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ABSTRACT
Background  The association of ACE inhibitors (ACEIs) 
and angiotensin II receptor blockers (ARBs) with disease 
severity of patients with COVID-19 is still unclear. We 
conducted a systematic review and meta-analysis to 
investigate if ACEI/ARB use is associated with the risk of 
mortality and severe disease in patients with COVID-19.
Methods  We searched all available clinical studies 
that included patients with confirmed COVID-19 who 
could be classified into an ACEI/ARB group and a non-
ACEI/ARB group up until 4 May 2020. A meta-analysis 
was performed, and primary outcomes were all-cause 
mortality and severe disease.
Results  ACEI/ARB use did not increase the risk of 
all-cause mortality both in meta-analysis for 11 studies 
with 12 601 patients reporting ORs (OR=0.52 (95% 
CI=0.37 to 0.72), moderate certainty of evidence) and in 
2 studies with 8577 patients presenting HRs. For 12 848 
patients in 13 studies, ACEI/ARB use was not related 
to an increased risk of severe disease in COVID-19 
(OR=0.68 (95% CI=0.44 to 1.07); I2=95%, low certainty 
of evidence).
Conclusions  ACEI/ARB therapy was not associated 
with increased risk of all-cause mortality or severe 
manifestations in patients with COVID-19. ACEI/ARB 
therapy can be continued without concern of drug-
related worsening in patients with COVID-19.

INTRODUCTION
As of 9 May 2020, SARS-CoV-2 has infected >3.7 
million people and killed >259 000 patients world-
wide.1 However, knowledge of this new virus 
remains sparse, which is a major hindrance to over-
coming the current pandemic. One of the main 
issues to resolve is whether the use of the renin-
angiotensin system blockers, including ACE inhib-
itors (ACEIs) and angiotensin II receptor blockers 
(ARBs), may be associated with the severity of 
COVID-19 caused by SARS-CoV-2.

Preclinical studies demonstrated an increase in the 
expression level of ACE2 in the heart2 and kidney3 of 
rats treated with ARBs, as well as in human intestine 
biopsies treated with ACEIs.4 ACE2 was identified 
as a functional receptor through which SARS-
CoV-2 enters host cells.5 6 Therefore, it is reason-
able to be concerned that treatment with ACEI/
ARB could facilitate virus entry due to increased 
ACE2 expression, leading to more severe disease. If 
this is the case, ACEI/ARB should be discontinued 
in patients who are being treated with these drugs 
on the confirmation of COVID-19 diagnosis.7 
This issue is important, given that the duration 

of the SARS-CoV-2 pandemic remains unclear,8 
and ACEI/ARBs are among the most commonly 
prescribed drugs.9 10 Although several professional 
societies have recommended the continuation of 
ACEI/ARBs in the current situation,11 uncertainty 
remains owing to a lack of supporting clinical data. 
Although several observational studies have been 
published recently,12–21 they reported somewhat 
different results. For example, Zhang et al showed 
that ACEI/ARB treatment was associated with a 
reduced risk of mortality in patients with COVID-
19,21 but Mancia et al showed a higher propor-
tion of ACEI/ARB use among critical patients than 
among those with mild-to-moderate infection.14

To help resolve this issue, we conducted a system-
atic review and meta-analysis on recently published 
studies to investigate the effects of ACEI/ARBs on 
the risk of mortality and severe disease in patients 
diagnosed with COVID-19.

METHODS
Protocol and registration
This systematic review was reported according to 
the guidelines of the Meta‐analysis of Observational 
Studies in Epidemiology22 and Preferred Reporting 
Items for Systematic Review and Meta-analysis 
(PRISMA) statement.23 The protocol of the system-
atic review was registered in the International 
Prospective Register of Systematic Reviews (PROS-
PERO, CRD42020179780) on 17 April 2020.

Key messages

What is the key question?
►► Is there a statistical significance in clinical 
outcomes, including all-cause mortality 
and severe disease between ACE inhibitors/
angiotensin II receptor blocker (ACEI/ARB) 
group and non-ACEI/ARB group in patients with 
COVID-19?

What is the bottom line?
►► For 21 178 patients in 13 studies, ACEI/ARB use 
did not increase the risk of all-cause mortality 
of patients with COVID-19.

►► For 12 848 patients in 13 studies, ACEI/ARB use 
was not related to an increased risk of severe 
disease in those with COVID-19.

Why read on?
►► Our study supports the current 
recommendations favouring the continuation of 
ACEI/ARB use during the COVID-19 pandemic.
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Eligibility criteria
The eligibility criteria for studies included in the systematic 
review were as follows: (1) the study subjects were diagnosed 
with COVID-19 by high-throughput sequencing or real-time 
reverse transcription-PCR assay using upper or lower respiratory 
tract specimens, (2) the subjects could be classified into ACEI/
ARB user and non-ACEI/ARB user groups, (3) the severity of 
disease or all-cause mortality was evaluated according to the 
use of ACEI/ARB and (4) any human clinical comparative study 
except for those with a cross-sectional design.

