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Abstract

Objectives: Chagas cardiomyopathy has worse long-term
outcomes than other cardiomyopathies. A biomarker strat-
egy to refer subjects for noninvasive cardiac imaging may
help in the early identification of cardiac damage in subjects
with Chagas disease. Galectin-3 (Gal-3) is a mediator of car-
diac fibrosis shown to be upregulated in animal models of
decompensated heart failure. Here we assessed the correla-
tion of Gal-3 with myocardial fibrosis in patients with Chagas
disease. Methods: This study comprised 61 subjects with
Chagas disease. All subjects underwent clinical assessments,
Doppler echocardiography and magnetic resonance imag-
ing. Plasmatic Gal-3 was determined by ELISA. Results: De-
layed enhancement (DE) was identified in 37 of 61 subjects
(64%). The total amount of myocardial fibrosis was 9.4% [in-
terquartile interval (1Ql): 2.4-18.4]. No differences were ob-
served in Gal-3 concentration according to the presence or
absence of myocardial fibrosis, with a median Gal-3 concen-

tration of 11.7 ng/ml (IQl: 9.4-15) in subjects with DE versus
12.9 ng/ml (IQl: 9.2-14) in subjects without DE (p = 0.18). No
correlation was found between myocardial fibrosis and Gal-
3 concentration (r=0.098; p = 0.47). Conclusions: There is no
correlation between the degree of myocardial fibrosis and
the concentration of Gal-3 in subjects with Chagas disease.
© 2016 S. Karger AG, Basel

Introduction

The main symptomatic form of Chagas disease is a car-
diomyopathy characterized by heart failure, ventricular
arrhythmias, heart blocks, thromboembolic events and
sudden death [1]. Previous studies demonstrated that
subjects with Chagas disease cardiomyopathy have worse
long-term outcomes than subjects with cardiomyopathy
due to other etiologies [2]. The worst prognosis has been
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attributed to the continuous myocardial damage due to
parasite persistence and immune-mediated mechanisms,
leading to interstitial fibrosis throughout the myocardi-
um [3]. Cost-effective strategies to identify subgroups of
subjects with progressive fibrosis before the occurrence
of extensive remodeling are of great interest.

There is a need to find new biomarkers that may reflect
the pathophysiological mechanisms of myocardial fibro-
sis, in order to support the risk stratification, especially
regarding subjects with Chagas disease, thus allowing the
application of potentially invasive and expensive thera-
pies to those who are most likely to benefit. To date there
are no biomarkers accurate enough to predict myocar-
dial fibrosis for detecting early cardiac involvement.

Galectin-3 (Gal-3) is a beta-galactoside-binding lectin
shown to be, in experimental studies, a mediator of car-
diac fibrosis [4, 5] and upregulated in animal models of
decompensated heart failure, as reviewed by de Boer et al.
[6]. We previously demonstrated that Gal-3 is upregu-
lated in the hearts of mice chronically infected with Try-
panosoma cruzi [7]. Gal-3 may promote fibrosis through
the activation of fibroblasts and macrophages, which is a
hallmark of cardiac remodeling processes [8]. Current
data suggest that Gal-3 secreted by activated macrophages
acts on fibroblasts, establishing a link between inflamma-
tion and fibrosis [9]. In addition to the involvement in
heart diseases, Gal-3 may be involved in other disease set-
tings, such as cancer, liver disease, renal disease and vari-
ous rheumatologic conditions [10-13]. Moreover, circu-
lating Gal-3 has been found to be elevated in different
human diseases associated with fibrosis [14-16]. A patho-
physiological role for Gal-3 in heart failure was suggested
by previous studies showing that Gal-3 infusion into mu-
rine pericardium induced adverse cardiac remodeling
whereas coinfusion with a Gal-3 inhibitor counteracted
these effects [4, 5].

Here we sought to examine the clinical correlation of
plasma Gal-3 with myocardial fibrosis, in subjects with
different forms of Chagas disease, using cardiac magnet-
ic resonance imaging (MRI) as the gold standard method
to estimate the percentage of myocardium affected by
fibrosis.

