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Abstract

Background: Despite the availability of extensive literature on the effect of
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin-receptor block-
ers (ARBs) on COVID-19 outcomes, the evidence is still controversial. We aimed
to provide a comprehensive assessment of the effect of ACEIs/ARBs on COVID-
19-related outcomes by summarising the currently available evidence.
Methods: An umbrella review was conducted using Medline (OVID), Embase,
Scopus, Cochrane library and medRxiv from inception to 1 February 2021.
Systematic reviews with meta-analysis that evaluated the effect of ACEIs/ARBs
on COVID-19-related clinical outcomes were eligible. Studies’ quality was ap-
praised using the AMSTAR 2 Critical Appraisal Tool. Data were analysed using the
random-effects modelling including several subgroup analyses. Heterogenicity
was assessed using I” statistic. The study protocol was registered in PROSPERO
(CRD42021233398) and reported using PRISMA guidelines.

Results: Overall, 47 reviews were eligible for inclusion. Out of the nine COVID-19
outcomes evaluated, there was significant associations between ACEIs/ARBs
use and each of death (OR = 0.80, 95%CI = 0.75-0.86; I* =51.9%), death/ICU
admission as composite outcome (OR = 0.86, 95%CI = 0.80-0.92; I? =43.9%),
severe COVID-19 (OR = 0.86, 95%CI = 0.78-0.95; I =68%) and hospitalisation
(OR = 1.23, 95%CI = 1.04-1.46; 1> =76.4%). The significant reduction in death/
ICU admission, however, was higher among studies which presented adjusted
measure of effects (OR = 0.63, 95%CI = 0.47-0.84) and were of moderate quality
(OR = 0.74, 95%CI = 0.63-0.85).

Conclusions: Collective evidence from observational studies indicate a good
quality evidence on the significant association between ACEIs/ARBs use and re-
duction in death and death/ICU admission, but poor-quality evidence on both
reducing severe COVID-19 and increasing hospitalisation. Our findings further
support the current recommendations of not discontinuing ACEIs/ARBs therapy
in patients with COVID-19.

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.
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1 | INTRODUCTION

Several risk factors linked to poor COVID-19 outcomes
have been identified early on, including cardiovascular
diseases such as hypertension.' Consequently, the pos-
sible impact of renin-angiotensin-aldosterone system
(RAAS) inhibitors on COVID-19-related outcomes has
emerged as a topic of interest’ and their mechanisms
of action- in particular, the potential upregulation of
angiotensin-converting enzyme 2 (ACE2), which is
associated with viral entry into bronchial cells.® This
has resulted in the rapid dissemination of numerous
studies, mostly retrospective observational in nature,
focussing on the risk of COVID-19 infection, disease
severity and/or disease outcomes in patients being
treated with either angiotensin-converting-enzyme in-
hibitors (ACEIs)/angiotensin receptor blockers (ARBS)
since early 2020.*°

As was the case in most early COVID-19-related re-
search, the evidence comprised observational studies
with notably small sample sizes and short durations of
follow-up. Resultantly, a number of systematic reviews
were swiftly published in an attempt to offer a more
substantial view by aggregating findings of these small-
scale studies. These meta-analyses have offered tenta-
tive insights into all three areas of interest with regard
to the use of RAAS inhibitors in times of COVID-19:
(i) risk of infection, usually measured as the share of
positive PCR tests within a study cohort; (ii) risk of
severe COVID-19, with various underlying definitions
ranging from hospitalisation due to the disease to the
requirement for mechanical ventilation; and (iii) the
risk of mortality. While there were similarities between
some of the published results—for example, indicating,
in general, no association between RAAS inhibitor use
and risk of COVID-19 infection—other results were
more varied and the findings are still controversial/con-
flicting.*™® A logical next step, besides conducting addi-
tional systematic reviews/meta-analyses, is to perform
a systematic review of systematic reviews (also known
as umbrella review), thereby taking advantage of the
availability of high-level evidence and providing an
opportunity to contrast and compare.” The aim of this
umbrella review and meta-analysis, therefore, was to
assess the effect of ACEIs/ARBs on COVID-19-related
outcomes by summarising the currently available, ag-
gregate evidence.

2 | METHODS

An umbrella literature review and subsequent meta-
analysis was conducted. The protocol was informed by
Joanna Briggs Reviewer's Manual for ‘Development of an
Umbrella review protocol® and published on PROSPERO
(CRD42021233398).

