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Abstract

Aims This study aimed to estimate the annual mortality risk and its determinants in chronic Chagas cardiomyopathy.
Methods and results We conducted a systematic search in MEDLINE, Web of Science Core Collection, Embase, Cochrane
Library, and LILACS. Longitudinal studies published between 1 January 1946 and 24 October 2018 were included. A
random-effects meta-analysis using the death rate over the mean follow-up period in years was used to obtain pooled
estimated annual mortality rates. Main outcomes were defined as all-cause mortality, including cardiovascular,
non-cardiovascular, heart failure, stroke, and sudden cardiac deaths. A total of 5005 studies were screened for eligibility. A
total of 52 longitudinal studies for chronic Chagas cardiomyopathy including 9569 patients and 2250 deaths were selected.
The meta-analysis revealed an annual all-cause mortality rate of 7.9% [95% confidence interval (CI): 6.3–10.1; I2 = 97.74%;
T2 = 0.70] among patients with chronic Chagas cardiomyopathy. The pooled estimated annual cardiovascular death rate
was 6.3% (95% CI: 4.9–8.0; I2 = 96.32%; T2 = 0.52). The annual mortality rates for heart failure, sudden death, and stroke were
3.5%, 2.6%, and 0.4%, respectively. Meta-regression showed that low left ventricular ejection fraction (coefficient = �0.04;
95% CI: �0.07, �0.02; P = 0.001) was associated with an increased mortality risk. Subgroup analysis based on American Heart
Association (AHA) classification revealed pooled estimate rates of 4.8%, 8.7%, 13.9%, and 22.4% (P < 0.001) for B1/B2, B2/C,
C, and C/D stages of cardiomyopathy, respectively.
Conclusions The annual mortality risk in chronic Chagas cardiomyopathy is substantial and primarily attributable to
cardiovascular causes. This risk significantly increases in patients with low left ventricular ejection fraction and those classified
as AHA stages C and C/D.
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Introduction

Chagas disease, otherwise known as American Trypanosomi-
asis, is a protozoal infection caused by the haemoflagellate,
Trypanosoma cruzi. The creation of four regional surveillance
and control initiatives with support from the Pan American

Health Organization/World Health Organization has had a
major impact on the disease prevalence in Latin America by
reducing the number of infected people from 30 million in
the 1990s to approximately 6–8 million in recent years.1

Increasing migration of infected individuals from Chagas
endemic regions to non-endemic countries has reshaped
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Chagas disease into a global public health problem. Although
likely an underestimation, T. cruzi affects nearly 300 000
individuals in the USA, over 100 000 immigrants in Europe,
and several thousand cases dispersed in Canada, Australia,
and Japan.2,3 The transmission mode is predominantly
vector-borne or oral through consumption of food products
contaminated with faeces of reduviid bugs. Less frequently,
the infection may occur vertically from mother to child, via
transfusion of blood products or organ transplantation.
Although there have been important achievements in the
understanding and control of the disease, many challenges
related to epidemiology, pathogenesis, diagnostics, barriers
to care, vector ecology, prevention, and treatment need to
be urgently addressed.

Chagas disease evolves through acute and chronic phases.
Patients with acute or indeterminate infection progress to
chronic Chagas cardiomyopathy (CCC) at a rate of 4.6% and
1.9% annually, respectively.4 Chronic cardiac disease is divisi-
ble into five stages per the last adapted American Heart Asso-
ciation (AHA) classification—A (indeterminate), B1 [structural
changes with normal left ventricular ejection fraction (LVEF)],
B2 (structural changes with abnormal LVEF), C [ventricular
dysfunction with heart failure (HF) symptoms], and D
(refractory HF).5 Categories B1–D have evidence of structural
cardiac damage by standard clinical evaluation. Structural
changes are usually detected by electrocardiography and
echocardiography and include ventricular arrhythmias, sinus
node dysfunction, atrioventricular and intraventricular
blocks, segmental and global wall motion abnormalities,
and ventricular aneurysms. Additional complications arising
from CCC include congestive heart failure (CHF), thromboem-
bolism (mainly stroke), and death.6 Patients with additional
comorbidities such as hypertension, diabetes, and chronic
kidney disease are at increased risk of these cardiovascular
(CV) complications.