Methods

Study Population

Subjects with Chagas disease were prospectively recruited be-
tween January 2012 and December 2013 in the Chagas disease out-
patient clinic at Hospital Sdo Rafael, a tertiary referral center lo-
cated in Salvador, Bahia, Brazil.
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Inclusion criteria were an age of 18-70 years and a diagnosis of
Chagas disease confirmed by 2 positive serologic tests for antibod-
ies against T. cruzi (indirect hemagglutination and indirect immu-
nofluorescence). Exclusion criteria were: the acute form of Chagas
disease, previous myocardial infarction or known coronary ath-
erosclerotic disease (or >2 risk factors for it), primary valve disease,
end-stage renal disease on dialysis, active hepatitis or cirrhosis,
hematologic, neoplastic or bone diseases and contraindication to
MRI.

We classified enrolled patients into 3 groups based on distinct
stages of Chagas disease, according to the current Brazilian Chagas
disease consensus [1], distributed as follows: (1) a group with the
indeterminate form of the disease, comprising 17 asymptomatic
subjects without signs of cardiac involvement characterized by
normal electrocardiogram, chest X-ray and echocardiography,
(2) a group with the cardiac form without ventricular dysfunction,
comprising 16 consecutive subjects with known heart involvement
defined as abnormal electrocardiogram (typically, right bundle-
branch block with left anterior hemiblock) and without left ven-
tricular dysfunction and (3) a group with the cardiac form with
ventricular dysfunction, comprising 28 subjects with low left-ven-
tricular ejection fraction, 16 of whom were in New York Heart As-
sociation (NYHA) class III/IV.

At the time of enrolment, all subjects underwent clinical assess-
ments consisting of structured medical questionnaires, 12-lead
electrocardiography, chest radiography, 24-hour ambulatory elec-
trographic monitoring, exercise testing, conventional Doppler
echocardiography and cardiovascular MRI.

The study complied with the Declaration of Helsinki, was ap-
proved by the Ethics Committee of the Hospital Sdo Rafael and is
registered in ClinicalTrials.gov under the identifier NCT01842854.
All subjects signed a written informed consent before their inclu-
sion in the study.

Magnetic Resonance Imaging

Cardiovascular MRI was performed using a Sigma HDx 1.5-T
system (General Electric, Fairfield, Conn., USA). For assessment
of the LV function, electrocardiography-gated, breath-hold, long-
axis, short-axis and 4-chamber views were acquired at the same
location in different sequences. Acquisition parameters used for
the dynamic sequence included a repetition time (RT) of 3.5 ms,
an echo time (ET) of 1.5 ms, a flip angle of 60°, a receiver band-
width of 125 kHz, a 35 x 35 cm field of view (FOV), a matrix of 256
x 148, a temporal resolution (TR) of 35 ms and a slice thickness of
8.0 mm without gap.

Delayed enhancement (DE) images were acquired every heart-
beat, 10-20 min after the administration of a gadolinium-based
contrast (0.1 mmol/kg) using an RT of 7.1 ms, an ET of 3.1 ms, a
flip angle of 20°, a first cardiac phase, 16/32 views per segment, a
matrix size of 256 x 192, a slice thickness of 8.0 mm, a gap between
slices of 2 mm, a 32 x 38 cm FOV, an inversion time of 150-300
ms, a receiver bandwidth of 31.25 kHz and 2 excitations. The myo-
cardial DE technique was used to investigate myocardial fibrosis,
which was estimated by a quantitative visual method.

Gal-3 and NT-ProBNP

Gal-3 and NT-proBNP concentrations were determined in
EDTA plasma samples with the VIDAS® automated enzyme-
linked fluorescent assay (BioMérieux, Marcy-I'Etoile, France). The
assay principle combines a one-step immunoassay sandwich
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Table 1. Subjects’ clinical and demographic characteristics

