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A B S T R A C T

Background: Chagas disease (caused by Trypanosoma cruzi infection) evolves to chronic chagasic cardiomyop-
athy (CCC) affecting 1.8 million people worldwide. This is the first randomized, placebo-controlled, double-
blinded, clinical trial designed to estimate efficacy and safety of selenium (Se) treatment in CCC.
Methods: 66 patients with CCC stages B1 (left ventricular ejection fraction [LVEF] > 45% and no heart failure;
n = 54) or B2 (LVEF < 45% and no heart failure; n = 12) were randomly assigned to receive 100 mcg/day sodium
selenite (Se, n = 32) or placebo (Pla, n = 34) for one year (study period: May 2014-September 2018). LVEF changes
over time and adverse effects were investigated. Trial registration number: NCT00875173 (clinicaltrials.gov).
Findings: No significant differences between the two groups were observed for the primary outcome: mean
LVEF after 6 (b= +1.1 p = 0.51 for Se vs Pla) and 12 months (b= +2.1; p = 0.23). In a subgroup analysis, statisti-
cally significant longitudinal changes were observed for mean LVEF in the stage B2 subgroup (b= +10.1;
p = 0.02 for Se [n = 4] vs Pla [n = 8]). Se treatment was safe for CCC patients, and the few adverse effects
observed were similarly distributed across the two groups.
Interpretation: Se treatment did not improve cardiac function (evaluated from LVEF) in CCC. However, in the
subgroup of patients at B2 stage, a potential beneficial influence of Se was observed. Complementary studies
are necessary to explore diverse Se dose and/or associations in different CCC stages (B2 and C), as well as in A
and B1 stages with longer follow-up.
Funding: Brazilian Ministry of Health, Fiocruz, CNPq, FAPERJ.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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Research in context

Evidence before this study

The role of selenium (Se) salts or organic compounds in the
treatment of heart disease is still under study for different clini-
cal conditions. In Chagas disease (CD) myocardiopathy, due to
infection by Trypanosoma cruzi, we have previously shown that
Se levels in patients’ sera decrease in severe cases.

Added value of this study

This clinical trial adds to the propaedeutic and therapeutics of
Se in chronic chagasic cardiomyopathy (CCC), showing an adju-
vant and complementary approach that improves treatment of
patients with CCC. We showed a potential beneficial effect of Se
treatment in a subset of patients with CCC with ventricular dys-
function (LVEF <45%). Despite trial limitations, this is a novel
therapeutic option for mild CCC. Additionally, Se may decrease
the speed of worsening cardiac function and/or may even
improve cardiac function in patients with CCC stage B2.

Implications of all the available evidence

Considering the potential beneficial influence of Se treatment in
a subset of CCC patients, and that Se supplementation to CCC
patients is safe, Se might be prescribed as an antioxidant com-
plementary therapeutic approach for patients with CCC B2
stage. New clinical trials with a longer follow-up are needed to
investigate the effects of Se in the mild (stages A and B) or
severe (stages C and D) CCC, and in the asymptomatic indeter-
minate clinical form.

Introduction

Chagas disease (CD) affects 6�7 million people worldwide and is
considered one of the most neglected tropical diseases [1,2]. CD
spread to other continents because of enhanced global travelers and
migration to and from Latin America [3]. Anti-parasite treatment is
recommended to prevent or reduce disease progression in both the
acute and chronic phases [4,5].

CD present three clinical forms in the chronic phase [6-8], all requir-
ing follow-up and/or symptomatic treatment: (i) indeterminate, in 70%
of seropositive cases, a silent subclinical infection without symptoms
and with normal electrocardiogram (ECG); (ii) chronic chagasic cardiopa-
thy (CCC), in»30% of chronically infected people, with typical ECG alter-
ations associated or not with clinical symptoms; (iii) digestive in»10% of
seropositive cases; mixed forms may also occur [6]. Echocardiography
(ECHO) and ECG changes can further categorize CCC into stages from A
to D7, a classification of CD cardiac form proposed in 2005 and adopted
in 2015 in the 2nd Brazilian Consensus on Chagas Disease [8]. Left ven-
tricular ejection fraction (LVEF) is the most powerful predictor of mor-
tality in CCC when associated to the presence of segmental wall motion
abnormalities [6]. Patients in stage A present typical CD ECG changes
but not ECHO abnormalities; stage B patients present wall motion
abnormalities and according to LVEF can be divided in B1, LVEF � 45%,
and B2 <45%; stage C patients have LVEF <45% and heart failure (HF)
symptoms and, in case of end-stage HF, the patient is reclassified as
stage D. Each stage is associated with different prognosis and progres-
sive increase in mortality: the 5-year mortality of D patients is 98%, 91%
in C patients, 45% in B patients and only 13% in patients on stage A [7,8].
The search for innovative therapies to slow and decrease CCC
progression or mortality would be of real benefit to CD patients, and
this is the rational for testing selenium (Se) treatment in early CCC
(stage B) in the present trial.

In the natural course of CD [9], especially in CCC, a chronic inflamma-
tion increases the oxidative status of the infected person, as indicated by
biomarkers such as glutathione peroxidase (GPx), superoxide dismutase
(SOD), catalase, glutathione reductase, glutathione S-transferase, reduced
glutathione, vitamin E, thiobarbituric acid reactive substances and pro-
tein carbonyl [10,11]. Heart disease progression in CD is also followed by
a decrease in Se status [12]. Se-dependent enzymes and proteins turn Se
into a crucial microelement for many adaptive functions, such as thyroid
hormone metabolism, antioxidant defense systems, adaptive and
acquired immune function, prevention of certain cancers and optimal
functioning of the cardiovascular system [13,14]. It is a consensus that
Se deficiency (<40 mcg/L) may increase the risk of coronary artery dis-
ease, although the effect of Se supplementation is still controversial on
ischemic heart disease according to numerous randomized controlled
trials reviewed in 201,513. Se supplementation in Swedish elderly people
with low Se levels showed a decrease in cardiovascular mortality [15,16]
and improvement in the quality of life [17]. A 2017 meta-analysis,
including 43.998 participants, found a decrease of serum C-reactive pro-
tein and an increase of GPx levels after Se supplementation, suggesting a
positive effect on reducing oxidative stress and inflammation, despite
the absent of direct effect on reduction of cardiovascular mortality [14].
Plasma Se status varies according to Se in diet, decreasing in those who
are frail, poorly nourished, and unwell [18], as is the case for most of the
population affected by CD. Se status depends on the availability of Se in
the soils [19] and extremely low or high plasma Se concentrations lead
to different effects on health. Data on Se levels are known for US, Canada,
Europe, andMiddle East [20] but lack for Latin American countries.