Appraisal of clinical outcomes and mortality risk in CCC has
proven to be challenging due to the heterogeneity of studies
with inclusion of patients at differing disease stages, varia-
tions in independent prognostic factors and risk calculators,
studies with different follow-up periods, patient populations
with various comorbidities, and studies lacking statistical
power. A previous meta-analysis by Cucunubá et al.7 com-
pared mortality rates between populations with and without
Chagas disease. Patients with Chagas disease had a signifi-
cantly higher annual mortality rate (AMR) (18% vs. 10%),
which was preserved regardless of the stage of the disease:
severe (43% vs. 29%), moderate (16% vs. 8%), and asymp-
tomatic (2% vs. 1%). However, the authors included only
studies with a control group for comparison, and causes of
death and prognostic factors were not an issue. Our system-
atic review and meta-analysis is the first one to assess pooled
estimated AMRs (all-cause and by specific modes) in the
overall population and in distinct subgroups of patients with
CCC, as well as the determinants of death.

Methods

Search strategy

Joanna Briggs Institute (JBI) methodology for systematic
reviews and meta-analysis with a three-phase search strategy
was utilized.8 This review considered longitudinal studies,
prospective and retrospective cohorts, case series, and
randomized clinical trials (RCTs). Studies exploring rates of
progression, prognostic factors, and relevant clinical out-
comes in CCC were included.

An initial comprehensive literature search of MEDLINE was
conducted in October 2018 by a medical librarian. Relevant
publications were identified by screening titles and abstracts
and searching for a combination of indexing terms (when ap-
plicable, specific to each database) and keywords for Chagas
disease and disease progression concepts. The following da-
tabases were searched: MEDLINE (via Ovid MEDLINE® and
Epub Ahead of Print, In-Process & Other Non-Indexed Cita-
tions, Daily and Versions®, 1946 to present), MEDLINE (via
PubMed, 1946 to present), Web of Science Core Collection
(via Clarivate Analytics, including Science Citation Index Ex-
panded 1974 to present, and Social Sciences Citation Index
1974 to present), Embase (via Elsevier, Embase.com, 1947
to present), Cochrane Library (via Wiley, including Cochrane
Database of Systematic Reviews and Cochrane Central Regis-
ter of Controlled Trials), and LILACS (Latin American and
Caribbean Health Sciences Literature, via BV Salud, 1982 to
present).

The reference list of all studies selected for critical ap-
praisal was screened for additional studies, and other impor-
tant articles in the field were manually added. There were no
restrictions or limits on the date of publication or age of
subjects. The language was restricted to English, Spanish, or
Portuguese. Articles written in Spanish or Portuguese were
reviewed by the authors (A. H. M., C. F. P., A. R., and A. M.)
who are fluent in both languages. Filters were used to limit
results to human studies.

Study selection

After the search, all identified studies were uploaded and
de-duplicated in EndNote VX8 (Clarivate Analytics, PA, USA).
Covidence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia) was used for screening and
full-text review. See eMethods (Supporting Information) for
a list of Ovid and PubMed MEDLINE search strategy. Through
Covidence, a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram was
generated with the number of results found, number ex-
cluded during title/abstract screening, and number excluded
during full-text assessments and methodological appraisals,
along with reasons for exclusion. Other sources searched
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included ClinicalTrials.gov (United States National Library of
Medicine) and the World Health Organization International
Clinical Trials Registry Platform (ICTRP, <http://www.who.
int/ictrp/en/>).

Additional details on the systematic review protocol are al-
ready published (https://journals.lww.com/jbisrir/Fulltext/
2019/10000/Duration_and_determinants_of_Chagas_latency
__an.9.aspx). Systematic review registration number: PROS-
PERO CRD42019118019.

