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A B S T R A C T

Background: Angiotensin receptor blockers (ARBs), such as telmisartan, have been postulated to treat Covid-
19-induced lung inflammation.
Methods: This is a parallel-group, randomized, two-arm, open-label, adaptive, multicenter superiority trial
with 1:1 allocation ratio. Participants included patients from 18 years of age hospitalized with Covid-19 with
4 or fewer days since symptom onset enrolled at a university and a community hospital in Buenos Aires,
Argentina. Exclusion criteria included prior intensive care unit (ICU) admission and use of ARBs/angiotensin
converting enzyme inhibitors at randomization. Control arm received standard care alone and treatment
arm telmisartan 80 mg twice daily for 14 days. Primary outcomes were C-reactive protein (CRP) plasma lev-
els at day 5 and 8 after randomization. Secondary outcomes included time to discharge within 15 days,
admission to ICU and death at 15- and 30-days. NCT04355936 (Completed).
Findings: A pragmatic decision to end the study before the third interim analysis was made on Oct. 30th due
to sharp reduction in recruitment. A total of 162 patients were randomized. 158 patients enrolled between
May 14 and October 30 2020, were included in the analysis, 80 in the standard care and 78 in the telmisartan
added to standard care group. Baseline absolute CRP serum levels were 5.53 § 6.19 mg/dL (95% CI 6.91 to
4.15, n = 80) and 9.04 § 7.69 (95% CI 9.04 to 10.82, n = 74) in the standard care and telmisartan added to stan-
dard care groups, respectively. Day 5 control-group CRP levels were 6.06 § 6.95 mg/dL (95% CI 7.79�4.35,
n = 66) while telmisartan group were 3.83 § 5.08 mg/dL (95% CI 5.08�2.59, n = 66, p = 0.038). Day 8 CRP lev-
els were 6.30 § 8.19 mg/dL (95% CI 8.79�3.81, n = 44) and 2.37 § 3.47 mg/dL (95% CI 3.44�1.30, n = 43,
p = 0.0098) in the control and telmisartan groups, respectively (all values expressed as mean § SD). Kaplan-
Meier analysis showed that telmisartan-treated patients had a lower median time-to-discharge (control=15
days; telmisartan=9 days). Death by day 30 was reduced in the telmisartan-treated group (control 22.54%,
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16/71; telmisartan 4.29%, 3/70 participants; p = 0.0023). Composite ICU, mechanical ventilation or death was
reduced by telmisartan treatment at days 15 and 30. No adverse events were reported.
Interpretation: Our study suggests that the ARB telmisartan, a widely used antihypertensive drug, is safe and
could reduce morbidity and mortality in hospitalized patients infected with SARS -CoV-2 by anti-inflamma-
tory effects. Further studies employing telmisartan are needed for confirmation of our results and to define
its true therapeutic value as a tool against Covid-19.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

The SARS-CoV-2 virus enters the airway and binds the host cell
(alveolar type 2) through the interaction of the structural protein S
(Spike) with the protein-membrane ACE2 (angiotensin-converting
enzyme 2) [1]. The virus-ACE2 complex is internalized by endocytosis
effectively sequestering (apparent down-regulation) ACE2 which in
turn loses its function catalyzing the degradation of angiotensin ll to
angiotensin 1�7. Angiotensin II acting on AT1 receptors causes vaso-
constriction, apoptosis, proinflammatory effects, and fibrosis [2,3].
Angiotensin 1�7 acting on Mas receptors causes opposite effects: it
mediates vasodilation and anti-inflammatory actions [4]. Coronavirus
disease 2019 (Covid-19), the disease caused by SARS-CoV-2, is associ-
ated with respiratory-related morbidity and mortality, as well as ele-
vation of systemic inflammatory biochemical markers [5]. Among
them, one of the most relevant is C-reactive protein (CRP) whose
serum levels can be used as an independent factor to predict the dis-
ease severity and progression [6,7].

