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Abstract

Some have hypothesized that the use of angiotensin‐converting enzyme inhibitors

(ACEI) and angiotensin‐receptor blockers (ARB) may modify susceptibility to cor-

onavirus disease‐2019 (COVID‐19) in humans. Thus, we conducted two meta‐analyses
to investigate the effect of ACEI and ARB on mortality and susceptibility to COVID‐19.
Pubmed and EMBASE were searched through June 2020 to identify clinical trials that

investigated the testing positive and in‐hospital mortality rates for COVID‐19 for those

who were treated with ACEI and/or ARB and for those who were not treated with ACEI

or ARB. The first analysis investigated the testing positive rate of COVID‐19. The
second analysis investigated the in‐hospital mortality rate for patients with COVID‐19.
Three eligible studies for the first analysis and 14 eligible studies for the second analysis

were identified. The first analysis demonstrated that the use of ACEI or ARB did not

affect the testing positive rates (odds ratio [OR] [confidence interval [CI]] = 0.96

[0.88–1.04]; p = .69, OR [CI] = 0.99 [0.91–1.08]; p = 0.35, respectively). The second

analysis showed that the use of ACEI and/or ARB did not affect in‐hospital mortality

(risk ratio [RR] 95% [CI]] = 0.88 [0.64–1.20], p = 0.42). The subgroup analysis by limiting

studies of patients with hypertension showed ACEI and/or ARB use was associated with

a significant reduction of in‐hospital mortality compared with no ACEI or ARB use (RR

[CI] = 0.66 [0.49‐0.89], p = 0.004). Our analysis demonstrated that ACEI and/or ARB use

was associated neither with testing positive rates of COVID‐19 nor with mortality of

COVID‐19 patients.
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1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2),
which causes coronavirus disease‐2019 (COVID‐19), can infect

host cells by means of interaction with membrane‐bound
angiotensin‐converting enzyme 2 (ACE2) on respiratory epithe-

lium.1 ACE inhibitors (ACEI) and angiotensin‐receptor blockers

(ARB) are considered first‐choice drugs for patients with

hypertension, heart failure, and chronic kidney disease, but also

increase the expression of ACE2.2 Therefore, some have hy-

pothesized that their use may modify susceptibility to infection

with SARS‐CoV‐2 in humans. On the contrary, ACE2 expression is

downregulated following SARS‐1 infection, resulting in dispropor-

tionate activation of the renin‐angiotensin‐aldosterone system and

exacerbated pneumonia progression.3 However, there is no con-

sensus as to whether their use might increase or reduce of severity
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or susceptibility for SARS‐CoV‐2 infection. Although several meta‐
analyses were conducted to assess the outcome of ACEI/ARB use

on patients with COVID‐19,4–6 a large observational study using

databases in Asia, Europe, and North America which was included

in these meta‐analyses, was retracted from a peer‐reviewed jour-

nal.7 Therefore, investigation of the effect of ACEI/ARB use on

patients with COVID‐19 is still warranted, hence we conducted

two meta‐analyses to compare mortality and susceptibility of

SARS‐CoV‐2 infection between patients treated and those not

treated with ACEI and/or ARB.

2 | METHODS

All observational studies that investigated the testing positive and in‐
hospital mortality rates for COVID‐19 for those who were treated

with ACEI or/and ARB and for those not treated with ACEI or ARB

were identified using a two‐level strategy. First, databases including

Pubmed and EMBASE were searched through June 18, 2020. Second,

relevant studies were identified through a manual search of sec-

ondary sources including references of initially identified articles,

reviews, and commentaries. All references were downloaded for

consolidation, elimination of duplicates, and further analyses. Search

terms included “angiotensin,” “ACE,” “ARB,” “RAAS,” and “COVID‐19
or coronavirus.” We did not apply language limitations. Two in-

dependent and blinded authors (Yujiro Yokoyama and Toshiki Kuno8)

reviewed the search results separately to select the studies based on

present inclusion and exclusion criteria. Disagreements were re-

solved by consensus. The study was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses guidelines.9

We conducted two independent analyses. The first analysis in-

vestigated the testing positive rate of COVID‐19 (positive number/all

tested number) for those who were on ACEI and/or ARB and for

those who were not on ACEI or ARB. The second analysis in-

vestigated in‐hospital mortality for patients with COVID‐19 treated

with ACEI and/or ARB and those not treated with ACEI or ARB.