Variable All subjects Indeterminate Cardiac form Cardiac form
form without ventricular  with ventricular
(n=61) (n=17) dysfunction (n =16) dysfunction (n = 28)
Demographic characteristics
Age, years 58+8 59+11 59+9 58+7
Female gender 36 (59) 12 (70) 12 (75) 12 (43)
Lived before in house of mud 50 (82) 15 (88) 15 (94) 20 (71)
Chagas-positive parents 39 (64) 11 (65) 14 (88) 14 (50)
Digestive form 4(6.6) 0 2 (12) 2(7)
Body mass index 25+4 26+4 27+4 26+3
Coexisting conditions
Hypertension 44 (72) 14 (82) 12 (75) 18 (64)
Diabetes 9 (15) 4(23) 0 5(18)
Syncope 6(7) 1(6) 1(6) 2(7)
Current smoking 16 (26) 3(18) 3(18) 10 (36)
Congestive heart failure NYHA III/TV 16 (26) 0 0 16 (57)*
Laboratory characteristics
Creatinine, mg/dl 0.88 (0.7-0.99) 0.84 (0.7-0.98) 0.78 (0.6-0.91) 0.94 (0.7-1.0)
Sodium, mmol/dl 140+3 138+2 139+2 139+2
Hemoglobin, g/dl 13.9+0.9 14.2+1.3 13.4+0.7 14.2+1.0
Total cholesterol, mg/dl 193£38 202+40 194+42 200+45

hsCRP, mg/dl
NT-proBNP, pg/ml
Troponin I, ng/ml
LVEF, %

METS

1.15 (0.63-4.02)
686 (66-816)
0.684 (0.012-0.04)
54+15
9+2.5

1.71 (0.35-6.54)
60.5 (34-108)
0.012 (0.012-0.012)
64+3
1243

1.24 (0.51-4.74)
96.0 (73-181)
0.012 (0.012-0.028)
64+4
9+2

1.09 (0.73-3.62)
839.5%* (189-2,271)
0.038 (0.019-0.06)

43+ 10%*
8+2

Data are expressed as mean + SD or n (%) for discrete variables and median (IQI) for continuous nonnormal variables. LVEF = LV
ejection fraction; METS = metabolic equivalent of task; hsCRP = high-sensitivy C-reactive protein. * p < 0.001, Fisher’s exact test.

** p < 0.001, Kruskal-Wallis test, one-way ANOVA.

method with a final fluorescent detection (ELFA). The samples
were transferred into the wells containing anti-Gal-3 or anti-NT-
proBNP antibodies conjugated with alkaline phosphatase. The in-
tensity of the fluorescence is proportional to the concentration of
antigens present in the sample. The measurement range was 3.3-
100 ng/1 for Gal-3 and 20-25.000 pg/ml for NT-proBNP.

Sample Size Calculation

Gal-3 concentration in patients with heart failure is described
as 18.6 = 7.8 ng/ml [17]. The sample size was calculated for the
comparison of the Gal-3 concentration between 2 groups of sub-
jects defined by the presence of myocardial fibrosis assessed by
MRI. Considering that subjects with myocardial fibrosis have val-
ues close to those described in heart failure patients (18.6 + 7.8 ng/
ml), we determined that the enrolment of 64 participants would
provide a power of 80% to reject the null hypothesis if subjects
without myocardial fibrosis had Gal-3 values 30% lower than sub-
jects with myocardial fibrosis, with the same standard deviation of
7.8 ng/ml for both groups, at a two-sided alpha level of 0.05.

Statistical Analysis
Categorical variables are presented as numbers and percent-
ages and continuous variables are presented as means (SD) or me-
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dian (interquartile interval, IQI). The significance of baseline dif-
ferences was determined by the x? test, the Fisher exact test or the
unpaired t test, as appropriate. Comparisons of continuous vari-
ables among groups were performed with an analysis of variance
(ANOVA) test or the Kruskal-Wallis test, depending on normality
assessed by the Shapiro-Wilk test. Correlation between continuous
variables was evaluated by the Pearson or Spearman coefficient,
depending on normality.

Analyses were performed using SPSS v20.0 (IBM), and a two-
sided p value <0.05 was considered to indicate statistical signifi-
cance.

