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Aims This meta-analysis provides summary odds ratio (OR) estimates for associations between treatment with (vs. with-
out) renin–angiotensin system blockers and risk of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-
2) infection and coronavirus disease 2019 (CoViD-19) severity (including case-fatality) in patients with hyperten-
sion, and in all patients (irrespective of hypertension).

...................................................................................................................................................................................................
Methods
and results

PubMed, EMBASE, Web of Science, Google Scholar, medRxiv, and SSRN were searched (2 May 2020 to 12 August
2020) for non-randomized observational CoViD-19 studies. Event/patient numbers were extracted, comparing
angiotensin-converting enzyme (ACE) inhibitor/angiotensin-receptor blocker (ARB) treatment (and each separately),
to treatment with neither drug, for the outcomes: (i) likelihood of SARS-CoV-2 infection; (ii) CoViD-19 severity
[including hospitalization, intensive therapy unit (ITU), ventilation]; (iii) case-fatality. The risk of bias was assessed
(ROBINS-I). Random-effects meta-analysis estimates were pooled. Eighty-six studies including 459 755 patients (103
317 with hypertension), were analysed. In patients with hypertension, ACE inhibitor or ARB treatment was not associ-
ated with a greater likelihood of SARS-CoV-2 infection in 60 141 patients (OR 1.06, 95% CI 0.99–1.14), hospitalization
in 5925 patients (OR 0.90, 0.62–1.31), ITU in 7218 patients (OR 1.06, 0.73–1.56), ventilation (or ITU/ventilation/death)
in 13 163 patients (OR 0.91, 0.72–1.15) or case-fatality in 18 735 patients with 2893 deaths (OR 0.75, 0.61–0.92).

...................................................................................................................................................................................................
Conclusion Angiotensin-converting enzyme inhibitors and ARBs appear safe in the context of SARS-CoV-2 infection and

should not be discontinued.
PROSPERO registration number CRD42020186996.
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Introduction

Concern has been raised about the safety of the renin–angiotensin
system (RAS) blockers in relation to infection with severe acute

respiratory syndrome-coronavirus-2 (SARS-CoV-2).1–6 Specifically, it
has been suggested that angiotensin-converting enzyme (ACE) inhibi-
tors and angiotensin-receptor blockers (ARBs) might increase the
risk of contracting SARS-CoV-2 infection and the severity of
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coronavirus disease 2019 (CoViD-19) in those who are infected.1–6

These concerns stemmed from the fact that SARS-CoV-2 causes in-
fection by binding to ACE2 on the cell membrane and experimental
evidence that RAS blockers up-regulate ACE2 in animal models.4,7,8

However, there are few data to support this finding in humans and
the possible increase in plasma ACE2 in people treated with ACE
inhibitors may be beneficial rather than harmful if circulating ACE2
binds SARS-CoV-2 and prevents it from binding to and entering
cells.4,8,9 Indeed, there is an alternative hypothesis that down-
regulation of ACE2 in cells infected with SARS-CoV-2 may lead to
angiotensin II-induced injury.4,8,10 This is because ACE2 is the key en-
zyme involved in the degradation of angiotensin II, the cleavage of
which is also thought to produce other cytoprotective angiotensin
peptides.4,8–10 Consequently, rather than increasing the severity of
CoViD-19, RAS blockers might reduce it and there is some experi-
mental support for this hypothesis.4,8–11 It is clearly important to
know which, if any, of these competing hypotheses is correct given
the widespread use of ACE inhibitors and ARBs in patients with car-
diovascular disease and with diabetes and nephropathy, who are al-
ready at high risk in relation to CoViD-19. Indeed, given their life-
saving benefits in heart failure and after myocardial infarction, with-
holding ACE inhibitors and ARBs because of misplaced safety con-
cerns could be harmful (and there is evidence that patients do
deteriorate on discontinuing these treatments).4,8 Recently, several
observational studies of rates of SARS-CoV-2 infection in patients
treated and not treated with RAS blockers, along with the severity of
CoViD-19 in these patients, have been published. However, many
were small and individually did not provide a robust estimate of the
risk of adverse outcomes associated with RAS blocker treatment.
Indication bias, reflecting preferential use of these agents in sicker
patients, for example in patients with heart failure, was often un-
accounted for. Moreover, and largely overlooked, is the fact that
ACE inhibitors and ARBs are pharmacologically distinct, with differ-
ent effects on components of the RAS, which could influence their
interaction with SARS-CoV-2.12–14 It is therefore important to
understand whether the type of RAS blocker matters in relation to
CoViD-19, especially as these drugs can generally be used inter-
changeably in clinical practice, and patients could be switched to the
safer alternative. Consequently, we have undertaken a systematic re-
view and meta-analysis of non-randomized, observational, studies to
address these questions which are relevant to millions of patients
with hypertension, diabetes, cardiovascular, and renal disease treated
with RAS blockers worldwide.

