
274

Considerations on the use of antihypertensive blockers of the 
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Abstract

As severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients with hypertension and other cardiovas-
cular comorbidities develop more severe coronavirus disease (COVID)-19 and are at high risk of death, a controversy arose 
about the use of antihypertensives as angiotensin-converting enzyme inhibitors (ACEis) and angiotensin II receptor blockers 
(ARBs). Such drugs might increase the expression of the fundamental receptor of this new infectious agent: the angioten-
sin-converting enzyme 2 (ACE2). Preclinical observations indicate that the increase of ACE2 expression or the activity by 
ACEis and ARBs leads to a greater transformation of angiotensin (Ang)-II to Ang-(1-7), which is associated with positive 
effects on cardiovascular and pulmonary pathophysiology. This association has been demonstrated in observational studies 
in patients with cardiovascular pathology and pneumonia. It has not been possible to confirm whether users of ACEis or 
ARBs are more infected by the new coronavirus, due to methodological issues in studies with patients infected with SARS-
CoV-2. However, the use of such antihypertensive treatments in both children and adults might reduce the virulence of infec-
tion. Therefore, changes in the antihypertensive therapy of patients at risk of contracting COVID-19 are not recommended.

Key words: Coronavirus disease-19. Antihypertensive agents. Angiotensin-converting enzyme 2 enzyme. Ang I (1-7). Severe 
acute respiratory syndrome coronavirus 2. Pediatrics.

Consideraciones sobre el uso de antihipertensivos bloqueadores del sistema 
renina-angiotensina en adultos y niños ante la pandemia de COVID-19

Resumen

Los pacientes con hipertensión y otra comorbilidad cardiovascular infectados con SARS-CoV-2 desarrollan cuadros más 
graves de COVID-19 y con mayor frecuencia fallecen. Este hecho ha originado una controversia acerca del uso de an-
tihipertensivos inhibidores de la enzima convertidora de la angiotensina (IECA) y de antagonistas de los receptores de 
la angiotensina II (ARA-II), pues tales medicamentos pueden incrementar la expresión del receptor funcional de este 
nuevo agente infeccioso: la enzima convertidora de la angiotensina 2 (ECA2). Las observaciones preclínicas indican que 
el aumento de la expresión o de la actividad de la ECA2 por uso de IECA o ARA-II conduce a una mayor transformación 
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Introduction

The new coronavirus severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has spread 
worldwide, raising multiple health concerns given the 
high frequency of cardiovascular comorbidities, par-
ticularly hypertension, among patients with severe 
forms of coronavirus disease (COVID)-19 and those 
who die1.

The functional receptor that internalizes SARS-CoV-2 
in human cells is known to be a transmembrane 
enzyme, a variant of the angiotensin-converting enzyme 
(ACE) called ACE22-4, which is involved in counteract-
ing the effects of ACE on the renin-angiotensin system 
(RAS)5. Furthermore, ACE inhibitors (ACEis) and angio-
tensin II receptor blockers (ARBs) have been shown to 
dysregulate the ACE/ACE2 balance in preclinical 
trials6,7.

Because both ACEis and ARBs are first-line drugs in 
the management of high blood pressure, heart failure, 
and diabetic nephropathy8-10, it was hypothesized that 
these RAS blockers could have negative implications 
in the pathogenicity or virulence in susceptible 
patients11-13. However, other studies support the cardiac 
and pulmonary benefits, due to the dysregulation of 
ACE/ACE2 in patients treated with ACEis and ARBs 
infected by SARS-CoV-2, equally based on observa-
tions in animal models14,15, opening a controversy: 
whether to encourage or discourage the use of ACEis 
or ARBs in patients susceptible to COVID-19.

Considering that hypertension is a public health 
problem in Mexico16, and recognizing the context of 
current controversy, several instances have called for 
caution in the interpretation of preclinical observa-
tions and advising against changes in the manage-
ment of hypertensive patients17-21. Therefore, the 
purpose of this paper was to review the implications 
of the use of RAS blockers on the pathogenicity or 
virulence of SARS-CoV-2 and to make recommenda-
tions for the management of adults and children with 
hypertension.

Human SARS-CoV-2 receptor and its 
associated pathogenicity

The membrane that surrounds the coronaviruses has 
glycoproteins embedded in the form of spines called 
S-proteins. Such structures contain the binding site to the 
human cell receptor22. In the SARS-CoV-2 virus, certain 
S-binding site amino acids that are important for receptor 
recognition in human cells have undergone genetic mod-
ifications that are energetically favorable to S-protein 
coupling with ACE4,23, increasing their pathogenicity con-
siderably, compared with other coronaviruses2,24,25.

