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Effects of renin-angiotensin-aldosterone system inhibitors on
disease severity and mortality in patients with COVID-19: A
meta-analysis
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Chongging, China To investigate the effects of renin-angiotensin-aldosterone system (RAAS) in-

Correspondence hibitors on the prognosis in patients with coronavirus disease 2019 (COVID-19). A
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No. 74, Linjiang Rd, Chongging, 400010, China. October 30, 2020. The primary and secondary outcomes were mortality and se-

Email: 1971307397@qq.com vere COVID-19, respectively. We included 25 studies with 22,734 COVID-19
patients, and we compared the outcomes between patients who did and did not
receive angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
(ACEIs/ARBs). The use of ACEIs/ARBs was not associated with higher risks of
severe disease (odds ratio [OR]=0.89; 95% confidence interval [CI]: 0.63, 1.15;
I? = 38.55%), mechanical ventilation (OR =0.89; 95% Cl: 0.61, 1.16; I?>=3.19%),
dialysis (OR = 1.24; 95% ClI: 0.09, 2.39; I?> = 0.00%), or the length of hospital stay
(SMD =0.05; 95% Cl: -0.16, 0.26; I? = 84.43%) in COVID-19 patients. The effect
estimates showed an overall protective effect of ACEIs/ARBs against mortality
(OR =0.65; 95% Cl: 0.46, 0.85; I? = 73.37%), severity/mortality (OR = 0.69; 95% ClI:
0.43, 0.95; I1?> = 22.90%), transfer to the intensive care unit among COVID-19 pa-
tients with hypertension (OR = 0.36, 95% Cl: 0.19, 0.53, I° = 0.00%), hospitalization
(OR=0.79; 95% Cl: 0.60, 0.98; I?>=0.00%), and acute respiratory distress syn-
drome (OR =0.71; 95% Cl: 0.46, 0.95; I?> = 0.00%). The use of RAAS inhibitor was
not associated with increased mortality or disease severity in COVID-19 patients.
This study supports the current guidelines that discourage the discontinuation of
RAAS inhibitors in COVID-19 patients.
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angiotensin receptor blockers (ARBs), angiotensin-converting enzyme inhibitors (ACEls),
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1 | INTRODUCTION since spread worldwide. Unfortunately, there is still no specific and

effective treatment for COVID-19.

Coronavirus disease 2019 (COVID-19) is caused by a newly identi- Angiotensin-converting enzyme inhibitors (ACEls) and angio-

fied coronavirus and ranges in severity from symptoms similar to tensin receptor blockers (ARBs) act on the renin-angiotensin-

those of the common cold to a terminal disease. This outbreak aldosterone system (RAAS) by attenuating the hypertensive effects

started in December 2019 in Wuhan, Hubei Province, China, and has of angiotensin 11.7° Angiotensin-converting enzyme 2 (ACE2) is a
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carboxypeptidase that processes angiotensin Il to the angiotensin
(1-7) fragment, a vasodilatory, anti-inflammatory peptide.* ACE2
expression is particularly high in lung epithelial cells but is also
present in cardiac myocytes and endothelial cells.* ¢ High ACE2 and
angiotensin 1-7 levels play beneficial roles in cardiovascular and
pulmonary diseases, suggesting that this pathway is involved in the
overall benefits observed in patients treated with ACEls and/
or ARBs.

There are many similarities between severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and SARS-CoV. These simi-
larities are important because ACE2 was previously identified as a
functional SARS-CoV receptor in vitro” and in vivo.? It is required for
host cell entry and subsequent viral replication.” COVID-19 patients
with cardiovascular disease are at increased risk of mortality. Quite
often, these patients are being treated with drugs targeting the
RAAS. The upregulation of ACE2 by ACEIls and ARBs has led to the
hypothesis that these antihypertensive drugs might increase a pa-
tient's susceptibility to contracting COVID-19 and the likelihood of
developing severe disease. Therefore, there is controversy regarding
the clinical management of patients undergoing RAAS modulation by
ACEI|s/ARBs.

It is important to determine whether the RAAS inhibitor (ACEI/
ARB) use is associated with increased risks of contracting COVID-19
and developing severe disease. Thus, we performed a meta-analysis
of the available studies to explore whether the use of RAAS in-
hibitors was associated with severe disease and mortality in
COVID-19 patients.