Methods

Registration and guidelines
Registration

International Prospective Register of Systematic Reviews (PROSPERO)
registration number CRD42020186996.15

Guidelines

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) and Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) (Supplementary material online, Appendix S1).16,17

Systematic review
Search strategy and selection criteria

We performed a systematic review of non-randomized observational
studies (cohort, case–control, case series). Two researchers with prior
training and experience in meta-analysis techniques independently per-
formed searches. Studies were reviewed for inclusion by at least two in-
dependent reviewers. Any conflicts over inclusion were resolved by
consensus. Databases searched include PubMed, EMBASE, Web of
Science, and Google Scholar. We also searched the medRxiv and SSRN
preprint servers in view of the rapid dissemination of many new studies
related to CoViD-19 on these platforms. Our search started on 2 May
2020 and completed on 12 August 2020. We included publications pub-
lished until 12 August 2020. We re-ran searches prior to the final analysis.
We did not set any restrictions on language. Further hand searches were
performed from references. We removed duplicates. Our search strat-
egy (detailed in Supplementary material online, Appendix S2), in brief,
included a combination of the following main search terms: ‘severe acute
respiratory syndrome’ OR ‘SARS-CoV-2’ OR ‘coronavirus disease 2019’
OR ‘COVID-19’ OR ‘2019-nCoV’ OR ‘novel coronavirus’ AND ‘renin
angiotensin system blockers’ OR ‘RAS blockers’ OR ‘angiotensin-con-
verting enzyme inhibitors’ OR ‘ACE inhibitors’ OR ‘angiotensin-receptor
blockers’ OR ‘angiotensin II receptor blocker’ OR ‘ARB’ AND ‘observa-
tional’ OR ‘cohort’ OR ‘case control’ OR ‘case series’.

Inclusion and exclusion criteria (populations)

We extracted data from two groups of patients (i) Patients with a history
of hypertension (‘hypertension’) and (ii) All patients (including those with
hypertension). We excluded studies that only had data on other selected
groups of patients, for example, those with kidney transplantation, can-
cer, or diabetes, to minimize the risk of confounding by indication. Most
of these studies included fewer than 500 patients.

Inclusion and exclusion criteria (outcomes)

We extracted data from studies which reported treatment (with either
an ACE inhibitor or ARB or an ACE inhibitor and ARB, separately, where
data were available) compared with neither of these treatments and the
following outcomes (i) likelihood of a positive SARS-CoV-2 test; (ii) se-
verity of CoViD-19; and (iii) case-fatality rate. For ‘severe’ CoViD-19 out-
comes, in addition to case-fatality, we examined (i) admission to hospital;
(ii) severe/critical illness; (iii) admission to an intensive therapy unit (ITU);
(iv) mechanical ventilation; and (v) composites of ITU/ventilation/death,
where reported. For the likelihood of a positive SARS-CoV-2 test out-
come, we only included studies that had controls that had tested negative
(i.e. we excluded studies reporting population controls who did not
undergo testing for SARS-CoV-2 but were assumed to have a negative
test).

