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Abstract

Since the COVID-19 pandemic, physicians concerned about the potential adverse

effects of angiotensin converting enzyme inhibitors (ACEIs)/angiotensin receptor

blockers (ARBs). To explore the relationship between ACEIs/ARBs and the risk of mor-

tality and other clinical outcomes in COVID-19 patients, the authors conducted a sys-

temic review andmeta-analysis. An electronic searchwas performed from inception to

November 12, 2020 in PubMed, Medline, EMBASE, ClinicalTrials, TRIP, the Cochrane

Library, CNKI, Wanfang, and CBM database. Risk of bias was assessed using the Risk

Of Bias In Non-randomized Studies of Interventions tool. The primary outcome was

in-hospital all-cause mortality. Secondary outcomes included all-cause mortality mea-

sured at 30-day or longer term, mechanical ventilation, length of hospital stay, read-

mission, and cardiac adverse events. A total of 28 studies with 73465 patients was

included. Twenty-two studies with 19871 patients reported the incidence of all-cause

mortality. Results showed no association between using ACEIs/ARBs and risk of mor-

tality crude odds ratio (OR) of 1.02, 95%CI 0.71–1.46, p= .90, I2= 88%, adjustedOR in

6260 patients of 0.96, 95%CI 0.77–1.18, p= .68, I2=0%.While six studieswith 10030

patients reported a lower risk of mortality in ACEIs/ARBs group hazard ratio (HR) of

0.53, 95% CI 0.34–0.84, p = .007, I2= 68%. Similar association (for HR) was found in

hypertension subgroup. There was no significant association for the secondary out-

comes. Based on the available data, we concluded that ACEIs/ARBs is not associated

with the risk of in-hospital all-cause mortality in COVID-19 patients, but may be asso-

ciated with a decreased risk of 30-day all-cause mortality. Patients with hypertension

may benefit from using ACEIs/ARBs.

KEYWORDS

angiotensin converting enzyme inhibitor, angiotensin receptor blocker, COVID-19, mortality

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. The Journal of Clinical Hypertension published byWiley Periodicals LLC

J Clin Hypertens. 2021;23:1651–1663. wileyonlinelibrary.com/journal/jch 1651

https://orcid.org/0000-0002-4983-6891
mailto:lliudeping@263.net
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/jch


1652 JIA ET AL.

1 INTRODUCTION

Since the end of 2019, COVID-19 pneumonia erupted in many coun-

tries and became a pandemic, posing a great threat to human health

and survival. SARS-Cov-2 can bind angiotensin converting enzyme 2

(ACE2) and allows the virus to invade cells, which may lead to acti-

vate immune response and lung injury.1,2 ACEIs or ARBs can poten-

tially increase ACE2 level, concern has been raised about the safety of

these medications in patients with COVID-19. Although many scien-

tific institutions have recommended that ACEIs/ARBs therapy should

not be discontinued in COVID-19 patients,3,4 controversial evidence

has increasingly emerged regarding the effects of thesemedications on

the prognosis of patients with COVID-19.

In March 2020, a small sample study in China began to explore

the impact of ACEIs/ARBs use on outcomes in patients with COVID-

19, with an increasing number of studies published subsequently.

Most of these retrospective studies reported neutral results. Sev-

eral cohort studies reported a significantly lower rate of short-term

death in ACEIs/ARBs group. To date, more than 10 published meta-

analyses have evaluated the effect of ACEIs/ARBs on mortality in

patients with COVID-19. The odds ratio (OR) showed the risk of mor-

tality was similar for ACEIs/ARBs users and non-users. However, these

reports all includedunpublished studies andmost of themenrolled sus-

pected cases. Unpublished studies did not undergo peer-review pro-

cess and may increase the risk of bias. A few of them distinguish the

adjusted OR and hazard ratio (HR). Half of them only evaluated all-

cause mortality without other clinical outcomes. Therefore, we con-

ducteda retrospective systematic reviewof studies evaluatingpatients

with confirmedCOVID-19 treatedwithACEIs/ARBs to further explore

whether these medications influence mortality or other clinical

outcomes.