Results

Baseline Characteristics

We evaluated 61 subjects with Chagas disease, distrib-
uted as follow: 17 in group 1 (subjects with no evidence
of cardiac involvement or heart failure), 16 in group 2
(cardiac form without ventricular dysfunction or symp-
toms) and 28 in group 3 (cardiac form with ventricular
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Table 2. Myocardial fibrosis on cardiac MRI

All subjects Indeterminate Cardiac form Cardiac form p value
(n=61) form without ventricular ~ with ventricular
(n=17) dysfunction (n =16) dysfunction (n = 28)
DE, n (%) 35 (57) 6 (35) 7 (44) 22 (79) 0.001*
Myocardial fibrotic area, % of LV mass (IQI) 9.4 (2.4-18.4) 4.1(2.1-10.7) 2.3(1.0-5.0) 15.2 (7.8-25) 0.004**
* Fisher’s exact test. ** Kruskal-Wallis, one-way ANOVA.
Table 3. Myocardial fibrosis and subjects’ clinical characteristics
With fibrosis Without fibrosis p value
Age, years 57£9.2 58+7.6 0.53
Female gender 16 (43) 18 (86) 0.002*
Forms of the disease
Indeterminate 7 (19) 10 (48) <0.001*
Cardiac without LV dysfunction 7 (19) 9 (43)
Cardiac with LV dysfunction 23 (62) 2 (9.5)
Gal-3, ng/ml 11.8 (9.1-12.6) 13.7 (9.2-14.2) 0.67
NT-proBNP, pg/ml 211 (96-1087) 68 (34-346) 0.01
Troponin I, ng/ml 0.032 (0.012-0.048) 0.012 (0.012-0.013) 0.002**
hsCRP, mg/dl 1.1 (0.63-4.0) 1.1 (0.26-46.8) 0.38

Data are expressed as mean + SD or n (%) for discrete variables and median (IQI) for continuous nonnormal
variables. hsCRP = High sensitivity C-reactive protein. * Fisher’s exact test. ** Mann-Whitney U test.

dysfunction, with or without symptoms). Mean age was
58 + 8.5 years and 59% of the participants were women.
The majority of subjects (73.8%) were in NYHA func-
tional class I or IT and 4 (6.6%) had concomitant gastro-
intestinal involvement. The prevalence of hypertension,
diabetes, hypercholesterolemia and current smoking was
similar across the 3 groups. As expected, higher NT-
proBNP values and a lower ejection fraction were ob-
served in group 3 (p <0.001). Ventricular tachycardia was
detected in 20 (33%) subjects on 24-hour Holter monitor-
ing (none from group 1, 5 from group 2 and 15 from
group 3; p = 0.001). Clinical and demographic character-
istics of the subjects are described in table 1.

Myocardial Fibrosis

DE was identified in 37 of 61 subjects (64%). The total
amount of myocardial fibrosis was 9.4% (IQI: 2.4-18.4)
with a progressive increase across the different forms of
the disease. Myocardial fibrosis was detected in 6 of 17
subjects in the indeterminate form (median 4.1%, IQI:
2.1-10.7), 7 of 16 in the cardiac form without ventricular
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dysfunction (median 2.3%, IQI: 1.0-5.0) and 22 of 28 sub-
jects in the cardiac form with ventricular dysfunction
(median 15.2%, IQI: 7.8-25.0, p = 0.001). DE was detect-
ed more frequently in the inferolateral and apical seg-
ments of the left ventricle. Moreover, subjects with DE
showed a lower ejection fraction (68 + 13 vs. 48 + 18%;
p < 0.001), higher NT-proBNP values [197 pg/ml (IQL:
91-2,682) vs. 73 pg/ml (IQI: 34-190); p = 0.01; tables 2,
3] and ventricular tachycardia detected on Holter moni-
toring (43 vs. 15%; p = 0.03).

Assessment of Gal-3

The median concentration of Gal-3 in the study sam-
ple was 12.1 ng/ml (IQI: 9.4-14.4). No differences were
observed in Gal-3 concentration according to the pres-
ence or absence of myocardial fibrosis, with a median
Gal-3 concentration of 11.7 ng/ml (IQI: 9.4-15) in sub-
jects with DE versus 12.9 ng/m (IQI: 9.2-14) in subjects
without DE (p = 0.67; fig. 1). No correlation was found
between myocardial fibrosis and Gal-3 concentration
(r = 0.098; p = 0.47; fig. 2).
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Fig. 1. Plasmatic concentration of Gal-3 assessed by ELISA in sub-
jects with and without DE detected by MRI (Mann-Whitney U
test, p = 0.67).