Included studies met the following criteria: the study design was an

observational study, the study population included patients with

COVID‐19, enrolled patients were divided into the ACEI/ARB and no

ACEI/ARB groups.

Odds ratios (ORs) for testing positive and hazard ratios (HRs)

or risk ratios (RRs) for in‐hospital mortality were extracted or

calculated from each study. The Review Manager (RevMan) Version

5.3 (Nordic Cochrane Centre, the Cochrane Collaboration, 2012,

Copenhagen, Denmark) was used to combine ORs for the first

analysis and HRs/RRs for the second analysis in the random‐effects
model.

For the second analysis, the subgroup analysis was conducted by

restricting studies which only investigated the patients with hy-

pertension and the sensitivity analysis was performed by removing

the outcome without adjustment methods.

3 | RESULT

Our search identified three eligible studies for the first analysis10–12

and 14 eligible studies for the second analysis11,13–25 (Figure S1).

Characteristics and outcomes of the studies are summarized in

Tables 1 and 2. The first analysis showed that the testing positive

rates were similar for those treated with ACEI and those not treated

with ACEI (OR [95% confidence interval [CI]] = 0.96 [0.88–1.04],

p = 0.69; Figure 1) and for those treated with ARB and those not

treated with ARB (OR [95% CI] = 0.99 [0.91–1.08], p = 0.35; Figure 2).

The second analysis demonstrated that in‐hospital mortality

for patients with positive COVID‐19 testing was similar between

for those on ACEI and/or ARB and those not on ACEI or ARB (RR

[95% [CI]] = 0.88 [0.64‐1.20], p = 0.42; Figure 3). However, the

sensitivity analysis by removing the outcome without adjustment

methods showed that ACEI and/or ARB use was associated with a

significant reduction of in‐hospital mortality compared with no

ACEI or ARB use (RR [CI] = 0.59 [0.35‐0.98], p = 0.04; Figure S2).

Similarly, the subgroup analysis by restricting studies which in-

vestigated only patients with hypertension showed that ACEI and/

or ARB use was associated with a significant reduction of in‐
hospital mortality compared with no use of ACEI or ARB (RR

[CI] = 0.66 [0.49–0.89], p = .004; Figure 4). The sensitivity analysis

by removing the outcome without adjustment methods also

showed that ACEI and/or ARB use was associated with a sig-

nificant reduction of in‐hospital mortality compared with no use of

ACEI or ARB in patients with hypertension (RR [CI] = 0.63

[0.39–0.99], p = 0.04; Figures S2 and S3).

TABLE 1 Study profile and outcomes for the first analysis

Testing positive (OR [95% CI])

Author Country Total number (n) ACEI/ARB (n) No ACEI/ARB (n) ACEI ARB

Mancia10 Italy 37,031 6,272 30,759 0.96 [0.87–1.07] 0.95 [0.86–1.05]

Mehta11 United States 18,472 2,285 16,187 0.89 [0.72–1.10] 1.09 [0.87–1.37]

Reynolds12 United States 3,384 1,692 1,692 1.00 [0.84–1.21] 1.07 [0.90–2.27]

Abbreviations: ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence interval; OR, odds ratio.
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4 | DISCUSSION

The first meta‐analysis assessed the susceptibility to COVID‐19 for those

who were on ACEI or ARB and showed that the use of ACEI/ARB did not

affect the susceptibility to COVID‐19. In the second meta‐analysis, we
observed that the use of ACEI and/or ARB was not associated with a

change in in‐hospital mortality for patients who were diagnosed with

COVID‐19. When restricting studies with hypertensive patients only, the

use of ACEI and/or ARB was associated with a significant reduction in

in‐hospital mortality compared with no use of ACEI or ARB.

There has been a debate on whether ACEI/ARB should be

continued or discontinued for those who were previously treated

with ACEI/ARB. Our results support continuous use of the medi-

cations regardless of prior history of hypertension, since a pro-

tective effect of ACEI/ARB on patients with COVID‐19 has been

reported, including reduced severity of COVID‐19 pneumonia by

preserving hypoxic vasoconstriction, limited deterioration of renal

function, and protection against myocardial injury.26 Cannata

et al.13 reported that COVID‐19 patients who continued ACEI/

ARB had lower all‐cause mortality compared with those who dis-

continued ACEI/ARB at the time of hospitalization. In addition, our

findings might suggest a potential benefit of initiation of ACEI/

ARB for patients with hypertension who were not previously

treated with ACEI/ARB.

