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Abstract 
Aim: To evaluate the cardiac failure and its prognostication with 3C: Reactive protein as a 
marker of severity. 
Material & Methods: The cross-sectional analytical study was conducted in the Department 
of Medicine, Government Medical College, Bettiah, Bihar, India. Chagas disease was 
confirmed by 3 serological tests: direct agglutination, immunofluorescence, and enzyme- 
linked immunoassay (ELISA) and patients with 2 or more positive assays were accepted as 
positive.  
Results: The multiple regression analysis found no correlation between age and status of 
Chagas disease progression. Multiple regression analysis relating Chagas phase to serum IL-6 
concentrations (analyzing the variables of age, sex, diabetes mellitus, hypertension, heart 
failure, and dyslipidemia), confirmed the hypothesis that IL-6 values show a significant 
correlation to disease phase. Although the simple correlation analyses showed a positive 
correlation between IL-6 or CRP and LVMI, a negative correlation between IL-6 or CRP and 
the ejection fraction, as well as between IL-6 and BMI, the multiple regression analysis did 
not confirm these results. 
Conclusion: Elevated IL-6 concentrations were related to the phase of Chagas disease, 
indicating that once these patients have progressed beyond the acute phase, they experience a 
chronic inflammatory process, which becomes more severe with progression to Phase III 
status.  
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Introduction 

In the last decade there has been growing 
evidence that inflammation plays a pivotal 
role in the etiology and progression of 
atherosclerosis [1–4]. Increased levels of 

different markers of inflammation have 
been associated with either an increased 
risk of developing coronary artery disease 
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(CAD) or with poor prognosis in patients 
with known CAD [5]. 
Amongst the inflammatory mediators, C-
reactive protein (CRP) has emerged as an 
independent risk indicator. Observational 
studies have consistently reported that 
elevated CRP levels have clear prognostic 
value for major cardiovascular events and 
even mortality [6–8]. Although there is 
heterogeneity in the predictive value of 
CRP, the general consensus acknowledges 
a relation between CRP and cardiovascular 
disease. The impact of CRP on 
cardiovascular outcome has been 
emphasized by data showing that risk 
reduction for a first myocardial infarction 
seemed to be directly related to high 
sensitivity CRP (hsCRP) levels [9]. 
Elevated levels of CRP have been 
observed in patients with heart failure [10], 
and activation of the immune response 
may play a role in heart failure through 
modifications in the renin–angiotensin–
aldosterone and sympathetic systems [11-
12]. 
This study is mainly designed to evaluate 
the level of CRP in patients with chronic 
CHF and to examine the relation between 
the degree of CRP elevation and clinical 
outcome.  
Material & Methods: 
The cross-sectional analytical study was 
conducted in the Department of Medicine, 
Government Medical College, Bettiah, 
Bihar, India, for one year. The no 
probabilistic sample was composed of 60 
non consecutive patients of both sexes. 
Chagas disease was confirmed by 3 
serological tests: direct agglutination, 
immunofluorescence, and enzyme- linked 
immunoassay (ELISA) and patients with 2 
or more positive assays were accepted as 
positive.  
Inclusion criteria: 

• The patients were classified according 
to the 3 phases proposed by Carrasco 
et al (1994): [12] Phase I (n=20), 

asymptomatic patients with no 
electrocardiographic or 
echocardiographic evidence of cardiac 
involvement; Phase II (n=20), 
asymptomatic patients with 
electrocardiographic or 
echocardiographic evidence of cardiac 
involvement; and Phase III (n=20), 
patients with heart failure. 

Exclusion criteria: 
• Patients with acute or chronic ischemic 

heart disease defined as a confirmed 
history of anterior or recent myocardial 
infarction, history of angina pectoris 
and/or positive stress test or stress 
echocardiogram for ischemia, or 
cardiac catheterization indicative of 
coronary artery disease. 

• Patients with acute or chronic liver 
disease. 