Higher values of Gal-3 were found in women com-
pared to men, with median Gal-3 concentrations of 13.4
ng/ml (IQI: 10.3-15.1) and 10.4 ng/ml (IQI: 8.9-10.1,p =
0.03), respectively. However, no differences were identi-
fied in subjects with a lower ejection fraction (p = 0.45),
higher NT-proBNP values (p = 0.26), greater age (p =
0.15), higher troponin (p = 0.26) and high-sensitivity C-
reactive protein values (p = 0.86). Additionally, we did
not identify differences in Gal-3 concentration compar-
ing groups of patients with different forms of Chagas dis-
ease, with a median concentration of 12.1 ng/ml (IQL:
8.8-18.3) in group 1, 12.1 ng/ml (IQI: 10.1-13.9) in group
2 and 12.0 ng/ml (IQI: 11.0-14.8) in group 3 (p = 0.90;
fig. 3).

Discussion

A useful biomarker must have a diagnostic or prog-
nostic value or aid therapeutic guidance. Gal-3 has been
shown to mediate fibrosis in several disease settings, in-
cluding cardiac diseases. In animal models, Gal-3 medi-
ates ventricular remodeling, and the administration of
Gal-3 leads to a phenotype of progressive fibrosis and LV
systolic dysfunction [4]. These observations have led to
an increasing interest in Gal-3 as a potential heart failure
biomarker that could reflect ongoing ventricular remod-
eling and progressive fibrosis.

Gal-3 in Chagas Cardiomyopathy

Fig. 2. Correlation between plasmatic concentration of Gal-3 and
percentage of myocardial fibrosis assessed by cardiovascular MRI
(Spearman’s correlation, r = 0.098, p = 0.47).
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Fig. 3. Plasmatic concentration of Gal-3 assessed by ELISA in sub-
jects with different forms of Chagas disease (Kruskal-Wallis, one-
way ANOVA, p = 0.90).

This study provides the first evaluation of the Gal-3
role as a biomarker in a population with Chagas disease.
Despite the experimental data on mice indicating a cor-
relation between Gal-3 expression and the progression of
Chagas disease [7, 18], our analysis in the clinical setting
showed no direct relationship between the amount of
myocardial fibrosis and the plasmatic concentration of
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Gal-3. In contrast, Lepojérvi et al. [19] demonstrated a
positive correlation between myocardial fibrosis and the
serum concentration of Gal-3, although their data were
obtained from a different population which included sub-
jects with coronary artery disease and preserved LV func-
tion. Likewise, in patients with nonischemic dilated car-
diomyopathy, Gal-3 is able to predict myocardial fibrosis
as DE on cardiovascular MRI [20].

Although the median percentage of fibrosis varied
across the different clinical forms of Chagas disease, the
median concentration of Gal-3 was nearly identical in all
3 groups. Subjects with the cardiac form and ventricular
dysfunction had a higher percentage of myocardial fibro-
sis than subjects without cardiac involvement, but the
concentration of Gal-3 was not significantly different.
Nonetheless, our data regarding the higher concentration
of Gal-3 in females are in agreement with previously pub-
lished data. Ho et al. [21] also demonstrated that Gal-3
concentration was significantly higher in women (medi-
an: 14.3 ng/ml) compared with men (median: 13.1 ng/ml,
p < 0.05). Likewise, Daniels et al. [22] found that the con-
centration of Gal-3 was higher in women [15.3 (12.1-
19.8) vs. 13.7 (10.7-17.4) ng/ml, p < 0.0001].

The role of circulating Gal-3 as a biomarker in heart
failure of different etiologies has been supported by stud-
ies that showed that an elevated Gal-3 concentration, af-
ter adjusting for other variables, is associated with poorer
outcomes in subjects with heart failure [23, 24]. However,
these studies have limitations regarding their sample size
or the number and type of variables included in their
models for multivariate analysis. In contrast, the findings
of Felker et al. [25], who included a larger cohort, showed
that, after adjusting for more clinical variables (including
NT-proBNP), Gal-3 was no longer able to significantly
predict outcome in subjects with heart failure. Moreover,
Srivatsan et al. [26], in a recent systematic review, found
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