TABLE 2 Study profile and outcomes for
the second analysis

Author Country

Total

number (n)

ACEI/

ARB (n)

no ACEI/

ARB (n)

In‐hospital mortality
(RR/HR [95% CI])

ACEI/ARB

Cannata13 Italy 280 56 224 0.05 [0.01–0.54]a

Conversano14 Italy 96 68 28 0.5 [0.2–1.2]

Gao15 China 710 183 527 0.93 [0.31–2.84]a

Guo16 China 187 19 168 1.72 [0.89–3.31]

Hu17 China 149 65 84 3.86 [0.16–93.31]

Jung18 Korea 1,954 377 1,577 0.87 [0.54–1.41]a

Li19 China 362 115 247 0.81 [0.51–1.26]

Mehta11 USA 1,705 211 1,494 1.67 [0.78–3.55]

Meng20 China 42 17 25 0.48 [0.02–11.16]

Richardson21 USA 1,366 413 953 1.18 [0.99–1.41]

Tadeschi22 Italy 311 N/A N/A 0.97 [0.68–1.39]a

Yang23 China 126 43 83 0.35 [0.08–1.51]

Zhang24 China 1,128 174 348 0.37 [0.15–0.89]a

Zhou25 China 2,718 906 1,812 0.32 [0.15–0.66]a

Abbreviations: ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensinogen receptor

blocker; CI, confidence interval; HR, hazard ratio; N/A, not available; RR, risk ratio.
aAdjusted RR or HR.

F IGURE 1 Comparisons of the testing positive rates of COVID‐19 for those who were on ACEI versus for those who were not on ACEI. The
left portions of the figure show the studies analyzed with their corresponding odds ratio, lower, and upper limits. The right portions of the figure
show a forest plot of the data. The horizontal lines represent the values within the 95% confidence interval of the underlying effects. The

vertical line indicates an odds ratio of 1. ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, confidence
interval; COVID‐19, coronavirus disease‐2019; OR, odds ratio; IV, inverse variance
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There have been several meta‐analyses reported that in-

vestigated the effect of ACEI/ARB on COVID‐19 patients.4–6 How-

ever, they included a large observational study using databases in

Asia, Europe, and North America,7 which was retracted from a peer‐
reviewed journal.27 Since this observational study might have

affected the outcomes of these meta‐analyses, an updated meta‐
analysis is warranted to clarify the true effect of ACEI/ARB on

COVID‐19 patients.

Our study has some limitations. First, our analysis included ob-

servational studies and is subject to possible selection bias and

confounding. However, the sensitivity analysis by removing the

outcomes without adjustment methods for the second analysis

showed the potential benefit of ACEI/ARB use compared with no use

of ACEI/ARB. Therefore, the use of ACEI/ARB is less likely to have a

negative impact on in‐hospital mortality. Second, we could not ana-

lyze severity for COVID‐19 such as the ICU admission or intubation

rates, since each study used a different definition for severe disease.

Similarly, we could not analyze the outcomes of ACEI and ARB

separately since few studies reported these separately.

In conclusion, our analysis demonstrated that ACEI and/or ARB

use was not associated with positive rates of COVID‐19, and mor-

tality in COVID‐19 patients, but might exert beneficial effects on

hypertensive patients with COVID‐19.

CONFLICT OF INTERESTS

The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Yujiro Yokoyama and Toshiki Kuno had full access to all the data in the

study and take responsibility for the integrity of the data and accuracy

of the data analysis. Study concept and design: Toshiki Kuno. Data cura-

tion, drafting of the manuscript, and statistical analysis: Yujiro Yokoyama.

F IGURE 2 Comparisons of the testing positive rates of COVID‐19 for those who were on ARB versus those who were not on ARB. The left
portions of the figure show the studies analyzed with their corresponding odds ratio, lower, and upper limits. The right portions of the figure

show a forest plot of the data. The horizontal lines represent the values within the 95% confidence interval of the underlying effects. The
vertical line indicates an odds ratio of 1. ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; COVID‐19,
coronavirus disease‐2019; CI, confidence interval; IV, inverse variance

F IGURE 3 Comparisons of in‐patient mortality of COVID‐19 for those who were on ACEI and/or ARB and for those who were not on ACEI
or ARB. The left portions of the figure show the studies analyzed with their corresponding risk ratio, lower, and upper limits. The right portions
of the figure show a forest plot of the data. The horizontal lines represent the values within the 95% confidence interval of the underlying
effects. The vertical line indicates a risk ratio of 1. ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker;

CI, confidence interval; COVID‐19, coronavirus disease‐2019; IV, inverse variance

YOKOYAMA ET AL. | 2087



Administrative, technical, or material support: Hisato Takagi, Toshiki Kuno.