Elevation of angiotensin II in other tissues seems to play a role in
promoting inflammation and tissue injury (atherosclerosis, myocar-
ditis, renal injury, etc.) [2]. The hypothesis of the involvement of the
renin angiotensin system in the inflammatory process triggered by
the entry of SARS-CoV-2 into the tissues (lung in first place) considers
that the down regulation of ACE2 causes an imbalance which results
in an elevation of tissue concentrations of angiotensin II (pro-inflam-
matory) and a concomitant reduction in angiotensin 1�7 (anti-
inflammatory) [8�10]. This imbalance could induce the development
of AT1 receptor-dependent processes, leading to the release of proin-
flammatory cytokines [6,11], triggering a cascade leading, in severe
cases, to Acute Respiratory Distress Syndrome (ARDS) [12].

Among these, IL-6 is particularly relevant since its plasma levels
are directly related to the severity of Covid-19 and also induces the
CRP gene increasing its production [6,13]. In Covid-19 patients, Liu
et al. demonstrated that plasma angiotensin II levels were positively
correlated with viral load and lung injury [6]. In line with these
results, in Covid-19 patients, Villard et al. showed that plasma levels
of aldosterone and CRP at admission were significantly higher in
patients with a severe clinical course than those with a mild or mod-
erate clinical course [14]. Considering that aldosterone is synthesized
in the adrenal cortex in response to angiotensin II through the stimu-
lation of AT1 receptors, these results strongly suggest that they corre-
spond to an increase in plasma levels of angiotensin II.

Angiotensin receptor blockers (ARBs), a well-known anti-hyper-
tensive drug group that blocks the AT1 receptor, have been postu-
lated as tentative pharmacological agents to treat Covid-19-induced
lung inflammation [8]. Data from retrospective studies from Covid-
19 patients have provided some evidence to support that hypothesis
[15�20]. However, no conclusive data from a prospective random-
ized trial on the use of ARBs on Covid-19 patients are available. A
pharmacological analysis conducted by Rothlin et al. [21,22] sug-
gested telmisartan as the best candidate to study. Therefore, this
study aims to assess whether telmisartan 80 mg twice daily would be
effective in reducing lung inflammation and CRP levels at 5 and
8 days of treatment in Covid-19 hospitalized patients.

2. Methods

2.1. Ethics

The study protocol and its modifications were approved by the
ethics committee of Hospital de Clínicas “Jos�e de San Martín”,
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Facultad de Medicina, Universidad de Buenos Aires (Argentina) and
by the Institutional Review Board at Hospital Espa~nol de Buenos Aires
(Argentina).

2.2. Study design

We conducted a two-arm, multicenter, randomized, open-label,
adaptive, controlled trial at two academic hospitals in Ciudad
Aut�onoma de Buenos Aires, Argentina: Hospital de Clínicas “Jos�e de
San Martín” or site 1 (HCJSM, University of Buenos Aires main hospi-
tal) and Hospital Espa~nol de Buenos Aires or site 2 (HEBA, a commu-
nity hospital). Placebo was not used due to logistical limitations in its
provision. The ethics committee approved the protocol at HCJSM and
the institutional review board at HEBA. The trial was funded by the
participating hospitals. Laboratorio Elea Phoenix S.A. donated and
supplied the trial drugs, provided funding for publication and pro-
vided administrative support for registration of this trial at www.Clin
icalTrials.gov. The authors vouch for the completeness and accuracy
of the data and the fidelity of the trial to the protocol. Trial protocol
can be found as Supplementary File.

2.3. Participants

All the patients provided written informed consent before ran-
domization. The trial included participants who were 18 years of age
or older and who had been hospitalized with PCR-confirmed Covid-
19 infection with 4 or fewer days elapsed since symptom onset.
Exclusion criteria were: admission to Intensive Care Unit (ICU) prior
to randomization, illness symptoms beginning more than 4 days
before randomization, pregnancy, breast feeding, major hypersensi-
bility to ARBs (e.g., anaphylaxis or angioedema), systolic blood pres-
sure < 100 mmHg, serum potassium greater than 5.5 mEq/L, AST
and/or ALT > 3 times the upper limit of normal, serum creatinine
higher than 3 mg/dL, treatment with angiotensin-converting enzyme
inhibitor (ACEi) or ARB at admission. Patients already receiving ACEi
or ARB were excluded from the study as per protocol. Calcium chan-
nel blockers, beta blockers and/or diuretics were continued and no
adjustment was made to these drugs.

