
sional echocardiography), valvar disease
(evaluated by clinical examination and by
Doppler echocardiography), and hyperten-
sion.

The chagasic patients were divided into 3
groups: group I, indeterminate form, com-
prised 24 subjects with 2 positive serologic
reactions for Chagas’ disease and no cardiac
involvement as defined by chest X-rays, 12-
lead ECG and 2-dimensional echocardiog-
raphy. All patients had normal barium stud-
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ies of the esophagus and the colon. Group II,
ECG group, consisted of 14 patients with
normal left ventricular (LV) function show-
ing right or left bundle branch block, left
anterior fascicular block, diffuse St-T
changes, ventricular premature beats that
may be multiform, and runs of non-sus-
tained ventricular tachycardia on the ECG.
Group III, dysfunction group, comprised 14
patients with symptoms of CHF and LV
dysfunction evaluated by ECG. The control
group consisted of 30 healthy individuals.

All patients signed a written consent form,
and the Ethics Committee of the Heart Insti-
tute, University of São Paulo Medical School,
approved the study.

All subjects underwent anthropometric
measurements including assessment of body
mass index (BMI).

Serum leptin was measured by a solid
phase two-site immunofluorometric assay
using monoclonal antibodies produced in
the Fleury Laboratory (São Paulo, SP, Bra-
zil). BALB-c mice were immunized with
recombinant human leptin (Eli Lilly & Co.,
Indianapolis, IN, USA). Two fusions were
made and a high-affinity compatible pair of
antibodies was selected for the development
of the assay. The standards were calibrated
against the NIBSC, 1st IS (97/594) and the
reference range measured in adult males,
females and adolescents. Linearity for leptin
was analyzed over a measured range of 4.30
to 45.90 ng/mL and the results were within
an allowed systematic error of 5%.

Serum samples were prepared by adding
varying amounts of concentrated leptin so-
lution containing a known amount of leptin.
The threshold (lower limit of detection) was
0.0094 ng/mL and the recovery was in the
92-100% range, with a mean value of 99%.

Monoclonal J3P3 was adsorbed to wells
of microtiter plates overnight at 4ºC. Serum
sample or standards (100 µL) were added
and incubated for 2 h at room temperature.
The wells were washed and 200 mL of a
solution containing monoclonal A7P2 la-

beled with Europium was added, followed
by 1-h incubation. After several washings,
enhancement solution was added and fluo-
rescence read in a time-resolved fluorometer
(Perkin Elmer Life and Analytical Sciences,
Wallac, Turkur, Finland). The assay is unaf-
fected by bilirubin, hemolysis, triglycerides,
or heterophile antibodies. The intra-assay
coefficient of variation was 5.3% (mean con-
centration: 11.86 ng/mL) and 4.0% (mean
concentration: 9.52 ng/mL) and the inter-
assay coefficient of variation was 7.1% (mean
concentration: 3.25 ng/mL), 7.2% (mean
concentration; 10.24 ng/mL), and 4.7%
(mean concentration; 21.96 ng/mL).

For the determination of leptin, blood
was collected into glass tubes without addi-
tives and centrifuged for 1 h. Blood samples
were drawn after patients had fasted for 8 h.
All patients had fasting blood samples taken
between 8:00 and 9:00 am. Samples were
taken and placed on ice before centrifuga-
tion and serum was immediately frozen and
stored at -25ºC. The sample was thawed just
before analysis, which was carried out within
6 months of blood collection. Dose-response
curves were run with every assay. The meas-
urements were made in duplicate and the
variation was less than 10%.

Serum N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels were measured
by immunoassay with detection by electro-
chemiluminescence (Roche Diagnostics, São
Paulo, SP, Brazil) using 20 µL of serum and
polyclonal antibodies that detect epitopes in
the N-terminal region (amino acids 1-76) of
the proBNP (108 amino acids). Cross-reac-
tivity with other natriuretic peptides (BNP,
proANP1, CNP2) and the renin-angiotensin
system was <0.001% (data from the manu-
facturer). The assay was fully automated
using the Elecsys 2010 automated analyzer
(Roche Diagnostics).

For the NT-proBNP assay the coefficient
of variation was 7.0% (mean concentration
57 pg/mL) and the inter- and intra-assay
variations were 4.0 and 2.6%, respectively.
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The CHF group had lower serum leptin lev-
els (P < 0.001) compared to controls and to
the other chagasic groups. NT-proBNP lev-
els were significantly higher (P < 0.001) in
the CHF group compared to other chagasic
groups and control (Table 1 and Figure 1).

The study showed that patients with
Chagas’ disease and CHF had lower serum
leptin levels, independently of age or param-
eters of body composition such as weight
and BMI.

Leptin is a 167-amino acid cytokine syn-
thesized and secreted from adipose tissue
which functions as a signal of sufficiency of
energy stores, and plasma leptin level is
controlled by nutritional status. Several fac-
tors have been identified as regulators of
leptin synthesis and release including the
sympathetic nervous system, insulin and pro-
inflammatory cytokines as well as glucocor-
ticoids (6).

More recently, leptin has been desig-
nated as a potential biomarker of heart fail-
ure (6). In the present study, chagasic pa-
tients with the indeterminate form, ECG ab-
normalities, and heart failure had similar
BMI; however, only the last group had a
very low plasma leptin level. Usually leptin
concentration is low during starvation and is
increased by refeeding. In different studies,
circulating levels of leptin were increased in
non-cachectic heart failure patients and were
normal-to-low in cachectic patients (10-12).