Due to the known involvement of chronic inflammation, oxidative
stress, and fibrosis in the physiopathology mechanism of dilated
myocardiopathies, including those related to infectious diseases
[4,6], we studied Se levels in CD patients providing evidence that
lower Se levels were observed for those with severe cardiac form of
CD in comparison to healthy individuals and patients with T. cruzi
infection without cardiac disease [12]. In the geographic region of
Minas Gerais we found low Se levels even in control non infected
adults, unsatisfactory for selenoprotein function [12]. Further pre-
clinical studies in T. cruzi-infected mice showed that treatment
with Se prevented heart dilatation and reversed acute and chronic
cardiomyopathy [21] and prevented reduction of intestinal motility
[22], introducing the concept that selenium treatment and/or supple-
mentation could aid in therapy for CD [23]. We present here the
results of the clinical trial named “Selenium Treatment and Chagasic
Cardiopathy (STCC)” [24,25], the first randomized trial aiming to esti-
mate the effect of Selenium (Se) versus Placebo (Pla) treatment on pre-
vention of cardiac disease progression in chronic adult patients in
early stages of CCC (B1 and B2). Contrasting to the long time neces-
sary to follow-up clinical outcomes on indeterminate or CCC stage A
patients, the choice of stage B patients allowed a shorter time of fol-
low-up considering outcomes such as the continuous variable of
“LVEF trajectory”[25] and the categorical variable of “rate of CD pro-
gression”[24] thus facilitating any further recommendation of Se
association to CCC therapy guidelines. A very recent review from an
independent group reinforced the hypothesis that Se could be an
interesting option for the treatment of CD [26].
Methods

Study design

STCC is a single-center, prospective, double-blinded, placebo-con-
trolled, phase 3, superiority randomized clinical trial aiming to estimate



Fig. 1. CONSORT 2010 flowchart of study participants indicating the two groups: Selenium (active treatment) and Placebo.
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the effect of Se treatment on prevention of cardiac disease progression
in patients with CD cardiac form. The full protocol is described else-
where [24,25]. The intervention protocol comprised 100 mcg of sodium
selenite (Se) once per day, during a meal, for 365 consecutive days, com-
pared to Placebo (Pla). According to ICH Q7 Good Manufacturing
Practices for Active Pharmaceutical Ingredients guidelines Se and Pla
were produced for STCC in GMP/API conditions (Catalent Pharm. Co.,
Brazil). The study protocol was updated and fully adhered in 2018 [25],
considering the primary outcome as a significant difference in LVEF val-
ues between Se and Pla groups over time. The sample size was calcu-
lated based on the improvement in LVEF of 5.3 § 6.2% after
micronutrient supplementation in patients with non-infective HF [27],
considering a beta error of 20%, an alpha error of 5% and anticipating for
30% of losses to follow-up: 62 patients would be necessary for the study,
31 in each group [25]. Secondary outcomes [24] were disease progres-
sion indicated by the following parameters: (a) decrease in CCC progres-
sion stages (b) a change in 10 absolute percentual points from initial to
final LVEF and/or (c) rate of adverse outcomes. The study was registered
at clinicaltrials.gov (NCT00875173). Quality of Life (QoL) data was
included as a secondary outcome in the original protocol [24] but was
beyond the scope of the present study, as proposed in the updated pro-
tocol [25]. The Brazilian Medical Product Agency (ANVISA) authorized
the study protocol (Special Announcement on Clinical Research 1244/
2009). The following authors had full access to data, for management
and analysis: TCdA-J, MTdH, MFFM, VBP, AMH-M, PEAAdB and ACCC.

Participants and clinical center: STCC was conducted at the cardiol-
ogy center of Evandro Chagas National Institute of Infectious Diseases
(INI-Fiocruz) in Rio de Janeiro, Brazil. INI is a national reference center
for treatment and research in infectious diseases and tropical medi-
cine in Brazil. Most patients with suspected CD in the state of Rio de
Janeiro are referred to INI outpatient clinic for diagnostic
investigation and integral health care. Regular diagnostic and thera-
peutic interventions followed the recommendations of the specific
guidelines for diagnosis, monitoring and treating chronic CCC,
updated by the II Brazilian Consensus on CD [8].

Randomization and masking: Randomization, allocation conceal-
ment and blinding were performed as described in the published
protocol [24,25]. Briefly, a sequence was computer-generated to ran-
domly allocate the patients into 2 groups in a 1:1 ratio. This sequence
was generated in blocks of 4, 8 and 12 using the “blockrand” exten-
sion of the R Project software package. This sequence was available
only to a pharmacist not involved in volunteer recruitment. This
pharmacist decided which group would be the placebo group and
which would be the intervention group by flipping a coin. Next, opa-
que boxes were filled either with placebo or sodium selenite capsules
and later sealed and numbered to correspond to the computer-gener-
ated sequence. As patients underwent volunteer recruitment by the
medical staff, they were assigned a number sequentially correspond-
ing to a treatment box. Therefore, a strategy of numbered boxes was
used for sequence concealment. All the patients, the health-care pro-
viders and the staff involved in outcome assessment were blinded to
treatment. The blinding was conducted using the same strategy of
allocation concealment by numbered boxes. Therefore, numbers
were assigned to volunteers’ treatments, but only one pharmacist not
involved in these tasks was aware of what was in each numbered
box.

Recruitment and follow-up: Recruitment occurred from May 2014
(first inclusion) to August 2017 (last inclusion) among patients regu-
larly followed at the outpatient clinic of INI-Fiocruz. The final visit of
the last patient on follow-up occurred in September 2018. One of the
difficulties for recruiting was the age limit and some comorbidities of
the aging cohort of chronic CD patients [28,29]. The final study



Table 1
Characteristics of the study patients at baseline.

Variables All (n = 66) Placebo (n = 34) Selenium (n = 32)
Mean (+SD) or Median (IQR 25%�75%)
Frequency (%)