Information sources and search strategy
The Medline, Embase, Cochrane Central Register of Controlled 
Trials, MedRxiv, Social Science Research Network and Peer J 
databases were searched for potentially eligible published and 
unpublished studies up to 4 May 2020. The search strategy was 
designed by experienced researchers (HWL and C-HL) based 
on The Peer Review of Electronic Search Strategies checklist.24 
Manual searches were conducted for references cited in recent 
articles, systematic reviews and meta-analyses to complement 
the search strategy. When unpublished or forthcoming papers 
were found, we contacted the authors to obtain all available 
data, but none replied. There was no restriction on study period, 
ethnicity or language in the search strategy. The details of the 
search strategy are outlined in online supplemental appendix 1. 
The searched references from retrieved articles were imported 
into a reference management software (Endnote X7, Thomson 
Reuters, Philadelphia, Pennsylvania, USA) and shared with the 
other authors.

Study selection
The study selection was conducted by two individual reviewers 
(HWL and C-HL) based on the PRISMA flow diagram.25 Dupli-
cated studies were censored based on the study title and name 
of the first author. The two independent reviewers (HWL and 
C-HL) individually screened the titles, abstracts and keywords 
to select potentially eligible studies. The independent reviewers 
(HWL and C-HL) then conducted a full-text review to check 
for conformance with the prespecified eligibility criteria. In case 
of any conflict or disagreement, eligibility was discussed by all 
authors until a consensus was reached.

Data extraction and quality assessment
Data were extracted using a standardised format.26 HWL and 
C-HL extracted data on the study characteristics (first author, 
published or preprinted year, region, eligibility criteria, expo-
sure to intervention and definition of severe disease) and the 
baseline characteristics of the patients (number of analysed 
patients, age, sex and comorbidities, including hypertension, 
diabetes mellitus, cardiovascular disease, pulmonary disease, 
cerebrovascular disease, chronic liver disease, chronic kidney 
disease and cancer). Two dichotomous variables (number of 
patients who died during the observation period and number of 
patients with severe disease) were used as clinical outcomes. We 
extracted adjusted risk ratios, including the OR and HR, when 
data were available. If the use of ACEI/ARB was evaluated only 
in the subpopulation with hypertension, the extraction process 
was conducted with a focus on the subpopulation, along with 
the collection of data for the whole population to determine any 
relevant differences.

The risk of bias (ROB) of eligible studies was assessed using 
the Risk Of Bias In Non-randomised Studies of Interventions 
(ROBINS-I) tool,27 as recommended by the Cochrane Scientific 

Committee in 2017. If a study was assessed to have a critical 
level of ROB in any domain in ROBINS-I tool, a sensitivity anal-
ysis was planned after excluding the biassed study.

Outcomes
The primary outcomes were all-cause mortality and severe 
disease. The definition of severe disease was according to indi-
vidual study definitions.

Data synthesis and analysis
The outcomes were conservatively analysed using a random-
effects model because heterogeneity was detected among the 
included studies regarding the study method and patient char-
acteristics. Risk of all-cause mortality or severe disease events 
was calculated as the OR with a 95% CI in terms of summary 
statistics. The overall results of the meta-analysis were visualised 
with forest plots. The I2 statistic and the Cochran’s Q test were 
used to evaluate statistical heterogeneity among the effect sizes 
of the included studies.

Meta-regression analysis was conducted by using different 
variables including baseline characteristics, whether confounders 
were adjusted or not, and the definition of outcome, as a 
covariate. Subgroup analysis was also performed according to 
categorical covariates.

Funnel plot asymmetry and Egger’s and Begg’s tests were used 
for qualitative and quantitative evaluation of publication bias, 
respectively.26 If publication bias was suspected, the trim-and-fill 
method was planned to calculate a corrected OR by estimating 
the number of missing studies.28 All the analyses were performed 
using Stata software V.14.2 (StataCorp, College Station, Texas, 
USA), using the commands named “metan”, “metafunnel”, 
“metabias” and “metareg” and using R V.3.4.0 statistical 
computing software (R Foundation for Statistical Computing, 
Vienna, Austria) with the metafor and meta packages.29 Two-
tailed p<0.05 was considered to indicate statistical significance.

Certainty of evidence
The certainty of evidence was rated using the Grading of 
Recommendations, Assessment, Development and Evaluations 
(GRADE) approach.30

