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1  | WHAT IS KNOWN AND OBJEC TIVE

The coronavirus disease 2019 (COVID-19) outbreak originated in 
Wuhan in December 2019 and caused by the betacoronavirus SARS-
CoV-2, was declared a pandemic by the World Health Organization 
in March 2020. Since then, it has affected more than 6 600 000 peo-
ple and has caused more than 390 000 deaths.1

Interestingly, COVID-19 seems to manifest as a more severe 
disease in people with cardiovascular comorbidities, such as hyper-
tension,2,3 although is not yet very clear whether this association is 
independent from advanced age.4 Myocardial injury has been pro-
posed as the link between the inflammatory pathogenesis during the 
progress of the disease and the poorer prognosis.5,6 It has been pos-
tulated that the virus could damage myocardial cells through several 
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mechanisms including direct damage and systemic inflammatory re-
sponses.6 Subjects with preexisting cardiovascular diseases might be 
more susceptible to COVID-19–induced heart injury.

SARS-CoV-2 gains entrance to cells through the angioten-
sin-converting enzyme 2 (ACE2),7 a carboxypeptidase that converts 
angiotensin II into angiotensin-(1-7) and counterbalances the re-
nin-angiotensin-aldosterone system, exerting protective effects in 
the cardiovascular system. Given that there are limited reports that 
ACE inhibitors affect the expression of ACE2 in the heart and the 
kidney,8 there has been a growing concern about angiotensin-con-
verting enzyme inhibitors (ACEI) and angiotensin receptor blockers 
(ARB) increasing patient susceptibility to viral host cell entry and 
propagation.8-10 Of note, many patients with cardiovascular co-
morbidities, particularly hypertension, are treated with these drug 
classes. On the other hand, it is hypothesized that SARS-CoV-2, like 
SARS-CoV, not only gains initial entry through ACE2 but also subse-
quently downregulates ACE2 expression,11 and deregulated ACE2 
may theoretically mediate acute lung injury.12 In fact, some experts 
have advocated for the use of ACEI and ARB to prevent organ injury 
and there are currently several registered clinical trials that will eval-
uate the potential benefit of ARB or ACEI in either hospitalized or 
not hospitalized COVID-19–infected patients.

To date, there is insufficient clinical or scientific evidence to 
recommend the discontinuation or maintenance of ACEI/ARB treat-
ment in hypertensive patients in face of COVID-19. Therefore, in this 
article, we conducted a systematic literature search to determine a 
possible association between the use of ACEI/ARB in hypertensives 
who become infected with COVID-19 and the progression of the dis-
ease to severe forms or death.

2  | METHODS

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement13 was followed for the conduct and 
reporting of this systematic review (PRISMA checklist provided as 
Supporting Information).

2.1 | Data source, search strategy and 
eligibility criteria

To identify publications regarding the clinical outcomes of COVID-
19 in infected hypertensive patients under treatment or not under 
treatment with ACEI/ARB, an extensive search of the literature 
was conducted in MEDLINE (through PubMed interface), Cochrane 
Library, Google Scholar and the preprint servers for the health sci-
ences medRxiv and bioRxiv, from December 2019 to 5 June 2020. 
In addition, we manually searched from the reference lists of all rel-
evant retrieved studies (snowball technique) to identify any other 
studies that may have been missed by our search strategy.

The following search strategy was implemented:

#1: SARS-CoV-2 OR COVID 19 OR coronavirus disease 2019 
OR coronavirus 2 OR novel coronavirus OR 2019-nCoV OR re-
ceptor to SARS-CoV-2 OR coronavirus entry OR virulence of 
SARS-CoV-2.

#2: hypertension OR blood pressure OR antihypertensive OR 
angiotensin OR angiotensin converting enzyme inhibitor OR angio-
tensin receptor blocker OR ACEi OR ARB OR antihypertensive drugs 
OR withdrawal of RAS inhibitors OR medication use in COVID-19 
OR initiation or discontinuation of RAS blockade OR angioten-
sin-converting enzyme 2 OR ace2 OR renin-angiotensin system OR 
RAS OR RAS blockers OR RAS treatment OR RAS activity OR car-
diovascular disease OR cardiovascular conditions OR diabetes OR 
chronic kidney disease OR renal disease OR heart failure OR myo-
cardial infarction OR comorbidity.

