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Introduction: Up to 30% of patients with Chagas disease progress to the cardiac phase of the disease, which has high 

mortality. The mechanisms underling this progression are still poorly understood. Transforming growth factor-1 (TGF-1) 
may be implicated in the development of Chagas heart disease and our group has already reported high TGF-1 values in the 
serum of patients with Chagas heart disease.

Materials and Methods: We retrospectively analyzed the all-cause mortality of patients whose TGF-β1 serum values 

were determined in a previous publication of our group (Araujo-Jorge TC et al J Infect Dis 2002; 186:1823-28).

Predictive Value of Transforming Growth 
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Main Conclusions: 
 TGF-β1 was an independent predictor of all-cause mortality only in the group of patients with normal to mild LV systolic 
dysfunction but not in patients with advanced heart failure.
 Therefore, TGF-β1 seems to be an important determinant of Chagas disease patients’ outcome at earliest stages of the 
disease, while at the advanced stages, after moderate to severe LV dysfunction is established, LV systolic function and 
diameters become the main prognosis determinants.

Results: 68 patients were followed for 10.0±3.6 years. At the beginning of the study there were 22 patients at the 

indeterminate phase (32.3%), 20 (29.4%) patients at stage A (isolated changes in electrocardiogram), 13 (19.1%) at stage B1 
(asymptomatic with mild changes at the echocardiogram), 8 (11.8%) at stage B2 (asymptomatic with moderate to severe left 
ventricular [LV] systolic dysfunction) and 5 (7.4%) at stage C (7.4% symptomatic heart failure). The group of patients who died 
presented complete right bundle branch block more frequently, had larger left atrium (LA) and LV end-diastolic (LVd) and end-
systolic (LVs) diameters, and lower ejection fraction (EF) than to patients who did not die (Table I).

Table I. Clinical characteristics of study patients with and 
without primary or secondary end points.

*p<0.05; † p=0.07 

LV end-systolic diameter (LVs) was an independent 
predictor of all-cause mortality (hazard ratio [HR] 2.8; 95% 
confidence interval [CI] 1.5 to 5.0; p=0.0007), while TGF-β1 
was not. The optimal cutoff for LVs to identify patients 
who died was 4.1 cm (sensitivity 73%, and specificity 80%; 
Figure 1). 

Table II. Clinical characteristics of patients normal or 
mild LV systolic dysfunction by the occurrence of the 
study endpoint. 

- Survival analysis of patients with normal or mild LV systolic dysfunction
In patients with normal to mild LV systolic dysfunction, TGF-β1 was higher among patient who died than in survivors (Table II). 
The multivariate analysis showed significant association between all-cause mortality and LV ejection fraction (HR 0.91; 95% CI 
0.83 to 0.99; p=0.02) and TGF-β1 serum levels TGF-β1 (HR 1.02; 95% CI 1.0 to 1.04; p=0.01). The optimal cutoff for TGF-β1 to 
identify patients who presented all-cause mortality was 12.9 ng/ml (AUC=0.82 p=0.003, sensitivity 100%, and specificity 57%). 
According to Kaplan-Meier survival analysis, the prognosis was worse in patients with TGF-β1 >12.9 ng/ml (p=0.02; Figure 2).

 Total  

(n=68) 

No Mortality 

(n=57) 

All-cause 

death (n=11) 

Age, years 49 ± 10 50 ± 10 48 ± 7 

Sex, male 54% 53% 64% 

TGF-β1, ng/ml 26 ± 42 25 ± 44 33 ± 34 

Electrocardiogram 

Complete right bundle 

branch block 

54%   49% 82%* 

Left anterior hemi-block 46%   42% 64% 

Left bundle branch block 11%   10% 18% 

Echocardiogram 

LA, cm 3.6 ± 0.5  3.5 ± 0.5 3.9 ± 0.4* 

LVd, cm 5.3 ± 0.7 5.2 ± 0.6 5.9 ± 0.8* 

LVs, cm 3.7 ± 1.0 3.6 ± 0.9 4.5 ± 1.0* 

EF, % 59 ± 14 61 ± 14 49 ± 12* 

Diastolic function 

Normal 51% 57.9% 18.2%† 

Delayed  relaxation 32% 29.8% 45.4% 

Pseudonormal 5% 3.5% 9.1% 

Restrictive 12% 8.8% 27.3% 

 

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

S
e

n
s
it
iv

it
y

Figure 1: LVs predictive value. ROC curve generated for 
LVs to determine the optimal cutoff to preview all-cause 
mortality. AUC, area under the curve;  LVs, left ventricular
end-systolic diameter; ROC, receiver operating 
characteristic.

 No Mortality  

(49) 

All-cause death 

(6) 

Age, years 49 ± 10 47 ± 5 

Sex, male 51% 50% 

TGF-β1, ng/ml 18 ± 22 49 ± 38* 

Electrocardiogram 
Complete right bundle branch 

block 

47% 83% 

Left anterior hemi-block 37% 50% 

Left bundle branch block 10% 33% 

Echocardiogram 
LA, cm 3.5 ± 0.4 3.8 ± 0.4 

LVd, cm 5.1 ± 0.5 5.4 ± 0.6 

LVs, cm 3.3 ± 0.6 3.9 ± 0.7 

EF, % 65 ± 9 57 ± 10* 

Diastolic function 

Normal 65% 33% 

Delayed  relaxation 29% 67% 

Pseudonormal 2% - 

Restrictive 4% - 

 *p<0.05
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Figure 2: TGF-β1 predictive value in patients with normal or mild 
LV systolic dysfunction. A. ROC curve generated for TGF-β1 in to 
determine the optimal cutoff to preview all-cause mortality. B. 
Kaplan-Meier curve of all-cause mortality-free survival according 
to TGF-β1 > 12.9 ng/ml. AUC, area under the curve; ROC, receiver 
operating characteristic; TGF-β1, transforming growth factor-b1.
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