RESULTS
Study selection
After removing duplicates, 404 studies were screened, and 35 
potentially relevant articles were retrieved for full-text review 
(figure  1). Twenty studies met the eligibility criteria. The 
reasons for excluding 15 articles are described in online supple-
mental appendix 2. Three studies were excluded because the 
data could be overlapped with other included data sources.31 
The details of data sources of included studies are described 
in online supplemental appendix 3. All 20 studies were obser-
vational studies, and there was no randomised controlled trial 
reporting relevant results. All-cause mortality was reported in 
13 studies,13 15–17 19–21 32–37 and severe disease was reported in 
13 studies.12–14 16–18 20 34 35 38–41 Mortality was evaluated during 
hospitalisation in nine studies,13 15–17 19 20 32 33 35 at 28 days 
during hospitalisation in two studies,21 34 during hospitalisation 
in about 87% of patients in one study,36 and at 60 days in one 
study.37 Severe disease was evaluated during hospitalisation in 12 
studies,12 13 16–18 20 34 35 38–41 and during hospitalisation in severe 
cases in 1 study,14 where about half of mild-to-moderate cases 
were not hospitalised.
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Baseline characteristics of the included studies and patients
The baseline characteristics of the included studies and patients 
are summarised in table  1 and online supplemental appendix 
4. All studies were conducted in 2020; nine in China, four in 
the USA, three in Italy, one in Iran, one in South Korea, one in 
the UK and one other study across multiple countries. All the 
36 108 patients with a confirmed diagnosis of COVID-19 were 
hospitalised or isolated. Among these patients, data for 30 766 
patients with information on the use or non-use of ACEI/ARB 
were included in the meta-analysis, 8066 of whom were classi-
fied in the ACEI/ARB group. The mean age was 54.4 years and 
54.5% of the included patients were men. Several comorbidities 
were reported, including 41.9% patients with hypertension in 
all 20 studies, 15.3% with cardiovascular diseases in 18 studies, 
17.9% with diabetes in 17 studies, 8.8% with chronic respira-
tory diseases in 14 studies, 3.9% with chronic kidney disease 
in 12 studies, 9.1% with malignancies in 10 studies, 3.7% with 
cerebrovascular diseases in 8 studies and 4.6% with chronic 
liver diseases in 7 studies. The ACEI/ARB group was defined as 
those with any medication history of treatment with ACEI or 
ARB based on the electric medical record in 12 studies, those 
who used ACEI or ARB during hospitalisation in 6 studies, those 
who used ACEI or ARB at the time of hospitalisation in 1 study 
and those who were treated with ACEI or ARB within the 7 
days before symptoms or during inpatient treatment in 1 study. 
Definitions of severe disease followed the report of the WHO-
China Joint Mission on COVID-1942 for (1) respiratory rate 
(RR) ≥30, (2) O2 saturation at rest ≤93% and (3) PaO2/FiO2 
ratio ≤300 in seven studies12 13 16 17 20 38 41; the criteria for severe 
disease as intensive care, mechanical ventilation or death in four 
studies14 18 39 40; the criteria for severe disease as (1) reduced 
consciousness, (2) RR ≥30/min, (3) blood pressure <90/60, (4) 
multilobar infiltration and (5) hypoxaemia in one study35 and 
the severe community-acquired pneumonia definition in the 

clinical practice guideline of the American Thoracic Society and 
Infectious Diseases Society of America43 in one study.34

ROB assessment within studies
The ROB assessment is summarised in online supplemental 
appendix 5. In general, the studies had low ROB in patient 
selection, classification of interventions and deviations from 
intended interventions, but showed moderate ROB in missing 
data and selection bias. Many studies did not provide sufficient 
information on confounding variables. The majority of studies 
were assessed to be vulnerable to ROB in the measurement of 
outcomes, which was attributed to the innate nature of a retro-
spective study in that the outcome assessors were aware of the 
intervention status, rather than to a serious or critical defect in 
the study design.

All-cause mortality
We found 21 178 patients in 11 studies reporting OR and 
2 studies reporting HR. The risk of all-cause mortality was 
significantly decreased in the ACEI/ARB group compared with 
non-ACEI/ARB group with a heterogeneity (OR=0.52 (95% 
CI=0.37 to 0.72), I2=87%, p value for heterogeneity <0.01, 
figure  2) (moderate level of evidence, online supplemental 
appendix 6). To identify factors affecting the heterogeneity, 
we conducted meta-regression and subgroup analyses. A meta-
regression analysis showed whether confounders were adjusted 
or not affected the effect size (test of moderator p<0.01). 
However, ACEI/ARB group had significantly lower risks of all-
cause mortality than non-ACEI/ARB group in both subgroup 
analyses where confounders were adjusted (OR=0.30 (95% 
CI=0.22 to 0.40); I2=61%, p value for heterogeneity=0.11, 
figure 3) and where confounders were not adjusted (OR=0.52 
(95% CI=0.37-0.72); I2=0%, p value for heterogeneity=0.59, 
figure 3). There were no other factors affecting the effect size 
in meta-regression analyses by using the following covariates: 
‘including hypertensive patients only or not’ (test of moderator 
p=0.92), ‘the age of participants aged ≥60 or <60 years’ (test of 
moderator p=0.19) or ‘male proportion ≥50% or <50%’ (test 
of moderator p=0.89). ACEI/ARB group was associated with 
decreased risk of all-cause mortality in hypertensive patients-
only subgroup (OR=0.53 (95% CI=0.39 to 0.73); I2=87%, p 
value for heterogeneity=0.04, online supplemental appendix 
7). ACEI/ARB group was associated with decreased risk of all-
cause mortality in both subgroups of age ≥60 and <60 years 
(online supplemental appendix 8) and was also associated with 
decreased risk of all-cause mortality in both subgroups of male 
proportion ≥50% and <50% (online supplemental appendix 
9). The sensitivity analysis excluding three studies, in which 
the definition of mortality was not ‘in-hospital mortality’ but 
’28 days mortality’21 34 or not all patients were hospitalised,36 
showed a similar result (online supplemental appendix 10).