Study supervision: Hisato Takagi, Alexandros Briasoulis, and Toshiki

Kuno. Acquisition, analysis, interpretation of data, and critical revision of the

manuscript for important intellectual content: all authors.

DATA AVAILABILITY STATEMENT

Data sharing not applicable. No new data generated given its nature

of meta‐analysis from published data.

ORCID

Tadao Aikawa http://orcid.org/0000-0002-1786-0176

Hisato Takagi http://orcid.org/0000-0002-5594-8072

Toshiki Kuno http://orcid.org/0000-0002-2487-8366

REFERENCES

1. Li W, Moore MJ, Vasilieva N, et al. Angiotensin‐converting enzyme 2

is a functional receptor for the SARS coronavirus. Nature. 2003;426:

450‐454.
2. Ferrario CM, Jessup J, Chappell MC, et al. Effect of angiotensin‐

converting enzyme inhibition and angiotensin II receptor blockers on

cardiac angiotensin‐converting enzyme 2. Circulation. 2005;111(20):

2605‐2610.
3. 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(8):875‐879.
4. Zhang X, Yu J, Pan LY, Jiang HY. ACEI/ARB use and risk of infection or

severity or mortality of COVID‐19: a systematic review and meta‐
analysis. Pharmacol Res. 2020;158:104927.

5. Pirola CJ, Sookoian S. Estimation of renin‐angiotensin‐aldosterone‐
system (RAAS)‐inhibitor effect on COVID‐19 outcome: a meta‐
analysis. J Infect. 2020;81(2):276‐281.

6. Grover A, Oberoi M. A systematic review and meta‐analysis to eval-

uate the clinical outcomes in COVID‐19 patients on angiotensin‐
converting enzyme inhibitors or angiotensin receptor blockers.

Eur Heart J Cardiovasc Pharmacother. 2020. https://doi.org/10.1093/

ehjcvp/pvaa064

7. Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardiovascular

disease, drug therapy, and mortality in Covid‐19. N Engl J Med. 2020;

382(25):e102.

8. Kuno T, Takagi H, Ando T, et al. Oral anticoagulation for patients with

atrial fibrillation on long‐term hemodialysis. J Am Coll Cardiol. 2020;

75(3):273‐285.
9. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for

reporting systematic reviews and meta‐analyses of studies that

evaluate health care interventions: explanation and elaboration. PLoS

Med. 2009;6(7):e1000100.

10. Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin‐
angiotensin‐aldosterone system blockers and the risk of Covid‐19.
N Engl J Med. 2020;382:2431‐2440. https://doi.org/10.1056/NEJMoa

2008975

11. Mehta N, Kalra A, Nowacki AS, et al. Association of use of angiotensin‐
converting enzyme inhibitors and angiotensin II receptor blockers with

testing positive for coronavirus disease 2019 (COVID‐19). JAMA

Cardiol. 2020;5:1020. https://doi.org/10.1001/jamacardio.2020.1855

12. Reynolds HR, Adhikari S, Pulgarin C, et al. Renin‐angiotensin‐
aldosterone system inhibitors and risk of Covid‐19. N Engl J Med.

2020;382(25):2441‐2448.
13. Cannata F, Chiarito M, Reimers B, et al. Continuation versus dis-

continuation of ACE inhibitors or angiotensin II receptor blockers in

COVID‐19: effects on blood pressure control and mortality [published

online ahead of print June 5, 2020]. Eur Heart J Cardiovasc Pharmac-

other. https://doi.org/10.1093/ehjcvp/pvaa056

14. Andrea C, Francesco M, Antonio N, et al. Renin‐angiotensin‐
aldosterone system inhibitors and outcome in patients with SARS‐
CoV‐2 pneumonia: a case series study. Hypertension. 2020;76:

e10‐e12. https://doi.org/10.1161/HYPERTENSIONAHA.120.15312

15. Gao C, Cai Y, Zhang K, et al. Association of hypertension and anti-

hypertensive treatment with COVID‐19 mortality: a retrospective

observational study. Eur Heart J. 2020;41(22):2058‐2066.
16. Guo T, Fan Y, Chen M, et al. Cardiovascular implications of fatal

outcomes of patients with coronavirus disease 2019 (COVID‐19).
JAMA Cardiol. 2020;27(5(7):1‐8.