In the present study, plasma leptin was
measured in chagasic patients and controls
after 8 h of fasting. All subjects had a normal
BMI and low circulating levels of leptin.
Since heart failure in chagasic patients has a
different mechanism than that of idiopathic
CHF, we speculate that the low leptin levels
in these subjects have a cause other than
simply the nutritional state. Leptin has a
direct relation to sympathetic activity, and
the release of this peptide is proportional to
fat cell mass (13-15). This interaction be-
tween leptin and the sympathetic nervous
system seems to be two-way, with leptin

Concentration ranged from 5 up to 35,000
pg/mL (data from the manufacturer). The
threshold (lower limit of detection) was 5
pg/mL.

Two-dimensional ECG complemented
with M-mode and color Doppler recordings
was obtained according to the recommenda-
tions of the American Society of Echocardi-
ography. The following parameters were
computed: LV thickness, LV internal end-
diastolic dimension, LV internal end-systolic
dimension, LV mass, LV mass index, and
ejection fraction by the Teichholz method.

For statistical analysis, the Kruskal-Wallis
and Dunn tests for unpaired data were used
to compare mean leptin level between
Chagas’ disease and control subjects, with
the level of significance set at P < 0.05.

Chagas’ disease patients and healthy con-
trols did not differ in age or BMI (P > 0.3).

Table 1. Characteristics of patients with Chagas’ disease and control subjects.

IF group ECG group CHF group Controls
(N = 24) (N = 14) (N = 14) (N = 30)

Age (years) 48.4 ± 10.8 42.9 ± 8.1 47.8 ± 9.1 43.9 ± 5.9
BMI (kg/m2) 24.7 ± 2.7 23.2 ± 3.1 24.0 ± 2.0 24.6 ± 2.2
Leptin (ng/mL) 5.3 ± 5.3 9.7 ± 10.7 1.4 ± 0.8* 8.1 ± 7.8
NT-ProBNP (pg/mL) 53.2 ± 33.3 83.3 ± 57.4 831.8 ± 800.1* 32.0 ± 22.7
LVSD (cm) 31.7 ± 5.9 31.4 ± 3.5 52.4 ± 10.9* 31.3 ± 4.2
LVEDV (mL) 116.1 ± 40.8 114.1 ± 25.6 273.4 ± 137.2* 115.1 ± 33.2
LVESV (mL) 35.2 ± 21.2 32.2 ± 11.3 161.6 ± 109.8* 33.1 ± 12.2
EF (%) 0.71 ± 0.07 0.71 ± 0.05 0.44 ± 0.12* 0.71 ± 0.05

Data are reported as means ± SD for N subjects. IF = indeterminate form; ECG =
electrocardiogram; CHF = congestive heart failure; BMI = body mass index; NT-
ProBNP = N-terminal pro-brain natriuretic peptide; LVSD = left ventricular systolic
dimension; LVEDV = left ventricular end-diastolic volume; LVESV = left ventricular
end-systolic volume; EF = ejection fraction.
*P < 0.05 compared to control (Kruskal-Wallis test).

Figure 1. Leptin levels in differ-
ent forms of Chagas’ disease.
Data are reported as means ±
SD. *P < 0.05 compared to other
groups (Kruskal-Wallis test). IF
= indeterminate form; ECG =
electrocardiogram; CHF = con-
gestive heart  failure.
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causing activation of central sympathetic
outflow throughout the hypothalamus, re-
sulting in stimulation of adrenal and medul-
lary release of epinephrine (16), and with the
sympathetic nervous system inhibiting leptin
release from white adipose tissue (14).

Chagas’ disease results in central ner-
vous system damage and also in cardiac
neuronal depopulation. The impaired car-
diac sympathetic activity precedes wall mo-
tion impairment in Chagas’ disease (17). We
already know that the sympathetic nervous
system acts regionally. Our speculation is
that chagasic patients with heart failure have
central nervous system injuries, cardiac neu-
ronal depopulation, and increased sympa-
thetic activity on white adipose tissue, re-
sulting in a decrease in leptin synthesis and a
release of white adipocyte cells. The in-
creased degradation of leptin is another hy-
pothesis that we have to consider. Further
studies including different models of heart
failure, in obese and non-obese patients with
the evaluation of autonomic cardiac control
(spectral analysis) should be conducted in
order to test this hypothesis.

We believe that NT-proBNP belongs to a
family of naturally occurring hormones
known as natriuretic peptides. Synthesized
in the cardiac ventricles, elevated plasma
NT-proBNP levels are highly specific for

elevated filling pressures in patients with
LV dysfunction, and can provide relatively
reliable diagnostic and prognostic informa-
tion (18). High plasma NT-proBNP levels
(usually above 400-500 pg/mL) are related
to a poor prognosis in patients with heart
failure (19). In our study, plasma NT-proBNP
in the heart failure group of chagasic pa-
tients was over 800 pg/mL, suggesting a
poor prognosis.

These findings are intriguing if, indeed,
leptin is protective against the cardiosup-
pressive effects of TNF-1 or IL-1. By facili-
tating the decrease in circulating concentra-
tions of leptin, cardiac cachexia may facili-
tate the downward spiral of cardiac decom-
pensation effected by elevated amounts of
TNF-1 or IL-1 (20). Finally, for the first
time, it was demonstrated that patients with
chagasic cardiomyopathy have low leptin
levels, in contrast to those observed in other
forms of heart failure (7).

We concluded that chagasic patients with
heart failure have high levels of NT-ProBNP
and low levels of leptin. We propose that
leptin metabolism participates in advanced
stage heart failure. One or more leptin-sup-
pressing mechanisms may operate in cha-
gasic patients. Further studies are needed to
elucidate these facts.
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