2.4. Randomization and intervention

Patients were randomly assigned in a 1:1 ratio to receive standard
care (control group) or standard care plus telmisartan 80 mg twice
daily for 14 days or until discharge. Simple randomization was per-
formed using the GraphPad QuickCalcs Web site by a statistician
with no contact with patient care (MVS). LNN and MD accessed the
randomization sequence and assigned participants to interventions
immediately after independent enrollment by RG, MCR, FW, AA and
JC. Patients who received plasma from convalescent patients were
censored from the date of plasma administration onwards.

2.5. Outcomes

Reductions of C reactive protein levels at days 5 and 8 were cho-
sen as the primary outcome. Secondary outcomes included admission
to ICU within 15 and 30 days from randomization, occurrence of
mechanical ventilation (MV) within 15 and 30 days from randomiza-
tion, death within 15 and 30 days from randomization, composite
occurrence of admission to ICU, MV or death within 15 and 30 days
from randomization, proportion of patients not requiring supplemen-
tal oxygen at day 15, time from randomization to discharge up to day
15 from randomization, and significative differences in serum lactate
dehydrogenase levels at day 5 and 8. All the trial outcomes were
assessed by the site investigators, who were aware of the trial-group
assignments. Database construction was carried out by FP and MVS.
Curation was carried out by RR
2.6. Sample size calculation and protocol changes

For sample size calculations, we used our main outcome level as
reference (CRP), and a repeated measures model. Calculations were
done using the GLIMMPSE (General Linear Mixed Model Power and
Sample Size) software [23], freely available at https://glimmpse.sam
plesizeshop.org/. We determined a 0.80 power and a type I error rate
of 0.05, and chose the Hotelling Lawley Trace test. We assumed an
initial CRP level of 6 mg/dL in both groups, with an elevation on day 5
in the control group (up to 7.2 mg/dL, 20% more) and a reduction in
the telmisartan group to 3.6 mg/dL (40% less). We then assumed that
the mean value decreased at day 8 in both groups. Initial standard
deviation was set to 3.3 mg/dL. Accounting for variability on these
assumptions, we used a scale factor of 0.5 for the mean and 2 for the
standard deviation. Although CRP serum levels can be used as an
independent factor to predict disease severity and progression [6,7],
this level of reduction in CRP was a target difference. We obtained a
total population sample of 390 participants (195 in each group),
which we roughly approximated to 400 (200 in each group). No
allowance was made to adjust sample size based on interim analysis.

Changes in protocol are shown in Table S1. The initial design
included CRP level comparison at day 8 and 15. However, given the
clinical evolution of the study population (i.e., median time to dis-
charge in the control group) and the dynamics of CRP in Covid-19
patients, measurements were made at day 5 and day 8 to provide a
more complete dataset since many patients would be discharged by
day 15. Therefore, endpoints were reestablished at day 5 and 8. The
composite occurrence of admission to ICU, MV or death between ran-
domization and 15 and 30 days, proportion of patients not requiring
supplemental oxygen at day 15 and time to discharge from randomi-
zation at 15 days were also added as secondary outcomes at that
point.

2.7. Statistical analysis

This is a two-arm, open label, randomized trial testing a superior-
ity hypothesis with a two-sided type I error rate of 0.05. Descriptive
analysis was performed using the appropriate summary statistics
(e.g., proportions for categorical data, means with 95% confidence
intervals for continuous data, median for time-to-event data). Com-
parison of CRP and lactate dehydrogenase (LDH) levels at day 1, 5
and 8 were analyzed by fitting a mixed model.

Mean changes from baseline were analyzed using a restricted
maximum likelihood (REML)�based repeated measures with an
alpha of 0.05. Sphericity was not assumed and the Geisser-Green-
house correction was used. Analyses included the fixed, categorical
effects of treatment, elapsed time of treatment and treatment-by-
time interaction [24]. Multiple comparisons were carried out
between CRP values at different treatment times and P-values cor-
rected using statistical hypothesis testing using the Holm-Sidak's
multiple comparisons test [25]. No allowance for dropout was made.
Analysis of time to discharge was done calculating proportions using
the Kaplan�Meier method, and the resulting curves were compared
by a log-rank test. Differences in proportions (ICU, MV, death, need
for oxygen supplementation at day 15) were compared by Fisher’s
exact test. Using multivariate logistic regression models, we assessed
the association between 30-day mortality and age, gender, initial
CRP, treatment arm, requirement of O2 at randomization, and pres-
ence of comorbidities (defined by the sum of one point per presence
of hypertension, coronary heart disease, obesity, diabetes or chronic
obstructive pulmonary disease [COPD]). In adjusted models, each
independent variable was adjusted for all the others. Analyses were
performed using GraphPad Prism version 8.4.3 (686) for Windows.