2.1 | Eligibility criteria

Eligible studies were systematic reviews, which conducted
a meta-analysis to explore the effect of ACEIs/ARBs on
any COVID-19-related clinical outcomes among adults
(>18years) with COVID-19 diagnosis.

2.2 | Search strategy

The databases Medline, EMBASE, Scopus, Cochrane and
medRxiv were searched from January 2019 until February
2021. Furthermore, we have performed a further scoping
updated search in September 2022 to identify any poten-
tially eligible studies published after our original search
date. The search was limited to the English language and
for systematic review articles. Search terms are listed in
Supplementary file S1.

2.3 | Article selection

Article selection was conducted using Covidence soft-
ware’; 10% of the articles' titles/abstracts and full texts
were randomly selected and screened independently. The
percentage of agreement was calculated for all independ-
ent validation, with >80% considered adequate.lo

2.4 | Data extraction

A data extraction template in Microsoft Excel was pi-
loted with 10% of reviews by NW and agreed for use by
all authors. 10% of reviews were randomly selected and
underwent independent data extraction; the percentage
of agreement was calculated. Again, agreement >80%
was considered adequate'®. Data extracted from the re-
views included title; authors; year review published; study
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FIGURE 1 PRISMA flow diagram of
the review selection process Articles identified from _ _
e Duplicate articles removed
Identification database searches — (n=99)
(n = 256)
!
Title / abstracts Irrelevant (n = 84)
Screening screened — [see Supplementary file 2 for
(n=157) irrelevant studies]
!
Full-text articles Amd(is:;ZI)Uded
Eligibility assess?: :o7r 3fz)hglblllty - [see Supplementary file 2 for
excluded studies and reasons]
!
. Reviews included in
Reviews .
included umbrella review
(n=47)

design; sample size; setting; population; exposure (e.g.
ACEIs/ARBs, ACEIs or ARBs) and outcomes (e.g. death,
COVID-19 infection and hospitalisation).

2.5 | Quality assessment

Quality assessment was conducted independently using
the AMSTAR 2 tool.! Studies were assessed based on
the 15 AMSTAR 2 domains. To determine the overall
confidence in the results of the review, studies were cat-
egorised as having high, moderate, low and critically low
confidence in the results. As per AMSTAR 2 guidance,
the overall confidence in the results was calculated based
on the number of critical and noncritical domains. For
this review, there were four critical domains: if there was
an explicit statement that the methods were established
a priori within a protocol; if a satisfactory technique for
assessing the risk of bias was conducted and sufficiently
discussed; if the meta-analysis used appropriate methods;
and if publication bias (small study bias) was conducted.
If the criteria of a critical domain are not met, then this
indicates a critical weakness in the review. The remaining
11 domains were considered noncritical. As per AMSTAR
2 guidance, reviews were classified as having high overall
confidence in the results if there was <1 noncritical weak-
ness, moderate if there was >1 noncritical weakness, low
if there was 1 critical weakness and critically low if there
>1 critical weakness.

2.6 | Data analysis and synthesis

The random-effects meta-analysis model was used to
statistically combine the measure of effects for those
outcomes that were reported by more than one study,

stratified by the three levels of exposure (ACEIs/ARBs,
ACEIs and ARBs). In order to explore potential sources
of heterogeneity, we conducted several subgroup analyses
based on numerous variables including whether the re-
ported measure of effects was crude or adjusted, the study
was peer-reviewed or not, and the study's methodologi-
cal quality as per the quality assessment. Furthermore,
to assess the impact of ACEIs/ARBs among patients with
hypertension (the most common indication for ACEIs/
ARBs), we also conducted subgroup analysis based on
whether the studies had included either patients with
hypertension only or at least had hypertension as one of
the comorbidities versus those studies which did not re-
cord the hypertension status of their study population. In
order to account for any possibility of rising in type I error
(resulted from the multiple subgroup meta-analyses), we
adopted a lower significance threshold of <0.02 (2%) in-
stead of <0.05 (5%) as a sensitivity analysis. The combined
pooled estimates were presented as odds ratios and 95%CI
and graphically as forest plots. I statistic'? was used to as-
sess heterogeneity between the studies with I* of 0% indi-
cating a lack of heterogeneity, whereas 25%, 50% and 75%
indicating low, moderate and high heterogeneity, respec-
tively.'? To evaluate the degree of overlap of the studies
within the included reviews, a citation matrix was gener-
ated that was used to calculate the Corrected Cover Area
(CCA) as suggested by Pieper et al."* Publication bias was
assessed using funnel plots and Egger's asymmetry test'
only for those outcomes where >10 studies were included
in the analysis as recommended by Cochrane guidelines."
Furthermore, we evaluated the influence of individual re-
views on the summary pooled estimate for each outcome
by conducting influential analyses'® whereby the pooled
meta-analysis estimates for each outcome were computed
by omitting one study at a time. Data were analysed using
STATA 12.
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2.7 | Role of the funding source