Inclusion criteria

Chronic Chagas cardiomyopathy is confirmed with two posi-
tive serological tests based on different antigens and/or
techniques and structural cardiomyopathy, evidenced by typ-
ical electrocardiographic or echocardiographic changes with
or without global ventricular dysfunction and HF symptoms.
All ages, genders, and ethnicities with a longitudinal obser-
vation and established diagnosis of a chronic determinate
form of the disease until the development of the outcome
of interest were included. Studies were excluded if they
did not state enough or pertinent outcome data or were de-
termined not to have an acceptable quality methodologic
assessment.

Data analysis

Study data were collected and managed using REDCap elec-
tronic data capture tools hosted at the University of Colorado
Denver. Extracted data included type of study, country of
origin, number of participants, length of follow-up, popula-
tion demographics, stages of cardiomyopathy, study
methods, interventions (diagnostic and therapeutic), and
outcomes of significance. The following outcomes were ex-
tracted: (i) overall all-cause mortality and (ii) specific mortal-
ity for CV, HF, sudden cardiac death (SCD), stroke and
noncardiac outcomes. CV mortality was a composite of
SCD, HF, and stroke deaths.

Quality assessment

Two reviewers with expertise in Chagas disease (A. H. M. and
A. R.) independently revised the selected studies for method-
ological quality, performing quality critical standard measures
from JBI System for the Unified Management, Assessment
and Review of Information (JBI SUMARI; Joanna Briggs Insti-
tute, Adelaide, Australia). A third reviewer was asked to rec-
oncile disagreements between the two reviewers. Critical
appraisals were performed utilizing the JBI Reviewer’s Man-
ual checklists for longitudinal studies. All studies with greater

than 60% of ‘yes’ answers to the critical appraisal questions
were subject to data extraction and synthesis.

Statistical analysis

Event rates were extracted by calculating the total number of
deaths over the number of cases divided by the mean follow-
up in years. The extracted ratio was log-transformed, and
standard errors were obtained from the cumulative percent-
age of deaths, the number of participants, and the duration
of the study. Log transformation of the estimated rates re-
duced the skew of their distributions.

A random-effects meta-analysis was then performed to
combine the estimated log rates from the different
studies into a single estimated log rate, which was
back-transformed for interpretation. Between-study hetero-
geneity was estimated using the I2 statistic. New York Heart
Association (NYHA) extraction was recorded as the percent-
age of I/II or III/IV classes of participants in each study. The
studies were classified as AHA stages B1, B1/B2, B1/B2/C,
B2/C, C, and C/D based on the analysis of the clinical charac-
teristics of the majority of subjects included in each study. In
addition, by analysing the titles of the manuscripts and the
population characteristics in each study, we were able to
group them into eight major categories: asymptomatic CCC
or without left ventricular dysfunction, ambulatory cohorts
of patients with CCC, arrhythmic CCC cohort without an
implantable cardioverter-defibrillator (ICD), symptomatic
CCC or with left ventricular dysfunction, CCC with an ICD,
CCC with cardiac resynchronization therapy (CRT), CCC with
stable HF, and CCC with CHF. Subgroup analyses were con-
ducted to examine other determinants of mortality and
sources of heterogeneity; these analyses included the AHA
stages, NYHA class, population characteristics, and ejection
fraction. Participant’s mean age, the percentages of men vs.
women, ejection fraction, and percentage of NYHA class I/II
were included in our meta-regression. Cumulative survival
curves were estimated by applying the exponential survival
method. Contour-enhanced funnel plots were constructed
to assess publication bias. Statistical analyses were per-
formed using STATA software, Version 16.0 (StataCorp,
College Station, Texas, USA). We also performed a sensitivity
analysis to investigate changes in the pooled effect after
excluding one of each study from the analysis.

