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Abstract

Aims and Methods: Effect of angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB) on

outcomes in patients with coronavirus disease 2019 (COVID-19) is uncertain. Available evidence is limited to a few retrospective

observational studies with small number of patients. We did a meta-analysis to assess the effect of ACEi/ARB in patients with

COVID-19 on severity of disease, risk for hospitalisation, and death compared to those not on ACEi/ARB. We searched the

Cochrane library, PubMed, Embase, ClinicalTrial.gov and medRxiv for studies published until 25.04.2020. Inclusion criteria

included all studies with patients with confirmed COVID-19 either taking, or not taking, ACEi/ARB. Depending on degree of

heterogeneity, fixed or random effect model was selected to calculate effect size (Odds ratio). Results: Six studies were eligible

for this meta-analysis. These included 423 patients on ACEi/ARB, and 1419 not on ACEi/ARB. Compared to patients with

COVID-19 not on ACEi/ARB, there was a statistically significant 43% reduction (OR 0.57, CI: 0.37-0.88, I2: 0.000) in the

odds of death in those on ACEi/ARB. There was a statistically non-significant 38% reduction (OR: 0.62, 95% CI: 0.31-1.23,

I2=70.36) in the odds of developing severe disease and 19% reduction (OR 0.81; 95% CI: 0.42-1.55, I2: 0.000) in the odds of

hospitalisation among those on ACEi/ARB. Discussion: It is safe to use ACEi/ARB in patients with COVID-19 requiring these

medications for associated comorbidities. Although limited by confounding factors typical of a meta-analysis of retrospective

observational studies, our data suggests that use of these medications may reduce the odds of death. Conclusion: Our meta-

analysis of the updated studies on SARS-CoV-2 reassures the medical fraternity on the use of and continuation of ACEi/ARB,

supporting all recent recommendations .

Evidence before this study

• The postulated dual role of angiotensin-converting enzyme (ACE) inhibitors (ACEi) and angiotensin
receptor blockers (ARB) in patients with coronavirus disease 2019 (COVID-19) has created a dilemma
for clinicians.

• On the one hand, there is speculation that by upregulating ACE2, ACEi/ARBs might increase the risk
and severity of COVID-19.

• On the other hand, there is evidence that downregulation of ACE2 can mediate acute lung injury.
Further evidence is urgently needed to guide clinicians in the use of ACEi/ARB in patients with
COVID-19 with co-morbidities.

What does this article add
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• Our meta-analysis, which is the first to assess the effect of use of ACEi/ARB in patients with COVID-
19, reports that use of ACEi/ARB statistically significantly reduced the risk of death, with a trend
towards reduction in risk of severe disease and hospitalisation compared to those who were not on
ACEi/ARB.

• Further information from on-going RCTs shall take time to fruition; in the interim, based on these
findings, clinicians can safely continue to use ACEi/ARB in patients with COVID-19 with comorbidi-
ties.

Review Criteria:

• A web-based search was conducted using the Cochrane library, PubMed, Embase, ClinicalTrial.gov
and medRxiv using specific keywords.

• Narrowing down of the citations was done based on full text availability and a set of pre-determined
inclusion criteria.

• Meta-analysis was conducted on the pooled data comparing ACEi/ARB group versus the non-ACEi/ARB
group on death, severity of disease and hospitalization using the CMA software version 3, Biostat Inc.,
Englewood, NJ, USA.

• Effect size was reported as odds ratio with a 95% confidence interval and the degree of heterogeneity
of the pooled data.

Message for the clinic:

There is no indication from present evidence to withhold or withdraw ACEi/ARB in patients with SARS-
CoV-2.

1.0 Introduction

Coronavirus disease 2019 (COVID-19) is a rapidly unravelling pandemic infection caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2). It is highly infectious, with a case fatality rate of 1% to 5%
(1). Despite a wide variability in the prevalence and case fatality rates in the published case-series of COVID-
19 from China and USA, it is now clear that patients with underlying pulmonary disease, cardiac disease,
hypertension, diabetes mellitus (DM), and renal disease are not only more likely to contract SARS-CoV2 but
also have higher morbidity and mortality rates (2, 3, 4). Angiotensin-converting enzyme inhibitors (ACEi)
and angiotensin receptor blockers (ARB) are commonly used in patients with cardiac diseases, hypertension,
many renal conditions, and DM, which directed attention towards the role of ACEi/ARBs in COVID-19,
more so because SARS-CoV2 uses angiotensin-converting enzyme 2 (ACE2) as a co-receptor to enter cells
(5).