None.

3 | RESULTS

Out of an initial 157 publications, 66 systematic reviews
underwent full-text screening; after further exclusions
based on prespecified criteria, 47 studies were eligible for
inclusion (Figure 1).*%'""° Through the further scop-
ing search in September 2022, we could identify three
additional studies®™®* of relevance, published after our
original search date of 1 February 2021, yet these were
not eligible for inclusion due to several reasons. First, the
study by Theanacho CO et al®! was a systemic review with-
out a meta-analysis, which makes it ineligible for inclu-
sion in our umbrella review. Second, the other two studies
by Laurentius A et al°® and Singh R et al®* had a high like-
lihood of overlap and duplication with the reviews already
included in our umbrella review because their search end
dates were either earlier or very close to the search end
dates of some other reviews included in our umbrella re-
view. Third, the findings of these identified studies offer
comparable conclusions to our umbrella review and
would have only contributed to the pooled estimates of
two out of the nine outcomes analysed in our umbrella
review. Therefore, these studies were not considered be-
cause we believe it would offer little, if any, further insight
into the current landscape of evidence and will have no
substantial impact on the conclusions drawn.

3.1 | Review characteristics

Forty-six reviews (97.9%) compared COVID-19-related
outcomes between ACEI/ARB users vs. nonusers among
patients with COVID-19,+6177525460 gpe study (2.12%)
compared outcomes between ACEIs/ARBs users in pa-
tients with and without COVID-19 infection®, and 16 stud-
ies (340%) explored bOth.6’19’25_27’4O’41’43’44’48’50’51’54’56’58’60
Definition criteria for COVID-19 diagnosis were reported
by only six (12.8%) reviews as laboratory-confirmed di-
agnosis based on a reverse transcriptase-polymerase
chain reaction, whereas the remaining 41 (87.2%) re-
views did not report any criteria for COVID-19 diag-
nosis definition. Most of the included reviews were
peer-reviewed publications (68.1%; n = 32), whereas
the remaining 15 (31.9%) reviews were non-peer-
reviewed publications (i.e. were published in a preprint
database),!7719-21723.30.32-34.3646.50.54.60 The time the searches
were conducted ranged from April 2020 to October
2020, with 21 (44.7%) review searches conducted in the

4-6,17,21,23,24,28,30-32,35,36,40-42,44,46,48,50,5
month of May 2020

4 Preprint articles were included in 28 (59.6%) re-
Views’4,17,19—22,25,26,30,33,37,41—45,47—53,55,56,59,60 and 10 (213%)
reviews adjusted for retracted studies.
details of the 47 reviews are presented in Supplementary
file S3.

A total of 213 meta-analyses were conducted by
the 47 reviews (Supplementary file S4). In terms of
number of COVID-19-related outcomes reported in
each review, one outcome was reported by 13 reviews

(27'7%),5,18,20,21,23,24,28,29,38,39,47,52,53 two outcomes by
(31‘9%)’4,17,26,31,32,34—37,40,42,49,54,55,58 three