Data analysis
Data collection

At least two individuals independently extracted data. Any disagreements
were resolved by consensus. Information about study design, method-
ology, and baseline characteristics (age, sex, co-morbidities) was
extracted. A standardized 2� 2 table proforma was used to extract four
key numbers: treated event, treated no event, control event, control no
event. Where raw numbers were not directly available, authors of studies
were contacted who then provided raw numbers (Mehta et al.18). Where
required, calculations were performed with the assumption that no
patients were taking both an ACE inhibitor and ARB at the same time
(and if this assumption was made, it is indicated by a footnote in the re-
spective tables/figures in the Results section).

2 M.M.Y. Lee et al.
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..Meta-analysis

We used the statistical software Stata/SE 15.0, using the Stata command
‘metan’ to perform a random-effects model (DerSimonian and Laird
method) meta-analysis.19,20 We calculated the odds ratio (OR) (and 95%
confidence intervals) and corresponding P-values with the v2 test, for the
odds of events occurring in the group on treatment with an ACE inhibitor
or ARB vs. the group not on treatment with an ACE inhibitor or ARB.
Forest plots were generated with a log-transformed OR X-axis.
Heterogeneity was assessed with I2 with corresponding P-values. Studies
with zero count events were excluded.

Analysis groups and subgroups

Two groups of patients were analysed: (i) patients with hypertension (the
primary analysis) and (ii) all patients (irrespective of hypertension status).
Our focus was on patients with hypertension to mitigate confounding by
indication. We analysed outcomes by treatment with an ACE inhibitor or
ARB, separately, where data were available.

Assessment of bias and small-study effects

For each study, two researchers independently performed a formal as-
sessment for bias at the outcome level with the validated tool, ‘Risk Of
Bias In Non-randomized Studies – of Interventions’ (ROBINS-I), as rec-
ommended by the Cochrane Collaboration.21–23 For analyses with >_10
studies, we performed funnel plots and formally assessed for small-study
effects (Egger’s test).24

Sensitivity analyses

A tipping-point analysis for all-cause mortality (as the most robust and un-
ambiguous outcome) was performed using the largest study and highest
OR from among those reported, to determine how many additional stud-
ies would be required to overturn the results of the meta-analysis. In an
additional simulation, a study of the same size of the largest was added,
with incrementally increasing ORs, to determine the effect size required
to reverse the results. Sensitivity analyses were performed to identify dif-
ferences between (i) peer-reviewed vs. preprint articles; and (ii) studies
from different continents; across all outcomes.

Results

Results of systematic review search and
summary of studies
A total of 92 observational studies were included in our qualitative
synthesis (up to 12 August 2020), of which 86 were used for quantita-
tive synthesis (Figure 1). Of the studies included, 23 were from China
(including at least 18 recruiting from the city of Wuhan or surround-
ing areas within the Hubei province), 18 from the United States of
America (USA), 14 from Italy, 9 from Spain, 6 from each of France
and South Korea, 5 from the United Kingdom (UK), 3 from
Denmark, 2 from Turkey, and 1 from each of Australia, Belgium, Iran,
Kuwait, and Switzerland; 1 was a multinational study (Supplementary
material online, Table S1). Assessment of bias for each study was per-
formed with the ROBINS-I tool, in relation to each outcome: the like-
lihood of positive SARS-CoV-2 test (Supplementary material online,
Figure S1), the severity of CoViD-19 (Supplementary material online,
Figure S2), and case-fatality rate (Supplementary material online,
Figure S3).

Likelihood of a positive SARS-COV-2 test
Across four studies, a total of 60 141 patients with hypertension had
SARS-CoV-2 testing, of which 2983/35 944 (8.3%) tested positive in
the group treated with an ACE inhibitor or ARB compared with
2504/24 197 (10.3%) in the group not treated with an ACE inhibitor
or ARB group (OR 1.06, 95% CI 0.99–1.14) (Figure 2). Three of these
studies with a total of 11 774 patients reported data for ACE inhibitor
(OR 1.06, 0.94–1.20) and ARB groups (OR 1.03, 0.92–1.16) separate-
ly (Figure 2).