Age (Years) 64.6 § 10.0 65.1 § 8.7 64.0 § 11.4
Sex
Male 29 (43.9) 16 (47.1) 13 (40.6)
Female 37 (56.1) 18 (52.9) 19 (59.4)
Schooling
Complete Primary 22 (33.3) 9 (26.5) 13 (40.6)
Incomplete Primary 21 (31.8) 9 (26.5) 12 (37.5)
Complete Secondary 15 (22.7) 10 (29.4) 5 (15.7)
Incomplete Secondary 1 (1.5) 1 (2.9) 0 (0.00)
Tertiary 3 (4.6) 2 (5.9) 1 (3.1)
Illiterate 4 (6.1) 3 (8.8) 1 (3.1)
Clinical Characteristics
Simpson LVEF (%) 54.8 § 10.4 53.2 § 11.4 56.4 § 9.1
CCC Classification
B1 54 (81.8) 26 (76.5) 28 (87.5)
B2 12 (18.2) 8 (23.5) 4 (12.5)
Associated digestive form
Yes 7 (10.6) 4 (11.8) 3 (9.4)
No 59 (89.4) 30 (88.2) 29 (90.6)
Previous Benznidazol Treatment
Yes 3 (4.5) 0 (0.00) 3 (9.4)
No 60 (90.9) 33 (97.1) 27 (84.4)
Ignored 3 (4.6) 1 (2.9) 2 (6.2)
Cardiac Device (pacemaker or ICD)
Yes 4 (6.1) 2 (5.9) 2 (6.3)
No 62 (93.9) 32 (94.1) 30 (93.7)
Atrial Fibrilation
Yes 1 (1.5) 0 (0.00) 1 (3.1)
No 65 (98.5) 34 (100.00) 31 (96.9)
Previous Embolic Stroke
Yes 7 (10.6) 4 (11.7) 3 (9.4)
No 59 (89.4) 30 (88.3) 29 (90.6)
Hypertension
Yes 24 (36.4) 10 (29.4) 14 (43.7)
No 42 (63.6) 24 (70.6) 18 (56.3)
ECG abnormalities
CD-related abnormalities 60 (90.9) 32 (94.1) 28 (87.5)
Other 6 (9.1) 2 (5.9) 4 (12.5)
Diastolic Dysfunction
None 16 (24.3) 10 (29.4) 6 (18.8)
Grade I (impaired relaxation) 39 (59.1) 16 (47.1) 23 (71.9)
Grade II (pseudonormalization) 9 (13.6) 8 (23.5) 1 (3.1)
Grade III (restrictive) 0 (0.0) 0 (0.0) 0 (0.0)
Non-classifiable 1 (1.5) 0 (0.0) 1 (3.1)
Ignored 1 (1.5) 0 (0.0) 1 (3.1)
Blood Tests
Positive conventional PCR 22 (39.3) 10 (34.5) 12 (44.4)
TSH (microU/mL) 1.8 (1.1�2.6) 1.9 (1.2�2.6) 1.6 (1.1�2.6)
T3 (mmol/L) 1.7 (1.4�2.2) 1.7 (1.2�2.3) 1.7 (1.5�2.1)
Free T4 (ng/dL) 1.1 (0.9�1.3) 1.1 (0.9�1.3) 1.1 (1.0�1.3)
Leukocyte Count (cel/mm3) 6088 § 1420 6071 § 1200 6105 § 1641
Neutrophils (cel/mm3) 3285 § 1112 3263 § 1047 3308 § 1194
Haemoglobin (g/dL) 13.8 (13.3�14.7) 13.8 (13.3�15.0) 13.7 (13.3�14.7)
Platelets (cel/mm3) 220,500 (194,000�253,000) 217,000 (176,000�238,000) 229,000 (207,500�256,500)
ALT (U/L) 32.0 (25.0�39.0) 33.0 (25.0�41.0) 30.0 (26.0�38.0)
AST (U/L) 25.0 (21.0�30) 27.0 (21.0�31.0) 24.0 (21.0�29.0)
Total Bilirubin (mg/dL) 054 (0.45�0.66) 0.58 (0.50�0.74) 0.50 (0.39�0.57)
Direct Bilirubin (mg/dL) 0.13 (0.10�0.16) 0.13 (0.10�0.17) 0.12 (0.10�0.16)
Alkaline Phosphatase (U/L) 77.62 § 17.31 79.31 § 14.79 75.87 § 19.7
Creatinine (mg/dL) 0.90 (0.82�1.08) 0.90 (0.80�1.11) 0.90 (0.85�1.08)
Urea (mg/dL) 34.54 § 8.5 33.38 § 5.8 35.81 § 10.7
Glucose (mg/dL) 95.5 (87.0�103.0) 92.0 (87.0�103.0) 97.0 (91.0�103.0)
Albumin (g/dL) 4.00 § 0.3 4.03 § 0.2 3.96 § 0.3
Iron Binding Capacity (microg/dL) 323.63 § 47.9 327.23 § 49.9 320.03 § 46.4
Iron (microg/dL) 101 (72�117) 101 (81�123) 100.5 (68.0�113.0)
Troponin (mg/L) 0.02 (0.0�0.06) 0.04 (0.0�0.1) 0.01 (0.0�0.04)
Serum Selenium (mcg/L) 95.4 § 21.3 94.2 § 23.4 96.6 § 19.1
Nutritional Characteristics
Weight (Kg) 70.4 § 12.9 71.21 § 12.9 69.61 § 12.9
Height (meters) 1.60 § 0.1 1.61 § 0.1 1.59 § 0.1
BMI (Kg/m2) 27.4 § 4.3 27.6 § 4.3 27.3 § 4.2
Caloric Intake (Kcal) 1617.2 (1283.9�1880.2) 1741.9 (1447.8�2074.9) 1475.3 (1274.5�1707.3)

(continued)
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Table 1 (Continued)

Variables All (n = 66) Placebo (n = 34) Selenium (n = 32)
Mean (+SD) or Median (IQR 25%�75%)
Frequency (%)

Adjusted Protein Intake (g) 68.6 (54.3�89.4) 71.4 (52.1�99.1) 67.9 (57.5�78.4)
Adjusted Carbohydrate Intake (g) 223.8 (181.8�264.9) 210.4 (183.5�264.0) 239.7 (174.1�265.8)
Adjusted Lipid Intake (g) 45.9 (36.7�59.9) 48.7 (36.0�60.0) 44.1 (37.6�55.5)
Adjusted Selenium Intake (microgram) 72.5 (50.4�104.8) 78.4 (53.6�111.9) 60.0 (48.1�91.1)
Insufficient diary Se ingestion (<55mcg/day) 28 (46.7) 10 (35.7) 18 (63.3)
Adequate diary Se ingestion (�55mcg/day) 32 (53.3) 20 (62.5) 12 (37.5)
Medication
Beta-blockers 27 (41.5) 14 (42.4) 13 (40.6)
Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers 48 (72.7) 27 (79.4) 21 (65.6)
Aldosterone antagonist 5 (7.7) 4 (12.1) 1 (3.1)
Amiodarone 7 (10.6) 4 (11.7) 3 (9.4)
Warfarin 14 (21.2) 7 (20.6) 7 (21.9)