6,22,25,27,33,44-46,50,56,60
and

4,18,31,40,45,47-50,56 Full

15  reviews
outcomes by 11 reviews (23.4%)
4-9 outcomes by eight reviews (17%).
Overall, the 47 eligible reviews reported data on
18 unique pooled outcome estimates including death
in 36 reviews,A617-1922.24252730-3941-49,54-56,58-60 10y
admission in nine reviews,
ICU admission as a composite outcome in 16 re-
Views, +202123.202931324041434551L5559 1k of  acquiring
COVID-19 infection in 15 reviews,!>?>?740414344 qavare
COVID-19 infection in 22 reviews,517:19:22:2530,33-37:41-4645,59,60
hospitalisation in nine reviews,'*****4%% length of
hospital stay in five reviews,'**>**%> use of mechan-
ical ventilator in three reviews, risk of severe acute
respiratory syndrome (SARS) in two reviews,”®* and
each of hospital discharge,® ICU admission/mechanical
ventilator use,*! risk of COVID-19 infection/hospitalisa-
tion,>* severe pneumonia,41 level of serum creatinine,”’
d-dimer,”’ cough,57 fever”’ and renal dialysis59 in one re-
view; accordingly, nine out of these 18 outcomes were
included in the meta-analysis as they were reported by at
least two reviews. In terms of the exposure, ACEIs and
ARBs were evaluated as one class (ACEIs/ARBs) in all

the eligible 47 reviews apart from three,”®>*>” and as sep-
arate classes in 174,6,23,25—27,30,31,38,40,41,43,47,50,53,54,58 and

1 64,6,23,25—27,30,31,38,40,41,43,50,53,54,58

19,30,41,43,48,51,57,59

27.28,30.41.43.48,51.56.59  jaqth/

30,41

reviews, respectively. The
majority of the reviews (66%; n = 31) only evaluated one
exposure, mainly ACEIs/ARBs combined as one class
(n = 30); whereas one-third of them (29.8%; n = 14) re-
ported data for the three levels of exposure (ACEIs/ARBs,
ACEIs and ARBs).

3.2 | Degree of overlap between the 47
included reviews

An analysis of the degree of overlap of the studies within
the included 47 reviews was conducted. However, data on
the included studies were not fully reported by Zhang G
(2020) et al (59), Zhang X (2020) et al (6) and Greco (2020)
et al (34). In total, 168 studies were included within the 47
eligible reviews. Of these, the majority of studies (n = 99)
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were included in three or less reviews, with 71 of these
included within only one review. The study included
by most reviews was by Li J et al,** which was included
within 37 of the 47 reviews. An analysis of the degree of
overlap across the systematic reviews using a citation ma-
trix and the Corrected Cover Area (CCA) revealed a CCA
value of 9.2 indicating a moderate degree of overlap.

3.3 | Quality assessment

Overall confidence in the results was ‘moderate’ for 10
(21.3%) reviews,%2>26:303741-43.56.59 |54 for 15 (30.6%) re
Views’4,5,20—22,27,28,31,34,45,49—51,55,60 and ‘critically low’ for 22
(44 9%) revievvsﬁ,l7,18,23,24,29,32,33,3S,36,38—40,44,46—48,52—54,57,58
(Supplementary file S5). Considering the critical domains,
most reviews were considered to have had a satisfactory
technique for the statistical combination of results (n = 45,
95.7%)*617-22:24-57:3980 and for assessing risk of bias (n = 38,
80.105) 4-6:1719-23.25-28,30.31.34-38.40-4648-53,55-57.59.60 [ o re.
views were favourably considered in terms of accounting
for risk of bias when interpreting and discussing the results
(n = 32, 68.1%), with appropriate conduct of publication
bias (Vl — 33) 4-6,17,19-21,23-27,30-33,37,38,41-45,47,49-51,53,56,57,59,60
and only 15 (31.9%) reviews referred to the review methods
being established a priori 19,22,25,26,28,30,34,37,41-43,52,55,56,59

3.4 | Effect of ACEIs/AEBs (as a one
group) on the study outcomes

Overall, the effect of ACEIs/ARBs on nine COVID-19-
related clinical outcomes was evaluated (Table 1). The
combined pooled meta-analysis estimates indicated
that ACEIs/ARBs use was associated with a significant
reduction in three clinical outcomes including death
(OR = 0.80, 95%CI = 0.75-0.86; I =51.9%) (Figure 2),
death/ICU admission as composite outcome (OR = 0.86,
95%CI = 0.80-0.92; 12 = 43.9%) (Figure 3), and severe
COVID-19 infection (OR = 0.86, 95% CI = 0.78-0.95;
12 = 68%) (Figure 4); on the contrary, ACEIs/ARBs was
associated with a significant increase in hospitalisation
(OR = 1.23, 95%CI = 1.04-1.46; 12 = 76.4%) (Figure 5).
However, there was insignificant association with each of
ICU admission (Figure 6), risk of acquiring COVID-19 in-
fection (Figure 7), use of mechanical ventilator (Figure 8),
risk of SARS (Figure 9), and risk of severe pneumonia
(Figure 10).