There were two studies applying HR to compare the risk of 
all-cause mortality between ACEI/ARB group and non-ACEI/
ARB group. Because those studies included patients with largely 
different characteristics such as age (44.437 vs 76.0 years19), 
male proportion (38.5%37 vs 72.3%19) and the proportion of 
hypertensive patients (19.0%37 vs 100%),19 we did not perform 
a meta-analysis. Both the study by Lee et al (HR=1.07 (95% 
CI=0.66 to 1.74))37 and the study by Tedeschi et al (HR=0.97 
(95% CI=0.68 to 1.38))19 showed that ACEI/ARB use did not 
increase the risk of all-cause mortality compared with non-ACEI/
ARB group.

Figure 1  Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) flow diagram for the systematic review and meta-
analysis. In PRISMA flow diagram, the information of different phases 
of a systematic review are summarised. PRISMA flow diagram maps 
out the number of records identified, included and excluded, and the 
reasons for exclusion.
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Severe disease in COVID-19
For 12 848 patients in 13 studies, ACEI/ARB use was not asso-
ciated with an increased risk of severe disease manifestation in a 
meta-analysis using a random-effects model, although there was 
a significant heterogeneity (OR=0.68 (95% CI=0.44 to 1.07); 
I2=95%, p value for heterogeneity <0.01, figure 4) (low level 
of evidence, online supplemental appendix 6). We conducted a 
various meta-regression, but did not identify a contributor of 
heterogeneity among the following covariates: ‘confounders 
were adjusted or not’ (test of moderator p=0.99), ‘including 
hypertensive patients only or not’ (test of moderator p=0.35), 
‘the age of participants ≥60 or <60 years’ (test of moder-
ator p=0.21) or ‘male proportion ≥50% or <50%’ (test of 
moderator p=0.58). Whether the definition for severe disease 
followed the WHO-China criteria or not also did not affect the 
effect size (test of moderator p=0.17). ACEI/ARB group did 
not have a higher risk of severe disease than ACEI/ARB group 
both in subgroup of studies defining severe disease according to 
WHO-China criteria (OR=0.51 (95% CI=0.30 to 0.87)) and in 

subgroup of studies defining severe disease according to other 
criteria (OR=0.99 (95% CI=0.51 to 1.90)) (figure  5). ACEI/
ARB was not associated with increased risk of severe disease 
in all other subgroup analyses, although there were statistical 
heterogeneities in majority of subgroup analysis (online supple-
mental appendices 11–14. The sensitivity analysis excluding one 
study,14 in which not all patients were hospitalised, showed a 
similar result (online supplemental appendix 15).

Publication bias
Observation of funnel plots supported by Egger’s and Begg’s 
tests indicated no significant publication bias for the associations 
with mortality and severe disease (online supplemental appendix 
16).

Figure 2  Forest plot of for all-cause mortality using OR. All-cause 
mortality data of OR and 95% CI from 11 studies were pooled in this 
meta-analysis using random-effects model and the result of meta-
analysis was described as a forest plot. The square and horizontal line 
indicated the OR and 95% CI of individual study that was also described 
in the right side of the forest plot. The diamond on the bottom of this 
forest plot indicated a pooled OR and 95% CI. TE, treatment effect.

Figure 3  Forest plot for all-cause mortality in adjusted OR and 
unadjusted OR. Subgroup analysis for all-cause mortality was conducted 
according to adjusted or unadjusted OR. The square and horizontal 
line indicated the OR and 95% CI of individual study that was also 
described in the right side of the forest plot. The diamond of this forest 
plot indicated a pooled OR and 95% CI in each subgroup analysis 
and in overall population. Meta-regression analysis performed using 
‘unadjusted versus adjusted’ as the covariate affected the effect size 
(test of moderator, p<0.001). TE, treatment effect.

Figure 4  Forest plot for severe disease using OR. Severe disease data 
of OR and 95% CI from 13 studies were pooled in this meta-analysis 
using random-effects model and the result of meta-analysis was 
described as a forest plot. The square and horizontal line indicated the 
OR and 95% CI of individual study that was also described in the right 
side of the forest plot. The diamond on the bottom of this forest plot 
indicated a pooled OR and 95% CI. TE, treatment effect.

Figure 5  Forest plot for severe disease according to the definition 
of severe disease. Subgroup analysis for severe disease was conducted 
according to whether the definition of severe disease followed WHO-
China criteria or not. The square and horizontal line indicated the OR 
and 95% CI of individual study that was also described in the right side 
of the forest plot. The diamond of this forest plot indicated a pooled OR 
and 95% CI in each subgroup analysis and in overall population. Meta-
regression analysis performed using ‘defined by WHO-China criteria 
versus other criteria’ as the covariate did not affect the effect size (test 
of moderator, p=0.1657). TE, treatment effect.
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DISCUSSION
To our knowledge, this is the systematic review and meta-analysis 
investigating the association between ACEI/ARB treatment and the 
risk of mortality and severe disease in patients with COVID-19 
first registered in PROSPERO. ACEI/ARB use was significantly 
associated with a decreased risk of all-cause mortality in meta-
analysis for studies using ORs. Two studies using HR did not 
show an increased risk of all-cause mortality in ACEI/ARB group 
compared with non-ACEI/ARB group. Thus, we concluded that 
ACEI/ARB did not increase the risk of all-cause mortality in 
patients infected with SARS-CoV-2. ACEI/ARB use was not associ-
ated with an increased risk of severe disease, although there was a 
significant heterogeneity. We rated moderate certainty of evidence 
for all-cause mortality and low certainty of evidence for severe 
disease, mainly rated down due to the limitation of retrospective 
study design. Overall, the continuation of ACEI/ARB use during 
the COVID-19 pandemic can be a suitable strategy as current guid-
ance suggested.11