Role of the funding source

There was no funding source for this study. The correspond-
ing author had full access to all the data in the study
and had final responsibility for the decision to submit the
manuscript for publication.
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Results

An initial 10 761 studies were identified through database
searches. Upon deduplication, 5005 studies were screened
for eligibility based on titles and abstracts. Of these, 298
full-text articles were assessed, and 178 studies were consid-
ered for inclusion in the quantitative synthesis (Figure 1).
After manually adding 30 articles, 208 studies were reviewed.
A hundred and eight studies passed the initial methodological
appraisal. In the final round of exclusions, 24 studies were re-
moved because they originated from identical cohorts, and
32 studies because they included patients with a diagnosis
of acute or indeterminate Chagas disease. A total of 52 longi-
tudinal observational studies composed of 9569 patients di-
agnosed with CCC at the onset of observation and 2250
deaths during follow-up were utilized for the meta-analysis.

Chronic Chagas cardiomyopathy

Fifty-two studies had longitudinal observation outcomes for
patients with CCC. Most of these were prospective cohorts
that originated in Brazil and enrolled patients between 1973
and 2015. Sample sizes varied from 15 to 2854 cases, with
a mean of 184 participants per study. Gender distribution
had a slight male predominance at 58% (50 studies). Mean
ages ranged between 37.3 and 63.4 years, with an overall
mean of 53.4 years (50 studies). Mean LVEFs ranged between
18.6% and 61.0% (41 studies), with an overall mean of 38.4%.
A few studies had missing data for age and gender distribu-
tion, and 11 studies did not report the mean ejection frac-
tion. The mean follow-up duration of patients was
4.9 years, with a range of 0.74 to 10.1 years (Table 1).

All-cause mortality

Fifty-two studies had observational outcomes for all-cause
mortality among patients with CCC. The pooled estimated an-
nual all-cause mortality rate was 7.9% [95% confidence inter-
val (CI): 6.3–10.1; I2 = 97.74%; T2 = 0.70] [Figures 2 and 3(A)].
The I2 variable suggested significant heterogeneity among
these studies, lower among studies reporting stroke deaths
(I2 = 97.74% vs. 63.84%) (Figure 2, Supporting Information,
Figure S5). Cumulative death probability was approximately
37% at 5 years, 59% at 10 years, and 75% at 15 years
(Supporting Information, Figure S1).

Meta-regression analysis showed low LVEF
(coefficient = �0.04; 95% CI: �0.07, �0.02; P = 0.001) to
be associated with an increase in mortality risk (Supporting
Information, Table S1). Subgroup analysis indicated no statis-
tical mortality difference among studies with less than 30% of
patients staged as NYHA I/II compared with those with
greater than 90% (17% vs. 7.4%, P = 0.069) [Figure 3(B)].

CCC staged as C/D had a notably higher mortality risk than
stage B1/B2 (22.4% vs. 4.8%, P = 0.0001) [Figure 3(D)]. Pooled
estimated annual rates revealed an incremental progression
of 1%, 4.8%, 6.5%, 8.7%, 13.9%, and 22.4% for AHA stages
B1, B1/B2, B1/B2/C, B2/C, C, and C/D (Supporting Informa-
tion, Table S2). These high mortality rates among severely ill
patients with advanced disease progression were further
supported by the observed increased mortality based on
the global ventricular dysfunction by the ejection frac-
tion < 35% vs. >55% (16.2% vs. 2.5%; P = 0.0001) [Figure
3(C), Supporting Information, Table S2]. Of note, studies of
patients with CCC with either congestive or stable HF pre-
sented with significant all-cause AMRs (27.1% and 17.1%)
compared with studies with an ambulatory pool of patients
or asymptomatic cohorts/without left ventricular dysfunction
(3.3% and 1.8%; P = 0.0001) (Supporting Information, Figure
S2 and Table S2).

Cardiovascular mortality

Thirty-eight studies had observational outcomes for
CV-related deaths among patients with CCC. The pooled esti-
mated annual CV mortality rate was 6.3% (95% CI: 4.9–8.0;
I2 = 96.32%; T2 = 0.52) [Figures 3(A) and 4]. Further break-
down of CV deaths revealed that HF deaths held a 3.5%
annual risk (95% CI: 2.4–5.1; I2 = 94.10%; T2 = 0.93; 30 stud-
ies), SCDs carried a 2.6% risk (95% CI: 1.9–3.5; I2 = 89.72%;
T2 = 0.53; 28 studies), and stroke deaths constituted a 0.4%
annual risk (95% CI: 0.3–0.8; I2 = 63.84%; T2 = 0.49; 12 stud-
ies) [Figure 3(A), Supporting Information, Figures S3–S5].
The cumulative probability of CV mortality was approximately
32% at 5 years, 55% at 10 years, and 70% at 15 years
(Supporting Information, Figure S6).