However, the subgroup analyses indicated different
results for some of the outcomes (Table 2). Firstly, de-
spite the consistent significant reduction in death in as-
sociation with ACEIs/ARBs use regardless of studies'
crude/adjusted measure of effects, peer-review status and

hypertension use status, there was a trend towards lower
protective effective of ACEIs/ARBs on death as the qual-
ity of the studies enhanced from critically low (OR = 0.75,
95%CI = 0.66-0.85; I* =60.4%) to moderate (OR = 0.85,
95%CI = 0.75-0.96; I* =53.4%) (Supplementary file S6A;
Table 2). Similarly, the significant reduction in death/ICU
admission associated with ACEIs/ARBs appeared to be
higher among the studies, which presented adjusted mea-
sure of effects (adjusted: OR = 0.63, 95%CI = 0.47-0.84
vs. crude: OR = 0.87, 95%CI = 0.81-0.93); and the pooled
estimates for association ranged from insignificant associ-
ation among the critically low-quality studies (OR = 0.94,
95%CI = 0.84-1.06; I* = 57.4%) to a significantly higher re-
duction among the moderate-quality studies (OR = 0.74,
95%CI = 0.63-0.85; I* =18.9%); (Supplementary file S7A;
Table 2). Besides, the significant protective impact of
ACEIs/ARBs on death/ICU admission was observed only
among peer-reviewed studies (peer-reviewed: OR = 0.85,
95%CI = 0.79-0.92 vs. non-peer-reviewed: OR = 0.89,
95%CI = 0.75-1.10) and studies including hypertensive
patients (OR = 0.85, 95%CI = 0.80-0.90) Supplementary
file S7A; Table 2).

Likewise, the protective effect of ACEIs/ARBs use on
severe COVID-19 infection was observed only among:
peer-reviewed studies (peer-reviewed: OR = 0.89,
95%CI = 0.83-0.96 vs. non-peer-reviewed: OR = 0.82,
95%CI = 0.66-1.01), studies that did not record the hyper-
tension status of their patients (OR = 0.85, 95%CI = 0.76-
0.96), and critically low-quality studies (OR = 0.69,
95%CI = 0.53-0.92); and in fact the protective effect disap-
peared completely as the quality of the studies improved
since insignificant association was observed among
both low- and moderate-quality studies (OR = 0.93,
95%CI = 0.85-1.03; OR = 0.89, 95%CI = 0.77-1.04, re-
spectively) (Supplementary file S8A; Table 2). In terms
of ACEIs/ARBs' increasing impact on hospitalisation,
this impact was demonstrated only among the studies
which presented adjusted measure of effects (adjusted:
OR = 1.33, 95%CI = 1.21-1.47 vs. crude: OR = 1.21,
95%CI = 0.91-1.61), were not peer-reviewed (OR = 1.45,
95%CI = 1.10-10.20 vs. peer-reviewed: OR = 1.11,
95%CI = 0.90-1.31), and did not record the hypertension
status of their patients (OR = 1.35, 95%CI = 1.15-1.58)
(Supplementary file S9A; Table 2).