Data are mean § standard deviation or n (%).
CCC = Chagas Chronic Cardiopathy; ICD = implantable cardiac defibrillator; BMI=body mass index; CD=Chagas disease.
Number of observations for variables with missing information.
Control group (n = 34): LVEF (n = 32); TSH (n = 29); T3 (n = 31); Free T4 (n = 31); Alkaline Phosphatase (n = 32); Iron (n = 33); Protein Intake (n = 30); Carbohydrate Intake
(n = 30); Lipid Intake (n = 30); Selenium Intake (n = 30); Simpson LVEF (n = 32); Total Bilirubin (n = 33); Creatinine (n = 31); Albumin (n = 33); Iron Binding Capacity (n = 31);
Caloric Intake (n = 30); Troponin (n = 31); Beta-blockers (n = 33); Aldosterone Antagonist (n = 33); Serum Selenium (n = 31); Selenium ingestion estimates (n = 30).
Intervention group (n = 32): LVEF (n = 30); TSH (n = 29); T3 (n = 28); Free T4 (n = 28); Haemoglobin (n = 31); Alkaline Phosphatase (n = 31); Iron (n = 30); Protein Intake (n = 30);
Carbohydrate Intake (n = 30); Lipid Intake (n = 30); Selenium Intake (n = 30); Simpson LVEF (n = 30); Urea (n = 31); Creatinine (n = 30); Iron Binding Capacity (n = 31); Direct Bili-
rubin (n = 30); Caloric Intake (n = 30); Troponin (n = 30); Serum Selenium (n = 30); Selenium ingestion estimates (n = 30).
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population included male and female seropositive cases for T. cruzi
infection, from 18 to 75 years old, with typical CCC ECG findings, and
presenting B1 or B2 CCC: normal, mild, or moderate LV systolic dys-
function, respectively LVEF >55%, between 54 and 45% or 44 and
35%. Exclusion criteria were: severe digestive form of CD (with dys-
phagia with evidence of food residues in the esophagus and/or with
weight loss higher than 15% of usual weight in the previous four
months), non-chagasic heart disease, pregnancy or breastfeeding,
tobacco use, alcohol abuse, depression, other medical prescription of
vitamins or supplements, residence close to mineral deposits, metal
industries or places with radioactive exposure, participation as a vol-
unteer in other clinical trials with any intervention, any condition
that may result in low protocol adherence (residence far from the
health center, frequent travel trips).

The participants were invited to 10 visits (V1 to V10) and received
the proper financial support to cover transport costs in all appoint-
ments. Eligibility was detected when (a) inclusion criteria were fit in
regular follow-up at the outpatient clinic, and (b) informed signed
consent was obtained (V1=inclusion). Then interviews and tests were
scheduled for baseline data collection (V2). These included question-
naires to collect (i) sociodemographic data, (ii) medical history, (iii)
detailed information for a nutritional profile including Se intake in
their diet [29], as well as (iv) clinical and cardiovascular exam (ECG
Table 2
Crude means and beta coefficients for LVEF trajectories during the follo

OVERALL Baseline
(Pla n = 32; Se n = 30)

6 months
(Pla n = 31;
Se n = 30)

b

Pla 53.2 § 11.4 50.9 § 12.3 +1.14
Se 56.4 § 9.2 55.0 § 9.9
LVEF �45% Baseline

(Pla n = 24; Se n = 26)
6 months
(Pla n = 21;
Se n = 25)

b

Pla 57.6 § 9.6 55.5 § 8.8 +0.47
Se 58.6 § 7.8 56.6 § 9.5
LVEF <45% Baseline

(Pla n = 8;
Se n = 4)

6 months
(Pla n = 8;
Se n = 4

b

Pla 40.0 § 2.7 36.4 § 8.8 +4.13
Se 42.5 § 3.0 43.0 § 2.4

Data are mean § standard deviation.
b = linear mixed-effect model including time, treatment, and time*trea
and ECHO), and (v) biochemical and hematological laboratory meas-
urements. In sequential visits (V3=21, V4=42, V5=60, V6= 120,
V7=180, V8= 240, V9= 300 and V10=360 days) blood and/or urine col-
lection were performed. Visits V3 to V9 were designed to detect and
follow possible adverse effects, since this was the first Se supplemen-
tation trial in CD patients with CCC and a metanalysis study reported
conflicting results on beneficial/deleterious/absent effects of Se sup-
plementation in different heart disease conditions [14]. At V7 and
V10 sequential ECG and ECHO were recorded. Participants received
their GMP identical Se or Pla softgel capsules from the STCC profes-
sional pharmaceutic, each with their blinded codes, and were ori-
ented to ingest one capsule/day during one meal.

Nutrition profile: Patients were oriented to do not change their
common/regular diet and to do not eat Brazil nut (possible additional
source of diet Se). Food intake was estimated by a blinded to random-
ization single-trained nutritionist using the mean of 24-h dietary
recalls assessed in V2 and V10) using a previously validated food fre-
quency questionnaire [30], to evaluate if the recommended dietary
allowance (RDA) for adults is 55 mcg/day [14] was supplied by the
participant�s regular diet. This dietary recall is a structured interview
intended to capture detailed information about all foods and bever-
ages consumed by the respondent in the past 24 h from midnight to
midnight of the previous day. The dietitians entered dietary data
w-up (overall and stratified according to baseline LVEF�45%).

p-value 12 months
(Pla n = 32; Se n = 29)

b p-value

0.51 49.9 § 12.5 +2.13 0.23
55.3 § 10.8

p-value 12 months
(Pla n = 22; Se n = 25)

b p-value

0.81 54.5 § 9.2 +0.70 0.73
56.1 § 11.2

p-value 12 months
(Pla n = 8; Se n = 3)

b p-value

0.30 34.0 § 6.3 +10.11 0.02
47.3 § 4.1

tment adjusted by baseline LVEF (Se vs Pla).



Fig. 2. Adjusted trajectories of LVEF during the follow-up of the two trial groups: Pla-
cebo (dashed line) and Selenium (solid line).
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directly into a nutrition analysis software (diet Win Plus software) to
obtain a Se estimate of ingestion, the amount of carbohydrates, pro-
teins, lipids, fiber, cholesterol, fatty acids (monounsaturated, polyun-
saturated, saturated) and total calories intake. The consumption of
each nutrient was adjusted using the nutrient residual model, that
remove the variation caused by the total energy intake [30]. Anthro-
pometric evaluation consisted of measurements of height, body
weight, waist, and hip circumferences, tricipital skinfold thickness
and arm circumference. Height and body weight were assessed with
minimal clothes and without shoes using a calibrated digital scale
coupled with a stadiometer. The body mass index (BMI) was calcu-
lated to determine the nutritional status [31]. Randomization was
performed without any previous nutritional data collected and/or
analyzed.