2 METHODS

2.1 Literature search

This systematic review was carried out in accordance with the meta-

analysis of observational studies in epidemiology andpreferred report-

ing items for systematic reviews and meta-analyses statements. An

electronic search was performed from PubMed, Medline, EMBASE,

ClinicalTrials, TRIP, the Cochrane Library, Chinses National Knowl-

edge Infrastructure (CNKI), Wanfang database and Chinese BioMed-

ical (CBM) database. Drafts of protocol was developed and reviewed.

The protocol was registered on PROSPERO on August 4, 2020

(CRD42020202402). Trials were identified through a comprehensive

systematic search from inception to June 21, 2020 in PubMed, Med-

line, EMBASE, ClinicalTrials, TRIP, the Cochrane Library, CNKI, Wan-

fang and CBM database using the strategies presented in Appendix 1.

No language restrictions were applied.

2.2 Selection of studies for inclusion and review

We included studies of patients with COVID-19 confirmed by poly-

merase chain reaction (PCR) or genetic tests; ACEIs /ARBs use data

were provided. The interventional group was ACEIs or ARBs user. The

comparatorwas no use of ACEIs or ARBs, irrespective of combined use

with other medications.

Three reviewers (NJ, XS, and YW) screened the search titles

and abstracts. All potentially relevant citations were requested and

inspected in detail using the full text version. Articleswithout full texts,

duplicated publications, reports lacking data, and articles not report-

ing any outcomes of interest were excluded from the analysis. Dis-

agreements were resolved by discussion with assistance from a forth

reviewer (PZ).

2.3 Data definition and outcome assessment

Our primary outcome was in-hospital all-cause mortality. Secondary

outcomes included all-cause mortality measured at 30-day or longer

term, usage of mechanical ventilation, length of hospital stay, readmis-

sion and cardiac adverse events. Subgroup analysis was conducted to

test the difference in effect size for the following subgroups: age (≥65-

years-old versus < 65-years-old); sex (male versus female); ACEIs or

ARBs alone versus in combination with other medications; ACEIs and

ARBs previously used versus ACEIs and ARBs used during hospitaliza-

tion versus ACEIs and ARBs used continuously.

2.4 Assessment of risk of bias and reporting data

Two reviewers (SZ and WC) independently assessed the risk of bias

based on methods endorsed by The Cochrane Collaboration. RoB2,

the revised tool was used to assess the risk of bias in randomized tri-

als. For cohort studies and case-control studies, we used the Risk Of

Bias In Non-randomized Studies of Interventions (ROBINS-I) tool to

assess the risk of bias. The biases assessed include the biases associ-

ated with the randomization process, deviations from intended inter-

ventions, missing outcome data, measurement of the outcome, selec-

tion of the reported result, confounding, selection of participants into

the study and classification of interventions.

2.5 Data extraction and management

Data from each study was extracted independently by two separate

reviewers (SD and WC) using a pre-designed data extraction form.

Any disagreements were resolved by discussion with assistance from

a third reviewer (SZ). We extracted all relevant characteristics of all

included studies including general study characteristics, participants’
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information, intervention, characteristics of outcome, ACEIs/ARBs-

related risk factors with reported estimates of association and corre-

sponding crude and adjusted estimates.

2.6 Statistical analysis

Meta-analysis was performed for quantitative synthesis. In cases

where data was not eligible for meta-analysis, we narratively synthe-

sized data. We summarized all dichotomous outcome data using odds

ratios (ORs) or hazard ratios (HRs) and their 95% confidence inter-

vals (CIs).We summarized all continuous outcome data usingmean dif-

ferences (MDs) and their 95% CIs. Heterogeneity in the study results

included clinical heterogeneity,methodological heterogeneity, and sta-

tistical heterogeneity. When we suspected heterogeneity, we high-

lighted and fully discussed the reasons when this was possible. We

visually inspected forest plots to investigate possible statistical hetero-

geneity; an I2 estimate greater than or equal to 50% accompanied by a

statistically significant chi-square statistic was interpreted as evidence

of substantial levels of heterogeneity. If the number of studies more

than 10, we conducted a funnel plot to test the reporting bias of one

specific outcome. We synthesized data using a fixed-effects method

for all analyses. We explored the source of heterogeneity and con-

ducted a subgroup analysis if the source of heterogeneity was identi-

fied.We synthesizeddata using a random-effectsmodelwhenwecould

not determine the source of heterogeneity. If heterogeneity was found

and the source of heterogeneity was identified, a post-hoc subgroup

analysis according to the particular factor was conducted. All analyses

were performed in ReviewManager 5.1 (The Cochrane Collaboration,

Oxford, United Kingdom).