ACE2, a homologue of angiotensin-converting enzyme 1 (ACE1), cleaves angiotensin II (Ang II), the main ac-
tive peptide of the renin-angiotensin-aldosterone system (RAAS), to form angiotensin-(1-7) (6, 7). Angiotensin-
(1-7) acts as a counter-regulatory peptide by attenuating the deleterious effects of angiotensin II, namely
vasoconstriction, sodium retention and fibrosis. ACE2 is a transmembrane protein that is anchored to the
apical surface of the cell. It can be cleaved and released into the circulation. ACE2 is expressed in the heart
(cardiomyocytes, cardiac fibroblasts, coronary endothelial cells), kidney, testis, gastrointestinal system and
type II alveolar cells in the lung (8).

Some, but not all, animal studies have shown that ACEi/ARBs upregulate ACE2 expression (9). This has
led to the speculation that use of ACEi/ARB shall not only increase the risk but also the severity of SARS-
CoV2 infection. However, unlike in animal models, in the few available human studies, the effects of RAAS
inhibitors on ACE2 is far from clear (10, 11). Moreover, animal, and some human, studies have failed to
establish the effects of ACEi or ARB on the expression of ACE2 in alveolar cells in the lung.

In contrast to the speculative detrimental effect of upregulation of ACE2 expression in COVID-19, elevated
ACE2 levels has a number of beneficial effects. The conversion of Ang II to Ang-(1-7) ameliorates the
harmful effects of Ang II, and instead mediates vasodilation and anti-inflammatory effects. Animal studies
have suggested that downregulation of ACE2 may result in unopposed action of angiotensin II, that can
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mediate acute lung injury in viral infections (12), including SARS-CoV2 (13), which can be ameliorated by
recombinant ACE2 (14) or RAAS blockade (15). Moreover, animal studies have demonstrated the protective
effect of ACE2 on the myocardium (16).

This postulated dual role of ACEi/ARBs, based mostly on theoretical concerns and animal data, has created
a dilemma for clinicians because many patients with co-morbidities like diabetes, hypertension, coronary
artery disease and chronic kidney disease that increase susceptibility to, and a poor outcome in, SARS-
Cov-2 infection, are on ACEi and ARBs. More evidence from the laboratory, and the clinics, are urgently
needed to guide frontline physicians during this rapidly progressive pandemic with potential to cause massive
devastation. Among these, retrospective analyses of outcomes in patients with COVID-19 who were on
ACEi/ARBs can serve as a good evidence base. However, such analyses are limited at present due to very
few retrospective case studies with outcomes in patients with SARS-CoV2 infection on ACEi/ARBs (17, 18,
19, 20, 21, 22); moreover, the number of patients included, and the number of outcomes of interest, are small
in these individual studies to draw any meaningful conclusions. We therefore did a meta-analysis of the
studies reported till 21.04.2020 on the outcomes in patients with COVID-19 on ACEi/ARBs to strengthen
the evidence base by determining the benefit-risk ratio of these medications in patients with COVID-19.

2.0 Materials and methods:

An electronic database search was conducted using the Cochrane library, PubMed, Embase, CT.gov and
mdRxiv. Search keywords included “angiotensin receptor blockers”, “angiotensin converting enzyme in-
hibitors”, “ACE inhibitors”, “ARB”, “SARS”, “severe acute respiratory syndrome”, “COVID-19”, “SARS-
CoV-2”, “mortality”, “death”, “complications”, “acute respiratory distress syndrome”, “mortality”, “death”.
The search was conducted irrespective of any language barrier or time constraints. As a part of advanced
screening references of identified citations were also screened for any additional information missed out in
the screening process. [Figure 1]

2.1 Inclusion criteria

A broad web-based search was conducted to identify all citations published, or in the pre-print stage. Having
narrowed down the search tailored to the aims of our study, we finalised the citations to be included as part
of the meta-analysis by incorporating a predefined set of inclusion criteria.

1. The studies must report a clear distinction between use and non-use of ACEi/ARB as the two-comparator
arms. If the studies provided data separately for ACEi or ARB then we intended to analyse the impact on
outcomes independently. However, in the absence of non-segregation of data between ACEi or ARB, analysis
will be performed for the combined use of ACEi and ARB.

