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SUMMARY
Information regarding predictors of a worse COVID-19
prognosis in the South American population is scarce.
We aimed to determine whether the blockade of the renin-angiotensin system is associated with a worse clinical course of COVID-19, and to evaluate what clinical
variables are associated with COVID severity in our
population. We included adult subjects with rtPCR-confirmed COVID-19. The use of renin system inhibitors was defined according to its registration in the
electronic medical record or the hospital pharmacy registry during the previous three months. Our endpoint
was a composite of death or mechanical ventilation requirement. Patients were followed up until discharge
or death. A multiple logistic regression model was used
to determine the predictors of the composite endpoint.

n INTRODUCTION

T

he outbreak of COVID-19, caused by a new beta coronavirus (SARS-CoV-2), has become an
unprecedented pandemic, with considerable morbidity and mortality, having detected to date more
than 100 million confirmed cases and more than 2
million deaths around the world so far (https://
gisanddata.maps.arcgis.com/apps/opsdashboard/
index.html#/bda7594740fd40299423467b48e9ecf6).
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In all, we included 4930 COVID+ patients, the median
age was 52 years, and 48.1% were male. The endpoint
occurred in 488 patients (9.9%). In adjusted analysis,
neither angiotensin converting enzyme inhibitors nor
angiotensin receptor blockers were associated with the
outcome. Independent predictors of mortality and/or
mechanical ventilation requirement were age, male sex,
a history of diabetes and/or chronic kidney disease,
smoking and dementia. To conclude, renin system inhibitors seem to be unrelated to COVID-19 severity,
whereas prognosis is independently associated with
age, male sex and comorbidities.
Keywords: COVID-19, renin system inhibitors, severity;
mechanical ventilation, comorbidities.

Several reports in medical literature show that certain conditions, such as older age, the presence of
cardiovascular risk factors and established cardiovascular disease are more frequent in patients infected by COVID-19 who have a worse evolution
[1-4]. However, many of these studies involve unadjusted analyses.
On the other hand, patients with the aforementioned comorbidities are often treated with blockers of the renin-angiotensin system, such as converting enzyme inhibitors (ACEI) and Angiotensin II Receptor Blockers (ARB). Interestingly,
controversy has been raised about the potential
harm or benefits of these antihypertensive drugs
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in the context of COVID-19 infection [5-8]. In fact,
SARS-CoV-2 virus uses the Angiotensin Converting Enzyme (ACE2) receptor to enter cells [9].
Some studies show that ACEI and ARB cause an
over-expression of this receptor in animal models, which could increase the susceptibility to
SARS-CoV [10, 11]. At the same time, there is also
evidence that the activation of the renin-angiotensin system and the down-regulation of ACE2
caused by SARS-CoV might be involved in the
lung injury induced by the virus [12]. Under this
second perspective, the use of ACEI/ARB, in addition to its proven benefits in patients with cardiovascular disease, could reduce lung injury
resulting from the activation of the renin-angiotensin system. Some studies, mainly in the Asian
and Anglo-Saxon populations, seem to show that
ACEI/ARB per se are not associated with a worse
evolution of COVID-19 [13-15]. Studies conducted in Latin American populations are currently
very scarce. The particular characteristics of these
populations, as well as their distinctive pharmacogenetic profile, would prevent the extrapolation of data from other cultures. The association
between the renin inhibitors and COVID severity
and the factors related to a worse evolution could
in fact be different. Therefore, we aimed to determine whether the use of ACEI/ARB is associated
with a worse clinical evolution of COVID-19 infection, in terms of mortality or requirement for
mechanical ventilation, as well as to evaluate
what other clinical variables are associated with
this worse evolution in a tertiary university hospital in the city of Buenos Aires.
n PATIENTS AND METHODS
Design and population
This was an ambispective cohort that pertains to
our COVID-19 institutional registry. We included
patients with a confirmed-COVID-19 diagnosis
with rtPCR, between March 12th and October 10th,
2020, who had a complete follow-up in our hospital. Pregnant women were excluded.
The design of the study complied with the Code of
Ethics of the World Medical Association (Declaration of Helsinki, 1964 and Declaration of Tokyo,
1975, as revised in 2008). The study protocol was
approved by the local ethics committee (Comité de
Ética de Protocolos de Investigación, #5625). The patients duly authorized the use of the information