2 | METHODS

This study involved a systematic review of the existing observa-
tional cohort studies examining the effect of the use of ACEls/
ARBs on the outcome of COVID-19. We followed the Meta-
analyses Of Observational Studies in Epidemiology (MOOSE)
checklist.

The protocol for this systematic review was registered with
PROSPERO (CRD42020209389).

2.1 | Search strategy

The literature search identified all studies published from the
time the COVID-19 outbreak began (December 2019) until
October 30, 2020, with no restrictions on the country. We sys-
tematically searched the PubMed, Cochrane Library, Web of
Science, EMBASE, medRxiv, and bioRxiv databases with the fol-
lowing search keywords: (COVID-19 OR 2019 novel coronavirus
disease OR SARS-CoV-2 infection, etc.) AND (Angiotensin-
Converting Enzyme Inhibitors OR Inhibitors, Kininase Il OR In-
hibitors, ACE OR ACE Inhibitors, etc.) AND (Angiotensin

Receptor Antagonists OR Angiotensin Il Receptor Blockers, etc.).

Additionally, a manual search of the retrieved articles, related
review articles, and meta-analyses was conducted to identify other

eligible studies.

2.2 | Inclusion criteria

The inclusion criteria were as follows: (1) study design:
observational cohort studies; (2) grouping method: ARBs/ACEls
and non-ARBs/ACEls group, according to their usage of anti-
hypertensive drugs (the use of ACEls and ARBs before
admission and during hospital stay); and (3) availability of in-
formation needed to calculate odds ratios (ORs) or the adjusted
data; (4) participants of studies are inpatients or outpatients.
Editorials, correspondences, conference abstracts, and commen-
taries were excluded from our study. The preliminary screening
and full-text evaluation were independently performed by two
reviewers.

2.3 | Data extraction

The following data were extracted: (1) study information: author
name, country, publication journal, study design, study population,
sample source, confounder adjustments, and study quality. (2)
Participant information: age, sex, comorbidity, and ACEI/ARB use.
(3) Outcomes: the primary outcome was mortality in patients with
COVID-19. The secondary outcomes were severe COVID-19,
acute respiratory distress syndrome (ARDS), the need for me-
chanical ventilation, the need for dialysis, transfer to the intensive
care unit (ICU), length of hospital stay, and hospitalization due to
COVID-19. The full texts of the articles selected by one or both of
the assessors were retrieved for the final evaluation. Two asses-
sors read the full-text articles and independently extracted the
information from the selected studies. A third assessor reviewed
the data extraction, and any disagreement was resolved through

consensus.

2.4 | Data synthesis and analysis

The meta-analysis was performed using Stata 16.0 software.
Heterogeneity was assessed using I? statistics. ¥ tests were used
to assess the homogeneity of the studies. The I? statistic reflects
the proportion of the total variation observed between trials that
is attributable to differences between the trials rather than to
sampling error (chance). Random-effects models were used for
the pooled analyses, regardless of the degree of heterogeneity.
To provide a quantitative estimate of the associations between
ACEI/ARB use and outcomes in COVID-19 patients, the ORs and
corresponding 95% Cls were extracted from the published arti-

cles. When the OR was not given, tabular data were used to
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calculate the OR. Because the participants differed across the
studies with regard to whether they had hypertension, subgroup
analyses were performed. Publication bias was estimated visually
based on funnel plots and quantitatively with Egger's test. A
single study was used to analyze the source of heterogeneity.
Furthermore, a meta-regression model was conducted to explore
the potential modulators for ACEI/ARB treatment effects.

2.5 | Appraisal of the quality of studies

The Newcastle Ottawa Scale was used to assess article

quality. The quality of the studies was qualitatively
evaluated by two independent assessors. Any disagreement with
regard to the quality assessment was resolved through con-
sensus. Studies with scores >7 were considered at low risk of
bias, those with scores of 5-7 had a moderate risk of bias, and
those with scores <5 had a high risk of bias. Articles with a high

risk of bias were excluded.®

3 | RESULTS
3.1 | Literature retrieval

Through the literature search, we retrieved 3204 articles.
In total, 1448 articles were screened after duplicates were re-
moved. After the titles and abstracts were read, 1233 articles
were excluded. Among the remaining 215 papers, 25 articles
were included in our study after the full texts were reviewed

(Figure 1).