3 RESULTS

3.1 Review process and study characteristics

Two thousand seven hundred sixty two records were identified and

2654 trials were rejected after title-abstract screening. Of these, 117

full-text articles were assessed for eligibility, with 89 studies excluded

due to inadequate design, population, or outcome. From June 21, 2020

to November 12, 2020, we updated search results in PubMed and

added an additional nine studies to the final analysis (Figure 1).

A total of 28 studies with 73465 patients were included in this

study. There was an equal proportion of males and females, with the

age groups primarily from the 60–70 range. The prevalence of hyper-

tensionwas 12.2–100%, while coronary artery disease (CAD)was 0.4–

42.1%. The majority of studies provided data on hospital deaths, and

three studies providedmid-termor long-termdeath data. Inmost stud-

ies, groups of patients using either of ACEIs/ARBs were combined for

statistical reasons, while a few studies performed separate statistical

analyses. The methodological characteristics of the included studies

are summarized in Table 1.

3.2 Risk of bias

Risk of bias assessment was shown in Appendix 2. Three studies were

assessed as having serious risk of bias, and 13 studies were found to

bemoderate risk of bias. Twelve studieswere considered as having low

risk of bias.

3.3 Relationship between ACEIs/ARBs and
all-cause mortality

In patients with COVID-19, a total of 23 studies with 19,938 patients

reported the incidence of all-cause mortality. Meta-analysis showed

no association between using ACEIs/ARBs and risk of mortality (crude

OR = 1.07, 95% CI 0.76–1.50, p =.89, I2= 89%). Seven studies with

6260 patients reported adjusted OR and produced a non-significant

association (OR of 0.96, 95%CI 0.77–1.18, p= .68, I2= 0%). Six studies

with 10030 patients reported a reduced risk of mortality (HR = 0.53,

95%CI 0.34–0.84, p= .007, I2= 68%) (Figure 2).

In the hypertension subgroup (Appendix 3, Figure 10–13), 13 stud-

ies with 4887 patients reported a crude OR of mortality (OR of 0.78,

95% CI 0.57–1.05, p = .11, I2= 53%). Four studies reported adjusted

OR with 1927 patients produced a non-significant (OR of 0.80, 95%

CI 0.57–1.12, p = .19, I2 = 0%) (Figure 3). Three studies reported HR

founda lower risk ofmortality (HR=0.40, 95%CI0.25–0.62,p< .0001,

I2= 0%).

3.4 Relationship between ACEIs/ARBs and other
clinical outcomes

Three studies provided long-termmortality data, but the results could

not be combined. Khan5 reported a 60-day mortality event for the

ACEIs group versus no use group (5/27 versus 14/61, respectively).

Seo and Son6 provided3-month, 6-month, and1-yearmortalitywith an

adjustedORof 0.946 (95%CI 0.59–1.517), 0.862 (95%CI 0.54–1.375),

0.875 (95% CI 0.548–1.396), respectively. Trifiro and coworker7 pro-

vided 3-month mortality HR for ACEIs (1.10, 95% CI 1.03–1.17) and

ARBs (1.12, 95%CI 1.05–1.20).

