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Abstract. Approximately one-third of people with chronic Trypanosoma cruzi infection develop Chagas cardiomyop-
athy, which carries a poor prognosis. Accurate prediction of which individuals will go on to develop Chagas cardiomyop-
athy remains elusive. We performed a systematic review of literature comparing characteristics of individuals with chronic
Chagas disease with or without evidence of cardiomyopathy. Studies were not excluded on the basis of language or
publication date. Our review yielded a total of 311 relevant publications. We further examined the subset of 170 studies
with data regarding individual age, sex, or parasite load. A meta-analysis of 106 eligible studies indicated that male sex
was associated with having Chagas cardiomyopathy (Hedge’s g: 1.56, 95% CI: 1.07-2.04), and a meta-analysis of 91 eli-
gible studies indicated that older age was associated with having Chagas cardiomyopathy (Hedge’s g: 0.66, 95% ClI:
0.41-0.91). A meta-analysis of four eligible studies did not find an association between parasite load and disease state.
This study provides the first systematic review to assess whether age, sex, and parasite load are associated with Chagas
cardiomyopathy. Our findings suggest that older and male patients with Chagas disease are more likely to have cardio-
myopathy, although we are unable to identify causal relationships due to the high heterogeneity and predominantly retro-
spective study designs in the current literature. Prospective, multidecade studies are needed to better characterize the

clinical course of Chagas disease and identify risk factors for progression to Chagas cardiomyopathy.

INTRODUCTION

Almost 6 million people worldwide are estimated to have
Chagas disease, caused by the protozoan parasite Trypano-
soma cruzi." Considered a neglected tropical disease, Cha-
gas disease is endemic to 21 countries in Latin America and
is a major source of morbidity and mortality in this region.?
Globally, Chagas disease is associated with an annual burden
of more than 800,000 disability-adjusted life years and $600
million (USD) in healthcare costs.® Converted into lost pro-
ductivity, the annual burden of Chagas disease is estimated
at $7.2 billion, higher than that of other costly diseases, such
as cervical cancer ($4.7 billion) or cholera ($5.4 billion).

The natural history of chronic Chagas disease comprises
two stages: the indeterminate stage, characterized by positive
serology but no clinical signs or symptoms, and a symptom-
atic stage, characterized by well-defined clinical syndromes.
Although the majority of individuals remain in the indetermi-
nate stage throughout their lifetime, approximately 30% of
individuals develop clinical disease, characterized by cardiac,
gastrointestinal, or mixed sequelae.* The most common and
severe complication is chronic Chagas cardiomyopathy,
which results in the majority of mortality and morbidity from
Chagas disease.® Among individuals with indeterminate
Chagas disease, the annual risk of developing cardiomyopa-
thy is approximately 1.9%.° Often initially asymptomatic,
patients with Chagas cardiomyopathy may develop dilated
cardiomyopathy, congestive heart failure, arrhythmias, throm-
boembolism, or sudden death.” Although antitrypanosomal
therapy can be used to successfully treat acute or indetermi-
nate Chagas disease, these medications do not provide a
mortality benefit or slow disease progression once cardiomy-
opathy has developed.®
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Currently, no methodology exists to predict which patients
with indeterminate Chagas disease will develop cardiomyop-
athy. Antitrypanosomal therapy frequently causes moderate
to severe adverse reactions, including dermatologic manifes-
tations, gastrointestinal upset, and neuropathy. Therefore,
better prediction of high-risk patients could improve targeted
efforts to provide antitrypanosomal therapy to patients who
would benefit the most and to reduce the morbidity and mor-
tality of Chagas disease. In this systematic review, we aim to
identify risk factors for progression from the indeterminate
form of Chagas disease to Chagas cardiomyopathy.