3.2 | Study description

A total of 22,734 participants were enrolled in the 25 included
studies. The study sample size ranged from 36 to 7933 partici-
pants, with a mean age ranging from 52 to 78 years. Most studies
included participants with hypertension, and 10 studies included
the general population. Most of the studies were carried out in
China (n=11) and the United States (n=4), and other studies
were conducted in Italy, the UK, Spain, France, South Korea, and
Turkey**3° (Tables 1-2).

3.3 | Meta-analysis

3.3.1 | ACEI/ARB use and the risk of mortality in
COVID-19 patients

The overall analysis of mortality included 21 studies. The asso-
ciation between ACEI/ARB use and the risk of mortality was es-

timated. Overall, the risk of mortality was significantly lower in
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Records identified through
database searching (n=3,204)
PubMed: 522
Embase: 965
Cochrane: 64
Web of science: 663
medRxiv and bioRxiv: 990

Records after duplicates Records excluded with reasons
removed (n=1,448) (n=1,233)
-Letter
-Case report
-Review
sEfZer\C;iI -Guideline
(n=1,448) -Interventional study
i -Research population limitations
Full texts excluded with reasons
Full texts (n=190)
_asse: ‘lior -low quality
eligibility (n=215) -Unable to extract data
-Research purpose does not match

Studies included in
quantitively
synthesis (n=25)

FIGURE 1 Flow chart of the literature screening process

COVID-19 patients taking ACEIs/ARBs than in those not taking
ACEIs/ARBs (OR =0.65; 95% Cl: 0.46, 0.85; Figure 2). However,
there was substantial heterogeneity among the studies (I?=
73.37%, p <.05). A subgroup analysis was performed based on
whether the participants had hypertension. In the general po-
pulation, the risk of mortality in patients taking ACEIs/ARBs was
similar to that in patients not taking ACEIs/ARBs (OR =0.98; 95%
Cl: 0.75, 1.22; I?=13.62%: Figure 2). In the studies performed
with patients with hypertension, the risk of mortality was sig-
nificantly lower in patients taking ACEIs/ARBs than in those not
taking ACEIs/ARBs (OR=0.51; 95% Cl: 0.29, 0.73; 12=73.37%;
Figure 2). No significant publication bias was observed (p value of
the Egger's test = 0.65, Table 3). Meta-regression analysis showed
that asthma (p=.00) and cerebral vascular diseases (p=.00)
have significant modulating effect of ACEIs/ARBs treatment on
the mortality of COVID-19 patients (Table 4). A single study was
used to analyze the source of heterogeneity. However, no study is
considered a source of heterogeneity (Appendix Figure A1).

3.3.2 | Effect of ACEI/ARB use on COVID-19
severity

The overall assessment with the random-effects model showed
that the use of ACEIs/ARBs was not associated with an elevated
risk of severe COVID-19 (OR=0.89; 95% CIl. 0.63, 1.15;
12 = 38.55%), mechanical ventilation (OR=0.89; 95% Cl: 0.61,
1.16; 17 = 3.19%), transfer to the ICU (OR =0.96; 95% Cl: 0.56,
1.37; 12 =88.31%; Figure 3) or dialysis (OR = 1.24; 95% Cl: 0.09,
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Effect Size Weight
Study with 95% Cl (%)
General population
Bean, DM O 123[ 0.89, 158 7.74
Bae, D J - 029[ -1.14, 1.73] 157
Senkal, N - 068[ -0.35, 1.70] 2.69
Li,J (] 076[ 031, 121 664
Jung, SY o 088 042, 1.34] 657
Priyank, S o 129[ 067, 1.92] 4.99
Lafaurie, M Eas 0.70[ -0.26, 167] 2.93
Heterogeneity: ° = 0.01, I” = 13.62%, H* = 1.16 4 098[ 075 1.22]
Test of 6 = 6;: Q(6) = 5.58, p = 0.47
People with hypertension
Khera, R(l) [l 1.05[ 091, 1.18] 9.74
Zhang, P [ ] 0.37[ 000, 0.74] 747
Zhou, X - 049[ -0.95, 193] 1.56
Pan, W [ 0.31[ -0.09, 070] 7.22
Lam, KW | 0.22[ 0.04, 0.39] 942
Yang, G T+ 0.32[ -0.40, 1.04] 4.26
Zeng, ZH — 065[ -1.08, 2.38] 1.13
Selcuk, M 366[ -4.88, 12.20] 0.05
Chen, C o 027[ 009, 045] 9.42
Huang, Z — 0.19[ -1.76, 2.15] 0.91
Felice, C - 0.56[ -027, 139] 359
Wang, Z C a 1.00[ -0.98, 298] 0.89
Covino, M 112[ 003, 222] 243