Furthermore, ACE2 is a transmembrane metalloen-
zyme2,3 with carboxypeptidase activity22,26, whose 
expression is abundant in the small intestine, kidney, 
and cardiac muscle but scarce in the pulmonary alve-
olar epithelium25,27.

The pathogenicity of SARS-CoV-2 is very efficient in 
cells with low membrane ACE2 expression. Recent 
observations suggest that more non-described human 
receptors could contribute to its virulence28. In addition, 
a soluble fraction of ACE2 does not internalize the virus 
into the cell but may mediate the immune response at 
the respiratory mucosa29.

Effects of COVID-19 on RAS components

Two angiotensin (Ang) oligopeptides that mediate 
antagonistic effects in RAS, known as Ang-II and Ang-
(1-7), are involved in the pathophysiology of hypertension 
and other cardiovascular conditions, as well as in SARS-
CoV-2 infection5,7. Moreover, ACE transforms Ang-I into 
Ang-II, whose interaction with the Ang-II type 1 receptor 
(AT1) produces vasoconstriction, endothelial dysfunction 
in the vascular walls, as well as inflammation and cell 
growth5. ACE2 transforms Ang-I and II, producing Ang-
(1-9) and Ang-(1-7), respectively. The latter binds to the 
Mas receptor, enhancing the vasodilation effects of bra-
dykinins, inhibiting smooth muscle proliferation in arter-
ies, the synthesis of collagen and certain cardiac proteins 
induced by Ang-II26,30, as well as mediating 

de angiotensina 2 a a angiotensina 1-7, la cual se asocia con efectos positivos sobre la fisiopatología pulmonar y car-
diovascular. En estudios observacionales de pacientes con patología cardiovascular y neumonía se ha confirmado esta 
asociación. La falta de evidencia contundente debida a aspectos metodológicos en estudios con pacientes infectados 
con SARS-CoV-2 no permite confirmar si los usuarios de IECA o ARA-II se contagian más con el nuevo coronavirus. Sin 
embargo, continuar con tales medicamentos antihipertensivos, tanto en adultos como en niños, podría reducir la virulen-
cia de la infección. Por ello, no se recomienda cambiar la terapia antihipertensiva en los pacientes susceptibles a la 
COVID-19.

Palabras clave: COVID-19. Antihipertensivos. IECA. Angiotensina. SARS-CoV-2. Pediátricos.



276

Bol Med Hosp Infant Mex. 2020;77(5)

anti-inflammatory effects and improving the sensitivity of 
baroreceptors5,31,32. ACE is not only enzyme that pro-
duces Ang-(1-7) from Ang oligopeptides. Oligopeptidases 
thimet and prolyligopeptidase also produce Ang (1-7) in 
the vascular endothelium and smooth muscle; in the 
kidney, neprilysin produces the largest amount of Ang-
(1-7) found in the bloodstream (Fig. 1)26.

SARS-CoV-2 may decrease tissue expression of 
ACE2, as observed in mouse lung tissue. The immediate 
effects of this decrease were increased levels of Ang-II 
at the lung33, increased vascular permeability, neutrophil 
accumulation, pulmonary edema and injury, and impaired 
respiratory function6,31,33,34. Clinically, this RAS imbal-
ance has been observed in adults with severe COVID-19. 
These patients developed pneumonia and acute respira-
tory distress syndrome35, accompanied by increased 
Ang-II levels in the circulation, which correlates directly 
with SARS-CoV-2 viral load36. More evidence of RAS 
disorders in the cardiovascular system has been 
described. The severity of COVID-19 was associated with 

acute heart damage37. Considering that local ACE2 pro-
duces most of the Ang-(1-7) in heart tissue (which is a 
component of cardiovascular regulation26,30,38,39), the 
loss of membrane ACE2 will favor the overexpression of 
pro-inflammatory mechanisms, leading to damage40,41.