3.5 | Effect of ACEIs and AEBs (as a
separate group) on the study outcomes

Overall, the effect of ACEIs and ARBs on seven COVID-
19-related clinical outcomes (death, ICU admission,
death/ICU admission, risk of acquiring COVID-19 in-
fection, severe COVID-19 infection, hospitalisation and
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TABLE 1 Meta-analyses pooled estimates with 95%CI of the effects of ACEIs/ARBs on COVID-19-related clinical outcomes
Outcomes ACEIs/ARBs p-value ACEIs p-value ARBs p-value
Death 0.80 (0.75, 0.86) <0.001 0.91 (0.89,1.12) 0.984 1.10 (0.94, 1.25) 0.263
Number of studies 47 7 6
I-squared 51.9% 0.001 29.1% 0.206 41.5% 0.129
ICU 1.03 (0.86, 1.19) 0.721 0.96 (0.87, 1.1) 0.406 1.21 (0.93, 1.47) 0.312
Number of studies 10 4 4
I-squared (p-value) 58.7% 0.01 0% 0.882 76.5% 0.005
Death/ICU 0.86 (0.80, 0.92) <0.001 0.94 (0.86, 1.03) 0.167 0.98 (0.92, 1.05) 0.530
Number of studies 22 8 8
I-squared (p-value) 43.9% 0.015 29.5% 0.193 0% 0.614
Risk of COVID-19 0.99 (0.97, 1.02) 0.560 0.97 (0.93,1.01) 0.058 1.01 (0.97, 1.04) 0.726
Number of studies 19 11 10
I-squared (p-value) 24.7% 0.159 31.7% 0.146 0% 0.757
Severe COVID-19 0.86 (0.78, 0.95) 0.003 0.92(0.81, 1.05) 0.232 0.94 (0.84, 1.05) 0.281
Number of studies 28 8 8
I-squared (p-value) 68% <0.001 0% 0.951 53.7% 0.580
Severe pneumonia 0.82 (0.22, 3.05) 0.765 NA NA
Number of studies 2
I-squared (p-value) 0% 0.405
Hospitalisation 1.23(1.04, 1.46) 0.019 1.18 (1.04, 1.35) 0.012 1.17(0.84,1.61) 0.354
Number of studies 11 5 5
I-squared (p-value) 76.4% <0.001 6.7% 0.368 86.9% <0.001
Ventilator use 1.18 (0.84, 1.66) 0.347 1.01 (0.03, 34.52) 0.994 0.985 (0.084, 11.57) 0.990
Number of studies 3 1 1
I-squared (p-value) 53.9% 0.114 NA NA
Acute SARS 0.71 (0.49, 1.02) 0.064 1.06 (0.84, 1.34) 0.633 1.11 (0.95, 1.29) 0.493
infection
Number of studies 1 2 2
I-squared (p-value) NA 81% 0.022 48.9% 0.162
Abbreviation: NA, not applicable indicating not enough studies to perform meta-analyses.
acute SARS) was evaluated. Neither ACEIs nor ARBs 3.6 | Publication bias

had any significant impact on any of the seven studied
outcomes (Figures 2-10, Table 1) except for hospitalisa-
tion whereby ACEIs use was associated with a significant
increase in COVID-19-related hospitalisation (OR = 1.18,
95%CI = 1.04-1.35; I* =6.7%) (Figure 5; Table 1). These
results were mostly consistent across all the subgroup
analyses (Supplementary file S6B,C, 7B,C, 8B,C; Table 2)
except for the increasing effect of ACEIs on hospitali-
sation, which was only observed among those studies
which did not record the hypertension status of their pa-
tients (OR = 1.23, 95%CI = 1.10-1.41) (Supplementary
file S9B,C; Table 2). Results from the sensitivity analysis
of adopting a lower significance threshold of <0.02 were
consistent with those obtained from using the <0.05 sig-
nificance threshold, indicating no effect of type I error on
our pooled estimates' significance level.

Results from the funnel plots and Egger's asymmetry tests
for the six outcomes that were reported by at least 10 stud-
ies indicated no evidence of significant publication bias
in all of them except for death/ICU admission and severe
COVID-19 infection (p-value = 0.022 and 0.019, respec-
tively) (Supplementary file S10).