Blood samples and T. cruzi DNA analysis: Venous blood samples were
obtained while the participants were at rest in a supine position.
Fig. 3. Crude individual LVEF trajectories of patients treated with Placebo (A, C) or Selenium
baseline (BL) LVEF � 45% (A, B) or <45% (C, D). Solid black lines highlight patients with rising
with falling trajectories, decreasing > 10 absolute percentual points. Gray lines indicate pati
the 6 patients showing an increase in LVEF (solid black lines) are only in the Selenium group
Different vials were used to collect serum, plasma, or whole blood for
future immunological and biochemical studies. For Se measurements
special trace elements-free vials were used. They were centrifuged at
3000g at 4°C and were frozen at �20 °C. No sample was thawed more
than twice. For T. cruzi DNA analysis by polymerase chain reaction
(PCR), 10 mL whole blood samples were collected, immediately mixed
with an equal volume of 6 M Guanidine-HCl/0.2 M EDTA solution
(GEB) and then split in two identical aliquots. GEB samples were coded
and blinded delivered to perform the molecular tests. At the labora-
tory, GEB samples were boiled for 15 min and stored at 4°C until use.
DNA extraction from two aliquots (300 mL) of the GEB sample was
performed with commercial kit (High Pure PCR Template preparation
kit, Roche Applied Science) according to the manufacturer’s protocol.
DNA solution was stored at�20 °C until use. Blood of individuals with-
out T. cruzi infection (negative serology) from nonendemic CD areas
were included as negative controls for DNA extraction and molecular
assays. One negative control was used per DNA extraction of 11 GEB
samples and tested in parallel with the DNA samples in all qPCR-based
assays, as described elsewhere [29,32].

Selenium analysis: Se in plasma samples was determined by high-
performance liquid chromatography inductively coupled to plasma
mass spectrometry (ICP�MS) with element- specific detectors in a
local clinical laboratory (Diagn�osticos da Am�erica, Rio de Janeiro).
The method was proven valuable for determining trace elements at
mg levels [33]. Se content was determined after a 50-fold dilution
with 0.16 M HNO3 and quantified by using addition calibration and
gallium as an internal standard. The method accuracy was evaluated
by analysis of a human serum certified reference material (Seronorm
Serum level II, Sero A/S, Norway).

Echocardiography: ECHO imaging was conducted with Vivid 7 or
Vivid I ultrasound systems (GE Medical Systems, Milwaukee, WI,
(B, D) during one year of follow-up, shown in the two different subgroups presenting
trajectories, increasing > 5 absolute percentual points in LVEF. Dotted lines show cases
ents varying < 5 percentual points in LFEV during 12 months of follow-up. Note that all
(B, D).



Table 3
Chagas Chronic Cardiopathy classification during the follow-up.

OVERALL Baseline 6 months p-value 12 months p-value

Pla
n = 34 (%)

Se
n = 32 (%)

Pla
n = 33 (%)

Se
n = 32 (%)

Pla
n = 33 (%)

Se
n = 31 (%)

Stage A 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.99 1 (3.03) 0 (0.0) 0.25
Stage B1 26 (76.5) 28 (87.5) 25 (75.7) 28 (87.5) 20 (60.6) 28 (90.3)
Stage B2 8 (23.5) 4 (12.5) 7 (21.2) 3 (9.4) 9 (27.3) 2 (6.4)
Stage C 0 (0.0) 0 (0.0) 1 (3.0) 1 (3.1) 3 (9.1) 1 (3.2)

CCC worsening,
(B1 to B2/C or B2 to C)

� � 2 (6.1) 1 (3.1) 0.70 7 (21.2) 2 (6.5) 0.09

CCC improvement,
(B2 to B1 or B1 to A)

� � 1 (3.0) 1 (3.1) 1 (3.0) 2 (6.4)

CCC maintenance � � 30 (90.9) 30 (93.8) 25 (75.8) 27 (87.1)

* Multilevel mixed effect generalised linear model with logit link and ordinal distribution.

M.T. Holanda et al. / EClinicalMedicine 40 (2021) 101105 7
USA) equipped with a four-matrix transducer from 2 to 4 MHz. LVEF
and end-systolic and end-diastolic LV volumes were estimated
according to Simpson’s rule [34]. Normal systolic function was
defined as LVEF � 55%, mild dysfunction as LVEF between 54 and 45%
and moderate dysfunction as LVEF between 44 and 35% and severe
dysfunction as LVEF<35%.

Data analysis and statistics: Data study were performed using SAS
and Stata softwares. A p value �0.05 gave support against the null
hypothesis for all analyses. Baseline characteristics were expressed
as absolute and percentages values for categorical variables and as
mean § standard deviation for continuous variables. We checked all
continuous variables for normality and those that demonstrated a
skewed distribution were presented as median (IQR 25%�75%). To
evaluate differences in LVEF longitudinal changes between groups,
intention-to-treat analyses were performed using linear mixed effect
models. This type of analysis assesses the rate of change of the out-
comes by the time X intervention group interaction term, considering
the correlations between repeated measures over time and missing
data. All models were fitted using random intercept and were
assumed as an unstructured variance-covariance pattern. Models
were adjusted for baseline LVEF. Residual plots of all models were
Table 4
Adverse events by intervention group during the follow-up.

Adverse drug reactions Placebo
(n = 302)

Selenium
(n = 310)

p-value*

Cardiac Arrhythmia 1 (100.0) 0 (0.0) 0.84
Arthralgia/Arthritis 3 (75.0) 1 (25.0)
Tiredness 0 (0.0) 1 (100.0)
Headache/Migraine 0 (0.0) 1 (100.0)
Palmoplantar Desquamation 0 (0.0) 1 (100.0)
Abdominal Pain 2 (40.0) 3 (60.0)
Elevated Alkaline Phosphatase 0 (0.0) 1 (100.0)
Elevated Serum Bilirubin 0 (0.0) 1 (100.0)
Perianal Fistula 1 (100.0) 0 (0.0)
Leukopenia/Neutropenia 10 (47.6) 11 (52.4)
Low Back Pain 1 (100.0) 0 (0.0)
Altered Levels of Thyroid Hormones 2 (66.7) 1 (33.3)
Upper Limb Paresis 1 (100.0) 0 (0.0)
Urticaria Plates in Trunk and Limbs 0 (0.0) 1 (100.0)
Low Platelet Count 3 (75.0) 1 (25.0)
Pruritus 1 (100.0) 0 (0.0)
Lower Limb Peripheral Polyneuropathy 0 (0.0) 1 (100.0)
Others 18 (54.5) 15 (45.5)
No Events 259 (48.9) 271 (51.1)
Severity of ADR
Severe 2 (50.0) 2 (50.0) 0.81
Moderate 6 (42.9) 8 (57.1)
Low 14 (60.9) 9 (39.1)
No Events 259 (48.9) 271 (51.1)
No severity information 21 (51.2) 20 (48.8)

Data are n (%); * Fisher`s exact test.
examined and did not show major deviations from regression
assumptions. For categorical variables, additional analysis was per-
formed using generalized estimated equations with log link and bino-
mial distribution to evaluate changes in the proportion of individuals
between groups. Comparison between groups for the proportion of
combined occurrence and severity of all adverse events were per-
formed using the Fisher`s exact test.