COVID-19 in hypertensive patients

A meta-analysis showed that high blood pressure is 
the most common comorbidity among patients hospi-
talized for COVID-19, with a frequency of 10.1%-
23.6%42. Furthermore, high blood pressure is associated 
with an increased disease progression (odds ratio [OR] 
= 3.0; 95% confidence interval [CI] 1.5-5.9), admission 
to intensive care (OR = 2.1, 95% CI 1.3-3.3), poor out-
comes during hospitalization (OR = 2.2, 95% CI 1.8-
2.4), and mortality in patients hospitalized for COVID-19 
(OR = 2.11, 95% CI 1.7-2.8)43. These associations with 
hypertension also appear to be influenced by gender 

Figure 1. Main interactions between SARS-CoV-2 and the enzymatic and oligopeptide components involved when renin-
angiotensin system blockers are used. 1. ACE2 reduction during coronavirus infection. 2. Increase of ACE2 and Ang-(1-7) 
followed by the use of ACEis and ARBs. ACE: angiotensin-converting enzyme; ACE2: angiotensin-converting enzyme 2; 
ACEis: angiotensin-converting enzyme inhibitors; Ang: angiotensin; ARBs: angiotensin II receptor blockers; AT1R: 
angiotensin II receptor type 1; MasR: Mas receptor. NO: nitric oxide; Olp: oligopeptidase and neprilysin (in blood 
circulation).



277

E. Vázquez-Cornejo: Antihypertensives and COVID-19

in adults43, possibly because men express more ACE2 
in lung cells than women44.

Interestingly, only 3% of children with COVID-19 
develop a severe or critical illness; however, the char-
acteristic signs and symptoms of the disease differ 
between children and adults. Furthermore, SARS-
CoV-2 appears less pathogenic in children than SARS-
CoV45,46. The overall prevalence of childhood 
hypertension is low (4%)47 and is predominantly sec-
ondary to other identifiable causes (57%)10,48. Therefore, 
the information available regarding RAS in children is 
scarce.

Consequently, it is important to explore the role of 
age and aging on the function of RAS components. 
Although the occurrence of chronic disease is associ-
ated with age49, and both with mortality in patients with 
COVID-1950-52, it is not clear that the enzyme compo-
nents of RAS are modified only by age in adults53, 
where gender appears to play a differentiating role 
during aging54,55. In contrast, age does exert an import-
ant influence on Ang-I and Ang-II concentrations among 
children and adolescents. Although these enzymes 
decrease progressively from birth and during child-
hood, they remain higher than in healthy adults except 
for Ang-(1-7), of which there are few studies in children 
and adolescents56. Recently, gene expression of ACE2 
in nasal epithelial cells has been reported to be posi-
tively correlated with age in patients between 4 and 60 
years, with and without asthma (being lower at younger 
ages)57, suggesting an explanation for the limited sever-
ity of COVID-19 in children.

The absence of differences between the expression 
of ACE2 and other RAS components by age groups53 
may be explained by the fact that the accumulated 
fraction in bronchoalveolar lavage fluid, as well as con-
centrations in human plasma, is not quantitatively rep-
resentative of expression at the cell membrane29,58, 
thus being inappropriate indicators of ACE2 activity59. 
Moreover, there are other hypotheses about the lower 
virulence of SARS-CoV-2 in children, not related to 
ACE2 but rather to children’s mobility, absence of 
comorbidities, better respiratory tract status, increased 
innate immune response efficiency, and the supposed 
benefit attributed to certain vaccines60-62.

Despite the above, it is not yet possible to affirm that 
patients with arterial hypertension are more likely to be 
infected with COVID-19, since neither the increase in 
membrane level of ACE2 in hypertensive patients nor 
the increased SARS-CoV-2 pathogenicity, alone are 
sufficient factors for this to occur. Studies evaluating 
comparative cohorts of hypertensive patients using 

RAS-blocking drugs that include hypertensive patients 
not treated by these drugs, and healthy individuals are 
required to confirm whether the infection rate is differ-
ent between these groups. Since 81% of the COVID-19 
cases are mild and will not seek medical attention52,63, 
hospital selection bias is relevant in the epidemiological 
reports available so far. Only in one sufficiently large 
but not yet published report, history of hypertension 
was observed in 24% of individuals with confirmed 
COVID-19, covering those with outpatient and inpatient 
care64, but there are no cohorts and no distinction 
between ACEi or ARB users, but rather a large number 
of cases, so it is not yet possible to draw any 
conclusions.

ACEis, ARBs, and the modification of RAS 
components in preclinical models

The administration of losartan in mice reversed the 
dysregulation of RAS components produced by SARS-
CoV and the severity of lung damage33,34. Multiple pre-
clinical trials have shown that the administration of 
ACEi increases the expression of ACE2 in ranges of 
50% up to 5 times, while ARBs increase it between 
30% and 9 times. These drugs also increase the tissue 
concentration of Ang-(1-7), ARBs increase it between 
10% and 2 times and ACEis between 20% and 70%. 
The extent of the effect may be due to methodological 
variations, use of different animal species or models, 
tissues analyzed, multiple compared groups (healthy or 
sick without treatment), and drugs tested65-74.