• Patients with acute or chronic 
inflammatory processes (e.g., 
rheumatoid arthritis, collagen disease, 
vasculitis, or cancer) and acute or 
chronic infections (e.g., endocarditis, 
pneumonia, and/or tuberculosis); 

• Patients who are immunosuppressed or 
receiving corticoid therapy 

• Patients with non-Chagas acute or 
recurrent pericarditis. 

• Patients with primary valve disease due 
to disorders that are congenital or 
secondary to infectious processes (e.g., 
rheumatic fever and/or endocarditis).  

Control group 
The study also included a control group of 
20 individuals over age 18 with no history 
or serological evidence of Chagas disease 
or other heart condition.  
Statistical Analysis: 
After determining the respective 
descriptive statistics for characterizing the 
final sample, the multiple linear regression 
models used to relate the IL-6 and CRP 
values to the phase of Chagas disease were 
considered. The Kolmogorov-Smirnov test 
showed that the distribution of the levels 
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of the mediators cited was not Gaussian 
and therefore, logarithmic transformation 
of the levels of these mediators prior to 
inclusion in the respective models was 
performed. The following variables were 
included in the regression analysis: Chagas 
disease phase, sex, age, heart failure, 
hypertension, diabetes mellitus, and 
dyslipidemia. The progressive phases of 
Chagas heart disease were also included in 
the regression models as dummy variables, 
with 0 and 1 used to represent the absence 
or presence of a particular phase. The 
control group included individuals without 
Chagas disease. Backward elimination was 
used to exclude variables with no 
significant effect. Results are expressed as 

mean ± standard error or 95% confidence 
interval (95% CI). Statistical significance 
was set at P=.05. Statistix 1.0 and Prism 
3.0 were used for the statistical analysis. 
Results: 
The average age of the participants was 
50.3±2.4 years for the population of 
healthy volunteers and 60.3±2.4 years for 
seropositive patients. The average age of 
patients according to phase of Chagas 
disease was as follows: Phase I, 55.8±3.1; 
Phase II, 61.4±2.8, and Phase III, 67.8±2.3 
years, respectively, with a significant 
difference observed in Phase II and III 
patients versus the control group and 
Phase I patients (Table 1). 

 Table 1: Age, sex, and serum interleukin-6 and C - reactive protein values in healthy 
individuals and in phases i, ii, and iii patients with chagas disease  

Groups  Age (years)  Men  Women  IL-6 (% pg/mL)  CRP (mg/dL)  
Control  50.3±2.4 10 10 0.9±0.1  0.7±0.05  
Phase I  55.8±3.1 9 11 3.6±0.8 0.6±0.07 
Phase II  61.4±2.8 12 8 4.2±1.4 0.4±0.2 
Phase III  67.8±2.3 10 10 12.4±3.9 4.1±1.3 

 
The multiple regression analysis found no 
correlation between age and status of 
Chagas disease progression. In the means 
calculated for the echocardiographic 
parameters (Table 2) in particular, left 
ventricular end- diastolic diameter, left 

ventricular end-systolic diameter, left atrial 
diastolic diameter, right ventricular 
diastolic diameter which indicate chamber 
dilation, significant quantitative increases 
were confirmed with respect to the degree 
of the disease (P<.05).  

Table 2: Echocardiographic parameters in patients with chagas disease according to 
stage phase of chagas disease 

Echocardiographic Parameter Phase of Chagas Disease 
Phase I Phase II Phase III 

LVEDD, mm 47.3±0.7 53.6±0.7 62.4±1.30† 
LVESD, mm 30.4±0.8 32.5±1.4 43.5±1.3t 
Shortening, % 32.3±1.5 27.4±1.7 28.7±2.4 
LVEDV, mL 99.5±3.4 139.8±5.6 162.7±13.6t 
LVESV, mL 42.6±4.4 50.3±4.1 102.5±10.3t 
EF, % 61.7±1.8 55.7±2.4 38.3±3.5† 
LA, mm 31.6±0.8 30.2±1.2 45.6±1.6† 
RV, mm 14.7±0.8 11.4±1.3 17.2±1.6† 
LVM, g 255.8±18.9 338.9±27.3 420.7±29.2t 
LVMI, g/m2 SC 113.4±4.2 130.2±11.8 240.3±14.6† 

*LA indicates diastolic diameter of the left atrium; LVEDD, left ventricular end- diastolic 
diameter; LVESD, left ventricular end-systolic diameter; EF, ejection fraction; LVMI, left 
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ventricular mass index; LVM, left ventricular mass; RV, right ventricular diastolic diameter; 
LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume. 