Severe outcomes in patients with
CoViD-19
Hospital admission

Six studies including a total of 5925 patients reported the likelihood
of hospital admission among patients with hypertension, with admis-
sion occurred in 1250/3734 (33.5%) patients treated with an ACE in-
hibitor/ARB and in 755/2191 (34.5%) not treated with an ACE
inhibitor/ARB (OR 0.90, 0.62–1.31) (Figure 3). Six studies reported
ACE inhibitor and ARB data separately in 20 915 patients and 19 607
patients, respectively (OR 0.95, 0.69–1.30 and OR 0.94, 0.68–1.29,
respectively) (Figure 3).

Severe/critical CoViD-19

Fourteen studies (including 13 from China), including a total of 2564
patients with hypertension, reported severe/critical CoViD-19 (as
distinct from ITU/ventilation/death), showing 368/878 (41.9%) events
in the patients treated with an ACE inhibitor/ARB compared with
804/1686 (47.7%) events in the patients not treated with an ACE in-
hibitor/ARB (OR 0.80, 0.58–1.10) (Figure 4A). In these 14 studies with
ACE inhibitor/ARB data, a funnel plot was performed to assess for
publication bias (Figure 4B) and Egger’s test showed some evidence
for the presence of small-study effects (estimated bias coefficient
-1.861, standard error 0.811, P-value = 0.041). Four studies including
1228 patients reported ACE inhibitor data separately (OR 1.10,
0.64–1.89), whilst five studies including 1546 patients reported ARB
data separately (OR 0.82, 0.52–1.31) (Figure 4A).

Admission to ITU

Thirteen studies including a total of 7218 patients with hypertension
reported ITU admission, with a rate of 505/3773 (13.4%) in patients
taking an ACE inhibitor/ARB compared to 473/3445 (13.7%) patients
not taking an ACE inhibitor/ARB (OR 1.06, 0.73–1.56) (Figure 5A). In
these 13 studies with ACE inhibitor/ARB data, a funnel plot was per-
formed to assess for publication bias (Figure 5B) and Egger’s test
showed weak evidence for the presence of small-study effects (esti-
mated bias coefficient -0.872, standard error 1.469, P-value = 0.565).
The OR in patients taking an ACE inhibitor (vs. no ACE inhibitor)
was 0.93, 0.52–1.65 and for an ARB (compared with no ARB) was
1.32, 0.97–1.78 (Figure 5A).

Admission to ITU/death

Three studies including 1443 patients reported the composite out-
come of admission to ITU or death which was reported in 358/1092
(32.8%) patients treated with a RAS blocker, compared with 137/351
(39.0%) patients not treated with these drugs (OR 0.76, 0.47–1.23)
(Figure 6).

ACEi/ARBs and CoViD-19 outcomes meta-analysis 3
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Thirteen studies including a total of 13 163 patients with hyperten-
sion reported the use of mechanical ventilation (one reported a com-
posite of ventilation/death and another ITU admission/ventilation/
death). These outcomes occurred in 887/6948 (12.8%) patients tak-
ing an ACE inhibitor/ARB and in 753/6215 (12.1%) patients not taking
an ACE inhibitor/ARB (OR 0.91, 0.72–1.15) (Figure 7A). In these 13
studies with ACE inhibitor/ARB data, a funnel plot was performed to
assess for publication bias (Figure 7B) and Egger’s test showed weak
evidence for the presence of small-study effects (estimated bias coef-
ficient -1.141, standard error 0.670, P-value = 0.117). Seven studies

reported data for ACE inhibitors and ARBs separately, in a total of 26
162 and 24 854 hypertension patients, respectively. There was no dif-
ference in this outcome for ACE inhibitor vs. no ACE inhibitor (OR
1.07, 0.95–1.21) or ARB vs. no ARB (OR 1.01, 0.89–1.14) (Figure 7A).