Negreira-Caamano, M
Heterogeneity: 1° = 0.08, I” = 73.79%, H’ = 3.82
Test of 6 = 6;: Q(13) = 80.18, p = 0.00

overall
Heterogeneity: ° = 0.10, I” = 73.37%, H’ = 3.76
Test of 6 = 6 Q(20) = 98.65, p = 0.00

Test of group differences: Q.(1) = 8.29, p = 0.00

-
[ ] 062 038, 087] 877
4 051[ 029, 0.73]

i 065[ 046, 0.85]

Random-effects REML model

FIGURE 2 Forest plot of ACEI/ARB use and the risk of mortality in COVID-19 patients. ACEI, angiotensin-converting enzyme inhibitor; ARB,

angiotensin receptor blocker; COVID-19, coronavirus disease 2019

2.39; 12=0.00%). Except for the analysis of transfer to the ICU,
the other analyses had acceptable degrees of heterogeneity. The
effect estimates showed an overall protective effect of the use of
ACEIs/ARBs against severity/mortality (OR =0.69; 95% Cl: 0.43,
0.95; 1>=22.90%) and ARDS (OR=0.71; 95% Cl: 0.46, 0.95;
12=0.00%), and all the analyses had acceptable degrees of het-
erogeneity (Table 3). In the analysis of the risk of transfer to the
ICU, significant differences were observed between subgroups. In
the studies involving people with hypertension, there was a sig-
nificantly lower risk of transfer to the ICU in those taking ACEls/
ARBs than in those not taking ACEIs/ARBs (OR=0.36; 95%
Cl: 019, 0.53; [12=0.00%; and Table 3).
Meta-regression analysis showed that age (p=.01) and malig-

Figure 3

nancy (p =.01) has a significant modulating effect of ACEIs/ARBs
treatment on the risk of transfer to the ICU of COVID-19 pa-

tients (Table 4). Furthermore, meta-regression analysis showed

that all the modulators have no significant modulating effect of
ACEIs/ARBs treatment on the severity of COVID-19 patients
(p >.05, Table 4).

3.3.3 | Effect of ACEI/ARB use on the risk of
hospitalization and length of hospital stay in
COVID-19 patients

The effect estimates showed an overall protective effect of the
use of ACEIs/ARBs against hospitalization (OR=0.79; 95% ClI:
0.60, 0.98; 1% = 0.00%), with acceptable degrees of heterogeneity.
The pooled analysis showed that the length of hospital stay
(SMD =0.05; 95% Cl: -0.16, 0.26; I?> = 84.43%) in COVID-19 pa-
tients were not affected by the use of ACEIls/ARBs, although

there was heterogeneity among the studies. No significant
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TABLE 3 Meta-analysis for studies included in the analysis
p (the p (the p (test of group
Subgroup analysis OR/SMD 95% ClI 12 (%) i test) Egger's test) differences)
Mortality 0.65 0.46, 0.85 73.37 .00 .65 -
General population 0.98 0.75, 1.22 13.62 - - .00
People with hypertension 0.51 0.29,0.73 73.37 - - .00
Severe disease 0.89 0.63, 1.15 38.55 13 72 -
Severity/mortality 0.69 0.43, 0.95 22.90 24 .59 -
Hospitalization 0.79 0.60, 0.98 0.00 .65 .96 -
IcCU’ 0.96 0.56, 1.37 88.31 .00 .07 -
General population 1.14 057,171 89.73 - - .01
People with hypertension 0.36 0.19,0.53 0.00 - - .01
Mechanical ventilation 0.89 0.61, 1.16 3.19 .35 A1 -
ARDS 0.71 0.46, 0.95 0.00 .54 .90 -
Dialysis 1.24 0.09, 2.39 0.00 .83 97 -
Length of hospital stay 0.05 -0.16,0.26 84.43 .00 01 -
General population 0.10 -0.32,0.53 93.24 - - 74
People with hypertension 0.02 -0.17,0.21 44.20 - - 74

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit; OD, odds ration.