METHODS

Search strategy. Our review followed Preferred Reporting
Items for Systematic review and Meta-analyses (PRISMA)
guidelines and was not limited by publication date, country of
origin, or language.® Searches were performed for relevant
literature in PubMed, LILACS, and Embase electronic data-
bases (Supplemental Table 1). An electronic search of gray
literature and clinicaltrials.gov was also performed to identify
ongoing or unpublished studies. The last search was performed
on March 20, 2020. There was not a registered protocol.

Study selection. Studies from the aforementioned se-
arches were compiled for further review in Covidence, which
removed duplicate studies. Two reviewers independently
screened studies by title and abstract and removed irrelevant
studies; conflicts were resolved through discussion. Next,
full-text articles were screened for inclusion using eligibility
criteria determined a priori (Table 1). Studies of adults aged
18 and older with chronic T. cruzi infection were included.
Acceptable exposures included a broad array of potential
risk factors for progression to Chagas cardiomyopathy,
including patient, parasite, and environmental characteris-
tics. We included studies that compared these risk factors
between chronically infected patients with Chagas cardiomy-
opathy to those with the indeterminate form. Individuals were
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TABLE 1

Inclusion and exclusion criteria

PICOTSS Inclusion criteria Exclusion criteria
Population Adults with Trypanosoma cruzi infection Children under age 18
Exposure Risk factors such as age, sex, or parasite load Known sequelae of Chagas cardiomyopathy or
direct measures of cardiac function (e.g., cardiac
imaging or electrocardiogram findings); treatment
with antitrypanosomal therapy; accuracy of
diagnostic testing
Comparison Patients in the indeterminate stage of disease Nonchagasic heart disease; nonchagasic healthy
controls; chagasic patients with gastrointestinal
or mixed manifestations of Chagas disease
Outcomes Presence of or progression to Chagas Acute myocarditis after acute infection with T. cruzi
cardiomyopathy
Timing Diagnosis at any point as an adult after chronic
infection with T. cruzi
Setting Any country, medical setting, publication date, or
language
Study type Empirical interventional or observational study Reviews, case reports, abstracts, posters,

designs including randomized controlled trials,
cohort studies, case—control studies, or cross-

sectional studies

theses/dissertations, animal-only studies, letters,
comments, or editorials

PICOTSS = patients, interventions, comparators, outcomes, timing, setting, and study design.

considered to have the indeterminate form of Chagas dis-
ease if they had positive serology confirmed by at least two
serologic assays using different methods, with no signs or
symptoms of cardiomyopathy or gastrointestinal disease.
Individuals with mixed disease (combined cardiac and diges-
tive forms) were excluded from the cardiomyopathy group.
Studies in which participants had received antitrypanosomal
treatment were excluded to avoid confounding because
treatment may mask associations between a risk factor and
the development of cardiomyopathy. In addition, the associ-
ation between antitrypanosomal treatment and disease pro-
gression has been reviewed elsewhere.'® We also excluded
studies that only examined known sequelae of Chagas car-
diomyopathy or direct measures of cardiac function (such as
cardiac imaging or electrocardiogram [ECG] findings). We
included empirical interventional or observational study
designs including randomized controlled trials, cohort stud-
ies, case—control studies, or cross-sectional studies. Review
articles, case reports, abstracts, posters, theses or disserta-
tions, animal-only studies, letters, comments, and editorials
were excluded. No studies were excluded based on lan-
guage, date of publication, publication status, country of ori-
gin, or clinical setting.

An initial survey of the included studies revealed a hetero-
geneous array of risk factors. We identified age, sex, and
parasite load among the most frequently examined risk fac-
tors. These factors could also be more effectively compared
between studies due to relatively consistent measurement.
Studies that included any of these risk factors subsequently
underwent data extraction and study assessment.

Data extraction. Data extracted for each study included
population; study design; definitions of Chagas cardiomyop-
athy and indeterminate disease categories; and age, sex,
and parasite load stratified by clinical form, if applicable
(Supplemental Table 2). Study data were independently
extracted manually by two reviewers; conflicts were resolved
through discussion.