Hypertension, cardiovascular diseases and diabetes are the most 
common comorbidities of patients with severe disease in COVID-
19,44 which are commonly treated with ACEI/ARBs. Researchers 
have postulated that ACEI/ARB use could be a link between 
more frequent cases of severe disease symptoms in patients with 
comorbidities.44–47 This is based on the fact that ACEI/ARBs were 
found to upregulate ACE2 expression in rats and human intestinal 
cells.2–4 Since ACE2 is the receptor for SARS-CoV-2 entry in the 
host cell,5 6 ACEI/ARB use could facilitate worse symptoms in 
patients with COVID-19.44–47

However, our study does not support this speculation; it even 
suggests a potential benefit of ACEI/ARB for some COVD-19 
patients given that a decreased risk of all-cause mortality was 
observed in the meta-analysis for studies using ORs. The biolog-
ical mechanism of these beneficial effects with ACEI/ARB could be 
explained from two perspectives.48 First, ACEI/ARBs inhibit the 
activity of angiotensin II, which increases blood pressure, reten-
tion of sodium and water,49 inflammation50 and tissue injury.51 
Thus, these drugs attenuate lung and cardiovascular insults, which 
could prevent severe disease and death.52 In fact, serum angio-
tensin II levels were found to be markedly elevated and linearly 
associated with viral load and lung injury in patients with COVID-
19.53 Second, ACEI/ARBs upregulate ACE2, which is expressed 
in the heart, lung, intestine and kidneys.54 Human coronaviruses 
downregulate ACE2 expression on cell membranes after invading 
cells,55 56 thereby enhancing neutrophil infiltration in the lungs.57 
Since angiotensin II is the main substrate of ACE2, the increase in 
ACE2 levels by ACEI/ARBs could mitigate the harmful effects of 
angiotensin II. ACE2 also degrades angiotensin I to angiotensin-
(1-9), inducing anti-inflammatory, anti-oxidative and vasodi-
lating effects through binding to the Mas receptor.11 In fact, some 
previous studies suggested that ACEI/ARBs may have a beneficial 
effect in preventing pneumonia58 59 and in improving the outcomes 
of patients with acute respiratory distress syndrome.60 The study 
of Meng et al,16 which was included in our meta-analysis, demon-
strated no difference in viral load at baseline, although the peak 
viral load was significantly lower in the ACEI/ARB group than in 
the non-ACEI/ARB group (p=0.03).

Our study has limitations. First, the interpretation of the results 
from our systematic review and meta-analysis should be careful 
because of high ROB from observational studies. According to 
GRADE approach, we attenuated the certainty of our conclu-
sions. Second, the definition of severe disease was heterogeneous 
among studies. Seven studies defined severe disease based on the 
WHO-China criteria, and six studies used other different criteria. 

The heterogenous definition for severe disease may have led to a 
significant statistical heterogeneity in the meta-analysis (I2=91%, 
p value for heterogeneity <0.01). Although ACEI/ARB group did 
not increase the risk of severe disease both in subgroup of studies 
defining severe disease according to WHO-China criteria and 
in subgroup of those using other criteria, the results should be 
cautiously interpreted considering the heterogeneity of outcome 
definition and the statistical heterogeneity. Third, there were a 
little bit different time points when the outcomes were evaluated. 
Most studies evaluated severe disease and mortality during hospi-
talisation. However, in the study by Mancia et al, half of patients 
with non-severe disease were not hospitalised, although all patients 
with severe disease were hospitalised. In the study by Caraballo et 
al, about 87% of patients with COVID-19 were hospitalised and 
in-hospital mortality was evaluated. We postulated the patients with 
COVID-19 who were not hospitalised as those with mild disease 
who recovered spontaneously without hospitalisation. The studies 
by Zeng et al and Zhang et al used 28 days mortality. However, 
we performed sensitivity analysis, excluding those studies, which 
showed similar results. Fourth, we found significant interstudy 
heterogeneities in meta-analyses for all-cause mortality and severe 
disease. To identify factors contributing on interstudy hetero-
geneity, we conducted meta-regression analysis and subgroup 
analysis. We identified whether confounders were adjusted or 
not significantly affect the effect size for all-cause mortality and 
conducted subgroup analysis according to confounders were 
adjusted or not. However, both subgroup analysis showed that 
ACEI/ARB group did not have a higher risk of all-cause mortality 
than non-ACEI/ARB group as described above. Fifth, although all 
the included studies fulfil the eligibility criteria stipulated in the 
present systematic review, there were several inconsistent partic-
ipant criteria because of eligible age (all adults vs ≥40 years old), 
comorbidities (general population vs specific disease cohort) and 
indications to exclude specific comorbid diseases.