Of these trials, four evaluated the effects of RAS 
blockers in healthy animals66,67,71,75. In three of these, 
administration of lisinopril, telmisartan, or losartan did 
not have consistent results in increasing the expression 
of messenger RNA (mRNA) of ACE2 in the cardiac 
muscle66,67 or renal arterioles71. Nevertheless, the 
administration of ARBs produced an increase in ACE2 
activity66,67,71, as well as a tissue increase in Ang-(1-7) 
and Ang-II substantially reflected in plasma66,67,71,75. In 
addition, one study demonstrated the paradoxical 
reduction of the expression of the Ang-(1-7) Mas recep-
tor in cardiac muscle67; no RAS blocker modified the 
expression of endothelial neprilysin66,67.

In animal models with some cardiovascular pathol-
ogy, it was observed that the administration of ACEis 
(lisinopril or enalapril) or ARBs (losartan or olmesartan) 
produced an increase in ACE2 mRNA, both in renal 
smooth muscle and cardiac muscle, including the 
carotid artery65,68-70,73; in two studies, increased ACE 
mRNA expression was also observed69,70. Although in 
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most trials, increases in ACE2 cell activity in kidney, 
heart, and plasma were equally seen after ACEis and 
ARBs treatment68-70,72, the expression in cardiac tissue 
was not always different with and without treatment73,74. 
Finally, models of hypertension showed that ACEis and 
ARBs effect on the Mas and AT1 receptors expression 
is tissue dependent, both reduced the AT1 receptor 
expression in the kidney, in addition to normalizing its 
expression in the heart; only lisinopril reduced the Mas 
expression in the kidney69.

Clinical use of ACEis or ARB-II and how it 
is associated with COVID-19 patients

It has been observed that in users of ACEis, with 
various cardiovascular conditions, the risk of severe 
pneumonia is reduced by 45-20%. Furthermore, they 
present 27% reduction in mortality; this reduction is not 
observed among users of ARBs76. Similarly, in a prog-
nostic study, it was reported that mortality from sepsis 
at 90 days was reduced among patients using ACEis 
or ARBs compared to non-users77. Furthermore, the 
ACE2 soluble fraction could be increased in hyperten-
sive patients treated with ACEis and ARB-II, since in a 
cohort study, an increase in urinary excretion of this 
enzyme was observed in users compared to non-us-
ers78. In such cases, ACEis or ARBs users, who are 
susceptible to infection with SARS-CoV-2, may have a 
reduced risk of severe pneumonia and progression to 
respiratory failure, being complications of severe 
COVID-1935,50,79; therefore, it is not recommended to 
discontinue RAS blocking medications.

Among patients with chronic heart failure, treatment 
with ACEis allows a reduction of Ang II and improves 
the plasma ratio of Ang-(1-7)/Ang-II, which prevents 
ventricular remodeling. In contrast, blockade of the AT1 
receptor in patients with acute heart failure with 
decreased ejection fraction may increase mortality and 
prolong hospitalization80,81; in such cases, therapeutic 
management should avoid the accumulation of Ang-II 
and reduction of the Ang-(1-7)/Ang-II ratio, preferably 
with ACEis.

Therefore, the following consideration should be 
made; Ang-(1-7) levels are associated with the degree 
of heart failure, when cardiomyopathy or advanced 
heart failure is present, Ang-II levels are much higher, 
despite ACEis80. This may indicate that plasma levels 
of Ang-(1-7) are dependent on neprilysin and other pep-
tidases when the severity of the imbalance between 
ACE and ACE2 is too pronounced26. Recently, in a 
cohort of 42 patients infected with SARS-CoV-2 with 

Grade II and III hypertension, severe cases were 
observed less frequently among ACEis or ARBs users 
(24% users vs. 48% non-users), but without statistical 
significance due to the small size of the cohorts82. There 
was no difference in viral load between RAS blocker 
users and non-users82, indicating that the mechanisms 
of protection of RAS blocker antihypertensive drugs 
against SARS-CoV-2 infection may be much more com-
plex and indirect and that the levels of ACE2 and Ang-
(1-7) vary by the age and sex of individuals44.