#3: cardiac injury OR respiratory failure OR mortality OR fa-
tality rates OR death OR complications OR survival OR prognosis 
OR respiratory support OR mechanical ventilation OR noninvasive 
ventilation OR intensive care unit OR ICU OR cardiomyopathy OR 
pneumonia OR acute respiratory distress OR ARDS OR myocarditis 
OR pulmonary disease.

#1 AND #2 AND #3
Articles were limited to human studies, original articles includ-

ing comparative studies, both randomized controlled trials (RCTs) or 
non-RCTs where treatment with ACEI and/or ARB in hypertensive 
patients was compared with no treatment or other antihypertensive 
drugs in terms of COVID-19 infection serious adverse outcomes. 
Case reports, non-human studies and studies without adequate in-
formation were excluded. Abstracts of articles were then scanned 
for relevance.

2.2 | Outcome measures

Our outcome was a combination of death, admission to intensive 
care unit (ICU), mechanical ventilation requirement or progression 
to severe or critical pneumonia. According to the Report of the 
WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-
19),14 severe pneumonia was defined as dyspnoea, respiratory 
frequency  ≥  30/min, blood oxygen saturation  ≤  93%, PaO2/FiO2 
ratio  <  300 and/or lung infiltrates  >  50% of the lung field within 
24-48 hours, whereas critical pneumonia was defined as respiratory 
failure, septic shock and/or multiple organ dysfunction/failure and 
critical pneumonia as respiratory failure, septic shock and/or multi-
ple organ dysfunction/failure.

2.3 | Data extraction and study quality assessment

Data were collected by two independent reviewers (RM and JB) 
and entered into a predesigned data extraction form. Differences 
between the two reviewers regarding study eligibility were resolved 
by consensus.
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Study and population characteristics were extracted from 
each included study. Regarding study characteristics, the name 
of the first author, the date of publication, the study type, the 
number of centres and countries contributing to the research and 
possible funding were extracted. Also, total population, mean 
age, percentage of male participants, number of patients taking 
ACEI and/or ARB, number of patients taking other antihyperten-
sives or no treatment, type and dose of antihypertensive drug, 
number of patients experiencing the primary outcome in each 
treatment group and details for possible matched characteristics 
were recorded.

The Newcastle-Ottawa Scale (NOS) was used to assess the 
quality of studies.15 In this scale, a 'star system' is used, in which 
a study is judged on three aspects: selection of the study groups; 
comparability of the groups; and ascertainment of either the ex-
posure or outcome of interest for case-control or cohort studies, 
respectively. A study can be awarded a maximum of one star for 
each numbered item within the selection and exposure categories. 
A maximum of two stars can be given for comparability. In this 
systematic review, studies with scores above 6 were considered 
as high quality, 3-6 as moderate and those with scores below than 
3 as low quality.16 The NOS was applied independently by the two 
reviewers (RM and JB). Differences between them were resolved 
by consensus.

2.4 | Data synthesis and statistical analysis

Pooled analysis was performed to estimate the risk ratio (RR) and 
95% confidence interval (95% CI) comparing the occurrence of the 
composite outcome in COVID-19–infected hypertensive patients 
under treatment with ACEI/ARB vs no treatment or treatment 

other than ACEI/ARB. All analyses were conducted using RevMan 
software version 5.3. Fixed-effect models or random-effect models 
were used depending on the heterogeneity between estimates. We 
used the I2 statistics to assess the magnitude of heterogeneity. The 
fixed-effects model was used if I2 < 50%, and the random-effects 
model was used if I2 ≥ 50%.

Publication bias was examined by the use of a funnel plot of each 
study's effect size against the precision (1/SE).

We planned to conduct two subgroup analyses: (a) including only 
high-quality studies and (b) including only peer-reviewed published 
studies.

3  | RESULTS AND DISCUSSION

3.1 | Results

3.1.1 | Search results and study characteristics

Our comprehensive search initially identified 1207 articles. The flow 
chart diagram in Figure 1 shows our literature search, study selec-
tion and the number of studies included. After removing duplicates, 
reviews, opinion letters, guidelines or consensus, and studies not ad-
dressing the research question, 46 full-text articles were assessed 
for eligibility. Among them, 18 studies that satisfied the eligibility 
criteria were included in this systematic review and meta-analysis, 
totalling 17 311 COVID-19–infected hypertensive patients. Among 
them, 8328 were taking ACEI or ARB and 8983 were under other or 
no treatment.