Meta-regression findings of CV deaths coincided with
those of all-cause mortality and showed low LVEF
(coefficient = �0.05; 95% CI: �0.08, �0.02; P < 0.001) asso-
ciated with an increase in mortality risk. Age appeared to also
inversely correlate with CV mortality (coefficient = �0.03;
95% CI: �0.07, �0.002; P = 0.04), indicating that younger pa-
tients exhibited more CV mortality when adjusted by gender,
ejection fraction, and proportion of NYHA I/II class
(Supporting Information, Table S1).

Patients staged C/D had a considerably higher CV and HF
mortality risk than those staged B1/B2 (17.2% vs. 4.4%; and
12.3% vs. 1.6%) [Figure 3(D), Supporting Information, Table
S2]. Studies with CCC and HF or CRT exhibited the highest an-
nual CV and HF mortality rates (Supporting Information, Fig-
ure S2 and Table S2). Pooled estimated annual rates of
4.4%, 4.9%, 6.7%, 11.3%, and 17.2% (P < 0.01) were noted
for stages B1/B2, B1/B2/C, B2/C, C, and C/D, respectively
(Supporting Information, Table S2). Patients with LVEF < 35%
also had a greater risk than those with normal ejection frac-
tion (>55%) (11.8% vs. 3.7%, P = 0.004) [Figure 3(C),
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Supporting Information, Table S2]. The estimated annual CV
death rate decreases as the ejection fraction increases (Bub-
ble plot, Supporting Information, Figure S7). Regarding the
mode of death (annual rate of SCD vs. the annual rate of

HF death), the first was higher in asymptomatic CCC or with-
out left ventricular dysfunction (0.6% vs. 0.4%), ambulatory
cohorts of patients with CCC (2.0% vs. 0.6%), and arrhythmic
CCC cohort without an ICD (5.3% vs. 4.7%). In comparison,

Figure 1 PRISMA flow diagram.
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Figure 2 Forest plot of all-cause mortality in patients with chronic Chagas cardiomyopathy.
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there was a higher annual rate of HF deaths in symptomatic
CCC or with left ventricular dysfunction (4.3% vs. 1.9%), CCC
with an ICD (4.4% vs. 2.0%), CCC with a CRT (10.1% vs.
0.7%), and CCC with stable HF (8.2% vs. 6.0%) (Supporting In-
formation, Figure S2 and Table S2).

Noncardiac mortality

Nineteen studies had observational outcomes for noncardiac
mortality among patients with CCC. The pooled estimated
annual noncardiac mortality rate was 1.3% (95% CI: 0.9–1.9;
I2 = 75.06%; T2 = 0.45) [Figure 3(A), Supporting Information,
Figure S8].

Sensitivity analysis of the overall and CV mortality, exclud-
ing each study, did not significantly change the overall annual
rates. The recalculated overall mortality rate range was
7.7–8.4% and 6.0–6.5% for the CV rate. There was also no sig-
nificant change in heterogeneity. Furthermore, overall and CV
mortality mean effect sizes did not change after decreasing
the variance to 0.25. The rates also remained the same,
assuming an I2 of 10%. A funnel plot for publication bias indi-
cated missing studies in the bottom left-hand and right-hand
side of the plot, suggesting asymmetry among smaller studies
(Supporting Information, Figure S9).