Ethical considerations: The STCC trial was approved by the INI
Ethics Committee (IRB 0043.0.009.000�04, on April 11th, 2005; the
first Ethical Agreement dates from 2008 but regulatory issues, trial
team composition and changes in the selenium manufacturer caused
an important delay in the project and we started the recruitment in
2014; the final modified protocol was reevaluated on February 26th,
2018 and renumbered IRB 88,797,318.7.0000.5248 on June 14th,
2018) on date and conformed to standards currently applied by the
Brazilian National Committee for Research Ethics (CONEP). An exter-
nal data safety monitoring board (DSMB) followed the trial to guaran-
tee the quality of the study.

Role of the funding source: The sponsors of STCC had no role in the
study design, data collection, data analysis, data interpretation or the
writing of the report. The corresponding author had full access to all
the data in the study and had the final responsibility of the decision
to submit the report for publication.

Results

Baseline characteristics of the participants

STCC study CONSORT flow diagram is shown in Fig. 1. We
screened 85 patients and randomized 66 patients. They were ran-
domly allocated to intervention (n = 32) or control (n = 34) groups
and only one discontinued treatment in each group (no adverse effect
was reported for these participants). The characteristics of the
patients at baseline did not show any major differences between
groups (Table 1).

Age ranged from 34 to 72 years, with a mean of 64 years and a
slight predominance of women (56%, Table 1). All participants have
immigrated to Rio de Janeiro from different Brazilian states, 80%
came from six states of the Northeast region (data not shown) and
vector transmission at their endemic birth places accounted for 84%
of their epidemiology histories. Only 27% reported regular labor occu-
pations and 3/4 of the participants were unemployed, retired or dealt
with homework (data not shown). Despite currently living in urban
areas in Rio de Janeiro in regular houses (98%) after leaving their orig-
inal poor endemic areas for more than 43 years (mean), their educa-
tion status remained low: 70% were illiterate or have only completed
Elementary School (Table 1). From all the included participants,
81.8% were in B1 stage (n = 54) and 18.2% in the B2 stage (n = 12),
with similar proportions in the groups that were allocated for Pla and



Fig. 4. Frequency distribution of patients (percentage) in different ranges of selenium plasma levels measured by ICP-MS, comparing baseline (thin lines) with one-year follow-up
(thick lines) in participants treated with Placebo (dashed lines) or Selenium (Solid lines). Note that curves do differ only after treatment with selenium. A shift to the right was
detected in the frequency curve of selenium-treated participants, contrasting with the three other conditions. Abnormal low (< 64 mcg/L) was detected only in 10 out of 66 patients
at baseline.
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Se treatments. An associated digestive form was observed in about
10% of the participants and more than 90% had no history of previous
benznidazole (Bz) treatment. Other relevant clinical characteristics
were a small percentage of patients using pacemaker or ICD devices
(6%); most patients showed CD related ECG abnormalities (91%).
Most participants (60.7%) had negative T. cruzi DNA PCR blood tests.
PCR positivity and nutritional Se estimated levels did not account for
exclusion or inclusion criteria, nor were related to primary or second-
ary expected STCC outcomes; however, it was relevant to follow
them for further comparisons after the intervention, especially to
search for correlation with possible improvement or worsening on
CCC participants. Mean laboratory parameters analyzed were in the
normal range and did not differ between the two groups (Table 1).
The patients used some medications at baseline according to clinical
and cardiological prescriptions recommended for the profile of these
early stages of CCC (Table 1).

Adherence to protocol was checked by quantifying the number
and the percentage of ingested capsules and showed no difference
between the two groups: Pla= 364.1 + 5.1 vs Se= 360.9 + 16.2;
99.8% vs 98.9% of the capsules were ingested respectively for Pla and
Se (p-value= 0.27).

Longitudinal analysis

The participants were treated for one year with 100 mcg/day
sodium selenite (Se) or placebo (Pla) in a double-blinded way and
LVEF changes (primary outcome) were followed (Fig. 1, Table 2,
Fig. 2). Only two participants were lost to follow-up after one-year of
treatment (Fig. 1) due to absence from the scheduled appointment at
12 months for travel reasons (they were recovered for future analysis
after 5 years). The longitudinal changes for LVEF during the follow-
up (overall and stratified by LVEF> and < 45%) are demonstrated in
Table 2. LVEF had a slight decrease during the follow-up (Fig. 2), but
no significant differences were observed for LVEF changes between
groups after 6 (b= +1.1; p = 0.51 for Se vs Pla) and 12 months (b=
+2.1; p = 0.23 for Se vs Pla). A subgroup analysis considering LVEF �
45% and <45% at baseline (Table 2) showed that in the subgroup of
LVEF > 45%, the LVEF trajectories remained stable in both Pla and Se
groups, with no significant differences between groups after one year
of follow-up (Pla= 54.5 § 9.2 vs Se = 56.1 § 11.2, b=+0.70, p = 0.73;
Table 2). However, in the subgroup with LVEF <45% in the beginning
of the study (characterized as moderate LV systolic dysfunction), a
significant difference (b= +10.1; p = 0.02) was found for the
trajectories between groups (Se vs Pla) after one year (Table 2). We
performed sensitivity analysis considering different LVEF cut-off
points (>50% and > 55%) and no longitudinal changes were observed
for the proportion of patients with LVEF > and < 50% (p = 0.64) and
LVEF > and < 55% (p = 0.27) after 1-yr of follow-up. The per-protocol
analysis including only those that completed the study follow-up
demonstrated similar results, with no significant difference for the
selenium group in comparison to placebo after 6 (b=+1.1; p = 0.54)
and 12 months (b=+2.4; p = 0.20) of follow-up.

Individual crude trajectories of participants showing the LVEF evolu-
tion during follow-up in the two subgroups of the Pla and Se are
depicted in Fig. 3. In all the subgroups some trajectories that did not
change over 5 absolute percentual points were observed (shown in gray
in Fig. 3). Trajectories with progressive decrease in LVEF (shown in black
dotted lines in Fig. 3A, 3B, 3C) were seen in all the three subgroups
except those with <45% in the baseline and treated with selenium
(Fig. 3D). Only in the Se subgroups we observed growing trajectories
(Fig. 3B, n = 5, in the subgroup� 45%; and Fig. 3D, n = 1, in the subgroup
<45%) indicating potential improvements in LVEF during the one year
of follow-up. However, the percentage of patients with LVEF �45% did
not change during the follow-up (Pla 74.2% vs Se 86.7%, p = 0.86 for 6
months and Pla 62.5% vs Se 89.7%, p = 0.10 for 1-year). An additional
analysis to explore the influence of baseline serum Se levels on the LVEF
responses to Se treatment did not demonstrate any differential effect
(p-value for interaction time X group X baseline serum selenium =0.82).
A sensitivity analysis adjusting the models for baseline Selenium con-
sumption did not change the results.