*ICU: transfer to the intensive care unit.

differences between subgroups were observed (Table 3). How-
ever, the analysis had a significant publication bias (Appendix
Figure A2). Meta-regression analysis showed that chronic ob-
structive pulmonary disease (COPD) has a significant modulating
effect of ACEIs/ARBs treatment on the length of hospital stay of
COVID-19 patients (p =.01, Table 4).

4 | DISCUSSION

This meta-analysis included 25 articles that included more than
22,000 COVID-19 patients. In summary, we presented evidence
showing that there is no association between the use of RAAS in-
hibitors and a higher risk of severe disease, mechanical ventilation,
dialysis, or the length of hospital stay. In fact, the use of ACEI/ARB
therapy is associated with reduced risks of mortality, severity/mor-
tality, hospitalization, transfer to the ICU and ARDS, especially
among COVID-19 patients with hypertension. The use of ACEls/
ARBs is associated with potentially protective effects against poor
outcomes of COVID-19.

Since the identification of the novel SARS-CoV-2 virus, there
has been significant interest in whether the use of anti-
hypertensives, specifically ACEIs/ARBs, increases mortality in
patients infected with SARS-CoV-2. Clinical trials are underway
to test the safety and efficacy of RAAS inhibitors in COVID-19
patients.>®°” Researchers have identified advanced age and co-
morbidities, such as hypertension, diabetes mellitus, and heart
failure as risk factors for hospitalization in COVID-19 patients

8

and as negative prognostic factors.’® Patients with these

conditions are often treated with ACEIs/ARBs. Based on the fact
that the ACE2 receptor allows SARS-CoV-2 to enter cells,®?
some initial publications suggested that the use of ACEIs
and ARBs could be a potential risk factor for mortality due to
COVID-19.4°4' But a recent study by Lee et al.*? found that
ACE2 localizes to the respiratory cilia and is not increased by
ACEls or ARBs. Despite the theoretical association with the in-
creased risk of SARS-CoV-2 infection, there is currently no evi-
dence to support a causal relationship between ACE2
upregulation and COVID-19-associated mortality. Furthermore,
ACE2 expression may not be correlated with the severity of the
disease.

ACEIls and ARBs are the cornerstone of a prognostically ben-
eficial heart failure therapy with the highest level of evidence with
regard to the reduction in mortality.*> These drugs all have in
common the inhibition of the adverse cardiovascular effects arising
from the interaction of angiotensin Il with angiotensin Il receptor
type 1. Discontinuation of heart failure therapy leads to the de-
terioration of cardiac function and heart failure within days to
weeks, with a possible consequent increase in mortality.”* Mor-
tality due to COVID-19 appears to be driven by the development
of acute lung injury and ARDS due to a cytokine storm. Previous
work has suggested a significant role of the RAAS in the devel-
opment of ARDS. ARDS may be linked to enhancements of the
vasoconstrictive, fibroproliferative, and proinflammatory effects of
the ACE/angiotensin Il pathway and reductions in the vasodilatory,
anti-inflammatory, and antifibrotic effects of the ACE2/angio-
tensin 1-7 pathway.””> Conversely, a recent study showed that

candesartan could ameliorate the COVID-19 cytokine storm.*®
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TABLE 4 P-value of meta-regression for the modulators

Chronic kidney

disease

Chronic liver
diseases

Cerebral vascular

COPD Asthma diseases

Chronic lung
disease

Heart
failure

Coronary heart

Age Male Diabetes disease

Malignancy

0.09 0.47

0.70

0.00 0.00

0.15

0.72

0.43

0.64

0.72 0.53 1.00

Mortality

0.79 0.83

0.64

0.48 0.08 0.99 0.38 0.92

0.48

0.29 0.25 041

Severe disease

0.32 0.01

0.18

0.63 0.63 0.55 0.72 0.34

0.81

0.01 0.18 021

ICU

0.57

0.46

0.20

0.01

0.48

0.53

1.00

0.06 0.63 0.35

Length of

hospital stay

Abbreviation: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit.
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A series of observational studies have provided valuable insights
into the question of whether ACEI/ARB therapy influences the
risk of contracting COVID-19 or experiencing an adverse out-
come. Our meta-analysis of these observational cohort studies
showed that ACEI/ARB therapy was associated with reduced risks
of mortality, severity/mortality, hospitalization, transfer to the
ICU and ARDS, especially among COVID-19 patients with hy-

11-13,15,17-19,31,33,35 included patients

pertension. Several studies
without hypertension or CVD in the non-ACEI/ARB group, which
may have led to an underestimation of the protective effect of
ACEI/ARB use against adverse outcomes in COVID-19 patients.
Consistent with our conclusion, national/international scientific
societies (e.g., the European Society of Cardiology,*’ Italian
Society of Pharmacology,*® Heart Failure Society of America,*’
and International Society of Hypertension®®) recommend that
patients do not discontinue treatment with ACEIls or ARBs and
that there is no need to switch to other medicines.