A first interim analysis was conducted on July 31st 2020 with 82
patients. A second interim analysis was conducted at recruitment of
140 patients on September 12th 2020. A third interim analysis was
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planned after accrual of 200 patients. Early stopping due to efficacy
was defined as achieving significant differences between groups in
our main outcome. To control across repeated analyses for Type I
error, set at 0.05, critical values for interim testing were defined
based on O'Brien-Fleming’s boundaries. Interim analysis was carried
out by FP and reviewed by RPR and MVS. None of these members
took part in on site activities such as data gathering, enrollment and
treatment. No data specific to data were discussed on how to manage
the trial, manage individual study patients, or make study assess-
ments was shared with onsite investigators. After the second interim
analysis, a pragmatic decision was made by RPR, MD, FP and LNN to
stop the trial at 162 patients (Oct 30th, 2020) due to a sharp decrease
in patient recruitment.

Role of the funding source: The School of Medicine, University of
Buenos Aires, provided material support through permission to use
Hospital de Clínicas facilities to carry out the trial. Also, all biochemi-
cal assays at Hospital de Clínicas were carried out at its Central Labo-
ratory Facility. Hospital Espa~nol de Buenos Aires provided material
support through permission to use its facilities to carry out the trial.
All biochemical assays at this site were carried out at the Central
Fig. 1. Trial
Laboratory Facility at Hospital Espa~nol. Laboratorios Elea Phoenix
provided the telmisartan tablets used for the study, provided finan-
cial support for publishing fees, and assisted in submitting the regis-
tration of this trial to www.ClinicalTrials.com.

The sponsors had no role in the design of this study neither had
access to the data nor any role during its execution, analyses, inter-
pretation of the data, or decision to submit results. FP, MVS and RPR
had access to the dataset. Decision to submit for publication was
made by RPR, FP, MD and LNN.

3. Results

3.1. Characteristics of the participants

We recruited 162 participants with confirmed Covid-19. The
numbers of enrolled patients were 107 and 55 at site 1 and site 2,
respectively. A total of 80 patients were randomly assigned to receive
telmisartan and 82 patients to receive standard care (control group)
(Fig. 1). Four patients were excluded after randomization (3 patients
met exclusion criteria and 1 patient did not receive the treatment).
profile.

http://www.ClinicalTrials.com


Table 1
Demographic and clinical characteristics at baseline. COPD, Chronic Obstructive Pul-
monary Disease; CRP, C-reactive protein; LDH, lactate dehydrogenase. ESR, Erythro-
cyte Sedimentation Rate; LMWH, low molecular weight heparin.

Characteristic Standard care Telmisartan added to
standard care

Age -yr 66.9 § 17.2 [n = 80] 63.7 § 17.0 [n = 78]
Female � no (%) 45 (56.3) [n = 80] 29 (37.2) [n = 78]
Coexisting conditions
� no (%)

Hypertension 35 (43.8) [n = 80] 35 (44.9) [n = 78]
Beta blockers 19 (23.8) [n = 80] 16 (20.5) [n = 78]
Calcium channel blockers 12 (15.0) [n = 80] 12 (15.4) [n = 78]
Diuretics 6 (7.5) [n = 80] 6 (7.7) [n = 78]
COPD 10 (12.5) [n = 80] 8 (10.3) [n = 78]
Diabetes 14 (17.5) [n = 80] 16 (20.5) [n = 78]
Oral hypoglycemics 8 (10.0 [n = 80] 6 (7.7) [n = 78]
Insulin 12 (15.0) [n = 80] 13 (16.7) [n = 78]
Obesity 8 (10.0) [n = 80] 16 (20.5) [n = 78]
Dyslipemia 12 (15.0) [n = 80] 14 (18.0) [n = 78]
Stroke 4 (5.0) [n = 80] 7 (9.0) [n = 78]
Asthma 3 (3.8) [n = 80] 2 (2.6) [n = 78]
Chronic kidney disease 0 (0) [n = 80] 5 (6.4) [n = 78]
Clinical characteristics
at admission