†P<.05 with respect to Phases I and II. 
 
An assessment of left ventricular end-
diastolic volume and left ventricular end-
systolic volume showed a significant 
increase (P<.05) as the disease progressed. 
The ejection fraction was inversely 
proportionate to the phase of disease 
progression; the parameters measuring 
dilation and cardiac remodeling (e.g., left 
ventricular mass and left ventricular mass 
index, LVMI), showed similar alterations, 
with direct changes according to the phase 

of the disease, which were only significant 
in the most advanced phase.  
Multiple regression analysis relating 
Chagas phase to serum IL-6 concentrations 
(analyzing the variables of age, sex, 
diabetes mellitus, hypertension, heart 
failure, and dyslipidemia), confirmed the 
hypothesis that IL-6 values show a 
significant correlation to disease phase 
(Table 3). 

Table 3: Relationship between the phase of chagas disease and interleukin-6 values. 
multiple linear regression analysis* 

Variable Coefficient 95% Cl P value 
Intercept -0.438 -0.957 to 0.112 0.281 
Age, years 0.001 -0.006 to 0.0108 0.681 
Male -0.174 -0.348 to 0.115 0.440 
Diabetes mellitus -0.149 -0.566 to 0.289 0.672 
Hypertension –0.139 –0.329 to 0.120 .493 
Congestive heart failure 0.127 –0.409 to 0.657 .821 
Dyslipidemia 0.280 –0.006 to 0.571 .05 
Phase I 0.682 0.340 to 1.036 .001 
Phase II 0.766 0.421 to 1.128 <.001 
Phase III 1.122 0.567 to 1.679 .001 

*Logarithmic transformation was used to normalize the data; only significant variables 
remaining after backwards elimination are shown 

 
Phase I showed a coefficient of 0.7 (95% CI, –0.68 to 0.56) and P<.0001, Phase II showed a 
coefficient of 0.9 (95% CI, –0.68 to 0.9) and P<.0001, Phase III showed a coefficient of 1.3 
(95% CI, 0.61 to 2.80) and P<.0001. C-reactive protein correlated only to Chagas Phase III 
(Table 4), obtaining intercept values of –1.6 (95% CI, –1.4 to –1.0) and P<.0001, for Phase 
III of 1 (95% CI, 0.5-1.6) and P=.0001. 

Table 4: Relationship between the phase of chagas disease and CRP values. Multiple 
linear regression analysis* 

Variable Coefficient 95% Cl P value 
Intercept –1.134 –2.129 to –0.178 .001 
Age, years –0.005 –0.004 to –0.01 .639 
Male 0.087 –0.38 to 0.58 .562 
Diabetes mellitus –0.038 –0.89 to 0.79 .880 
Hypertension –0.002 –0.46 to 0.48 .841 
Dyslipidemia –0.075 –0.68 to 0.52 .701 
Phase I –0.119 –0.72 to 0.56 .766 
Phase II –0.019 –0.68 to 0.9 .742 
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Phase III 0.635 0.61 to 2.80 .001 
 
A multiple regression analysis was performed between values for the functional variables 
obtained from echocardiographic studies and serum IL-6 and CRP values, taking into 
consideration the intervening variables. The results showed that LVMI was associated with 
male sex, Phase III disease, and IL-6 values (Table 5).  