Discussion

Cardiac morbidity and mortality due to Chagas disease
remain substantial in Latin America. Compared with cardio-
myopathy of other causes, this largely neglected tropical
disease continues to account for a staggering record high
AMR of 7.9%. We found a yearly CV mortality rate of 6.3%
and a yearly non-CV mortality rate of 1.3%. We also found
that the annual HF death rate was 3.5%, the SCD rate was
2.6%, and strokes carried a 0.4% yearly mortality risk.
Although CV deaths are the principal cause of death in CCC,
the predominant mode of death (HF or SCD) is still debated.
Our review showed that the mode of death is conditioned by
the characteristics of the studied populations. While the sud-
den annual death rates were higher than the HF rates in stud-
ies that included (i) ambulatory asymptomatic patients,
(ii) patients without ventricular dysfunction, (iii) patients pre-
dominantly in NYHA class I/II, and (iv) patients with docu-
mented ventricular arrhythmias, not treated with an ICD,
the contrary was observed in cohorts of patients (i) with
symptomatic CCC, (ii) with left ventricular dysfunction or
HF, and (iii) with an implanted ICD or CRT.

There was a proportional increase in mortality with in-
creasing severity of the disease. The analysis revealed worse
prognosis and higher mortality rates among studies with pa-

Figure 3 Subgroup analysis of mortality in chronic Chagas cardiomyopathy bar graph. [Correction added on 05 November 2021, after first online pub-
lication: The panel labels of Figure 3 have been added in this version.]
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Figure 4 Forest plot of cardiovascular mortality in patients with chronic Chagas cardiomyopathy.
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tients with advanced cardiomyopathy—staged as C/D and/or
NYHA class III/IV—and patients with lower LVEF.

Assessing CCC clinical outcomes has been challenging due
to the heterogeneity in studies related to study design,
sample size, stage of the disease being studied, and charac-
teristics of the population. We sought to alleviate some of
the differences by adjusting mortality rates based on causal-
ity and staging. Our findings help explain the results of prior
studies and reviews.

Several RCTs in the past decade, including the BENEFIT
(2854 patients with CCC), a subanalysis of the PARADIGM/AT-
MOSPHERE, and SHIFT trials (very few patients with CCC), re-
ported an all-cause AMR of 3.3%, 13.3%, and 38.3%,
respectively.9,40,54 The pooled PARADIGM/ATMOSPHERE trial
demonstrated a CV AMR of 10.7% compared with 2.6% in the
BENEFIT trial. The lower rates seen may directly result from
the patient’s disease severity. The BENEFIT trial classified
three-quarters of patients as NYHA class I and had a mean
LVEF ~ 54.5%. This meta-analysis consisted mainly of patients
staged B2/C or higher, with an ICD, or stable HF with
LVEF ≤ 45% (mean ~ 38%). In contrast, the high AMR demon-
strated in the SHIFT trial may be accounted for by the small
cohort comprised only of NYHA class II/III patients with se-
verely depressed LVEF ~ 27.5%.

Despite the wide fluctuance of AMRs, cardiomyopathy in
advanced stages and low LVEF are consistently associated
with increased mortality. For example, cohorts described
by Benchimol-Barbosa, Araujo et al., and Martinelli Filho
et al. revealed a broad range of all-cause AMRs of 3.6%,
9.1%, and 25.4%, respectively.34,37,39 Similar to the RCTs,
these studies had differences in NYHA functional
classification and LVEF, accounting for variations in
mortality rates.

The mortality attributable to Chagas cardiomyopathy sur-
passes that of other common forms of cardiomyopathy in
South America. Shen et al. reported an annual all-cause and
CV mortality rate of 10.3% and 8.1% among the ischaemic
cardiomyopathy pool vs. 13.3% and 10.7% for patients with
CCC.54 In another seminal study, Martinelli Filho et al.
showed annual all-cause death rates of 10.4%, 11.3%, and
25.4% among dilated, ischaemic, and Chagas cardiomyopathy
patient pools who underwent CRT.34 The biological basis for
these differences in outcome remains poorly understood
and potentially driven by repetitive cardiac insults from re-in-
fections, cumulative effects of autonomic nervous system de-
rangements and microvascular disturbances, as well as an
increased frequency of ventricular arrhythmias, conduction
abnormalities, right ventricular dysfunction, and thromboem-
bolic events. In addition, patients with CCC face significant
socio-economic barriers to care that limit early diagnosis
and access to medical treatment and specialized cardiac in-
terventions. Compared with other major drivers of worldwide
mortality, CCC annual mortality is higher than those for AIDS
and similar to leukaemia.61