2. Studies must include patients with SARS-CoV-2 infections only.

3. Severity of infection, death and hospitalisation was the primary outcomes of interest.

4. In the process of data analysis any additional outcome of importance could be included after arriving at
a consensus.

5. All patients in the active-treatment arm must have been treated with ACEi/ARB.

We excluded all data presented in the form of commentaries, review articles, or case reports. Any data
unrelated to SARS-CoV-2 infection were also excluded.

2.2 Process of study selection

The study was conceptualised by JJM. The article screening process was performed in a cyclical manner
to make the process more robust. In phase one SG and BS conducted the web search jointly with mutual
consultations. Any dispute was resolved on the basis of a mutually acceptable consensus. The inclusion and
exclusion criteria were devised by JJM & KKG. Once the whole study selection process was completed, the
team performed the same search in reverse order, with JJM & KKG doing the web-based screening and BS
& SG formulating the selection criteria.
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2.3 Study quality assessment

Quality of individual studies were assessed using the Cochrane collaboration tool using random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of outcomes assessment,
incomplete outcome data, selective reporting and other bias as assessment attributes. Publication bias was
assessed using funnel plots.

2.4 Statistical analysis

Analysis was conducted on a pooled population of 1842 patients identified with confirmed coronavirus infec-
tion from the six citations, using the comprehensive meta-analysis (CMA) software version 3, Biostat Inc.,
Englewood, NJ, USA. Heterogeneity was assessed using the Cochrane Q and Higgin’s I2 test and publication
bias was assessed by funnel plots. [1-9] Depending on the presence or degree of heterogeneity (<45% low,
45–75% moderate and > 75% high) and the study characteristics, a fixed or random effect model to assess the
effect size was selected. Where relative risk or odds ratio were not reported odds ratio was calculated from
the reported events using Medcalc statistical software, © 2020 MedCalc Software Ltd, Ostend, Belgium.

3.0 Results:

This meta-analysis includes patients from six studies with confirmed SARS-CoV-2 infection, and compares
the outcomes among 423 patients receiving ACEi/ARB with 1419 patients who did not receive ACEi/ARB.
Bean et al analysed patients who were on ACEi only, and Liu et al, on ARB only. The other studies did
not segregate between patients on either ACEi or ARB. Hence, we have pooled the data and conducted this
meta-analysis on the combined effect of ACEi/ARB.

The odds for risk of severity of disease was analysed from data extracted from all the six citations. The data
from the study by Bean et al was included only for the analysis of the effect of ACEi/ARB on the risk of
severity of disease as the odds ratio for this outcome in patients on ACEi was clearly mentioned in their
publication; we could not include their data on effect on death since this was not reported separately as an
outcome. (20). Similarly, data from the study of Liu et al (12) did not report on death separately. As such,
the odds for death was analysed from the data extracted from the studies of Yang et al, Zeng et al, Zhang et
al, and Li et al (17,19, 22). The odds for risk for hospitalisation was analysed from the data extracted from
the studies of Yang et al (19) and Zeng et al (17) only, since the other four studies did not report on this
outcome.

In view of the numerous terminologies used to report various end points in the six studies include in this
analysis, we chose to assess the effect of ACEi/ARB on the risk of severity of disease. The data on death in
the four studies was homogeneous as was the data on risk for hospitalisation among the two studies. The
baseline characteristics of the studies are compiled in table 1. [Table 1]

3.1 Effect of use of ACEi/ARB in patients with COVID-19 on risk of severity of disease (Figure
2):

There was a 38% statistically non-significant reduction in the odds of risk of severity of disease in patients with
COVID-19 in the ACEi/ARB group compared to those not on ACEi/ARB (95% CI: 0.31-1.23, I2=70.36).
There was moderate degree of heterogeneity.

3.2 Effect of use of ACEi/ARB in patients with COVID-19 on death (Figure 3)

There was a statistically significant 43% (95% CI: 0.37-0.88, I2=0.000) reduction in the odds of death in the
patients on ACEi/ARB when compared to those not on ACEi/ARB. There was negligible heterogeneity.

