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A B S T R A C T

The effects of angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) on the
risk of COVID-19 infection and disease progression are yet to be investigated. The relationship between ACEI/
ARB use and COVID-19 infection was systematically reviewed. To identify relevant studies that met pre-
determined inclusion criteria, unrestricted searches of the PubMed, Embase, and Cochrane Library databases
were conducted. The search strategy included clinical date published until May 9, 2020. Twelve articles in-
volving more than 19,000 COVID-19 cases were included. To estimate overall risk, random-effects models were
adopted. Our results showed that ACEI/ARB exposure was not associated with a higher risk of COVID-19 in-
fection (OR = 0.99; 95 % CI, 0–1.04; P = 0.672). Among those with COVID-19 infection, ACEI/ARB exposure
was also not associated with a higher risk of having severe infection (OR = 0.98; 95 % CI, 0.87–1.09; P = 0.69)
or mortality (OR = 0.73, 95 %CI, 0.5–1.07; P = 0.111). However, ACEI/ARB exposure was associated with a
lower risk of mortality compared to those on non-ACEI/ARB antihypertensive drugs (OR = 0.48, 95 % CI,
0.29−0.81; P = 0.006). In conclusion, current evidence did not confirm the concern that ACEI/ARB exposure is
harmful in patientswith COVID-19 infection. This study supports the current guidelines that discourage dis-
continuation of ACEIs or ARBs in COVID-19 patients and the setting of the COVID-19 pandemic.

1. Introduction

Since the first confirmed case in Wuhan in 2019 [1], the Cor-
onavirus Disease 2019 (COVID-19) has rapidly spread on a global scale.
More than three million confirmed infections have been reported ac-
cording to the World Health Organisation (WHO) [2]. To date, there are
no specific or effective therapies approved for treatment of this fatal
disease [3]. In many countries, public health services have been over-
whelmed by the rapid rise in new COVID-19 cases. This has resulted in
a high severity and mortality [4,5]. Therefore, it is important that
clinicians identify the risk factors or acquiring COVID-19 infection, pay
attention to the risk factors associated with critical disease and death,
and take appropriate interventions. By focusing on these aspects, in-
fections may be prevented, the efficacy of treatment may be enhanced,
and the risk of death may be reduced.

The latest systematic review investigating COVID-10 patients re-
ported that hypertension and cardiovascular disease (CVD) were asso-
ciated with a higher risk of severity and mortality in patients infected

with COVID-19 [6]. However, patients with these comorbidities are
likely to be treated with angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs), which could upre-
gulate the expression of ACE2 receptor in animal studies [7,8]. Since
ACE2 is the functional receptor for coronavirus entry into cells [9],
there is concern regarding an increased risk of COVID-19 infection
among those who use ACEI/ARB treatment [10]. Conversely, there is
evidence that exogenous ACE2 supplementation can reduce in-
flammation and increase oxygenation in animal models of acute re-
spiratory distress syndrome (ARDS) [11]. Epidemiological studies have
also shown that ACEI/ARB use may reduce the risk of pneumonia in the
general population [12,13]. These observations raise the question as to
whether ACEI/ARB exposure is associated with risk or progression of
COVID-19. To provide more accurate evidence, we conducted a meta-
analysis. Thus, the aims of this work were as follows: (1) to determine
whether ACEI/ARB use is associated with an increase in likelihood of
viral infectivity; (2) to investigate whether there are differences in se-
verity and mortality between ACRI/ARB users and non- ACRI/ARB
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users; (3) to evaluate, in particular, whether ACEI/ARB exposure was
associated with a lower risk of mortality when compared to non-ACEI/
ARB antihypertensive drug exposure. Our findings provide vital gui-
dance for current clinical work on the prevention and treatment of
COVID-19 infection.

2. Materials and methods

2.1. Literature search

To ensure high-quality evidence, we followed the Preferred
Reporting Items of Systematic Reviews and Meta-analysis (PRISMA)
statement. A comprehensive search of the PubMed, Embase, and
Cochrane Library databases was performed to identify all relevant ar-
ticles published between Jan 1, 2020 and May 9, 2020. The search
terms were as follows: ‘Corona Virus Disease-2019 OR 2019 novel
coronavirus OR SARS-CoV-2 OR COVID-19 OR 2019-nCoV’ AND ‘an-
tihypertensive agent OR hypertension OR angiotensin-converting en-
zyme inhibitors OR angiotensin receptor blockers OR ACEI OR ARB’.
Additionally, a manual search of the retrieved articles, related review
articles, and meta-analyses was conducted to identify other relevant
articles.