Seven studies with 4,576 patients reported the risk of ventilation

and the result showed no association (crude OR of 1.29, 95% CI 0.85–

1.96, p = .24, I2 = 59%, Appendix 3, Figure 5). Among them five stud-

ies with 2,572 patients reported an adjusted OR for ventilation, still

without association with ACEIs/ARBs use (adjustedOR= 1.07, 95%CI

0.74–1.54, p = .72, I2 = 0%, Appendix 3, Figure 6). We narratively syn-

thesized the results of duration of hospital stay, but did not show a sig-

nificant difference. Only Richardson and coworker8 reported readmis-

sion data, and again, there was not significantly different between the

ACEIs group (3/168) and theARBsgroup (3/245). Five studiesprovided

the data of heart failure (HF). The HF event in Jung and coworker9 was

reported for the hypertension subgroup. Only two studies10,11 with

2574 patients reported a crude OR of 1.28 (95%CI 0.49–3.35, p= .62,
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F IGURE 1 Flow diagram showing the identification of eligible trials and participating trials. A PRISMA flow diagram of the full study-selection
process was shown

I2=83%,Appendix 3, Figure 7), and an adjustedOR1.34 (95%CI 0.39–

4.77, p = .20, I2= 0%, Appendix 3, Figure 8), respectively. Ran and

coworker12 reported HR for HF of 1.39 (95% CI 0.38–5.02). Soleimani

and coworker13 reported data for cardiac injury. The adjusted OR was

2.17 (95% CI 0.57–8.32). In the hypertension subgroup, the adjusted

ORwas 1.91 (95%CI 0.52–7.07).

3.5 Subgroup analysis

We preset the subgroup analysis for sex and age in the prior subgroup.

However, only few individual studies were available. Soleimani and

coworker13 provided the adjusted OR (for men, OR of 1.18, 95% CI

0.45–3.10, and for women, OR of 0.58, 95% CI 0.17–1.95). While Fos-

bøl and coworker14 provided adjustedHR (formen, HR of 0.81, 95%CI

0.58–1.15 and for women, HR of 0.81, 95% CI 0.62–1.08). Generally,

patients in the ACEIs/ARBs group were older than those in the control

group, with the age difference ranging from 8 to 22 years (Appendix 3).

But no study carried out comparison between groups aged ≥65 years

and aged < 65 years. Therefore, we made a posterior subgroup analy-

sis based on the p-values of age variable in the original individual study,

for example, ‘‘p > .05,’’ ‘‘p ≤ .05,’’ and ‘‘absent p value’’ with the crude

ORs of 0.78 (95% CI 0.51–1.19, p = .24, I2= 28%), 1.30 (95% CI 0.74–

2.30, p= .36, I2= 89%), and 1.28 (95%CI 0.64–2.56, p= .49, I2= 96%),

respectively (Appendix 3, Figure 13).

Analysis of the ACEIs and ARBs use as separate subgroups is shown

in Figure 4. For the ACEIs group, four studies (one study did not pro-

vide sample size, and the other three n = 1791) yielded a crude OR

of 0.83 (95% CI 0.42–1.61, p = .58, I2= 45%). Only one study showed

an adjusted OR 0.14 (95% CI 0.01–1.57, p = .11). Three studies with

3234 patients provided a HR of 0.86 (95% CI 0.51–1.47, p = .59,

I2= 17%). None of the results showed a significant difference between

the groups. In the ARBs subgroup, five studies (one study did not pro-

vide sample size, and the other four studies had n = 4797) showed a

crude OR of 0.82 (95% CI 0.46–1.46, p = .50, I2 = 81%). Two studies

(without sample size) had an adjusted OR of 1.11 (95% CI 0.59–2.08,

p= .75, I2= 0%). Four studies with 4357 patients indicated a lower risk

of mortality in ARBs group (HR = 0.36, 95% CI 0.21–0.56, p < .0001,
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F IGURE 2 Association between ACEI/ARB use and in-hospital all-causemortality. Pooled risk of in-hospital all-causemortality was shown as
crudeOR (A), adjustedOR (B), and HR (C)
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR, hazard ratio; OR, odd ratio.
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F IGURE 3 Association between ACEI/ARB use and in-hospital all-causemortality with hypertension subgroup. Pooled risk of in-hospital
all-causemortality was shown as crudeOR (A), adjustedOR (B), and HR (C). Population were divided intomix population and hypertensive
population. Some studies provided the effect size of overall population and hypertension subgroup. The effect size was pooled separately.
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR, hazard ratio; OR, odd ratio.
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F IGURE 4 Association between ACEI or ARB use alone and in-hospital all-causemortality. Pooled risk of in-hospital all-causemortality was
shown as crudeOR (A), adjustedOR (B), and HR (C). Studies were divided into ACEI subgroup and ARB subgroup. The effect size was pooled
separately
Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR, hazard ratio; OR, odd ratio.
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I2= 25%, Figure 4) compared with non-user. Three studies made head

to head comparison between ACEIs and ARBs, but showed no signifi-

cant association (crude OR of 1.11, 95% CI 0.75–1.64, p= .60, I2 = 0%,

Appendix 3, Figure 19).