3.3 Effect of use of ACEi/ARB in patients with COVID-19 on risk of hospitalisation

There was a statistically non-significant 19% (95% CI: 0.42-1.55, I2: 0.000) reduction in the odds of risk of
hospitalisation in the patients on ACEi/ARB compared to those not on ACEi/ARB. There was negligible
heterogeneity. (Figure 5)
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4.0 Discussion:

Speculation over the deleterious effects of ACEi/ARB in patients with COVID-19 stems from the fact that
SARS-CoV-2 uses the ACE2 receptor to enter target human cells (5). A few preclinical studies have suggested
that RAAS inhibitors increase ACE2 expression, raising concerns regarding their safety in patients with
COVID-19 (9). This thought was seemingly further strengthened by a retrospective study on hospitalised
patients with COVID-19 in Wuhan, China, which reported that hypertensive patients on ACEi/ARB had
an increased tendency to develop severe pneumonia with SARS COV 2 infection compared to those not on
ACEi/ARB (54% vs. 32% respectively; p = 0.055) (17). This created confusion amongst patients and their
health care workers since ACEi/ARB are an essential component of treatment not only in many individuals
with hypertension but also in those with diabetes, coronary artery disease, heart failure and chronic kidney
disease; sudden withdrawal of these medications in these patients might cause harm (22). However, findings
from the same study showed that hypertensive patients with COVID-19 who were on ACEi/ARB had lesser
hospitalisation (18% vs. 28%), lesser number of deaths (7% vs. 11%), and a higher number of discharges
(75% vs. 61%) when compared to those not on ACEi/ARB; however, these observations failed to reach
statistical significance due to the small number of patients analysed (17). In another study from China
on elderly hypertensive patients with COVID-19, treatment with ARB was associated with a significant
reduction in the risk of disease severity (OR=0·343, 95% CI 0·128-0·916, p=0·025) (18). A study by Yang
et al. reported that compared to patients on non-ACEi/ARB antihypertensives, those on ACEi/ARB had
a significant reduction in inflammatory markers, namely C-reactive protein (11.5 [ACEi/ARB] [4.0-58.2] vs.
33.9 [non ACEi/ARB] [5.1-119.2]; p=0.049) and procalcitonin (0.061 [ACEi/ARB] [0.044-0.131] vs. 0.121 [non
ACEi/ARB] [0.052-0.295]; p=0.008), (19) consistent with previously described anti-inflammatory properties
of ACEi/ARB (23, 24). This study also revealed a much lower proportion of critical patients (9.3% vs.22.9%;
p=0.061), and a lower death rate (4.7% vs. 13.3%; p=0.216) in those receiving ACEi/ARB compared to
those not on ACEi/ARB; however, these differences failed to reach statistical significance (19).

In a study from the United Kingdom, Bean et al. reported that in patients with COVID-19, those treated
with ACEi had a lower rate of death or transfer to a critical care unit [OR 0.29 CI 0.10-0.75 p <0.01],
after adjusting for age, gender, and comorbidities (hypertension, diabetes mellitus, ischaemic heart disease
and heart failure) compared to those who were not on ACEi/ARB (20). Recently, Zhang et al. reported a
large multicentre retrospective study on 1128 hospitalised hypertensive patients with COVID-19; there was
a significant reduction in all-cause mortality (adjusted HR, 0.30; 95%CI, 0.12-0.70; P = 0.01) in patients
treated with ACEi/ARB compared to those treated with other anti-hypertensive medications, even after
adjusting for a large number of variables (21). This study also demonstrated that use of ACEi/ARB was
associated with lower risk of septic shock when compared to those not on ACEi/ARB (adjusted HR, 0.36;
95% CI, 0.16-0.84; P = 0.01) (21).

In a recently published retrospective analysis of hypertensive patients from China, Li J et al. have reported
that there was no difference in severity of disease (32.9% vs 30.7%; P = 0.645) or mortality (27.3%vs 33.0%;
P = 0.34) among the hypertensive patients on ACEIs/ARBs when compared to those who were not on
ACEi/ARB. (22)