Study assessment. Risk of bias in individual studies was
assessed using the Joanna Briggs Institute Checklist for
Analytical Cross Sectional Studies (Supplemental Table 3).

Studies were independently evaluated by two reviewers;
conflicts were resolved through discussion.

Statistics. Data analysis was performed in Stata 16 (Stata-
Corp LLC, College Station, TX). Forest plots were generated
using random-effects meta-analysis among studies with non-
overlapping data to examine potential risk factors for cardio-
myopathy development, including age, sex, and parasite
load. If means and standard deviations were not available,
these were calculated from the medians and interquartile
ranges using established methodology.'" Hedge’s g was
interpreted to signify a small (0.2 < g <0.5), medium (0.5 =
g <0.8), or high (g = 0.8) effect size, respectively.

RESULTS

Search strategy. The search identified a total of 7,917 pub-
lications (Figure 1). The publications underwent screening by
title and abstract, and 7,377 were determined to be irrelevant.
The remaining 540 were screened with full text review, and
229 met exclusion criteria. The final analysis included 311 pub-
lications; 170 publications were subsequently identified that
included data on individual age (n = 162), sex (n = 133), and/or
parasite load (n = 8), stratified by disease. Of these, six publi-
cations were available exclusively in Spanish®™"" and one
exclusively in Portuguese.'® For studies available in multiple
languages, the English text was used.

Study characteristics and findings. One hundred and
seventy articles were identified that included information about
patient age, sex, or parasite load (Supplemental Table 2). These
articles were extracted for study population, study design, clini-
cal form (indeterminate or cardiomyopathy) definitions, age by
clinical form, and sex by clinical form.'?~'8® Patients described
as having indeterminate or asymptomatic disease or those
without suggestive ECG changes were considered to have
indeterminate Chagas disease. Patients described as having
cardiac symptoms or characteristic changes on ECG or echo-
cardiogram were considered to have cardiomyopathy. Studies
included participants in Argentina, Bolivia, Brazil, Chile, Colom-
bia, Mexico, Spain, and Venezuela.
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Ficure 1.

Risk of Chagas cardiomyopathy by age. A total of 162
publications included age stratified by disease status. A
meta-analysis was performed using 91 studies with suffi-
cient, nonoverlapping data on patient age divided by disease

Stage (Supplemental Figure 1).12,16,20,23,25,27,29—32,34—38,41 ,44-47,
49,50,52-54,57,58,60,62,64-68,70-75,77-79,81,90,93-97,99,100,106,107,

109,110,112,113,115,117,118,122,124,126-128,133-135,137,139,141,143,145,
147-149,151,153-155,157,158,161,165,168-170 In this analysis older
y

patient age was significantly associated with risk of Chagas
cardiomyopathy, with an overall effect size (Hedge’s g) of
0.66 (95% CI: 0.41-0.91). Heterogeneity in this analysis was
high (97%). A sensitivity analysis including 88 studies in
which none of the patients had received antitrypanosomal

therapy had similar results, with an overall effect size of 0.67
(95% Cl: 0.41-0.93),12:16:23:25.27,30-32,34-38,41,44-47,49,50,52-54,

57,58,60,62,64-68,70-75,77-79,81,90,93-97,99,100,106,107,109,110,112,
113,115,117,118,122,124,126-128,133-135,137,139,141,143,145,147-149,151,
1563,155,157,158,161,165,168-170

Risk of Chagas cardiomyopathy by sex. A total of 133
publications included sex stratified by disease status. A meta-
analysis was performed using 106 studies with sufficient, nono-

verlapping data on patient sex divided by disease stage
(Supplemental Figure 2).11,12,16,18,19,21,22,24,28,30,31,34—37,40—47,53,

56,57,61-71,73,75-80,87,89,90,92,93,96,98,99,101-106,108,109,112,113,116,117,
121-128,130-136,140-144,146,148-150,152-158,160,164-169,173,175,177,179,