2.2. Inclusion criteria

Observational studies that met all the following criteria were in-
cluded: (1) study design: case-control, case-crossover, self-controlled
case series (SCCS) or cohort study; (2) antihypertensive treatment:
ACEI/ARB use versus non-ACEI/ARB use; (3) outcomes: the incidence of
COVID-19, critical cases, or death; (4) adequate data were used to ex-
tract the risk estimates if the adjusted data were not provided in the
publication. Editorials, correspondences, conference abstracts and
commentary articles were excluded in our study. When information was
incomplete in the publication, attempts were made to contact the study
investigators to obtain missing information.

2.3. Data extraction and quality assessment

Two investigators independently extracted all data from publica-
tions in a double-blinded manner. Any disagreements were resolved by
a third investigator. The following information was extracted: name of
first author, publication year, research type, study location, age,
gender, number of participants, confounder adjustments, and study
quality. If more than one estimate of effect was provided, the most-
adjusted estimate was used for analysis. The Newcastle Ottawa Scale
(NOS) was used to evaluate the methodological quality of the included
publications [14]. The NOS features eight criteria and yields scores
ranging from 0 (high risk of bias) to 9 (low risk of bias). Studies with
NOS scores of> 7 were regarded as high quality.

2.4. Data synthesis and analysis

All meta-analytical calculations were performed with STATA soft-
ware (version 14.0, Stata Corp LP, College Station, Texas). To provide a
quantitative estimate of the association between ACEI/ARB use and
severity or mortality risk in COVID-19 patients, the odds ratios (ORs)
(most adjusted, if available) and the corresponding 95 % CIs were ex-
tracted from published articles. When the ORs were not given, tabular
data were used to calculate the corresponding OR. Statistical hetero-
geneity of the included studies was calculated by using the χ2 test and
the I2 statistic. An I2> 50 % or a P<0.05 for the Q-statistic indicated
substantial heterogeneity [15]. A random-effects model of the DerSi-
monian-Laird model was used to compare variance between studies
[16]. Egger’s regression test was employed to evaluate the publication
bias [17]. Publication bias was not formally assessed because each
meta-analysis included fewer than 10 studies. A P<0.05 was con-
sidered statistically significant [18].

Fig. 1. Flow chart showing the meta-analysis studies selection.
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3. Results

3.1. Search results

The search strategy identified 535 studies, of which 232 articles
were duplicates. A total of 251 articles were excluded after reading the
title and abstract. The remaining 53 articles were evaluated for this
meta-analysis. One of the articles [19] was published as a poster in our
hospital and the author was contacted for additional information. In
total, 12 articles [19–30] were eligible for this meta-analysis. The
twelve articles of seven cohort studies and five case-control studies.
Together, the included articles evaluated more than 19,000 COVID-19
patients . The list of excluded studies and the reasons for exclusion are
listed in Fig. 1.

3.2. Patient characteristics

The patient characteristics of the included studies are shown in
Table 1. Four studies [22,26,28,30] were performed in Italy and USA,
and one study [29] included the data from 11 countries in Asia, Europe,
and North America. All other studies [19–21,23–25,27] came from
China, mainly in Wuhan. All of the selected studies were published in
2020 with different sample patient sizes that ranged from 42 to 8910
patients. The overall average age of the subjects was greater than 60
years. Clinical outcomes were defined as COVID-19 infection in three
studies, severity in severn studies, and mortality in eight studies. The
results of the quality assessment of the included studies are presented in
Supplementary Table S1 and S2.

3.3. Meta-analysis

3.3.1. ACEI/ARB use and risk of COVID-19 infection
Three studies reported the susceptibility to COVID-19 infection in

patients on ACEI/ARB treatment. The combined OR of COVID-19 in-
fection risk was 0.99 (95 % CI, 0.95–1.04), and no heterogeneity was
observed among the studies (I2 = 0%, P = 0.504; Table 2). When the
studies were grouped by drug type, the risk of COVID-19 infection was
not significantly increased among individuals exposed to ACEI (OR =
0.98, 95 %CI, 0.92–1.04) or ARB (OR = 1.01, 95 % CI, 0.95–1.07, P =
0.044).