Table 5: Multiple regression analysis between left ventricular mass index and 
interleukin-6 values* 

Variable Coefficient 95% Cl P value 
Intercept 95.73 75.4-114.72 <.001 
IL-6 (log) 46.71 15.62-69.01 .001 
Male 38.63 15.68-57.73 .001 
Phase III of Chagas disease 94.81 65.46-122.81 <.001 

Only significant variables remaining after backwards elimination are shown. Adjusted 
r2=0.68; n=60 

Although the simple correlation analyses 
showed a positive correlation between IL-
6 or CRP and LVMI, a negative 
correlation between IL-6 or CRP and the 
ejection fraction, as well as between IL-6 
and BMI, the multiple regression analysis 
did not confirm these results.  
Discussion: 
High-sensitivity C-reactive protein has 
several features appealing for clinical and 
epidemiologic use. These include a long 
circulating half-life, long-term stability in 
frozen samples, insensitivity to recent food 
intake or circadian effects, and the 
availability of precise and inexpensive 
assays. [13] With acute infection, levels 
increase by orders of magnitude, well 
beyond normal variation, making it 
possible to identify outliers. Conversely, 
hsCRP levels tend to remain stable 
overtime in the absence of acute infection, 
with within-person variability over time 
similar to systolic blood pressure and low-
density lipoprotein (LDL) cholesterol. [14-
15] These characteristics, along with its 
strong prognostic power for identifying 
incident cardiovascular events 
independently of common risk markers in 
diverse populations, have ledto a role in 
clinical risk stratification and decision-
making. [16] 
There is evidence that chronic activation 
of the immune system exists during heart 

failure. Some patients present evidence of 
monocyte-macrophage and lymphocyte 
activation. It appears clear that patients 
with either ischaemic or non-ischaemic 
heart failure show activation of 
proinflammatory cytokines (tumour 
necrosis factor-a, IL-1, IL-6). What factor 
triggers this immune response is unknown, 
but at present, possible agents include the 
renin–angiotensin–aldosterone system and 
the sympathetic nervous system [10, 11, 
17, and 18]. 
Therapeutic inhibition of an excessive 
CRP response could thus be a promising 
new approach to cardio protection in 
STEMI patients. In this context Pepys et 
al. developed a specific small-molecule 
inhibitor of CRP [19]. In rats undergoing 
AMI this inhibitor could abrogate the 
increase in infarct size and cardiac 
dysfunction. In another interesting 
approach Sheriff et al. developed a 
specific CRP adsorber and showed that 
CRP depletion by apheresis led to a 
reduction of infarct size in a porcine 
animal model of AMI [20]. Although it is 
difficult to transfer these data to the 
clinical setting of patients suffering 
STEMI, it supports the assumption that 
therapeutic inhibition of CRP could be a 
promising approach to cardio protection 
after STEMI. However, further 
investigations need to be performed to test 
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the impact of therapeutic CRP depletion in 
a human clinical setting. 
An assessment of plasma CRP 
concentrations in patients with Chagas 
disease according to phase and in the 
controls showed a clear, significant 
increase among Phase III patients. This 
difference suggests that inflammatory 
changes are present and active during the 
more advanced stage of the disease. The 
presence of inflammatory foci and 
myocyte necrosis due to lymphocyte 
migration has been described in Chagas 
disease, even in the presence of a low 
degree of parasitism [21]. The 
inflammatory foci may be the result of 
microcirculation changes, which cause 
ischemic alterations followed by fibrosis 
and myocardial remodeling [22]. T cruzi 
infection in experimental animal models 
leads to elevated serum and tissue IL6 
[23], which is induced during the 
increasing stage of parasitemia in the acute 
period of Chagas disease [24]. It has been 
postulated that the main inducer of IL-6 in 
T cruzi infection is the enzyme 
transialidase of the parasite itself [25,26]. 
Conclusion: 
Elevated IL-6 concentrations were related 
to the phase of Chagas disease, indicating 
that once these patients have progressed 
beyond the acute phase, they experience a 
chronic inflammatory process, which 
becomes more severe with progression to 
Phase III status.  
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