81 |n this analysis, male sex was significantly associated with
risk of Chagas cardiomyopathy, with an overall effect size
(Hedge’s g) of 1.56 (95% ClI: 1.07-2.04). Heterogeneity in this
analysis was high (99%). A sensitivity analysis including
103 studies in which none of the patients had received anti-
trypanosomal therapy had similar results, with an overall

effect size of 1.57 (95% Cl: 1.07-2.07).1%13:17,19.22.23,25.29,31,
32,35-38,41-48,54,57,58,62-72,74,76-81,88,90,91,93,94,97,99,100,102-107,

Preferred Reporting ltems for Systematic review and Meta-Analyses flow diagram.

109,110,113,114,117,118,122-129,131-137,141-145,147,149-151,153,154,
157-159,161,165-170,174,176,178,180,181

Risk of Chagas cardiomyopathy by parasite load.
Among the eight studies that compared parasite load be-
tween individuals with indeterminate disease and cardiomy-
opathy, seven found no significant difference (Figure 2).242
41.75.115.189.190 Ong study found a higher parasite load among
an established cohort of Chagas cardiomyopathy patients
compared with seropositive blood donors without cardio-
myopathy, although no significant difference was found
between seropositive blood donors with and without cardio-
myopathy.'®°

A meta-analysis was performed using four studies with suffi-
cient nonoverlapping data and comparable units.2541:75:189 A
significant association between parasite load and disease sta-
tus was not identified, with an overall effect size (Hedge’s g) of
0.13 (95% CI: —0.07 to 0.32).

Risk of bias. The risk of bias in the included publications
ranged from moderate to high, as assessed by the Joanna
Briggs Institute Checklist for Analytical Cross Sectional
Studies (Supplemental Table 3). The most common limitation
was lack of identification of confounding factors or lack of
strategies to deal with confounding factors. In addition,
many studies did not provide statistical analysis comparing
age and sex between clinical groups. We also noted that
several studies excluded individuals of particular age ranges,
such as those over age 65, which could bias results towards
the null.

DISCUSSION

In this systematic review, we analyzed 311 publications
that examined the role of age, sex, and parasite load in the
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Indeterminate

Hedges's g Weight

Study N Mean SD N  Mean SD with 95% CI (%)
Apt et al. 2016 100 .25 .6 100 1.3 —— -0.14[-0.41, 0.14] 49.32
D'Avila et al. 2018 23 .46 2.05926 68 3.06667 —B— -0.45[-0.92, 0.03] 16.83
Kaplinski et al. 2015 274 .3 24963 28 20 —i— 0.01[-0.38, 0.40] 25.05
Rodrigues-Dos-Santos et al. 2018 20 3.49 102815 15 1.69697 —_— 0.14[-0.51, 0.80] 8.79
Overall - -0.13[-0.32, 0.07]
Heterogeneity: 2 = 0.00, 12 = 0.00%, H? = 1.00
Testof 8, = 6;: Q(3) =2.89, p = 0.41
Testof 8=0:z=-1.29, p =0.20

A 0 5

Random-effects REML model

Ficure 2. Forest plot of parasite load in patients with Chagas cardiomyopathy vs. indeterminate disease. CCC = Chagas cardiomyopathy.

progression from indeterminate Chagas disease to Chagas
cardiomyopathy. Our findings suggest that male sex and
older age are associated with Chagas cardiomyopathy.

Older age is one of the most well-established risk factors
for progression to Chagas cardiomyopathy. This association
is consistent with the clinical course of Chagas cardiomyopa-
thy, which typically develops 10 to 30years after acute infec-
tion.'®® Older individuals are also more likely to have other
forms of cardiac disease, including coronary artery disease
(CAD), which is likely underdiagnosed in resource-poor areas
and difficult to differentiate from Chagas cardiomyopathy.