3.3.2. ACEI/ARB use and risk of mortality in COVID-19 patients
The overall analysis included nine studies. Together, 1631 COVID-

19 cases with ACEI/ARB exposure and 11620 COVID-19 cases without
ACEI/ARB esposure were included. The risk associated with ACEI/ARB
use and increased mortalitywas estimated. Overall, the risk of mortality
in ACEI/ARB-exposed was similar to non-ACEI/ARB exposed COVID-19

patients (OR = 0.73, 95 % CI, 0.5–1.07, P = 0.11). However, the
studies had high (I2 = 70.7 %; P = 0.001; Fig. 2). A subgroup analyses
of the data that included estimates showed that there was no significant
increase in the mortality risk of patients with ACEI/ARB exposure re-
gardless of unadjusted (OR = 0.66, 95 % CI, 0.38–1.12, P = 0.121) or
adjusted estimates (OR = 0.91, 95 % CI, 0.51–1.61, P = 0.87). When
studies were grouped by study location, there was a significantly lower
mortality risk in studies from China (OR= 0.65, 95 % CI, 0.46−0.91, P
= 0.013). There were no significant increase in mortality risk in studies
form other countries (OR = 0.88, 95 % CI, 0.48–1.62, P = 0.689).

When our analysis was limited to the studies that only included
patients on ACEI/ARBs for antihypertensive indications, a significantly
lower risk of mortality was observed among those who used ACEI/ARB
(OR = 0.62, 95 % CI, 0.38–1.02, P = 0.059; Fig. 3). After excluding
studies that enrolled patients with hypertension not on anti-
hypertensive treatment, a meta-analysis of four studies also found that
ACEI/ARB exposure was associated with a lower risk of mortality
compared to those on non-ACEI/ARB antihypertensive drugs (OR =
0.48, 95 % CI, 0.29−0.81, P = 0.006; I2 = 0%).

3.3.3. ACEI/ARB use and influence on COVID-19 severity
Seven studies that included 3070 COVID-19 cases with ACEI/ARB

exposure and 3830 COVID-19 cases unexposed to ACEI/ARB reported
on COVID-19 severity in relation to ACEI/ARB exposure. The combined
OR of COVID-19 severity was 0.98 (95 % CI, 0.87–1.09, P = 0.69;
Fig. 4). Moderate heterogeneity was observed among the studies (I2 =
42.8 %; P = 0.093). When our analysis was limited to the studies that
only included patients on ACEI/ARB for antihypertensive indications,
ACEI/ARB use was not associated with a higher risk of COVID-19 se-
verity (OR = 0.95, 95 % CI, 0.83–1.1, P = 0.521; I2 = 57.6 %).

4. Discussion

This review included 12 articles that encompassed more than
19,000 COVID-19 cases. The findings suggest that ACEI/ARB use did
not increase the risk of a positive COVID-19 test, or increase the risk of
more severe infections, and did not increase mortality risk among pa-
tients with COVID-19. However, patient exposure to ACEI/ARBs for the
trestment of hypertension was associated with a lower risk of mortality.
This has potentially important implications in clinical practice.

Several systematic reviews [6,31,32] have demonstrated that in-
dividuals with underlying illness such as hypertension and CVD are
susceptible to COVID-19 infection. However, ACEI/ARB treatment is
widely used among these patients. This raises concerns about potential
advantages or disadvantages of ACEI/ARB use COVID-19 infection[33].
SARS-CoV-2 binds to the extracellular domain of the transmembrane
ACE2 receptor to entry host cells [9]. While ACEI and ARB have been

Table 2
Meta-analysis for studies included in the analysis.

Outcomes Number of studies Number of estimates Pooled OR (95 % CI), I2 statistics (%), P-value for the
heterogeneity Q test

Model used

COVID-19 infection 3 4 0.99 (0.95–1.04); I2 = 0%, P = 0.504 Random effects
ACEI 3 3 0.98 (0.92–1.04); I2 = 0%, P = 0.542 Random effects
ARB 3 3 1.01 (0.95–1.07); I2 = 8.9%, P = 0.334 Random effects

COVID-19 Mortality 8 9 0.73 (0.5–1.07); I2 = 70.7%, P = 0.11 Random effects
Type of data Random effects
Unadjusted 4 4 0.91 (0.51–1.61); I2 = 33.4%, P = 0.212 Random effects
Adjusted 4 5 0.66 (0.38–1.12); I2 = 82.2%, P < 0.001 Random effects

Study location Random effects
China 5 5 0.65 (0.46−0.91); I2 = 0%, P = 0.529 Random effects
Other countries 3 4 0.88 (0.48–1.62); I2 = 86.1%, P < 0.001 Random effects
Patient with indication 6 7 0.62 (0.38–1.02); I2 = 74.8%, P = 0.001 Random effects