Case-fatality in patients with CoViD-19
Twenty-two studies including a total of 18 876 patients with hyper-
tension reported case-fatality. In 21 studies including 18 735 patients,
of those taking an ACE inhibitor/ARB, 1348/9227 (14.6%) died, com-
pared with 1545/9508 (16.2%) patients not taking an ACE inhibitor/
ARB (OR 0.75, 0.61–0.92) (Figure 8A). In these 21 studies with ACE

Figure 1 Study selection (PRISMA flow diagram). ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19,
coronavirus disease 2019; PRISMA, preferred reporting items for systematic reviews and meta-analyses; SARS-CoV-2, severe acute respiratory syn-
drome-coronavirus-2.

4 M.M.Y. Lee et al.
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inhibitor/ARB data, a funnel plot was performed to assess for publica-
tion bias (Figure 8B), and Egger’s test showed weak evidence for the
presence of small-study effects (estimated bias coefficient -0.964,
standard error 0.495, P-value = 0.066). Nine studies reported data
on the use of ACE inhibitors and ARBs separately in 11 481 and 11
658 patients respectively, with the OR for death in those receiving an
ACE inhibitor (vs. no ACE inhibitor) of 0.97, 0.86–1.09 and for an
ARB (vs. no ARB) of 0.91, 0.71–1.17 (Figure 8A). Four additional stud-
ies reported case-fatality in patients with hypertension but were
excluded from quantitative analysis, as they had zero count events in
the ACE inhibitor/ARB groups.25–28

Sensitivity analyses
Tipping-point analysis

For the outcome of case-fatality in patients with hypertension, a sen-
sitivity tipping-analysis, using the largest study (7933 patients with
1130 deaths) and highest OR (6.3) from among those reported,
showed that an additional nine studies would be required to tip this

result (to an OR of 1.52, 1.06–2.18) (Supplementary material online,
Figure S4A,B); conversely, adding a study of the same size as the larg-
est reported and using an extreme OR (1030 vs. 100 deaths among
7933 patients, OR 13.56) did not tip the results (OR 0.83, 0.50–1.37)
(Supplementary material online, Figure S4C).

Peer-reviewed vs. pre-print articles

Sensitivity analyses did not identify any differences between peer-
reviewed vs. preprint articles in patients with hypertension, for the
outcomes of the likelihood of a positive SARS-CoV-2 test (OR 1.07,
0.96–1.19 vs. 0.94, 0.54–1.65, respectively) (Supplementary material
online, Figure S5A), hospitalization (OR 0.84, 0.36–1.97 vs. 0.89, 0.72–
1.10 respectively) (Supplementary material online, Figure S5B), se-
vere/critical CoViD-19 (OR 0.85, 0.61–1.17 vs. 0.78, 0.28–2.18, re-
spectively) (Supplementary material online, Figure S5C), admission to
ITU (OR 1.19, 0.80–1.76 vs. 0.80, 0.28–2.34, respectively)
(Supplementary material online, Figure S5D) or the composite of ITU/
ventilation/death (OR 1.09, 0.91–1.31 vs. 0.51, 0.26–1.01,

Figure 2 Likelihood of positive SARS-CoV-2 test in patients with history of hypertension who were tested. Random effects meta-analysis. ACEi,
angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; SARS-CoV-2, severe acute respiratory syndrome-coronavirus-2; USA,
United States of America. All studies were published in the year 2020. Dauchet (ACEi/ARB numbers manually calculated with assumption that no
patients used ACEi and ARB at the same time). Mehta (includes previously unpublished data from authors).