The association with male sex has been previously re-
ported by individual studies, but our study is the first meta-
analysis to assess the association between sex and Chagas
cardiomyopathy. Notably, male individuals have a higher inci-
dence of CAD, particularly at younger ages.'®* It is unknown
whether preexisting cardiovascular disease synergistically
increases the risk of developing Chagas cardiomyopathy. In
addition, because CAD may be difficult to disentangle from
Chagas cardiomyopathy in low-resource settings, this could
lead to an overestimation of Chagas cardiomyopathy preva-
lence among males.

Our study did not identify a significant association be-
tween parasite load and clinical stage. Of the eight studies
we identified that compared parasite load between indivi-
duals with indeterminate disease and cardiomyopathy,
seven found no significant difference between groups. One
large study found higher rates of polymerase chain reaction
detection among an established cohort of Chagas cardiomy-
opathy individuals and seropositive blood donors diagnosed
with Chagas cardiomyopathy compared with seropositive
blood donors without cardiomyopathy. However, when the
separate Chagas cardiomyopathy cohort was excluded, no
significant difference was found in parasite load between
individuals with and without cardiomyopathy. Our analysis
was limited to a small number of studies that did not exam-
ine parasite load before evaluation of cardiac function; thus,
we are unable to assess any causal effects between parasite
load in early disease and development of cardiomyopathy.
Additionally, peripheral parasitemia may not reflect parasite
accumulation in cardiac tissue. Animal studies have demon-
strated that T. cruzi tropism is influenced by a wide array
of factors, including both host and parasite genetics.'®®

The pathogenesis of Chagas disease progression is a com-
plex process thought to involve both parasite persistence
and immunological mechanisms, which may not be medi-
ated by parasite load.®®

Our study has several limitations. Importantly, the existing lit-
erature that met our inclusion criteria was composed of retro-
spective case—control and cross-sectional studies. In addition,
studies used a wide variety of definitions for Chagas cardiomy-
opathy and frequently did not control for confounding factors,
such as other cardiac morbidities. Given the retrospective
study designs and high heterogeneity among the existing liter-
ature, we are unable to identify causal relationships in our anal-
ysis. Finally, our inclusion criteria only considered studies that
directly compared characteristics between individuals with
cardiomyopathy and indeterminate disease. Additional litera-
ture exists that compares individuals with different stages of
cardiomyopathy, compares individuals with Chagas cardiomy-
opathy to those with different types of cardiomyopathy, or
include animal studies. A comprehensive understanding of risk
factors for Chagas cardiomyopathy should consider this sup-
portive evidence.

It is also worth noting that with the exception of one study in
Mexico, almost all participants were from South America, pre-
dominantly in the Southern Cone and Bolivia. Given the geo-
graphic variation of T. cruzi genetic groups (discrete typing units
[DTUs]), this potentially limits whether our results are applicable
to Chagas infections in Central and North America.'®”'% Past
literature showed mixed results of associations between DTUs
and clinical forms, including cardiomyopathy.'®88 The role of
DTUs in clinical form, particularly in Central and North America
where T. cruzi genetics and pathogenesis are less well studied,
deserves future studies.

This study provided the first systematic review to assess
whether age, sex, and parasite load are associated with Cha-
gas cardiomyopathy. Our findings suggest that older and
male patients with Chagas disease are more likely to have
cardiomyopathy, but we cannot determine causal relation-
ships because of the retrospective study designs and high
heterogeneity in the current literature. Chagas cardiomyopa-
thy typically develops 10 to 30 years after initial infection, and
therefore prospective multidecade studies are needed to bet-
ter evaluate risk factors for disease progression. In addition,
given the limited benefits of antitrypanosomal therapy in
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patients with Chagas disease after cardiomyopathy has
developed, preventive efforts are essential to reduce the mor-
bidity and mortality associated with Chagas cardiomyopathy.
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