3.7 | Influential analyses

The results from the influential analyses indicated that
none of the combined pooled meta-analysis estimates
for the nine outcomes were dominated/influenced by
an individual review/meta-analysis since the omission
of any of these individual reviews/meta-analyses one at
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KURDI ET AL. ILEYm
W
Study %
D ES (95% CI) Weight
.
ACEIs/ARBS 1
Abdulhak et al — e 1 0.33 (0.22, 0.49) 1.39
Caldeira at al (Crude) —_——— 0.91(0.74, 1.11) 237
Caldeira et al (Adjusted) —_——— 0.90 (0.68, 1.18) 1.96
Wang et al ————ri 0.62 (0.46, 0.85) 178
Chu et al (Crude) —_— 0.76 (0.59, 0.99) 2.06
Chu et al (Adjusted) —_— 0.81 (0.65, 0.99) 233
Diaz-Arocutipa et al (Crude) —_—— 1.11(0.77, 1.60) 153
Diaz-Arocutipa et al (Adjusted) < 0.83 (0.49, 1.38) 101
Flacco et al —l—]— 0.88 (0.68, 1.14) 2.06
Garg etal —_—ll 1.03 (0.69, 1.55) 137
Garg etal —_——L 0.64 (0.45, 0.89) 164
Ghosal et al B D« a— 0.57 (0.37, 0.88) 1.28
Alamer et al — 0.77 (050, 1.19) 1.26
Alamer et al < 1 0.66 (0.42, 1.04) 120
Greco etal ] * 0.95 (0.57, 1.58) 1.03
Grover et al I; 0.86 (0.53, 1.40) 1.09
Guo etal —0—' 0.57 (0.38, 0.84) 1.40
Hasan et al —Q—I 0.73 (0.56, 0.95) 203
Kashour et al —Q—I 0.63 (0.42, 0.94) 1.38
Kermneis et al _I P 1.00 (0.69, 1.45) 1.50
Kurdi etal (Crude) : 0.97 (0.75, 1.27) 2,02
Kurdi et al (Adjusted) T j 0.97 (0.26, 1.66) 0.40
Lee B. etal —_—— 0.75 (0.61,0.92) 2.36
Asiimwe et al (Crude) : L e — 1.25 (0.98, 1.58) 217
Asiimwe et al (Adjusted) —_—r 0.86 (0.64, 1.15) 1.87
Lee etal (2021) —_—— 1 0.52 (0.37,0.72) 1.68
Liu etal —eeee 0.52 (0.35, 0.79) 1.36
Loetal : e e 1.29 (0.89, 1.87) 150
Megaly et al *>— 0.75 (0.36, 1.57) 0.59
Patoulias et al —— e 1.06 (0.77, 1.47) 172
Pranata et al (Crude) —t 0.73 (0.38, 1.40) 0.72
Pranata et al (Adjusted) —_— 0.83 (0.54, 1.27) 1.29
Ren etal —_——i 0.77 (0.66, 0.91) 261
Ren etal ———— 0.92 (0.74, 1.13) 232
Baral etal —_——t 0.86 (0.63, 1.16) 1.83
Ssentongo et al —‘—l— 0.77 (0.63, 0.95) 2.36
Ssentongo et al B ———— e 0.65 (0.45, 0.94) 1.52
Usman et al (2020) — 0.74 (0.34, 1.58) 0.55
Xu et al (2020) L — . — 0.87 (0.66, 1.14) 1.98
Yokoyama et al (2020) —_— 0.66 (0.49, 0.89) 1.85
Yokoyama et al (2020) —_——t 0.88 (0.64, 1.20) 177
Zhang G etal (2020) [N 0.65 (0.46, 0.85) 1.80
Zhang X et al (2020)(Crude) . 1 0.66 (0.38, 1.12) 0.95
Zhang X et al (2020)(Adjusted) 1 L 0.91 (051, 1.61) 0.87
Zhang Y et al (2020) : —_—— 1.12 (0.8, 1.44) 213
Beressa et al —— 0.73 (0.63, 0.85) 2,67
Caietal I— - 1.06 (0.75, 1.50) 1.61
Subtotal (I-squared = 51.9%, p = 0.000) <sl 0.80 (0.75, 0.86) 76.16
ACEls !
Caldeira et al ?I 0.85 (0.40, 1.78) 0.58
Diaz-Arocutipa et al (Adjusted) I—ﬂ— 0.97 (0.83, 1.13) 2.65
Diaz-Arocutipa et al (Crude) L l—e—— 1.18 (0.83, 1.66) 161
Kashour et al —_— 0.78 (0.58, 1.04) 1.88
Kurdi et al —_t— 1.05 (0.75, 1.46) 1.67
LeeB. etal — 0.97 (0.86, 1.09) 283
Nunes et al 1 —_—— 1.48 (1.02, 2.15) 150
Subtotal (I-squared = 29.1%, p = 0.206) 1 < > 1.00 (0.89, 1.12) 12.72
1
ARBs 1
Caldeira et al >+ 0.80 (0.47, 1.35) 0.98
Diaz-Arocutipa et al (Adjusted) ] L —‘— 1.14 (0.98, 1.34) 264
Diaz-Arocutipa et al (Crude) | < 1.79 (1.07, 3.00) 101
Kashour et al —_— 0.97 (0.73, 1.30) 1.90
Kurdi et al 1 +—— 1.18 (0.98, 1.42) 249
LeeB. etal ———t— 0.91(0.71, 1.17) 2.1
Subtotal (I-squared = 41.5%, p = 0.129) I < :> 1.08 (0.94, 1.25) 11.12
1
Overall (I-squared = 61.9%, p = 0.000) 0.85 (0.80, 0.91) 100.00