We found higher annual rates of HF deaths among patients
with more advanced cardiomyopathy. In contrast, the annual
rates of SCD were non-statistically significant among some
subgroups, that is, regardless of the AHA stage, LVEF, or
NYHA class. Of note, there was a trend to higher SCD AMRs
among patients with cardiomyopathy in the early stages. In
some registries, ICDs have been shown to be an effective pre-
vention tool against life-threatening ventricular arrhythmias
in patients with CCC.24 The higher SCD mortality rate in this
patient population may be related to the underappreciation
of CCC in early stages as a highly arrhythmogenic condition
or to limited access to specialized cardiac treatment interven-
tions such as placement of an ICD. In our meta-analysis, the
all-cause AMR for patients treated with an ICD was 8.7%,
while for those treated with CRT was 13.2%. However, longi-
tudinal studies are not the best tools to study the impact of
treatments. Advanced therapies for CCC are usually associ-
ated with a worse prognosis because they are applied to pa-
tients with more severe diseases. The role of ICD and other
therapies should be evaluated in an RCT.

The mortality risk substantially increases with worsening
progression to more severe cardiomyopathy. The BENEFIT
trial investigators also demonstrated that antiparasitic
treatment did not halt cardiac progression, although the gen-
eralizability of the findings is controversial.9 The risk of
cardiomyopathy development is 1.9% every year among
patients with the chronic indeterminate form and 4.6%
among those diagnosed with acute infection.4 Although anti-
parasitic treatment efficacy on Chagas cardiomyopathy pro-
gression has shown mixed results and lacks more validated
RCT data, more recent observational studies showed
benznidazole decreases the risk of progression.62 However,
the effectiveness of antiparasitic treatment in CCC is not
clear. Physicians must therefore remain cognizant of the po-
tential consequences of deferring early treatment during
the indeterminate chronic form or early cardiomyopathy.
Public health policies should be redirected to the develop-
ment and implementation of novel integrated preventive
measures in endemic regions and increase awareness of this
treatable condition in non-endemic regions.

Limitations

Potential limitations of this study may be attributed to the
large number of longitudinal observational studies utilized.
These studies varied in sample size, study design, epidemio-
logic settings, population characteristics, disease stages, and
follow-up durations, translating to high heterogeneity. Not all
studies consistently reported data on some important vari-
ables such as gender, mean age, mean LVEF, and NYHA func-
tional class. Although information about total mortality was
a prerequisite for inclusion in this meta-analysis, the studies
grouped to estimate annual rates of the specific modes of
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deaths were not the same due to missing information in some
studies. Progression to mortality was also non-linear, as we as-
sumed for this type of analysis. The classification of CCC into
the predominant stages (B1, B2, C, and D, or a combination
of them) was reported in only one study. In the others, we
used the characteristics of the population to extrapolate this
information, which might have introduced information bias
into our results. The same was true for the eight clinical sub-
groups of patients with CCC we have chosen to meta-analyse
studies of similar characteristics. Many of the studies were
performed in Brazil and other Latin American countries where
access to advanced care is not similar to those of the USA or
Western Europe. However, this is the most complete review,
including all manuscripts in English, Portuguese, and Spanish.
The funnel plot for publication bias is often more liberal and
gives more weightage to smaller studies. Some causes may
be plausible contributors to low methodological quality
among these studies resulting in asymmetry.63

Conclusions

The findings from this study highlight the insurmountable
disease burden of many patients living with Chagas disease
in the endemic regions. The management of established
Chagas cardiomyopathy requires advanced medical tools
and, for selected patients, cost-prohibitive interventions, pro-
cedures, and devices. As this neglected tropical disease
affects the most disadvantaged populations, many potential
life-saving interventions at later disease stages are out of
reach. Public health policies and advocacy should centre on
disease prevention, early diagnosis, and treatment.
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