Required supplementary
O2 - no (%)

51 (66.2) [n = 77] 55 (70.5) [n = 78]

Respiratory rate (bpm)
mean § SD

19.7 § 3.1[n = 36] 19.4.5 § 2.0 [n = 40]

CRP (mg/dL)
median (Q1 to Q3)

3.59 (1.27 to 6.23)
[n = 80]

6.53 (3.38 to 12.11
[n = 74]

Lymphocyte count (103/
mL)
median (Q1 to Q3)

1.09 (0.79 to 1.49)
[n = 76]

1.04 (0.74 to 1.54)
[n = 71]

Platelet count (103/mL)
median (Q1 to Q3)

214 (177 to 264) [n = 78] 199 (140 to 297) [n = 71]

Neutrophil to lympho-
cyte ratio median (Q1
to Q3)

2.91 (1.92 to 7.12)
[n = 76]

3.40 (2.29 to 8.07)
[n = 71]

LDH (UI/L)
median (Q1 to Q3)

483.5 (375.5 to 565.0)
[n = 72]

513 (420 to 684) [n = 64]

ESR (mm/h)
median (Q1 to Q3)

40.0 (27.5�66.0) [n = 76] 48.0 § (27.0 to 84.0)
[70]

D-Dimer (mg/mL)
median (Q1 to Q3)

0.97 (0.55 to 2.19)
[n = 42]

0.79 (0.45 to 1.50)
[n = 37]

Ferritin (ng/mL)
median (Q1 to Q3)

505.0 (227.0 to 1247.0)
[n = 38]

775 (449.9 to 1479.5)
[n = 36]

Standard care- no (%)
Dexamethasone 41 (51.3) 39 (50.0) [n = 78]
LMWH 60 (75.0) 56 (71.8) [n = 78]
Antibiotic therapy 51 (63.8) 55 (70.5) [n = 78]
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The first patient underwent randomization on May 14, 2020. No
patients were enrolled after October 30th because of a sharp reduc-
tion in cases in Ciudad Aut�onoma de Buenos Aires, Argentina; Follow
up finished on November 30th. At this stage, a pragmatic decision to
end the study was made. The demographic and clinical characteris-
tics of participants are depicted in Table 1. Results from first interim
analysis were previously presented as a preliminary report [26]. A
brief description of preliminary results can be found in the Supple-
mentary Appendix.
Table 2
Serum CRP levels in patients treated with telmisartan plus standard care and standard care

Standard care

mean (mg/dL) SD 95% CI n mean (mg/dL) SD 95% CI

day 5 6.06 6.95 7.79 to 4.35 66 3.83 5.08 5.08 to

day 8 6.30 8.19 8.79 to 3.81 44 2.37 3.47 3.44 to
3.2. Primary outcomes

Baseline absolute CRP serum levels were 5.53 § 6.19 mg/dL (95%
CI 6.91 to 4.15, n = 80) and 9.04 § 7.69 (95% CI 9.04 to 10.82, n = 74)
in the standard care and telmisartan added to standard care groups,
respectively (all values are expressed as mean § SD). At day 5,
patients in the telmisartan added to standard care group had a lower
absolute CRP serum level than patients in the standard care group
(standard care 6.06 § 6.95 mg/dL, 95% CI 7.79 to 4.35, n = 66; telmi-
sartan added to standard care 3.83 § 5.08 mg/dL, 95% CI 5.08 to 2.59,
n = 66, p = 0.038, Table 2 and Fig. S1a). Also, CRP serum levels were
lower at day 8 in patients treated with telmisartan than those in the
standard care group (control: 6.30 § 8.19 mg/dL, 95% CI 8.79 to 3.81,
n = 44; telmisartan: 2.37 § 3.47 mg/dL, 95% CI 3.44 to 1.30, n = 43,
p = 0.0098, Table 2 and Fig. S1a). Consistently, serum levels of day 5
and 8 expressed as percentage of day 0 are shown in Fig. S1b (day 5:
standard care CRP 5.5 § 122.2%, 95% CI 35.73 to �24.82, n = 66; telmi-
sartan added to standard care �57.6 § 56.2%, 95% CI �43.83 to
�71.46, n = 66; day 8: standard care CRP 13.9 § 148.2%, 95% CI 58.96
to �31.14, n = 44; telmisartan added to standard care CRP
�73.82 § 38.41%, 95% CI �62.00 to �85.64, n = 43, Fig. S1b). Effects of
telmisartan on CRP levels of patients treated with and without dexa-
methasone are shown in Table S3.