ACEi/ARBs and CoViD-19 outcomes meta-analysis 5
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.respectively) (Supplementary material online, Figure S5E). Comparing
peer-reviewed vs. preprint articles in patients with hypertension, for
the outcome of case-fatality, the OR was 0.70, 0.50–0.99 vs. 0.79,
0.61–1.02, respectively (Supplementary material online, Figure S5F).

By continent

Sensitivity analyses did not identify any intercontinental differences
for the outcomes of the likelihood of a positive SARS-CoV-2 test
(OR 0.94, 0.54–1.65 in Europe vs. 1.07, 0.96–1.19 in North America)
or hospitalization (OR 0.74, 0.51–1.08 in Europe vs. 1.27, 0.49–3.31
in North America) (Supplementary material online, Figure S6A,B).
Although there were some intercontinental differences for the out-
comes of severe/critical CoViD-19 (OR 0.85, 0.62–1.18 in Asia vs.
0.51, 0.31––0.84 in Europe), admission to ITU (OR 0.82, 0.32–2.07 in
Asia vs. 1.14, 0.58–2.21 in Europe vs. 1.39, 1.01–1.92 in North

America), composite of ITU/ventilation death (OR 0.59, 0.44–0.78 in
Asia vs. 1.13, 0.88–1.44 in Europe vs. 1.28, 0.91–1.80 in North
America), or case-fatality rate (OR 0.68, 0.42–1.11 in Asia vs. 0.66,
0.54–0.82 in Europe vs. 0.90, 0.70–1.17 in North America), some of
these analyses only had <_ 3 studies representing each continent
(Supplementary material online, Figures S6C–F).

Supplementary analyses of all patients
(irrespective of history of hypertension)
In our supplementary analyses, examination of all patients, irrespect-
ive of history of hypertension, generally showed worse outcomes in
individuals treated with a RAS blocker, compared to those not
treated with these drugs (Supplementary material online, Results
(Quantitative Analyses), Figures S7–S14). Several of these studies also
suggested an increased likelihood of admission to hospital in patients

Figure 3 Hospital admission in patients with history of hypertension who had CoViD-19. Random effects meta-analysis. ACEi, angiotensin-con-
verting enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019; ITU, intensive therapy unit; USA, United States of
America. All studies were published in the year 2020. Bravi (severe outcome = hospitalization (not ITU)) (raw numbers were back-calculated from
%). Golpe (ACEi/ARB numbers manually calculated with assumption that no patients used ACEi and ARB at the same time). Mehta (includes previ-
ously unpublished data from authors).
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Figure 4 Severe/critical CoViD-19 in patients with history of hypertension. (A) Random effects meta-analysis. ACEi, angiotensin-converting en-
zyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019. All studies were published in the year 2020. Definitions of
severe and critical are detailed in Supplementary material online, Table S1 footnote. Liu Y (ACEi/ARB numbers manually calculated with assumption
that no patients used ACEi and ARB at the same time). (B) Funnel plot. Egger’s test for small-study effects (14 studies): estimated bias coefficient
-1.861, standard error 0.811, P-value = 0.041.
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Figure 5 ITU admission in patients with history of hypertension who had CoViD-19. (A) Random effects meta-analysis. ACEi, angiotensin-convert-
ing enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019; ITU, intensive therapy unit; USA, United States of
America. All studies were published in the year 2020. Dauchet (ACEi/ARB numbers manually calculated with assumption that no patients used ACEi
and ARB at the same time). Mehta (includes previously unpublished data from authors). (B) Funnel plot. Egger’s test for small-study effects (13 stud-
ies): estimated bias coefficient -0.872, standard error 1.469, P-value = 0.565.
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with a positive test for SARS-CoV-2. We believe that this finding like-
ly reflects confounding, and this view is supported by studies in which
cases and controls were matched (or adjusted analyses were per-
formed). For example, in a report from Spain, which included 1139
cases and 11 390 matched population controls, neither treatment
with an ACE inhibitor or an ARB was associated with a higher risk of
hospital admission.29 In our analysis of more than 60 000 patients
overall (irrespective of history of hypertension), with over 7000
deaths, case-fatality was higher in patients treated with a RAS blocker,
but there was a strong likelihood of confounding.