All of the selected studies were published in 2020 and were 
all of observational nature.17-34 In seven studies, the outcome that 
matched our research question was death17,20,21,26-28,31; in two stud-
ies, severe pneumonia23,34; in three studies, critical or severe pneu-
monia18,19,32; in one study, death or critical or severe pneumonia33; in 
one study, severe pneumonia or death24; and in one study, death, ad-
mission to ICU or mechanical ventilation requirement.25 In three of 
the studies where the outcomes death and severe pneumonia,22,30 
or critical pneumonia29 were discriminated, we chose mortality as 
the worst possible outcome for our analysis since the data necessary 
to evaluate the outcome as a composite were not available. Table 1 
summarizes the study characteristics. Quality assessment through 
the Newcastle-Ottawa Scale showed scores between 5 and 9 points, 
indicating high-quality studies, except for three studies that scored 5 
or 6 points (moderate quality).

In a qualitative synthesis, seven studies reported a lower risk of 
the outcome with the use of ACEI/ARB20,23,27,31-34 and eleven stud-
ies found no association.17-19,21,22,24-26,28-30

3.2 | Meta-analysis

The results of our pooled analysis for the 18 identified studies 
are presented in Figure  2. The use of ACEI or ARB was found to 

F I G U R E  1   Flow chart depicting literature review and study 
selection

1207 Records identified through 
database searching

247 Duplicated removed

960 Titles and/or abstracts 
screened

914 Records excluded 
(documents on non-clinical 

studies, reviews, letters, 
guidelines, ongoing trials, studies 

not addressing the research 
question, 1 retracted article)

46 Full-text articles assessed for 
eligibility

28 Full-text articles excluded (1 
case-series; 10 not addressing 

research question; 17 not 
population of interest)

18 Studies included in 
qualitative and quantitative 

synthesis (meta-analysis)
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significantly decrease the risk of the composite outcome (death, ad-
mission to ICU, mechanical ventilation requirement or progression 
to severe or critical pneumonia): RR: 0.84 (95% CI: 0.73-0.95), test 
for overall effect: Z = 2.68, P = .007. A random-effects model was 
used since significant heterogeneity was observed in the analysis: 
I2 = 65%, χ2 = 48.91, df = 17, P < .001.

In our subgroup analyses, no significant differences were found 
when excluding studies with a NOS score below 7: RR: 0.83 (95% CI: 
0.72-0.96, P = .01, I2 = 70%). When excluding preprints, the protec-
tive association between RAS inhibitors use and the primary out-
come remained marginally significant: RR: 0.82 (95% CI: 0.67, 1.00, 
P = .05, I2 = 61%) (Figure 3).

Finally, the funnel plot indicated some degree of publication bias, 
with a lack of small studies showing increased risk of ACEI/ARB use 
(Figure 4).

3.3 | Discussion

In this meta-analysis, we found that the use of ACEI/ARB was not 
associated with an increased risk of death, admission to intensive 
care unit (ICU), mechanical ventilation requirement or progression 
to severe or critical pneumonia in COVID-19–infected hypertensive 
patients. In fact, we observed a modest but significant 16% reduc-
tion in the risk of this primary outcome.

Controversy has arisen in the scientific community regarding 
the use of RAS inhibitors in the context of COVID-19: some ex-
perts hypothesized that these drugs might increase susceptibility 
to the virus by increasing the expression of ACE2, the SARS-CoV-2 
receptor for host cell entry.9,10 On the other hand, scientific so-
cieties recommend not to discontinue RAS inhibitors because of 
insufficient evidence of their potential harm and overwhelming 
evidence on their benefits35-39 and even some researchers advo-
cate for the use of RAS inhibitors based on the fact that, through 
increasing the expression of ACE2, they counterbalance the re-
duction in pulmonary ACE2 provoked by the virus either through 
internalization with viral entry and/or downregulation of ACE2 
enzyme during this process, which would lower the production of 
inflammatory cytokines,40 thus exerting a protective role in lung 
injury.41 Remarkably, RAS inhibitors have been shown to be asso-
ciated with reduced mortality in patients with sepsis.42 A study 
conducted by Henry C et al43 have found a beneficial effect of 
ACEI/ARB in patients admitted with viral pneumonia, as they sig-
nificantly reduced the pulmonary inflammatory response and cy-
tokine release caused by virus infection. Moreover, other studies 
have shown that these drugs would attenuate the inflammatory 
response in COVID-19–infected patients, possibly through the in-
hibition of IL-6 levels,24 C-reactive protein and procalcitonin.29 On 
the other hand, recent large-scale studies have found that the use 
of ACEI/ARB is not significantly associated with incident COVID-
19 in hypertensive patients.44