The six studies described above, which have individually reported on the effect of ACEi/ARB in patients
with COVID-19, are limited by the small number of patients and varied outcomes reported that makes it
difficult to ascertain the effect of ACEi/ARB in patients with COVID-19. Ours is the first meta-analysis
reporting the effect of ACEi/ARB on death and severity of disease in patients with COVID-19. We noted
that patients with COVID-19 who were on ACEi/ARB had a 38% non-significant reduction in the odds
for risk of developing severe disease [OR 0.62 (95% CI: 0.31-1.23), I2=70.36] when compared to those not
on ACEi/ARB. The odds for risk of hospitalisation was also reduced by 19% (95% CI: 0.42-1.55, I2: 0.000)
among patients with COVID-19 on ACEi/ARB compared to those not on ACEi/ARB, which failed to
reach statistical significance. Most importantly, our meta-analysis of the four studies that have reported on
death, reveals a statistically significant 43% reduction [OR 0.57 (95% CI: 0.37-0.88, I2=0.000) p=0.01] in the
odds of death among patients with COVID-19 on ACEi/ARB compared to those not on ACEi/ARB, with
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negligible heterogeneity of data. The statistically significant benefits seen in our meta-analysis in the odds of
death with use of ACEi/ARB in patients with COVID-19, together with a trend in reduction of severity of
disease and risk for hospitalization, strengthens the recommendations from European Societies of Cardiology
(25), Heart Failure Society of America, American College of Cardiology, American Heart Association (26)
and International Society of Hypertension (27) to continue ACEi/ARB in patients with COVID-19. The
reduction in the odds of death and the trend in the risk of developing severe disease and hospitalization is
not only reassuring concerning the safety of ACEi/ARB in patients with COVID-19 but also point towards
the urgent need for an adequately powered RCT to confirm these benefits. Till such time, our meta-analysis
adds to current knowledge confirming not only the safety of ACEi/ARB in patents with COVID-19 but also
possible benefit in terms of reduction in death.

These findings are in keeping with the results of a meta-analysis of three studies with 70346 patients
with non-COVID pneumonia, where use of ARB was associated with a significant reduction in the risk
of pneumonia-related morbidity (OR=0·55, 95% CI; 0·43-0·70, p<0·01) and mortality (OR=0·55, 95% CI;
0·44-0·69, p<0·01) (18). In another retrospective study on 313 elderly patients, it was noted that the relative
risk of developing a new pneumonia of mixed aetiology was higher in patients who were not on an ACEi when
compared to those who were receiving ACE inhibitors [18% vs. 7%; RR 2·65 (95% CI 1·31–5·35, p=0·007)]
(28). lt would appear that ACEi/ARB have a protective effect on pneumonia related pulmonary injury,
which may be of benefit in patients with COVID-19 since the SARS-CoV-2 has a predilection for the lower
respiratory tract.

Our meta-analysis has a few limitations. The six studies included for analysis used different primary and
secondary end-points that led to a moderate degree of heterogeneity in the reported results; we circumvented
this by restricting our meta-analysis to clinically relevant end-points of death, hospitalisation and severity of
disease, which resulted in negligible heterogeneity in our analysis on hospitalisation and death. The number of
patients in the individual studies were small and there were various confounders, which were partly addressed
by pooling of the data from the individual studies. Last, but not the least, due to a very small number of
patients in the studies that reported outcomes independently in patients with COVID-19 on an ACEi or
ARB, we were unable to assess the independent effect of ACEi or ARB on death and severity of disease in
patients with COVID-19.

The strength of our meta-analysis lies in the fact that in an evolving infectious disease pandemic with
acute consequences, where generation of evidence at the earliest is crucial to guide management, the best
way to increase the predictability of the question in focus is to perform pooled analysis, till results of a
randomized controlled trial (RCT) becomes available. By pooling data from multiple small observational
studies with multiple inherent confounding factors, and by performing a meta-analysis, we have largely
circumvented the problems associated with the individual studies. This meta-analysis, highlighting the safety
and possibly beneficial effects of ACEi/ARB, shall help physicians use ACEi/ARB in patients with COVID-
19 till further information becomes available. Secondly, since, the parameters assessed and the outcomes
analysed varied enormously between the six studies, we analysed clinically relevant end-points including
death, risk of hospitalisation, and severity of illness.

5.0 Conclusion:

In conclusion, to our knowledge, this is the first meta-analysis on the effect of ACEi/ARB in patients
with COVID-19 on clinically relevant end-points. We report that patients on ACEi/ARB, who develop
COVID-19, do not have an adverse outcome; more importantly, within the limitations of a meta-analysis of
retrospective observational studies, there was not only a trend in reduction of hospitalization and severity
of disease, but also a statistically significant reduction in death. The findings of this meta-analysis reinforce
the recommendations issued by the various agencies to continue ACEi/ARB in patients with comorbidities
who contract COVID-19.

Conflict of interest: None

Funding: No external source of funding.
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