Discussion

Patients with hypertension, cardiovascular disease, diabetes, and
chronic kidney disease have particularly poor outcomes if infected by
SARS-CoV-2.1–6 The possibility that the many millions of such

patients treated with a RAS blocker might be at additional risk is
therefore of great concern, both during the current pandemic and
potential future waves of CoViD-19. Because of the large number of
studies and patients included in the current meta-analysis, we provide
the most robust answers to date to the two principal questions
raised in relation to treatment with RAS blockers (i.e. whether these
drugs increase the risk of acquiring infection with SARS-CoV-2 and
whether RAS blockers increase the risk of more serious CoViD-19).
The large dataset created also enabled us to examine the two major
types of RAS blocker (i.e. ACE inhibitors and ARBs) separately, an-
other important question given their distinct pharmacological prop-
erties, the potential differential effect on ACE2, and the possibility of
patients switching to a safer alternative.

Given the diverse nature of the studies available, we focused on
the 103 317 patients with hypertension, to mitigate biases such as
confounding by indication. Of course, even among patients with
hypertension, there is likely to be a preference for RAS blockers in

Figure 6 Composite of ITU/death in patients with history of hypertension who had CoViD-19. Random effects meta-analysis. ACEi, angiotensin-
converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019; ITU, intensive therapy unit. All studies were
published in the year 2020. Bravi (very severe/lethal outcome = ITU/death) (raw numbers were back-calculated from %). de Abajo (ACEi/ARB num-
bers manually calculated with assumption that no patients used ACEi and ARB at the same time). Şenkal (severe outcome = hospitalization >_14
days/ITU/death).
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Figure 7 Composite of mechanical ventilation/ITU/death in patients with history of hypertension who had CoViD-19. (A) Random effects meta-
analysis. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019; ITU, intensive
therapy unit; USA, United States of America. All studies were published in the year 2020. Kim JH (ITU/ventilator/death/sepsis). Mancia (ACEi/ARB
numbers manually calculated with assumption that no patients used ACEi and ARB at the same time) (critical/fatal = ventilator/death). Mehta
(includes previously unpublished data from authors). Reynolds (severe outcome = ITU/ventilator/death). (B) Funnel plot. Egger’s test for small-study
effects (13 studies): estimated bias coefficient -1.141, standard error 0.670, P-value = 0.117.
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Figure 8 Case-fatality rate in patients with history of hypertension who had CoViD-19. (A) Random effects meta-analysis. ACEi, angiotensin-con-
verting enzyme inhibitor; ARB, angiotensin-receptor blocker; CoViD-19, coronavirus disease 2019; USA, United States of America. All studies were
published in the year 2020. Mehta (includes previously unpublished data from authors). Studies with zero count events were excluded. (B) Funnel
plot. Egger’s test for small-study effects (21 studies): estimated bias coefficient -0.964, standard error 0.495, P-value = 0.066. Studies with zero count
events were excluded.

ACEi/ARBs and CoViD-19 outcomes meta-analysis 11



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
individuals with concomitant coronary heart disease, heart failure,
and diabetic kidney disease. Despite this, in our analyses, treatment
with a RAS blocker was not associated with a higher risk of acquiring
SARS-CoV-2 infection or of the most severe outcomes, including
death (Supplementary material online, Central Figure).