in their medical records under the protection of
their confidentiality through informed consent.
Definition of clinical variables
As part of the COVID-19 institutional registry, a
form was filled out for each patient with a confirmed diagnosis, gathering data on age, sex, history of hypertension, diabetes, chronic kidney disease, coronary heart disease, peripheral vascular
disease, cerebrovascular disease, heart failure,
asthma, Chronic Obstructive Pulmonary Disease
(COPD), smoking habits, history of dementia and
current institutionalization in a geriatric facility.
This piece of information was collated and validated in comparison to the electronic health care
records.
The use of ACEI or ARB was defined according to
its registration in the electronic medical record at
the time of the diagnosis or the hospital pharmacy
registry during the previous three months.
The evaluated end-point was a composite of death
or mechanical ventilation requirement. Patients
were followed up until epidemiological discharge
or death.
Statistical analysis
Among the possible analytical strategies to determine the association between the use of ACEI/ARB
and other clinical variables with the evolution of
COVID-19, we opted to use logistic regression, given its greater interpretability [16]. We consider this
to be a valid option given that the pathology implies a brief follow-up, where no significant losses
are expected during it, so censored observations
should not be a problem. Unadjusted and adjusted
odds ratios (OR) with their respective 95% confidence intervals were estimated. A two-tailed p value <0.05 was considered statistically significant.
n RESULTS
In this study 4,930 COVID-19 positive patients
were included. Among them, 48.1% were male,
the median age was 52 years (interquartile range
36-70), 26.3% were hypertensive, 9% were diabetic
and 3.7% had a history of chronic kidney failure.
The baseline characteristics are showed in Table 1.
Regarding the use of ACEI/ARB, 16% of patients
(n=788) were on treatment with these drugs. In
particular, 420 patients were taking ACEI, and 368
were taking ARB. The patients who used these
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Table 1 - Baseline characteristics of the study population.
All patients

On ACEI/ARB

Not on ACEI/ARB

n=4930

n=788

n=4142

Age, years (IQR)

52 (36-70)

74 (63-86)

47 (34-63)

<0.001

Male sex, % (n)

48.1 (2372)

47.6

50.6

0.1 (ns)

Hypertension, % (n)

26.3 (1298)

83.4

15.5

<0.001

9 (442)

21.6

6.6

<0.001

CKD, % (n)

3.7 (183)

9.5

2.6

<0.001

Variable

Diabetes, % (n)

p value

CHD, % (n)

3.3 (161)

10.9

1.8

<0.001

PVD, % (n)

1.6 (77)

4.9

1

<0.001

Cerebrovascular disease, % (n)

4.8 (237)

13.6

3.1

<0.001

5 (245)

14

3.3

<0.001

Heart failure, % (n)
Asthma, % (n)

3.3 (161)

4.6

3

0.03

COPD, % (n)

3.5 (171)

8.4

2.5

<0.001

Current smoker, % (n)

9.4 (461)

14.7

8.3

<0.001

Past smoker, % (n)

13.5 (668)

24.8

11.4

<0.001

Dementia, % (n)

4.6 (229)

10.4

3.6

<0.001

Institutionalized, % (n)

4.1 (200)

11

2.7

<0.001

CHD, coronary heart disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; ns, non-significant; PVD, peripheral vascular disease.
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Table 2 - Multiple logistic regression analysis for the
composite end-point (mortality and/or mechanical
ventilation requirement).
OR (95%CI)

p value

ACEI

Variable

1.1 (0.8-1.5)

0.5 (ns)

ARB

0.9 (0.7-1.3)

0.9 (ns)

Age*

2.4 (2.2-2.6)

<0.001

Male sex

1.9 (1.5-2.4)

<0.001

1 (0.8-1.3)

0.9 (ns)