3.3. Secondary outcomes

Results from 158 participants analyzed (78 assigned to telmisar-
tan and 80 assigned to standard care) indicated that those who
received telmisartan had a median discharge time of 9 days, as com-
pared with 15 days in those who received standard care (log-rank
(Mantel-Cox) p < 0.0001), the hazard ratio (log-rank) for discharge
telmisartan/control 2.193 (95% CI, 1.46 to 3.31) (Fig. 2, Table 3).
Effects of telmisartan on discharge probability of patients treated
with and without dexamethasone are shown in Fig. S2. The propor-
tion of inpatients not needing supplementary O2 at day 15 was higher
in the telmisartan group (4 out of 6) than in control patients (1 out of
17; relative risk 2.82, 95% CI 1.309 to 9.765; p = 0.0078) (Table 3).

Occurrence of death by day 30 after randomization was reduced
in the telmisartan-treated group (control 22.54%, 16 out of 71 partici-
pants; telmisartan 4.29%, 3 out of 70 participants; relative risk 5.26,
95% CI 1.741 to 16.42; p = 0.0023). Also, composite occurrence of ICU
admission, MV or death was reduced by telmisartan treatment at day
15 (p = 0.025) and day 30 (p = 0.0058) after randomization (Table 4).
No differences were observed in absolute and DLDH levels at days 5
or 8 between telmisartan and control groups (Fig. S3).

No differences were observed in blood pressure, serum potassium,
serum creatinine or blood urea nitrogen between telmisartan and
control groups at day 5 nor day 8 (Tables 5, S4, S5 and S6). Hemato-
logical indices and additional biomarkers at day 5 and day 8 are
shown in the Supplementary Appendix (Fig. S4 and Table S7).

3.4. Multivariate analysis

An exploratory unadjusted and adjusted logistic regression mod-
els assessed the association of age, gender, initial CRP, control arm,
alone at day 5 and day 8 after randomization. Data expressed as mg/dL.

Telmisartan added to standard care

n means difference (mg/dL) Standard error of difference P-value

2.59 66 2.23 1.06 0.038

1.30 43 3.93 1.34 0.0098
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Fig. 2. Probability of discharge up to day 15 after randomization in standard care (black) and telmisartan added to standard care treated participants (red). Vertical lines indicate
censored points. Discharge curve and table were generated by the Kaplan�Meier method (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.).

Table 3
Clinical evolution at 15 days.

control telmisartan

No. of hospital discharges by day 15 (%) 37
(46.3)

57
(73.1)

Median time to discharge (days) 15 9
Hazard ratio - discharge telmisartan/control (95% CI) 2.193 (1.455 to 3.307)
Proportion of hospitalized patients not needing sup-
plementary O2 at day 15

1/17 4/6*

* p = 0.0078.
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number of major comorbidities and requirement of O2 at admission
with the 30-days mortality outcome (Table 6). In these models miss-
ing data for specific variables reduced the sample size for each model
by 7 (final n = 137). Participants were more likely to have died in the
30 days after admission if they were on the control arm (OR= 7.449;
95% CI 2.197 to 34.96).
Table 4
Death, intensive care unit (ICU) admission and mechanical venti
dard care at 15 and 30 days after randomization.

No of event

standard care tel

death by day 15 10/71 (14.08) 3/7
death by day 30 16/71 (22.54) 3/7
ICU admission by day 15 15/80 (18.75) 6/7
ICU admission by day 30 15/80 (18.75) 6/7
MV by day 15 4/80 (5.00) 4/7
MV by day 30 4/80 (5.00) 4/7
death, ICU admission or MV by day 15 21/80 (26.25) 9/7
death, ICU admission or MV by day 30 24/80 (30.00) 9/7
4. Discussion