Susceptibility to SARS-CoV-2 infection

Specifically, neither treatment with an ACE inhibitor nor an ARB was
associated with a greater likelihood of SARS-CoV-2 infection and our
supplementary analysis of all patients, irrespective of history of hyper-
tension, gave consistent findings (Supplementary material online,
Results (Quantitative Analyses)). Eight additional relevant and large stud-
ies reported the likelihood of a positive test for SARS-CoV-2 but
were not included in our meta-analysis because they included popu-
lation controls who did not undergo testing for SARS-CoV-2—the
rationale for this was to minimize heterogeneity and selection bias
between studies—none of these studies showed an increased risk of
SARS-CoV-2 infection in patients treated with RAS blockers
(Supplementary material online, Results (Qualitative Analyses)).
Collectively, these data make it very unlikely that either type of RAS
blocker increases the risk of infection with SARS-CoV-2 and refutes
the suggestion that this may be a particular concern with ACE
inhibitors.12

Severity of CoViD-19 and case-fatality rate

We also examined the severity of CoViD-19, including admission
to ITU, use of mechanical ventilation, and death. The risk of ITU
admission was not higher in patients treated with a RAS blocker
and this was also true for the likelihood of ventilation (or ventila-
tion/death), with 978 and 1640 cases for these analyses, respect-
ively. Similarly, the case-fatality rate was not higher among patients
treated with a RAS blocker, with 2893 deaths in total. These find-
ings are reassuring, despite the high probability of residual con-
founding in these analyses.30 Further support for this
interpretation, comes from the Chinese studies we included which
reported an additional category of severe SARS-CoV-2-related
pneumonia/CoViD-19 (independently of whether patients were
admitted to ITU or required ventilation), reflecting local guidelines
for the diagnosis and treatment of new coronavirus pneumonia.31

Some of the Chinese studies showed larger effects, as indicated by
Egger’s test. Additional supportive findings are detailed in our
Supplementary material online, Results (Quantitative Analyses).
Collectively, these studies showed no increase in the risk of severe
CoViD-19 in relation to treatment with a RAS blocker (or with an
ACE inhibitor or ARB, separately).

Study limitations and strengths

We did not have individual patient data and could not adjust for the
difference between patients treated and not treated with RAS block-
ers, especially in comorbidity. It is possible that our findings are sub-
ject to publication bias, although there are few registered studies not
reported and it would require a very large study with very negative
outcomes to overturn these findings (as shown in the sensitivity ana-
lysis), especially given the neutrality of our findings despite the likeli-
hood of unfavourable residual confounding. Although we focused on
patients with a history of hypertension, we did not have information

about control of blood pressure and did not consider dose of ACE
inhibitor or ARB or other drugs that patients may have received. In
this respect, the control groups were heterogeneous as our compari-
son was with the absence of a RAS blocker, rather than specific alter-
native antihypertensive drugs, which may introduce further
confounding by indication. Another limitation was the heterogeneity
among the studies included, although we addressed this to some ex-
tent by investigating the two well-defined outcomes of a SARS-CoV-
2 positive test and death, although the threshold for ITU admission
and ventilation probably varies from institution to institution. Clearly,
our conclusions must also be tempered by the observational nature
of these data, which may be affected by ‘collider bias’, sometimes
referred to as sample selection bias due to non-random sampling.32

There are many ongoing randomized studies of ACE inhibitor and
ARB use in patients with CoViD-19 (Supplementary material online,
Table S2). The first randomized trial to report, BRACE-CORONA,
found no difference in the number of days alive and out of hospital in
those continuing vs. suspending ACE inhibitor or ARB treatment for
30 days.33 These findings provide further reassurance on the safety of
continuing these treatments in the context of CoViD-19. In addition
to these limitations our meta-analysis has some strengths, including
the number of studies and patients included, and the acquisition of
unpublished data allowing us to specifically investigate patients with
hypertension, going some way towards addressing the biases con-
founding interpretation of non-randomized analyses of outcomes
related to treatment.

Conclusion

In conclusion, our meta-analysis provides reassurance for physicians
and patients that each of ACE inhibitors and ARBs are safe in the con-
text of SARS-CoV-2 infection and should not be discontinued.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.

Data availability
The data underlying this article are available in the article and in its
online supplementary material.
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JD, Guisado-Espartero ME, Escobar-Sevilla J, Guzmán-Garcı́a M, Martı́n-Escalante
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