3.6 Sensitivity analysis

Additionally, three studies5,15,16 with serious risk of biaswere excluded

from the analyses of crude OR, adjusted OR for all-cause mortality,

and we still did not find significant associations (crude OR of 1.13,

95% CI 0.80–1.60, p = .48, I2= 89%, and adjusted OR of 0.96, 95%

CI 0.77–1.18, p = .68, I2 = 0%, respectively. While for HR, it is still

significantly favored ACEIs/ARBs use (HR = 0.53, 95% CI 0.34–0.84,

p = .007, I2= 68%). In the hypertension subgroup, the crude OR,

adjusted OR showed non-significant association (crude OR of 0.83,

95% CI 0.60–1.16, p = .27, I2 = 60%, and adjusted OR of 0.80, 95% CI

0.57–1.12, p= .19, I2= 0%, Figure 3). For HR again, the results favored

ACEIs/ARBs use (HR of 0.40, 95% CI 0.25–0.62, p < .0001, I2= 0%)

(Appendix 3).

4 DISCUSSION

The inconsistent conclusions about the use of ACEIs/ARBs call for

more rigorous studies to demonstrate the effect of ACEIs/ARBs in

different population. Several relevant systematic reviews and meta-

analysis summarized available evidence and suggested continue use

of ACEIs/ARBs based on the lack of association of the treatment on

the risk of mortality or severity of outcomes. By using strict paper

inclusion criteria, and adjusting for confounding effect whenever pos-

sible, our systematic review provided relatively higher quality of evi-

dence to increase the assurance of using ACEIs or ARBs on COVID-19

patients.We identified 28 studies with 73465 COVID-19 patients and

confirmed a non-significant association between ACEIs/ARBs use and

the risk of all-cause mortality. Besides, our study found ACEIs/ARBs

reduced the risk of 30-day all-cause mortality in both the entire pop-

ulation and the hypertension subgroup. Since SARS-Cov-2 can bind

ACE2 and allows the virus to invade target cells, which may lead to

activate immune response and cause lung injury, there still have dis-

cussion about using ARBs to replace ACEIs according to this mecha-

nism. Our head to head comparison of ACEIs versus ARBs showed no

difference in association with the risk of mortality. Furthermore, our

study showed that ACEIs/ARBs use was not associated with other not

fully addressed secondary outcomes such as long-term mortality, ven-

tilation, readmission, and cardiac adverse events.

At present, there are more than 10 publishedmeta-analyses21-38 to

reveal the association of using ACEIs/ARBs with the risk of adverse

outcomes in COVID-19 patients. Unlike previous systematic review

and meta-analyses, we reduced potential bias by excluding unpub-

lished studies since theydid not undergopeer-reviewprocess and their

conclusions may subject to uncertainty. Also, we limited the study to

thosewith the patients using PCRor genetic test to confirmCOVID-19

infection due to the consideration that clinical suspicion of COVID-19

may hard to be distinguished from other cause of pneumonia. We use

ROBINS-I to evaluate the risk of bias in the body of evidence and found

a moderate to low risk of bias. After excluded three studies with seri-

ous bias, the direction of association did not change (Appendix3, figure

20–27).