CONCLUSIONS
The ACEI/ARB treatment does not increase the risk of all-cause 
mortality in patients with COVID-19. ACEI/ARB use does not 
increase the risk of severe disease, although the heterogeneous 
outcome definition and the statistical heterogeneity should be 
considered. Physicians can prescribe ACEI/ARB without concern 
of drug-related worsening in patients with COVID-19.

Contributors  Study concept and design: HWL and C-HL. Acquisition of data: HWL 
and C-HL. Analysis and interpretation of data: HWL and C-HL. Manuscript drafting: 
HWL and C-HL. Critical revision of the manuscript and important intellectual content: 
EJJ and C-HY. Study supervision: C-HL.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in 
the article or uploaded as supplementary information. The data are available by 
accessing the published studies listed in table 1.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until otherwise 
determined by BMJ. You may use, download and print the article for any lawful, 
non-commercial purpose (including text and data mining) provided that all copyright 
notices and trade marks are retained.

REFERENCES
	 1	 World Health Organization. Overview of coronavirus (COVID-19), 2020. Available: 

https://​covid19.​who.​int/ [Accessed 24 Apr 2020].

485Lee HW, et al. Thorax 2021;76:479–486. doi:10.1136/thoraxjnl-2020-215322

https://covid19.who.int/


Respiratory infection

	 2	 Ishiyama Y, Gallagher PE, Averill DB, et al. Upregulation of angiotensin-converting 
enzyme 2 after myocardial infarction by blockade of angiotensin II receptors. 
Hypertension 2004;43:970–6.

	 3	 Klimas J, Olvedy M, Ochodnicka-Mackovicova K, et al. Perinatally administered 
losartan augments renal ACE2 expression but not cardiac or renal MAS receptor in 
spontaneously hypertensive rats. J Cell Mol Med 2015;19:1965–74.

	 4	 Vuille-dit-Bille RN, Camargo SM, Emmenegger L, et al. Human intestine luminal ACE2 
and amino acid transporter expression increased by ACE-inhibitors. Amino Acids 
2015;47:693–705.

	 5	 Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell entry depends 
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 
2020;181:271–80.

	 6	 Wan Y, Shang J, Graham R, et al. Receptor recognition by the novel coronavirus from 
Wuhan: an analysis based on decade-long structural studies of SARS coronavirus. J 
Virol 2020;94. doi:10.1128/JVI.00127-20. [Epub ahead of print: 17 Mar 2020].

	 7	 Zheng YY, YT M, Zhang JY, et al. COVID-19 and the cardiovascular system. Nat Rev 
Cardiol 2020.

	 8	 Kissler SM, Tedijanto C, Goldstein E, et al. Projecting the transmission dynamics of 
SARS-CoV-2 through the postpandemic period. Science 2020;368:860–8.

	 9	 Shah SJ, Stafford RS. Current trends of hypertension treatment in the United States. 
Am J Hypertens 2017;30:1008–14.

	10	 Kim SH, Shin DW, Kim S, et al. Prescribing patterns of antihypertensives for treatment-
naïve patients in South Korea: from Korean NHISS claim data. Int J Hypertens 
2019;2019:1–10.

	11	 Bavishi C, Maddox TM, Messerli FH, et al. COVID-19) infection and renin angiotensin 
system blockers. JAMA Cardiol 2019.

	12	 Feng Y, Ling Y, Bai T, et al. COVID-19 with different severities: a multicenter study of 
clinical features. Am J Respir Crit Care Med 2020;201:1380–8.

	13	 Li J, Wang X, Chen J, et al. Association of renin-angiotensin system inhibitors with 
severity or risk of death in patients with hypertension hospitalized for coronavirus 
disease 2019 (COVID-19) infection in Wuhan, China. JAMA Cardiol 2020;5:825.

	14	 Mancia G, Rea F, Ludergnani M, et al. Renin-Angiotensin-Aldosterone system blockers 
and the risk of Covid-19. N Engl J Med 2020.

	15	 Mehra MR, Desai SS, Kuy S, et al. Cardiovascular disease, drug therapy, and mortality 
in Covid-19. N Engl J Med 2020.

	16	 Meng J, Xiao G, Zhang J, et al. Renin-Angiotensin system inhibitors improve the 
clinical outcomes of COVID-19 patients with hypertension. Emerg Microbes Infect 
2020;9:757–60.

	17	 Peng Y, Meng K, Guan H, et al. Clinical characteristics and outcomes of 112 
cardiovascular disease patients infected by 2019-nCoV 2020;48:E004–E04.

	18	 Reynolds HR, Adhikari S, Pulgarin C, et al. Renin-Angiotensin-Aldosterone system 
inhibitors and risk of Covid-19. N Engl J Med 2020.