1.5 (1.1-1.9)

0.01

Hypertension
Diabetes
CKD

2.1 (1.4-3.2)

<0.001

CHD

1.1 (0.7-1.7)

0.7 (ns)

PVD

1.2 (0.7-2.2)

0.5 (ns)

Cerebrovascular disease

1.1 (0.7-1.5)

0.8 (ns)

Heart failure

1.3 (0.9-1.8)

0.2 (ns)

Asthma

1.1 (0.6-2.1)

0.7 (ns)

1 (0.7-1.5)

0.9 (ns)

COPD
Current smoker

1.7 (1.2-2.4)

0.003

Past smoker

0.9 (0.6-1.2)

0.4 (ns)

Dementia

1.5 (1.03-2.1)

0.03

Institutionalized

0.8 (0.6-1.2)

0.3 (ns)

*For each 10 year-increase. ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CHD, coronary heart disease; CI, confidence interval; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; ns, non-significant; PVD, peripheral vascular disease.

ber of COVID-19 cases and the occurrence of the
end-point per decade of life.
In the unadjusted analyses, both previous uses of
ACEI or ARB showed a significant association
with mortality or mechanical ventilation requirement: OR 3.5 (95%CI 2.7-4.4, p<0.001) for ACEI,
and OR 2.8 (95%CI 2.1-3.6, p<0.001) for ARB. However, in the adjusted analysis, statistical significance was lost (OR 1.1 [95% CI 0.8-1.5] and OR 0.9
[95% CI 0.7-1.3]), for ACEI and ARB, respectively,
after controlling for age, sex and co-morbidities.
On the other hand, the predictors that were significantly associated with a worse evolution of COVID-19 in the multivariable analysis were: older
age, male sex, a history of diabetes and/or chronic
kidney disease, being a smoker and having a diagnosis of dementia (Table 2).
n DISCUSSION
In this study, we found that the use of ACEI or
ARB is not associated with a worse COVID-19
prognosis. On the other hand, being older, male,

