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A cardiac rehabilitation exercise program 
potentially inhibits progressive inflammation in 
patients with severe Chagas cardiomyopathy: 
A pilot single‑arm clinical trial
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factor alpha (TNF‑α), and interleukin‑1 beta (IL‑1β), 
and the underproduction of the anti‑inflammatory 
cytokine IL‑10.[1,2]

Cardiac rehabilitation programs (CRPs) include regular 
physical exercise, which apparently lowers morbidity 
and mortality rates in patients with cardiovascular 
diseases by reducing inflammation.[3] Specifically, 
exercise decreases the serum levels of pro‑inflammatory 
cytokines such as TNF‑α ,  IL‑6, and monocyte 
chemoattractant protein‑1 (MCP‑1) and increases the 
serum levels of anti‑inflammatory proteins such as IL‑10 

INTRODUCTION

Chagas disease is a life‑threatening illness caused 
by Trypanosoma cruzi, a protozoan parasite. The 
symptoms occurring during the chronic phase of this 
disease are thought to result from dysregulation of 
the immune system. The progression from the chronic 
indeterminate form of Chagas disease to chronic 
chagas cardiomyopathy (CCC) has been associated 
with the overproduction of several pro‑inflammatory 
cytokines such as interferon gamma, tumor necrosis 
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and IL‑1 receptor antagonist.[4] However, whether it also 
ameliorates inflammation in patients with severe CCC is 
unknown. Thus, this study aimed to determine the effects 
of a CRP on the levels of inflammation markers in patients 
with severe CCC.

MATERIALS AND METHODS

In the present pilot study, patients were included from 
March 2013 to December 2014 at the Evandro Chagas 
National Institute of Infectious Disease (INI/FIOCRUZ, Rio 
de Janeiro, Brazil). Details of the pilot study, along with 
the clinical characteristics of the patients were presented 
elsewhere.[5] In brief, the selected patients were >18 years of 
age and were clinically stable during the 3 months before 
the study. They tested positive for T. cruzi in two serological 
tests (an enzyme‑linked immunosorbent assay [ELISA] and 
indirect immunofluorescence, administered concurrently). 
Patients with Stages C or D Chagas cardiomyopathy were 
included if they presented with typical electrocardiographic 
alterations, left ventricular ejection fraction (LVEF) <45% 
and HF symptoms.[6] Patients were excluded if they 
regularly exercised at the admission period, were unable 
to attend thrice‑weekly exercise training sessions, had any 
systemic condition that limited physical activity (e.g., a 
neuromuscular disorder or chronic obstructive pulmonary 
disease), or if their cardiopathy was unrelated to Chagas 
disease. The presence of nonchagasic cardiomyopathy was 
determined based on medical history and a detailed clinical 
screening including electrocardiogram, echocardiogram, 
and cardiopulmonary exercise tests.

The present study was approved by the Ini/Fiocruz Research 
Ethics Committee in accordance with resolution 466/2012 
of the Brazilian National Council of Health. All patients 
signed an informed consent form before beginning the 
CRP (ClinicalTrials.gov identifier NCT02516293).

The CRP comprised exercise training, nutritional orientation, 
and pharmaceutical guidance. Exercise training was 
performed three times a week, 60 min/session, for 8 months. 
Each session consisted of aerobic exercise (30 min on a 
treadmill or cycle ergometer, including an initial 5‑min 

warm‑up and a final 5‑min cooldown), strength exercises for 
the major muscle groups (20 min), and stretching (10 min). 
The exercise training intensity was based on the patient’s 
heart rate during cardiopulmonary exercise testing, 
corresponding to the anaerobic threshold minus 10% in the 
first month of exercise training and the anaerobic threshold 
plus 10% in the following months.

Blood samples were collected at baseline, 4, and 8 months 
after starting the CRP. Aliquots of plasma and serum were 
isolated from the blood samples and frozen at −70°C within 2 h 
of being drawn. Levels of serum cytokines (IL‑1β, IL‑8, IL‑10, 
IF‑γ, TNF‑α, and MCP‑1) were measured, through ELISAs 
according to the manufacturer’s instructions (EBioscience, 
San Diego, CA, USA), and presented as mean ± standard 
error of the mean. The influence of exercise on cytokine 
levels was evaluated using the one‑way analysis of variance 
for repeated measurements, with Bonferroni posttest for 
multiple comparisons. The significance level was set at 0.05.

RESULTS

Ten patients with severe CCC were included in the present 
analysis. The mean age was 54.2 ± 14.4 years old. Weight 
and body mass index had a mean of 58.5 ± 12.5 kg and 
24.4 ± 3.6 kg/m2, respectively. Overall, most of patients were 
female (n = 7; 70%), self‑reported their race as mulatto (n = 7; 
70%), and were classified on stage C of Chagas heart 
disease (n = 9; 90%). The mean of Simpson LVEF was 
30.5 ± 7.8%, and VO2 peak was 16.9 ± 4.8 mL/kg/min. All 
participants were receiving medications for neurohumoral 
blockade for heart failure (HF) management (beta‑blockers, 
angiotensin‑converting enzyme inhibitors/angiotensin II 
receptor blockers, and aldosterone antagonist).