	19	 Tedeschi S, Giannella M, Bartoletti M, et al. Clinical impact of renin-angiotensin 
system inhibitors on in-hospital mortality of patients with hypertension hospitalized 
for coronavirus disease 2019. Clin Infect Dis 2020;71:899–901.

	20	 Yang G, Tan Z, Zhou L, et al. Effects of Arbs and ACEIs on virus infection, inflammatory 
status and clinical outcomes in COVID-19 patients with hypertension: a single center 
retrospective study. Hypertension 2020.

	21	 Zhang P, Zhu L, Cai J, et al. Association of inpatient use of angiotensin-converting 
enzyme inhibitors and angiotensin II receptor blockers with mortality among patients 
with hypertension hospitalized with COVID-19. Circ Res 2020;126:1671–81.

	22	 Stroup DF, Berlin JA, Morton SC, et al. Meta-Analysis of observational studies in 
epidemiology: a proposal for reporting. meta-analysis of observational studies in 
epidemiology (moose) group. JAMA 2000;283:2008–12.

	23	 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 
reviews and meta-analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ 2009;339:b2700.

	24	 McGowan J, Sampson M, Salzwedel DM, et al. PRESS Peer Review of Electronic 
Search Strategies: 2015 Guideline Statement. J Clin Epidemiol 2016;75:40–6.

	25	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.

	26	 Higgins JP, Green S. Cochrane Handbook for systematic reviews of interventions 
version 5.1.0. The cochrane collaboration 2011.

	27	 Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in 
non-randomised studies of interventions. BMJ 2016;355:i4919.

	28	 Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and 
adjusting for publication bias in meta-analysis. Biometrics 2000;56:455–63.

	29	 Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat 
Softw 2010;36:1–48.

	30	 Guyatt GH, Oxman AD, Vist GE, et al. Grade: an emerging consensus on rating quality 
of evidence and strength of recommendations. BMJ 2008;336:924–6.

	31	 Bauchner H, Golub RM, Zylke J. Editorial Concern-Possible reporting of the same 
patients with COVID-19 in different reports. JAMA 2020;323:1256.

	32	 Benelli G, Buscarini E, Canetta C, et al. SARS-COV-2 comorbidity network and 
outcome in hospitalized patients in Crema, Italy 2020.

	33	 Ip A, Parikh K, Parrillo JE, et al. Hypertension and renin-angiotensin-aldosterone 
system inhibitors in patients with Covid-19 2020.

	34	 Zeng Z, Sha T, Zhang Y, et al. Hypertension in patients hospitalized with COVID-19 in 
Wuhan. China: A single-center retrospective observational study, 2020.

	35	 Ashraf MA, Shokouhi N, Shirali E, et al. COVID-19 in Iran a comprehensive 
investigation from exposure to treatment outcomes 2020.

	36	 Caraballo C, McCullough M, Fuery M, et al. COVID-19 infections and outcomes in a 
live registry of heart failure patients across an integrated health care system. medRxiv 
2020.

	37	 Lee H-Y, Ahn J, Kang CK, et al. Association of angiotensin II receptor blockers and 
angiotensin-converting enzyme inhibitors on COVID-19-Related outcome. SSRN 
Journal 2020.

	38	 Feng Z, Li J, Yao S, et al. The use of adjuvant therapy in preventing progression to 
severe pneumonia in patients with coronavirus disease 2019: a multicenter data 
analysis 2020.

	39	 Bean D, Kraljevic Z, Searle T, et al. Treatment with ACE-inhibitors is associated with 
less severe disease with SARS-Covid-19 infection in a multi-site UK acute Hospital 
trust 2020.

	40	 Rentsch CT, Kidwai-Khan F, Tate JP, et al. Covid-19 testing, hospital admission, and 
intensive care among 2,026,227 United States veterans aged 54-75 years 2020.

	41	 Yan H, Valdes AM, Vijay A, et al. Role of drugs affecting the renin-angiotensin-
aldosterone system on susceptibility and severity of COVID-19: a large case-control 
study from Zheijang Province, China. medRxiv 2020.

	42	 World Health Organization. Report of the WHO-China joint mission on coronavirus 
disease 2019 (COVID-19) 2020.

	43	 Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of adults with 
community-acquired pneumonia. An official clinical practice guideline of the American 
thoracic Society and infectious diseases Society of America. Am J Respir Crit Care Med 
2019;200:e45–67.

	44	 Guan WJ, ZY N, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in 
China. N Engl J Med 2020.

	45	 Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus 
at increased risk for COVID-19 infection? Lancet Respir Med 2020;8:e21.

	46	 Fang L, Karakiulakis G, Roth M. Antihypertensive drugs and risk of COVID-19? - 
Authors’ reply. Lancet Respir Med 2020.

	47	 Diaz JH. Hypothesis: angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers may increase the risk of severe COVID-19. J Travel Med 2020;27.

	48	 Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug 
Dev Res 2020;81:537–40.

	49	 Brewster UC, Perazella MA. The renin-angiotensin-aldosterone system and the kidney: 
effects on kidney disease. Am J Med 2004;116:263–72.

	50	 Marchesi C, Paradis P, Schiffrin EL. Role of the renin-angiotensin system in vascular 
inflammation. Trends Pharmacol Sci 2008;29:367–74.