Secondary outcomes concerning CCC stages and their changes during
the one-year of follow-up were investigated (Table 3). After one year,
most of the cases remained in the same CCC stage, both for Pla (75.8%)
and Se (87.1%). Nine cases of worsening in CCC stages were observed,
(n = 7 [21.2%] in Pla and n = 2 [6.5%] in Se) and three cases of improve-
ment (n = 1 [3.0%] in the Pla and n = 2 [6.4%] in Se, Table 3) were
observed with no significant differences between Pla and Se groups.

Safety and side effects

Concerning the safety and adverse drug reactions (ADR) to Se
treatment, we compared clinical and laboratory records of patients in
Se group (n = 287 records) and Pla group (n = 285 records) and did
not found any typical Se-related ADR (irritability, pain, tremor, nau-
sea, vomiting, alopecia, hair/nail dryness). The most common ADR
recorded (in about 3% of the patients in each group) was mild
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leucopenia/ neutropenia/thrombocytopenia (Table 4), but the distri-
bution of ADR was similar in both groups (p = 0.84). Other minor
reactions recorded were rare. No differences for severity of ADR were
observed between groups (p = 0.82).

Laboratory findings

T. cruzi PCR: We were able to isolate and amplify DNA in 59 out of
the 66 patients starting the protocol (data not shown). At baseline, the
T. cruzi PCR positivity was observed in 10 out of 31 (32%) and 13 out of
28 (46%) in the Pla and Se groups, respectively. After one year the two
groups were still similar despite the slightly lower percentage of PCR
positivity (Pla 26.1% vs Se 39.1%; p = 0.60) and the lower parasite load in
positive samples in the Se group, which changed from 2.1 § 1.4 to
0.9 § 0.7 parasite equivalents/mL from baseline to one-year after treat-
ment (data not shown). However, the small number of positive samples
in which the study of parasite load could be performed was a limitation
for a conclusion on this point. We also studied if higher PCR positivity
was associated with the 12 cases that progressed to a worse outcome in
one-year follow up (Table 3) but did not find any association: in the Pla
group, 4 out of 8 cases were PCR negative, 3 were positive and 1 was
missing; in the Se group, 2 out of 4 cases were positive, 1 was negative
and another was missing. In the case of B1 patients that remained in
this stage during follow up (Table 3), the percentage of positive PCR
after 1 year was 7 out of 23 cases (30%) for the Pla group and 9 out of 28
cases (32%) for the Se group.

Selenium levels: The mean plasma Se levels measured by ICP�MS
were similar between the two groups at baseline (mean of 96.6 and
94.2 mcg/L respectively for Se and Pla), indicating that the estimated dif-
ference in Se ingestion (Table 1) was not relevant. No difficulty was
reported by the participants concerning the ingestion of Pla or Se capsu-
les. Se plasma levels vary in CD patients [12] and recent literature allo-
cate blood circulating Se in three ranges: inadequate low (< 64 mcg/L),
sufficient (>64 and <100) and ideal (>100) Se levels. Since low plasma
Se levels are known to be inadequate for the function of selenoenzymes
[13,14,18,19] we stratified the patients in ranges of Se levels (Fig. 4) and
found that: (i) at the beginning of the clinical trial most of the patients
were in the sufficient or ideal range of Se status (not Se deficient); (ii)
the frequency distribution of Se range curve differed after treatment
(Fig. 4) but a large area of overlapping remained, indicating that the
dose chosen for the trial might have been lower than necessary. A clear
shift to the right was detected in the frequency curve of Se- group
(Fig. 4, solid thick line), contrasting with a sinus-like normal distribution
on the three other conditions (Fig. 4). Abnormal low (< 65 mcg/L) was
detected in 10 out of 66 patients at baseline; (iii) comparing the samples
of the Se group before and after treatment we observed an increase in
the number of patients in the “ideal” range with a concomitant decrease
in the number of patients in the “sufficient” range (Fig. 4); (iv) the
absence of significant differences in Se status estimated through diet in
the Se or the Pla groups (data not shown) confirmed that regular
patient�s diet did not influence trial follow-up. An unexpected finding
was that serum Se levels were not significantly different between stud-
ied groups after one-year treatment (p = 0.97), even when participants
were stratified by initial LVEF �45% (p = 0.60) or > 45% (p = 0.27). The
same was found when nutritionally estimated Se intake was compared
between the two groups during follow-up, in an overall (p = 0.14) or a
stratified analysis by initial LVEF <45% (p = 0.57) or > 45% (p = 0.09).
Nutritional data that were collected and analyzed were also similar
between the two groups during follow-up.

Discussion

The hypothesis of Se supplementation for improvement of CCC
has been formulated long ago [21,23], but has never been clinically
tested, although the subject has recently been revisited in the litera-
ture [26]. This is the first clinical trial of Se treatment in patients with
CD, specifically designed to detect an effect in early progression of
heart disease. We found Se treatment in CD patients was safe, as did
other Se clinical trials [35,36]. However, in STCC conditions (100 mcg
sodium selenite/day for one year, in stage B patients) the expected
primary outcome was not confirmed. A benefit of Se treatment was
observed only by subgroup analysis on CCC patients classified as
stage B2, with LVEF <45%. Considering the limitations of the small
number of B2 patients included in STCC, this result indicates the need
of a new trial specifically designed to consider Se effect in middle/
advanced CCC stages. However, as Se supplementation to CCC
patients is safe, it might be prescribed in the diet and/or as specific
formulations (at least in concentrations such as 100 mcg/day) as an
antioxidant complementary therapeutic approach in patients at the
CCC B2 stage. This is a first implication of the evidence presented
here that may add value to CD treatment, associated with the evi-
dence already shown in cardiac patients and elder people, a sociode-
mographic profile like CCC. Besides, this is the first report of a non-
specific cardiovascular or trypanocide drug with a potential benefit
on cardiac function in a subgroup of CCC patients and this result
brings a small hope for chronic CD patients who, presently, do not
know if they will evolve to severe CCC. A surrogate prognostic bio-
marker of CCC progression is still lacking. Additionally, these results
suggest that questions concerning nutritional profile and Se-rich
food in the patients� diet might be included in the propaedeutics
/anamnesis of CD cases.