smoker, and having a history of diabetes, chronic
kidney disease or dementia are all independent
predictors of COVID-19 severity.
Since the beginning of the pandemic, the use of renin-angiotensin system inhibitors was questioned
because of its potentially harmful effect, given that
these drugs may up-regulate ACE2, an enzyme the
virus uses to enter the cells it infects [9]. However,
in accordance with our results, several observational studies currently support the fact that ACEI/
ARB do not seem to be harmful in the context of the
COVID-19 infection [17-19]. As a matter of fact,
they may be protective, especially in some sub-populations such as hypertensive patients [20-22]. In
fact, many scientific societies have advocated for
the continuation of these drugs in patients chronically treated with them that become infected. Experts argue that ACEI/ARB may counterbalance
the virus-induced reduction in pulmonary ACE2
by increasing the expression of ACE2. This would
lower the production of inflammatory cytokines,
exerting a protective role on lung injury [23, 24].
Other factors, such as older age, have been described to be consistently related to a worse COVID-19 prognosis across different studies [25-27]. In
a meta-analysis conducted by Fang et al., including more than 10,000 COVID-19 cases from 61
studies, older age was significantly associated
with COVID-19 severity. The biggest standard
mean difference (SMD) was detected for death
(SMD: 1.06, 95% CI: 0.85-1.26, p<0.001). This fact
could be influenced both by the physiological aging process and, especially, by the higher prevalence of frailty and co-morbidities in elderly patients that contribute to a decrease in functional
reserve that reduces the intrinsic capacity to react
to infections [28].
In accordance with our results, the male sex was
described as an independent predictor of COVID-19 severity in literature [29-31]. Many factors
have been considered to explain this gender difference: a higher expression of angiotensin-converting
enzyme-2 in men, sex-based immunological differences driven by sex hormones and X chromosome,
differences in lifestyle (e.g., higher levels of smoking and drinking among men compared to women)
and a less responsible attitude towards the COVID-19 pandemic in men than women, the former
being more reluctant to adopt preventive measures
such as frequent hand-washing, wearing a face
mask, and obeying stay-at-home orders [32].
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Moreover, in accordance with this work, co-morbidities such as diabetes and chronic kidney disease have consistently shown a significant association with COVID-19 prognosis in multivariable
analyses. Iaccarino et al., for example, found that
both co-morbidities doubled the chance of death
in COVID-19 infected patients [33]. In turn, in a
study conducted by Sun et al. in patients with
COVID-19, both diabetes and chronic kidney disease were found to be independent predictors of
death (OR 5.26 and 2.71, respectively) and acute
respiratory distress syndrome and/or respiratory
failure (OR 4.38 and 3.53 for diabetes and chronic
kidney disease, respectively) [34]. Other studies
have also confirmed the prognostic value of these
co-morbidities [35, 36].
As regards smoking habits, some studies - like this
- have found an independent association with
COVID-19 severity, while others have not. For instance, in a Provincial-level ecological study conducted in Iran that included 43,950 lab-confirmed
COVID-19 hospitalizations and 5,391confirmed
COVID-19 deaths, provinces with a higher prevalence of cigarette smoking (incidence rate ratio
1.81; 95% CI: 1.01, 3.27) had a higher likelihood of
COVID-19 death rates [37]. Moreover, in a study
conducted by Liu et al., multivariable logistic
analyses indicated that a history of smoking was
an independent risk factor for disease progression
[38]. Different mechanisms have been proposed
for the association, such as a depletion of glutathione levels in smokers, which is essential for
the proper functioning of the immune system [39].
On the other hand, in a nationwide, Italian observational study conducted by Polverino et al., including data from 3,179 COVID-19 inpatients, and
in a meta-analysis conducted by Silverio et al. including 45 studies and 18,000 patients, smoking
did not significantly affect mortality [40, 41]. It is
possible that selection biases and confounders
such as gender might play a role in these paradoxical results.
Hypertension is also a variable with conflicting
results: early in the course of the pandemic, this
risk factor was consistently described to be more
frequently found among those with the worse
COVID-19 prognosis [42, 43]. However, when
studies performing adjusted analyses became
available, many failed to detect hypertension as an
independent risk factor for COVID-19 severity [33,
34, 44]. This was the case in our study. It has been

hypothesized that the association between hypertension and COVID-19 prognosis probably varies
according to the severity of hypertension and the
presence of other risk factors, such as end-organ
damage or established cardiovascular disease [45].
Regarding the history of cardiovascular disease,
this study did not find any association with COVID-19 severity. There are conflicting results on this
issue: while some studies did not find a relationship, others showed that established cardiovascular disease such as heart failure and ischemic heart
disease were related to a worse clinical evolution
[26, 46-48].
One interesting finding in our study is that dementia is an independent predictor of COVID
prognosis. Few studies have also found this association [49]. A worse baseline health status, delayed access to health care and inability to express
some initial symptoms have been postulated as
possible explanations for a higher risk for a worse
outcome in this population [50].
Finally, results in this work must be interpreted
within the context of the study limitations. First,
this is a single center study, representative of Argentine middle-class medicated hypertensives,
mainly of European descent. Therefore, our results
may not be generalizable to other populations.
Moreover, we do not have information on the
grade of control of risk factors such as hypertension and diabetes, such as data on whether ACEI
or ARB were continued during the course of COVID-19 infection, which could have influenced the
outcomes. On the other hand, our study has also
some strengths: regarding the registration of
events, our hospital has a long history in the use of
electronic medical records focused on the patient,
being the first Argentine hospital certified as 100%
computerized by the Society of Information Systems and Management in Health (HIMSS). This
results in a high-quality recording of the events of
the present study. Another strength is that the
analysis of possible predictors of a worse COVID
outcome is adjusted for potential confounders.
In conclusion, after adjusting for age, sex and comorbidities, the use of ACEI or ARB was not associated with a worse outcome of COVID-19, in
terms of mortality or the requirement for mechanical ventilation. The independent predictors of this
worse evolution were older age, male sex, a history of diabetes and/or chronic kidney failure,
smoking habits, and dementia.
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