Table 1 shows the mean serum cytokines levels, and Figure 1 
exhibits the individual changes for all cytokines assessed 
at baseline and during the follow‑up. Levels of TNF‑α, 
IL‑10, IL‑1β, IL‑8, IF‑γ, and MCP‑1 did not vary significantly 
during the study period. No significant changes were 
observed for medication usage (drug classes and dosages) 
during the follow‑up (4 and 8 months).

Table 1: Inflammatory cytokine levels during the follow‑up
Mean±SEM ANOVA (P)

Baseline (n=10) 4 months (n=8) 8 months (n=5)
IL‑1β (pg/mL) 54.9±3.5 51.1±3.4 58.4±4.9 0.95
IL‑8 (pg/mL) 52.5±1.5 56.6±1.4 52.2±1.7 0.64
IL‑10 (pg/mL) 7.7±0.7 6.3±0.7 4.7±1.1 0.08
IF‑γ (pg/mL) 380.7±20.4 375.0±21.2 321.2±27.1 0.75
TNF‑α (pg/mL) 39.5±1.2 36.8±1.4 40.2±1.6 0.51
MCP‑1 (pg/mL) 265.2±12.3 282.9±10.9 242.4±16.1 0.29
Data expressed as mean±SEM. Statistical analysis=One‑way ANOVA, with Bonferroni posttest for multiple comparisons. TNF‑α=Tumor necrosis factor alpha; MCP‑1=Monocytes 
chemoattractant protein‑1; SEM=Standard error of the mean; ANOVA=Analysis of variance; IL‑1β=Interleukin‑1 beta; IL‑8=Interleukin‑8; IL‑10=Interleukin‑10; IF‑γ=Interferon gamma
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DISCUSSION

CCC is characterized by sustained low‑grade inflammation, 
which has been linked to its physiopathology, severity, 
and progression.[3] This study describes first evidence 
regarding the influence of an 8‑month exercise program 
on the serum levels of inflammation‑related cytokines in 
patients with severe CCC that are commonly neglected 
from major clinical trials. Levels of the pro‑inflammatory 
cytokines did not increase during the training period. 
Hence, exercise may have a benefit in patients with CCC by 
curbing the expected progression of the pro‑inflammatory 
state. Furthermore, levels of the anti‑inflammatory cytokine 
IL‑10 did not fall at the end compared with the beginning 
of the training period. Collectively, these findings suggest 
that the benefits of exercise are derived from modulation of 
pro‑ and anti‑inflammatory cytokines. In this setting, Silva 
et al. suggested that decreases in IL‑10 levels are part of the 
natural course of CCC since IL‑10 levels were reduced after 
2 months of follow‑up in CCC patients.[7]

Previous studies found that the levels of the pro‑inflammatory 
cytokines IL‑1β, IF‑γ, TNF‑α, and MCP‑1 were higher in 
patients with CCC than in those without CCC.[1,2,8] TNF‑α[9] 
and MCP‑1 are overproduced in CCC patients with low 
ventricular ejection fractions and hence may contribute 
to disease severity and progression in these patients.[2] 

Increases in TNF‑α levels worsen the prognosis of patients 
with HF, whereas decreases improve cardiac function.[10]

Moreover, IL‑10 levels are lower in CCC patients than in 
those with the CI form of Chagas disease.[8] This is evidence 
of the overall pro‑inflammatory status of patients with 
CCC.[1] In several chronic diseases, including HF, exercise 
increases IL‑10 serum concentrations by transiently 
stimulating the production of IL‑6 in the muscle.[11] IL‑10 
may, in turn, reduce TNF‑α and IL‑β levels, as suggested 
by previous studies of chronic exercise.[12,13]

It has been demonstrated that CRP may reduce inflammation 
in patients with nonchagasic HF, mainly from ischemic 
etiology;[14,15] however, whether they do so in patients with 
CCC remains unclear. Although our study was limited by 
its small sample size and the lack of a control group, that 
prevents us from determining the exact role of exercise 
attenuating the decline of anti‑inflammatory or limiting 
the increase of pro‑inflammatory cytokines in patients 
with CCC, it provides initial insights about the effects of 
exercise on the inflammatory profile among patients with 
severe CCC that are usually excluded from major studies. 
Therefore, randomized clinical trials with larger sample 
sizes are urgently needed to fully understand the association 
between exercise and inflammation in these patients.

CONCLUSION

The serum levels of both anti‑ and pro‑inflammatory 
cytokines were stable during an 8‑month exercise training 
period in this disease characterized by a continuous 
state of inflammation. Our findings suggest that exercise 
may benefit patients with Chagas HF by modulating the 
production of pro‑inflammatory cytokines.
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