In this regard, other hypotheses indicate that patients 
treated by RAS blockers would benefit by avoiding, to 
some extent, the cytopenia of CD3+ and CD8+ T 
cells82,83 observed in 64% of patients hospitalized with 
COVID-1939,79,84, and whose magnitude is greater 
among the deceased compared to survivors50,79. 
Considering the association between inflammation and 
the worsening of COVID-1925,50,51,79,84, it is desirable to 
continue treatments with ACEis and ARBs in all sus-
ceptible patients.

Two additional aspects should be considered: first, 
the progression of cardiovascular disease in patients 
with hypertension may facilitate complications of 
COVID-19. At the community level, 64% of antihyper-
tensive drugs prescribed in adults are ACEis and 16% 
are ARBs. However, in Mexico City, only 38% and 27% 
of ACEis and ARB users have their hypertension under 
control, respectively85, so the benefits of increased 
ACE2 may be greater in patients with less advanced 
chronic conditions80. Second, from a pharmacological 
point of view, ACEis and ARBs differ considerably in 
their histological distribution: ACEis usually have larger 
distribution volumes than ARBs, influencing their ability 
to modify the local intrinsic RAS system8, which is 
responsible for the higher concentration of Ang-II and 
Ang-(1-7) in tissues5. Possibly for that reason, ACEis 
and ARBs do not regulate mRNA, ACE, and ACE2 
expression equally in all tissues73,74, and this regulation 
may be dose dependent32.

Particularly in children with essential or renovascular 
hypertension, no reports are warning of any risk from 
the use of antihypertensive ACEis or ARBs concerning 
COVID-19. In these patients, the plasma concentration 
of Ang-(1-7) is increased by 1.5 times as a compensa-
tion for the dysregulation of Ang-I and Ang-II ratio, being 
especially beneficial the use of ACEis in hypertensive 
children who are not in a terminal stage86,87. It should 
be noted that the safety and efficacy of adult-related 
antihypertensive drugs have not been reassessed in 
pediatric populations10,48, and therefore, it is not advis-
able to change treatment regimens either. It should also 
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be noted that, unlike hypertensive adults, not all cases 
of childhood hypertension require pharmacological 
treatment10.

Other drugs that affect the ACE2 
expression

In preclinical models, statins and ibuprofen have 
been shown to increase the expression of ACE2, 
reversing atherosclerosis in rabbits, and cardiac fibro-
sis in rats88,89. Furthermore, cohort studies showed that 
continuing statin therapy during hospitalization in 
patients with viral pneumonia is associated with 74% 
mortality risk reduction; likewise, continuing treatment 
with ACEis or ARBs in hospitalized patients is associ-
ated with 75% reduction in mortality. Continuing both 
treatments are also associated with reduced hospital 
stay and risk of intubation90,91. For hospital manage-
ment of ACEis and statin users, discontinuation of RAS 
blockers on admission is associated with an increased 
risk of mortality (OR = 3.02, CI 1.3-7.0)91.

Few mild cases of COVID-19 have been reported that 
worsened after taking ibuprofen92,93. Ibuprofen 
increases both ACE2 and Ang-(1-7) in tissues89, this 
generated a discussion similar to that presented with 
RAS blockers about whether its use increases the risk 
of infection or protects against certain pathophysiolog-
ical processes produced by SARS-CoV-2; the resolu-
tion of this conflict is theoretically unsolvable. However, 
it has been suggested that previous use of nonsteroidal 
anti-inflammatory analgesics could complicate the hos-
pital course of cases with pneumonia94. In such circum-
stances, replacement with paracetamol does not 
involve any underlying complications, in contrast with 
any change in the anti-hypertension therapies, which 
involve periods of adaptation and medical monitoring 
for the risk of adverse events.

Preclinical studies are a guide, not always easy to 
interpret, for translational research in the clinical field, 
so it is not appropriate to extrapolate their results. The 
evidence presented here does not allow us to state that 
patients with hypertension become more ill with COVID-
19 as a result of receiving treatment with ACEis or 
ARBs. However, it is possible that the use of ACEis or 
ARBs in infected patients may confer some protection 
against the occurrence of respiratory complications, 
cardiovascular damage, and severe inflammation pro-
duced by the new coronavirus virulence mechanisms. 
In the absence of stronger evidence and the ever-pres-
ent risk of adverse events, it is desirable and advisable 
that the administration of RAS blocking drugs be 

continued during hospitalization and not to modify the 
antihypertensive therapy of adult or child patients.
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