ACEI/ARB vs non-ACEI/ARB antihypertensive drug 4 4 0.48 (0.29−0.81); I2 = 0%, P = 0.3796 Random effects
COVID-19 Severity 7 8 0.98 (0.87–1.09); I2 = 42.8%, P = 0.093 Random effects
Patient with indication 5 6 0.95 (0.83–1.1); I2 = 57.6%, P = 0.038 Random effects
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shown to upregulate ACE2 expression in animal studies [7,8], it is
reasonable to hypothesize that hypertensive patients taking these drugs
may have a higher risk of COVID-19 infection. Contrary to this hy-
pothesis, our analysis did not provide evidence that patients should stop
or substitute the ACEI or ARB medications previously prescribed. This
may be result for two reasons. First, the effects of ACEI/ARB on the
level of human plasma ACE2 are inconsistent [34]Second, none of the
studies evaluated the effects of ACEI/ARBs on lung-specific expression
of ACE2 [35]. To be relevant in SARS-CoV-2 infection, the effects on
ACE2 would need to be present on respiratory epithelium. Second, beta
blockers are identified as preventing ACE2 activity [36], which could
underestimate the risk of COVID-19 associated ACEI/ARBs.

Another important issue is the use of ACEI/ARBs on the clinical
outcomes of COVID-19 patients. Upon binding to ACE2, SARS-CoV
subsequently reduces ACE2 expression in host cells. This results in ac-
tivation of RAS, which in turn causes severe acute lung injury and

exacerbates the progression of pneumonia [11]. According to this
theory, a RAS inhibitor may improve the clinical outcomes of patients
with COVID-19. In our overall analysis, ACEI/ARB exposure was not
associated with a lower risk of COVID-19 severity or mortality. This
may be explained by the drug indication. The latest systematic review
[6] identified that COVID-19 patients with hypertension and CVD faced
a greater risk of progressing to more critical or mortal illness. Several
studies [20,22,25,30] included patients without hypertension and CVD
in the non-ACEI/ARB group, which may underestimate the protective
effect of ACEI/ARB use in COVID-19 patients. Further analysis of stu-
dies that only included patients using an ACEI/ARB indicated for hy-
pertension found that patients on ACEI/ARBs had a lower risk of
mortality. This finding is further reinforced by the relatively lower but
significant risk observed in patients with hypertension.

To our knowledge, this systematic review and meta-analysis is the
first to evaluate the role of ACEI/ARBs as an antihypertensive regimen

Fig. 2. Forest plot of ACEI/ARB exposure and risk of mortality in COVID-19 patients.

Fig. 3. Forest plot of ACEI/ARB exposure and risk of mortality in COVID-19 patients with antihypertensive indication.
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in patients with COVID-19. The key strength of our meta-analysis lies in
its large sample size and comprehensive search. The accumulating
evidence and large sample size enhanced the statistical power of this
study to provide more precise and reliable risk estimates. In the in-
cluded studies, more than 19,000 COVID cases were included in the
analysis of severity and mortality. Furthermore, we conducted addi-
tional analyses to control for confounding factors by indication.

Nonetheless, this review has some major limitations. The most im-
portant limitation of our meta-analysis is the residual number of un-
known confounders. Previous studies have reported that sex, age,
smoking, and diabetes greatly affect the prognosis of COVID-19 infec-
tion. However, these potential confounders are considered in most of
the included studies. Future research should report analyses stratified
by possible risk factors that fully adjust for potential confounders to
rule out alternative explanations. Another limitation is that there was
only a small number of eligible high-quality studies was small, which
may have influenced the accuracy of the results. Third, the measure-
ment of ACEI/ARB exposure was through medical record review, which
is less reliable than other methods. This may have influenced the
findings. Fourth, although only mild heterogeneity was observed in the
analysis of COVID-19 severity, the existence of clinical heterogeneity is
expected to lead to a degree of statistical heterogeneity in the results.
The definitions of COVID-19 severity and outcomes were inconsistent
among the included studies. Finally, the results of this review are sus-
ceptible to selection bias given that most of the patients in the study
population were in a hospital.

In conclusion, the results of the meta-analysis suggest that use of
ACEI/ARB in patients with COVID-19 does not increase the risk of
COVID-19 infection, severity, or mortality. However, a lower risk of
mortality was observed among those patients who were taking ACEI/
ARB for the treatment of hypertension. The findings suggest that ACEI/
ARB treatment should be continued in COVID-19 patients who are
taking these medications for antihypertensive treatment.
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