Recent evidence has consistently shown that hyperten-
sion and other cardiovascular morbidities are more frequent in Re
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COVID-19–infected patients who carry the worst prognosis.2,3,45 Of 
note, most of these studies did not make adjustments for important 
covariates such as age, although more recent studies are starting to 
show that this association holds even after such adjustments.46,47 As 
many subjects with cardiovascular morbidities, particularly hyper-
tensives, are under treatment with ACEI/ARB, it has been speculated 
that the use of these drugs could be the underlying cause of the re-
lation between these morbidities and a poorer COVID-19 prognosis. 
If this was the case, we would have found a greater risk of severe 
forms of COVID-19 in subjects under treatment with ACEI/ARB, but 

we have not. In fact, the evidence presented in this meta-analysis 
supports the idea that ACEI/ARB should not be discontinued when 
treating COVID-19 patients with hypertension.

On the other hand, RAS inhibitors have established benefits in 
protecting the cardiovascular system.48,49 Their discontinuation may 
increase the chance of decompensation in high-risk patients as the 
benefits that are specific to these drugs may not be offset by other 
antihypertensive agents. For instance, it has been shown that the 
withdrawal of ACEI/ARB during heart failure hospitalization is as-
sociated with higher rates of post-discharge mortality.50 Besides, 

F I G U R E  2   Forest plot showing risk ratios (RRs) of the composite outcome (death, admission to intensive care unit (ICU), mechanical 
ventilation requirement or progression to severe or critical pneumonia)

F I G U R E  3   Sensitivity analysis excluding preprints
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antihypertensive medication changes would require frequent dose 
adjustment and management of adverse effects, increasing the need 
for patients to visit their doctors and therefore the exposure to 
COVID-19 and risk of infection.

Clearly, more research is needed to elucidate the multifaceted 
role of the RAS in connection with SARS-CoV-2 infection. The evi-
dence regarding the use of RAS inhibitors in patients with COVID-19 
infection is still emerging. Currently, in hypertensive patients who 
previously used ACEI/ARB, these drugs may not need to be discon-
tinued in order to prevent COVID-19 complications.

Finally, our findings must be interpreted in the context of 
the meta-analysis limitations. First, we could not make a dis-
tinction between the effects of ACEI and ARB separately, since 
most studies evaluated the two drug classes together. Second, 
the studies included in the meta-analysis were observational and 
some were preprints. Although preprints are usually considered a 
priori very low-quality studies because of the lack of peer review, 
in the context of the pandemia, with vertiginous generation of 
new information and the urgent need of real-time data, they have 
become a source of consultation for many experts. We could not 
find any randomized clinical trials that already showed results 
addressing our research question. On the other hand, in plan-
ning future trials, randomizing subjects to discontinue drugs with 
proven benefits would probably raise ethical concerns. Third, 
most of the included observational studies were retrospective 
cohorts and potential selection bias of patients is an indisputable 
concern. Fourth, residual confounders may be present in these 
observational studies, and even when measured, many studies 
did not make adjustments for such potential confounders. It must 
be noted, however, that not adjusting for age and cardiovascu-
lar comorbidities would shift the results towards a higher risk 
since these variables are positively associated with both the use 
of ACEI/ARB and COVID-19 poorer outcomes. In the same line, 

it is possible for some of the included studies to have actually 
included a few non-hypertensive subjects but instead some pa-
tients with cardiovascular comorbidities under treatment with 
ACEI/ARB, such as heart failure or acute coronary syndrome. 
It must be mentioned, however, that these comorbidities would 
have acted as positive confounders, being positively associated 
both with ACEI/ARB use and a worse COVID-19 prognosis. In 
that case, the result would have been an association between 
ACEI/ARB use and a worse COVID-19 evolution. However, even 
under the effect of those potential confounders, ACEI/ARB were 
still found to be protective.

4  | WHAT IS NE W AND CONCLUSION

According to our findings, the use of ACEI/ARB is associated with 
a modest but significant reduction in the risk of death, admission 
to intensive care unit (ICU), mechanical ventilation requirement or 
progression to severe or critical pneumonia in COVID-19–infected 
hypertensive patients. Large prospective studies are required to 
confirm these results and to explore the mechanisms for a possible 
protective role of RAS inhibitors in the context of COVID-19. In the 
meantime, these early results suggest that patients on ACEI/ARB 
should continue their treatment during COVID-19 illness, supporting 
current recommendations from multiple scientific societies.
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