In most countries Se is considered a supplement instead of a drug.
Between 2009 and 2018, Brazil adopted a definition of Se
100 mcg/day as a drug and not as a supplement, and the regulation
conditions changed twice during STCC assay. This fact introduced a
difficulty element for running the trial, contributing to its slow
recruitment rate. This dose (100 mcg/day) and Se source (sodium sel-
enite) were chosen due to its known benefits to Keshan cardiopathy
prevention, to a reduction on ECG changes in patients nourished by
the parenteral route and to reduce reinfarction and cardiac death due
to acute myocardial infarction [23]. This same dose was used in the
Danish clinical trial called SELGEN study[35] and in a recently pub-
lished trial on pregnant women [36]. Was 100 mcg/day of inorganic
selenium adequate for the expected anti-oxidant effect? The slight
difference in the curves of plasma Se frequency in patients from the
two groups (Fig. 4) apparently indicates that Se administration in
STCC was not sufficient to sustain high plasma levels. Moreover, in
the Se group there was a higher percentage of participants with a
lower dietary Se intake, and possibly consuming more rapidly the Se
provided by treatment capsules. Studies with long-term Se supply
[35,37] showed that best results were obtained using 200 mcg/day of
organic selenium, mainly when associated with coQ10 [15,16,37].

A promising association of drugs on hand to treat CD is anti-oxi-
dants plus benznidazol, the most used trypanocide drug in Brazil
[38]. Previous work showed that administration of Bz (5 mg / kg /
day; 2 months) in chronic CD patients followed by antioxidant ther-
apy (Vitamins E and C; 6 months) helped the recovery of blood oxida-
tive stress caused by Bz [38]. In STCC, Bz was not prescribed, and only
three participants had a previous story of Bz treatment, many years
before the trial.

From all laboratory parameters studied in the present work, nei-
ther PCR nor plasma Se levels were considered for inclusion of
patients in the trial. However, we followed both biomarkers to inter-
pret the results. At baseline, the PCR positivity (Pla=32% and Se=46%)
and parasite load observed agreed with recent studies with chronic
patients from Brazil [29,38,39]. Patients in the Se group did not signif-
icantly change the parasite load, although a slight decrease in the PCR
positivity and T. cruzi DNA levels in blood was observed, in contrast to
an increase detected in the Pla group. The small number of samples in
which parasite load could be studied was a limiting factor for any
conclusion. Though, two points need to be discussed: (a) the fre-
quency of 30�40% positivity discourages using T. cruzi PCR as a
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baseline biomarker in clinical trials of chronic patients except when
the drug tested has a clear trypanocide effect; in the present study
ECG and ECHO variables were the best indicators of CCC progression;
(b) T. cruzi PCR would certainly be helpful in future assays combining
Se and trypanocide drugs. Selenium does not present a direct trypa-
nocide effect [40] and the benefits for B2 patients observed in this
present trial could not be attributed to changes in parasite load or
proliferation in chronic patients. However, this hypothesis still
should be explored in a study with a higher number of patients per
group.

Improvement in the quality of life after treatment with Se was
reported in the Swedish studies [17]. Our original protocol included QoL
data at one year follow up as a secondary outcome [24]. However, as
the focus of the present study was to examine the influence of Selenium
supplementation on clinical outcomes, including cardiac function (eval-
uated by LVEF) and adverse effects, QoL data was beyond this scope in
the updated protocol [25] and will be more appropriately explored
(including overall and QoL domains) in future studies.

We still don�t have a clear picture of the multiple pathophysiology
mechanisms of CCC progression, as well as the possible roles of Se in
this complex scenario. Presently, results from STCC open more ques-
tions than bring answers: (1) Would Se-treated CCC patients benefit
from concurrent Bz administration? (2) Could basal Se status be a bio-
marker for CCC progression [41]? Plasma Se levels below 70mcg/L turns
more vulnerable patients that confront cardiovascular pathologies
[14,18]. (3) High-quality maps of soil and plasma selenium levels are
available in Europe, North America, and Asia, but data for Latin America
is lacking. Geographic differences in Se in Latin America regions may be
associated with CD progression? (4) Would hard CCC outcomes such as
cardiovascular mortality be impacted by Se treatment as shown in other
studies [15,16,37] ? (5) What are the most relevant selenoproteins in
CCC progression [19] and would genetic polymorphism [42] be impli-
cated in the different clinical evolution of CCC patients?

STCC was designed in 2005, when pre-clinical data fostered the
proof-of-concept [24,25]. This led to four important choices of the
trial: (i) the Se dose, (ii) the exclusion criteria for CD patients in inde-
terminate clinical form, the A stage of CCC and the severe CCC stages
C and D, (iii) the option for do not use a hard outcome as cardiovascu-
lar mortality and (iv) the choice of LVEF values as the primary out-
come. New studies are needed to address questions concerning other
CD stages and outcomes, and the administration of Se associated
with coQ10. Clinical trials using Se started in the 70s [43] and a search
in clinical trials platform (clinicaltrials.gov; access: 2021/03/13)
retrieved 329 studies with Se, 71 with CD but STCC is the single
addressing Se in CD patients.

The severity of CCC progression was clearly observed in the placebo
group: in just one year, seven patients out of 33 (21%) on the Pla group
progressed to stages B2 and C. Notwithstanding this severity, one year
is not sufficient time for a large natural progression: a high number of
patients remained in the starting CCC stage. However, only in the Se-
treated group we observed individual trajectories of improvement in
LVEF. This finding, as well as the borderline difference between the
two groups in CCC stage progression converge to the idea that a higher
Se dose and a longer period of follow-up could clarify this effect. Four
Se treated patients that improved LVEF, showed an increase in �10
percentual points between final and initial LVEF. The twomajor limita-
tions of this study, the short time of one-year follow-up and the small
number of patients with LVEF <45% in the baseline do not allow any
further conclusion and reinforce the need for more studies to clarify
those questions. A recent review further highlighted the role of sele-
nium in cell survival and its correlation with protective effects against
cardiovascular disease [44].

Another limitation of STCC was the excessive time required to
start the study (2005 to 2014). During this time, many new knowl-
edge and interesting results added concepts that could not be
included in the trial design, such as (i) the organic Se as best for
cardiovascular effects [18,35], (ii) the better performance of Se in tri-
als when coenzyme Q10 is synergistically administered as the active
substance [37] and (iii) genetic and epigenetic polymorphisms that
could interfere with Se intake and expression of selenoproteins [44].
Self-reported information of nutritional consumption, including die-
tary Selenium intake, should also acknowledged as a limitation and
we cannot exclude the possibility of other factors that we did not
control could influence the results obtained so far.

In conclusion, this study demonstrated that 100 mcg/day of Se
treatment for one year in patients with early CCC was safe and
showed a potential beneficial effect in the subset of patients that had
already attained stage B2. This new pharmaceutical/ nutritional
approach deserves further studies to clarify its potential use as an
adjuvant therapy in CCC, specially designed using a larger number of
patients, coming from different geographic regions.
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