17. Hu J, Zhang X, Zhang X, et al. COVID‐19 patients with hypertension

have more severity condition, and ACEI/ARB treatment have no in-

fluence on the clinical severity and outcome. J Infect. 2020;S0163‐
4453(20):30334‐0.

F IGURE 4 Comparisons of in‐patient mortality of COVID‐19 for patients with hypertension who were on ACEI and/or ARB and for patients
with hypertension who were not on ACEI or ARB. The left portions of the figure show the studies analyzed with their corresponding risk ratio,
lower, and upper limits. The right portions of the figure show a forest plot of the data. The horizontal lines represent the values within the 95%

confidence interval of the underlying effects. The vertical line indicates a risk ratio of 1. ACEI, angiotensin‐converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CI, confidence interval; COVID‐19, coronavirus disease‐2019; IV, inverse variance

2088 | YOKOYAMA ET AL.

http://orcid.org/0000-0002-1786-0176
http://orcid.org/0000-0002-5594-8072
http://orcid.org/0000-0002-2487-8366
https://doi.org/10.1093/ehjcvp/pvaa064
https://doi.org/10.1093/ehjcvp/pvaa064
https://doi.org/10.1056/NEJMoa2008975
https://doi.org/10.1056/NEJMoa2008975
https://doi.org/10.1001/jamacardio.2020.1855
https://doi.org/10.1093/ehjcvp/pvaa056
https://doi.org/10.1161/HYPERTENSIONAHA.120.15312


18. Jung SY, Choi JC, You SH, Kim WY. Association of renin‐angiotensin‐
aldosterone system inhibitors with COVID‐19‐related outcomes in

Korea: a nationwide population‐based cohort study [published online

ahead of print May 22, 2020]. Clin Infect Dis. https://doi.org/10.1093/

cid/ciaa624

19. Li J, Wang X, Chen J, Zhang H, Deng A. Association of renin‐angiotensin
system inhibitors with severity or risk of death in patients with

hypertension hospitalized for coronavirus disease 2019 (COVID‐19)
infection inWuhan, China. JAMA Cardiol. 2020;5:825. https://doi.org/10.

1001/jamacardio.2020.1624

20. Meng J, Xiao G, Zhang J, et al. Renin‐angiotensin system inhibitors

improve the clinical outcomes of COVID‐19 patients with hyperten-

sion. Emerg Microbes Infect. 2020;9(1):757‐760.
21. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,

comorbidities, and outcomes among 5700 patients hospitalized with

COVID‐19 in the New York City Area. JAMA. 2020;323(20):2052‐2059.
22. 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;28;71(15):899‐901.
23. Yang G, Tan Z, Zhou L, et al. Effects of angiotensin II receptor

blockers and ACE (angiotensin‐converting enzyme) inhibitors on virus

infection, inflammatory status, and clinical outcomes in patients with

COVID‐19 and hypertension: a single‐center retrospective study.

Hypertension. 2020;76(1):51‐58.
24. 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 hospita-

lized with COVID‐19. Circ Res. 2020;126(12):1671‐1681.

25. Zhou F, Liu YM, Xie J, et al. Comparative impacts of ACE

(angiotensin‐converting enzyme) inhibitors versus angiotensin II

receptor blockers on the risk of COVID‐19 mortality. Hypertension.

2020;76(2):e15‐e17.
26. Vaduganathan M, Vardeny O, Michel T, McMurray JJV,

Pfeffer MA, Solomon SD. Renin–angiotensin–aldosterone system

inhibitors in patients with Covid‐ 19. N Engl J. 2020;382:

1653‐1659.
27. Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Retraction: Car-

diovascular Disease, Drug Therapy, and Mortality in Covid‐19.
N Engl J Med. 2020;382:2582. https://doi.org/10.1056/NEJMoa

2007621

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Yokoyama Y, Aikawa T, Takagi H,

Briasoulis A, Kuno T. Association of renin‐angiotensin‐
aldosterone system inhibitors with mortality and testing

positive of COVID‐19: Meta‐analysis. J Med Virol. 2021;93:

2084–2089. https://doi.org/10.1002/jmv.26588

YOKOYAMA ET AL. | 2089

https://doi.org/10.1093/cid/ciaa624
https://doi.org/10.1093/cid/ciaa624
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1002/jmv.26588