This randomized, two-arm, open, multicenter clinical trial sug-
gested that an ARB therapy might be effective in treating Covid-19.
Patients in the telmisartan group (80 mg twice daily) had a lower
absolute CRP serum level than patients in the control group at both
days 5 and 8 (primary outcome). Considering that baseline CRP was
higher in telmisartan arm, treatment with the AT-1 receptor antago-
nist resulted in an inversion of CRP at days 5 and 8. In the present
study, the differences observed in CRP plasma levels between telmi-
sartan and control groups suggest an anti-inflammatory effect of the
ARB. This effect may have been clinically relevant considering that
patients with high CRP levels are more likely to have severe compli-
cations [27]. In line with this hypothesis, patients who received tel-
misartan added to standard care had a median discharge time of
9 days, compared with 15 days in those who received only standard
care. Also, the proportion of inpatients not needing supplementary
O2 at day 15 was higher in the telmisartan group than in the control
lation (MV) in standard care and telmisartan added to stan-

s/participants at risk (%)

misartan added to standard care Relative risk (95% CI)

0 (4.29) 0.30 (0.09 to 0.97)
0 (4.29) 0.19 (0.06 to 0.57)
8 (7.69) 0.41 (0.17 to 0.97)
8 (7.69) 0.41 (0.17 to 0.97)
8 (5.13) 1.03 (0.29 to 3.63)
8 (5.13) 1.03 (0.29 to 3.63)
8 (11.54) 0.44 (0.22 to 0.88)
8 (11.54) 0.38 (0.19 to 0.75)



Table 5
Blood pressure measured in mmHg of enrolled patients at baseline, day 5 and day 8 after randomization by treatment group.

Blood pressure

Baseline Day 5 Day 8

Systolic
Mean § SD (n)

Diastolic
Mean § SD (n)

Systolic
Mean § SD (n)

Diastolic
Mean § SD (n)

Systolic
Mean § SD (n)

Diastolic
Mean § SD (n)

Standard care 120.0 § 14.5 (73) 70.5 § 8.1 (73) 118.7 § 10.8 (67) 70.1 § 7.2 (67) 116.8 § 13.7 (48) 69.7 § 8.9 (48)
Telmisartan added to standard care 122.2 § 11.32 (74) 72.4 § 9.1 (74) 118.7 § 12.0 (69) 69.6 § 7.1 (69) 115.9 § 13.4 (49) 69.4 § 8.6 (49)
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group. More importantly, mortality at day 30 after randomization
was reduced in the telmisartan-treated group.

To evaluate the involvement of RAS in systemic inflammation and
clinical evolution of hospitalized Covid-19 patients, this protocol was
designed using telmisartan, an AT1 receptor blocker [21,22]. The
comparative analysis of the pharmacokinetic and pharmacodynamic
properties between ARBs clearly distinguishes telmisartan as the best
pharmacological tool to obtain a marked and permanent blocking
effect of AT1 receptors, depending on the daily dose administered
[22]. Telmisartan, which is well absorbed after oral administration, is
the ARB with the longest plasma half-life (24 h) among its congeners
(losartan 2 h, valsartan 6 h, candesartan 6 h, irbesartan 11�15 h and
olmesartan 13 h) [28], promoting a concentration in the effector tis-
sues with less variability between the intervals of each administra-
tion; it reaches the highest tissue concentrations due to its high lipid
solubility and a high volume of distribution (500 L, markedly higher
than those obtained by the remaining ARBs); and dissociates more
slowly after binding to the AT1 receptor, causing an apparently irre-
versible block [28,29]. Furthermore, telmisartan is the only ARB that
exhibits a partial agonist activity on Peroxisome Proliferator Acti-
vated Receptor gamma (PPAR-gamma) and different researches indi-
cate that their activation has both anti-inflammatory and antifibrotic
effects in many organs [30,31].

It has been shown that plasma angiotensin II [5] and aldosterone
[14] levels are markedly elevated and are correlated with severity in
Covid-19 patients. These findings add support to the rationale of a high
dose approach for ARBs in Covid-19 (the higher the biophase concen-
tration of agonist, the higher the antagonist dose). High dose scenario
is possible because of the safety profile of this therapeutic class; ARBs
are generally well tolerated, with no known class specific adverse
events [32]. In this sense, previous studies support the use of "high"
doses of telmisartan. Stangier et al. have shown that the incidence of
adverse events was low (which were generally non-specific in nature
and mild in intensity) in normotensive patients of all ages, even at high
single doses of 160 mg i.v. or multiple doses (7 days) of 320 mg/day
given orally [33]; Aranda et al. used 80 mg twice daily in non-diabetic
hypertensive patients with nephropathies for 2 years, and observed
excellent clinical and biochemical tolerability [34], and McGill et al.,
using 160mg once daily for 8 weeks as monotherapy or in combination
with hydrochlorothiazide, registered that the therapy was safe andwell
tolerated [35]. In addition to the results presented above, the effect of
Table 6
Unadjusted and adjusted logistic regression model for death at 30 days.