	51	 Pober JS, Sessa WC. Evolving functions of endothelial cells in inflammation. Nat Rev 
Immunol 2007;7:803–15.

	52	 Vaduganathan M, Vardeny O, Michel T, et al. Renin-Angiotensin-Aldosterone system 
inhibitors in patients with Covid-19. N Engl J Med 2020.

	53	 Liu Y, Yang Y, Zhang C, et al. Clinical and biochemical indexes from 2019-
nCoV infected patients linked to viral loads and lung injury. Sci China Life Sci 
2020;63:364–74.

	54	 Hamming I, Timens W, Bulthuis MLC, et al. Tissue distribution of ACE2 protein, 
the functional receptor for SARS coronavirus. A first step in understanding SARS 
pathogenesis. J Pathol 2004;203:631–7.

	55	 Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin converting enzyme 2 (ACE2) 
in SARS coronavirus-induced lung injury. Nat Med 2005;11:875–9.

	56	 Dijkman R, Jebbink MF, Deijs M, et al. Replication-Dependent downregulation of 
cellular angiotensin-converting enzyme 2 protein expression by human coronavirus 
NL63. J Gen Virol 2012;93:1924–9.

	57	 Sodhi CP, Wohlford-Lenane C, Yamaguchi Y, et al. Attenuation of pulmonary 
ACE2 activity impairs inactivation of des-Arg9 bradykinin/BKB1R axis and 
facilitates LPS-induced neutrophil infiltration. Am J Physiol Lung Cell Mol Physiol 
2018;314:L17–31.

	58	 Caldeira D, Alarcão J, Vaz-Carneiro A, et al. Risk of pneumonia associated with use 
of angiotensin converting enzyme inhibitors and angiotensin receptor blockers: 
systematic review and meta-analysis. BMJ 2012;345:e4260.

	59	 Kim J, Lee J-K, Heo EY, et al. The association of renin-angiotensin system blockades 
and pneumonia requiring admission in patients with COPD. Int J Chron Obstruct 
Pulmon Dis 2016;11:2159–66.

	60	 Kim J, Choi SM, Lee J, et al. Effect of renin-angiotensin system blockage in patients 
with acute respiratory distress syndrome: a retrospective case control study. Korean J 
Crit Care Med 2017;32:154–63.

486 Lee HW, et al. Thorax 2021;76:479–486. doi:10.1136/thoraxjnl-2020-215322

http://dx.doi.org/10.1161/01.HYP.0000124667.34652.1a
http://dx.doi.org/10.1111/jcmm.12573
http://dx.doi.org/10.1007/s00726-014-1889-6
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://dx.doi.org/10.1128/JVI.00127-20
http://dx.doi.org/10.1128/JVI.00127-20
http://dx.doi.org/10.1126/science.abb5793
http://dx.doi.org/10.1093/ajh/hpx085
http://dx.doi.org/10.1155/2019/4735876
http://dx.doi.org/10.1164/rccm.202002-0445OC
http://dx.doi.org/10.1001/jamacardio.2020.1624
http://dx.doi.org/10.1080/22221751.2020.1746200
http://dx.doi.org/10.1093/cid/ciaa492
http://dx.doi.org/10.1161/CIRCRESAHA.120.317134
http://dx.doi.org/10.1001/jama.283.15.2008
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.1016/j.jclinepi.2016.01.021
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.1111/j.0006-341X.2000.00455.x
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://dx.doi.org/10.1001/jama.2020.3980
http://dx.doi.org/10.2139/ssrn.3569837
http://dx.doi.org/10.2139/ssrn.3569837
http://dx.doi.org/10.1164/rccm.201908-1581ST
http://dx.doi.org/10.1016/S2213-2600(20)30116-8
http://dx.doi.org/10.1093/jtm/taaa041
http://dx.doi.org/10.1002/ddr.21656
http://dx.doi.org/10.1002/ddr.21656
http://dx.doi.org/10.1016/j.amjmed.2003.09.034
http://dx.doi.org/10.1016/j.tips.2008.05.003
http://dx.doi.org/10.1038/nri2171
http://dx.doi.org/10.1038/nri2171
http://dx.doi.org/10.1007/s11427-020-1643-8
http://dx.doi.org/10.1002/path.1570
http://dx.doi.org/10.1038/nm1267
http://dx.doi.org/10.1099/vir.0.043919-0
http://dx.doi.org/10.1152/ajplung.00498.2016
http://dx.doi.org/10.1136/bmj.e4260
http://dx.doi.org/10.2147/COPD.S104097
http://dx.doi.org/10.2147/COPD.S104097
http://dx.doi.org/10.4266/kjccm.2016.00976
http://dx.doi.org/10.4266/kjccm.2016.00976

	Renin-­angiotensin system blocker and outcomes of COVID-­19: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategy
	Study selection
	Data extraction and quality assessment
	Outcomes
	Data synthesis and analysis
	Certainty of evidence

	Results
	Study selection
	Baseline characteristics of the included studies and patients
	ROB assessment within studies
	All-cause mortality
	Severe disease in COVID-19
	Publication bias

	Discussion
	Conclusions
	References