Most indicators in the meta-analysis show good homogeneity
between studies. Nonetheless, there was heterogeneity among the
studies included in the meta-analysis for three indicators (mor-
tality, transfer to the ICU, and the length of hospital stay). To
reduce the heterogeneity between the studies, we only included
studies in which the subjects were outpatients or inpatients. A
subgroup analysis was performed based on whether the partici-
pants had hypertension, and significant differences in mortality
and transfer to the ICU were observed between the subgroups. A
significant publication bias was observed in the length of hospital
stay. Meta-regression analysis showed that asthma, age, malig-
nancy, COPD, and cerebral vascular diseases have a significant
modulating effect of ACEIs/ARBs treatment on mortality, the risk
of transfer to the ICU, and the length of hospital stay of COVID-19
patients. Furthermore, the characteristics of the studies (e.g.,
methodological differences in the study design and variables used
for adjustment), or even differences in recruitment, the timing of
outcome measurements and the population (such as unknown
environmental factors and/or underlying comorbidities), were
certainly very important variables that may explain the hetero-
geneity of the data set as a whole. Another limitation is that the
measurement of ACEI/ARB exposure was through medical record
review or prescription, which is less reliable than other methods.
Third, the definitions of COVID-19 severity and outcomes were
inconsistent among the included studies.

In conclusion, the use of an RAAS inhibitor was not asso-
ciated with the risk of severe disease, mechanical ventilation,
dialysis, or the length of hospital stay. However, ACEI/ARB use
was associated with reduced risks of mortality, severity/mortal-
ity, hospitalization, transfer to the ICU among COVID-19 patients
with hypertension and ARDS. Our study supports the current
guidelines that discourage the discontinuation of RAAS inhibitors
in COVID-19 patients. Prospective cohort studies with metho-
dologically sound matching/adjustment of the analysis or rando-
mized controlled trials are needed before a definite conclusion

can be drawn.
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Effect Size Weight
Study with 95% Cl (%)
General population
Bean,DM ] 0.36[ 0.18, 0.55] 10.57
Bae,DJ - 0.89[ 0.04, 1.74] 7.33
Senkal, N . ] 0.49[ -0.01, 0.98] 9.29
Priyank, S - 126[ 055, 1.97] 8.14
Yahyavi, A ] 243[ 1.95,292] 9.34
Palazzuoli, A ] 121[ 0.82, 1.60] 9.82
Lafaurie, M —— 1.53[ 0.15, 2.91] 4.79

Heterogeneity: 1° = 0.48, I° = 89.73%, H” = 9.74
Test of 6, = 6;: Q(6) = 72.71, p = 0.00

People with hypertension

1.14[ 057, 1.71]

Zhou, X —e— 0.80[ -0.78, 2.38]  4.09
Pan, W - 0.56[ -0.32, 1.43] 7.18
Lam, KW [ | 0.35[ 0.12, 0.58] 10.44
Selcuk, M 457 -0.36, 9.50] 0.64
Felice, C [ | 0.25[ -0.04, 0.54] 10.25
Wang, Z C —0— 1.38[ -0.52, 3.28] 3.20
Covino, M —0— 1.68[ 0.33,3.03] 4.91
Heterogeneity: T° = 0.00, I* = 0.00%, H* = 1.00 4 0.36[ 0.19, 0.53]
Test of 8: = 6;: Q(6) = 8.67, p = 0.19
Overall © 0.96[ 0.56, 1.37]
Heterogeneity: 1° = 0.40, I° = 88.31%, H® = 8.55
Test of 6; = 6;: Q(13) = 92.15, p = 0.00
Test of group differences: Qs(1) = 6.56, p = 0.01

0 5 10

Random-effects REML model

FIGURE 3 Forest plot of ACEI/ARB use and the risk of transfer to the ICU in COVID-19 patients. ACEI, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; COVID-19, coronavirus disease 2019; ICU, intensive care unit
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