High heterogeneity was present in pooled crude OR. Some

studies7,17–20 indicated that age and comorbidities such as hyper-

tension, CAD, HF were significantly associated with mortality in

patientswithCOVID-19. In thewhole population, some results showed

favoring use of ACEIs/ARBs23,37,39 to reduce the risk of mortal-

ity, while more studies showed non-significant associations between

them.21,24,27,28,30,35 Among hypertensive patients, more studies sup-

ported lower risk of mortality in ACEIs/ARBs group,21,23,29,31,37 while

fewer studies26,30 did not support. In the Hasan study,39 the adjusted

OR and HR significantly favored using ACEIs/ARBs for reducing the

risk of death. However, significance was lost when death and seri-

ous diseases were taken as joint endpoints. The heterogeneity may

be explained by confounding effect of age, serious of diseases and

comorbidities. So, we calculated the adjusted OR and HR separately

and found that ACEIs/ARBs use was not associated with in-hospital

all-cause mortality. These results are consistent with previous study

and stop using is not recommended. In our study, when the risk was

evaluated by HR, we found using ACEIs/ARBs was associated with a

decreased risk of 30-day all-cause mortality. Similar results are found

in the hypertensive subgroup. This result indicated that time effect

should be considered when evaluate the clinical outcomes of using

ACEIs/ARBs.

Our study conducted some subgroup analysis for the associa-

tion of adverse outcomes and the use of ACEIs/ARBs according to

our protocol. Hypertension was the most common comorbidities and

ACEIs/ARBs user population. Our study showed that adjusted ORwas

not significantly favor ACEIs/ARBs use, but HR showed an opposite

result. InRen2020′s review, theyobserved a significant reduced sever-
ity of COVID-19 infection and risk of mortality (measured by OR) and

they suggested favor use of ACEIs/ARBs in hypertension groups. Since

the data did not provide comparison between age group (≥65-years-

old versus < 65-years-old), our study made three subgroup analyses

according to the statistical difference of age variable in the original

studies, for example, ‘p > .05′, ‘p≤.05′, and ‘‘absent p value’’ (Appendix

3 Figure 13), and produced crudeORs of 0.78 (95%CI 0.51–1.19), 1.30

(95%CI0.74–2.30) and1.28 (95%CI0.64–2.56), respectively. Interest-

edly, from the data with p > .05 for age, it tends to favor ACEIs/ARBs

use. So, age maybe an important factor causing heterogeneity and

changing the direction of the association betweenACEIs/ARBs and risk

of mortality. However, longer term follow-up study by Tirifiro 2020′s7

showed that ACEIs/ARBs use had the same effect as other antihyper-

tensive drugs did. When comparing the effects of ACEIs versus ARBs,

the available data showed that ARBs reduced the risk of mortality. But

the result is still controversial.

Since data are limited, we did not pool the studies about continue

using and stop using ACEIs/ARBs after COVID-19 infection. The study

by Soleimani 2020 suggested that the death rate in patients who
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stopped using ACEIs/ARBs was higher than that of other groups. On

the other side, a trail (NCT04338009) conducted in the USA compar-

ing the mortality rate between discontinuation versus continuation

usingACEIs/ARBs found that themortalitywas 12.99%versus 14.67%,

which suggested favor discontinuous use of ACEIs/ARBs. However, the

reason for interrupting use of ACEIs/ARBswas not well explained.

There are some limitations in this study. First, the original obser-

vational studies inherit high risk of bias and reduce the quality level

of evidence. So using strict paper inclusion criteria, and adjusting for

confounding effect whenever possible, we got our data have a mod-

erate to low risk of bias (Appendix 2). Second, although we used

adjusted OR and adjusted HR whenever possible to reduce the con-

founding effect, some bias still cannot be fully addressed. For example,

patients with hypertension and other cardiovascular disease needed

to be prescribed ACEIs or ARBs may have different disease risk and

prognosis even though they did not have COVID-19. Due to the lim-

itation of data, this meta-analysis cannot control the bias caused

by different cardiovascular comorbidities. Third, although our study

found using ACEIs/ARBs statistically significant reduced the risk of

mortality evaluated by HR, it should be noticed that among the six

studies reporting HR, four were conducted in Wuhan, China, and

two were in Europe, which may influence the representativeness of

population.

5 CONCLUSION

Based on the available data, we conclude that using ACEIs/ARBs is not

associated with the risk of in-hospital all-cause mortality in COVID-

19 patients, but may be associated with a decreased risk of 30-day

all-cause mortality. Patients with hypertension may benefit from using

ACEIs/ARBs.
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