Death by day 30, OR (95% CI)

Variable Unadjusted Adjusted

Age 1.039 (1.006 to 1.080) 1.033 (0.9969 to 1.077)
CPR at
randomization

1.012 (0.9436 to 1.074) 1.025 (0.9459 to 1.104)

Standard care 7.27 (2.294 to 32.31) 7.449 (2.197 to 34.96)
Male 0.7786 (0.2941 to 2.014) 1.095 (0.3748 to 3.169)
O2 requirement at
randomization

1.675 (0.6023 to 5.435) 1.983 (0.6380 to 7.093)

Sum of
comorbidities

1.184 (0.7080 to 1.928) 1.097 (0.6051 to 1.945)
telmisartan on systolic and diastolic blood pressure on days 5 and 8
(Table 5) observed in our trial are similar to those published by Fogari
et al. in hypertensive diabetic patients with microalbuminuria after 48
weeks under treatment with the association of telmisartan 160 mg/day
plus amlodipine 2.5 mg [36]. On the other hand, in this study it was
observed that the higher urinary albumin excretion rate for higher
doses of telmisartan (160 mg/day) was independent of the reduction in
systemic blood pressure (the maximum dose for this effect was 80 mg/
day). The role of inflammation in chronic kidney disease pathogenesis
and progression has been recognized since the late 1990s and microal-
buminuria is an indication of an ongoing low-level inflammatory pro-
cess. Aranda et al. [34] also observed that the decrease in proteinuria
was more pronounced with "high" (80 mg twice daily) dose of telmi-
sartan compared with "standard" (80mg once daily). These results sug-
gest that the maximal anti-inflammatory dose of telmisartan might be
superior to its maximal recommended anti-hypertensive dose (80 mg/
day), therefore providing additional support for the rationale of high
dose telmisartan in our study (160 mg/day).

Main limitations of the study are the lack of blinding and placebo,
the exclusion of ICU patients on randomization and the low number
of enrolled patients. Another limitation is the restriction to patients
with a relatively short time from symptom onset to randomization. It
is possible that the clinical efficacy of the application of an ARB may
be conditioned by the lapse between the start of the inflammatory
process induced by the SARS-CoV-2 and the moment of its adminis-
tration. Based on our hypothesis, the purpose of the protocol was to
treat Covid-19 patients in the early stage of the development of the
inflammatory process caused by the increase in tissue concentrations
of angiotensin II. Moreover, since symptom reporting is highly sub-
jective, we cannot rule out that some patients might have had a mar-
ginally longer disease course at randomization. However, we believe
there are no differences between arms in this aspect. Further studies
are needed to ascertain whether telmisartan effects are limited to
this time window or if its use could be expanded to patients with lon-
ger disease course.

Also, patients randomized to telmisartan were more likely to be
men and had higher CRP at baseline. These unbalances may have
tempered the observed effect of telmisartan, since male sex has been
identified as a risk factor for death and ICU admission [37]. Lastly, no
prevision was made to account for potential operational bias intro-
duced by a team familiar with the trajectory of the results after the
first interim analysis. Therefore, further studies employing telmisar-
tan are needed for confirmation of our results and to define its true
therapeutic value as a tool in Covid-19.

In synthesis, the present results support the involvement of the
RAS in the inflammatory process observed in hospitalized Covid-19
patients and suggests that the ARB telmisartan, a well-known inex-
pensive safe antihypertensive drug, administered in high doses, could
reduce morbidity and mortality in hospitalized patients infected with
SARS -CoV-2.

5. Data sharing

Data of individual participants that underlie the results reported
in this article, after deidentification (text, tables, figures, and
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appendices) will be made available upon publication for 5 years at a
third-party website (DOI: 10.5281/zenodo.3970223)
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