NOTE: Weights are from random effects analysis

22

1
Odds ratio

4.55

FIGURE 2 Forest plot depicting pooled estimates for the association between mortality and renin-angiotensin system drugs use
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8of 23 KURDI ET AL.
2 | wiLEy
Death/ICU

Study %
ID ES (95% Cl) Weight

I
ACEIls/ARBs 1
Wang et al * t 0.63 (0.47, 1.98) 0.39
Wang et al * - 0.70 (0.44, 1.10) 0.90
Wang et al - : 0.70 (0.46, 1.08) 1.00
Di Castelnuovo et al T — 1.18 (0.96, 1.46) 2.84
Di Castelnuovo et al — 0.90 (0.80, 1.01) 4.79
Flacco et al —_—— 1.00 (0.84, 1.18) 3.56
Garg et al ! * 1.18 (0.91, 1.54) 2.12
Garg et al + : 0.76 (0.52, 1.12) 1.19
Koshy et al s 0.89 (0.73, 1.07) 3.15
Kurdi et al (Crude) + 1 0.67 (0.52, 0.86) 2.32
Kurdi et al (Adjusted) + 1 0.63 (0.47, 0.84) 1.84
Lee B. etal + 1 0.76 (0.47, 1.23) 0.81
LeeB. etal —_— 0.91(0.72, 1.15) 247
Lo et al T + 1.09 (0.80, 1.48) 1.69
Pirola et al —_—— 0.77 (0.65, 0.91) 3.64
Ren et al —_—l—]— 0.92(0.77,1.11) 3.30
Ren et al —o+ 0.81(0.66, 0.99) 2.95
Baral et al * ; 0.67 (0.44, 1.03) 0.97
Zhang G et al (2020) € <> T 0.69 (0.43, 0.95) 1.12
Barochiner_1 et al —_—— 0.84 (0.73, 0.95) 4.42
Baronchiner_2 et al 4 . 0.81 (0.63, 1.04) 2.26
Bezabih et al — 0.84 (0.73, 0.96) 4.29
Subtotal (I-squared = 43.9%, p = 0.015) <> 0.86 (0.80, 0.92) 52.00
. 1
ACEls !
Chan et al —_— 1.00 (0.80, 1.26) 2.57
Flacco et al % 0.90 (0.65, 1.26) 1.51
Koshy et al —_— 0.94 (0.79, 1.11) 3.55
Kurdi et al g 0.89 (0.69, 1.14) 2.31
Lee B. etal >~ 0.84 (0.65, 1.10) 2.12
Lee B. etal : —1—— 1.07 (0.95, 1.21) 4.68
Baral et al —_—r 1.01(0.82, 1.24) 2,94
Bezabih et al —_— 0.77 (0.63, 0.93) 3.09
Subtotal (I-squared = 29.5%, p = 0.193) <>h 0.94 (0.86, 1.03) 22.77

1
) |
ARBs |
Chan et al . 0.99 (0.83, 1.18) 3.44
Flacco et al —_—— 0.92 (0.75, 1.12) 2.99
Koshy et al e 0.93 (0.79, 1.10) 3.65
Kurdi et al <> : 0.83 (0.65, 1.06) 2.33
Lee B. etal I—D— 1.01 (0.89, 1.14) 4.61
Lee B. etal —T¢] 0.97 (0.77, 1.22) 2.53
Baral etal & 0.95 (0.74, 1.22) 224
Bezabih et al I 4 1.13 (0.95, 1.35) 3.44
Subtotal (I-squared = 0.0%, p = 0.614) :<> 0.98 (0.92, 1.04) 25.23
Overall (l-squared = 42.5%, p = 0.003) é 0.90 (0.86, 0.95) 100.00

1
NOTE: Weights are from random effects analysis 1

| |
43 1 2.33
Odds ratio

FIGURE 3 Forest plot depicting pooled estimates for the association between death/Intensive Care Unit (as a composite outcome) and

renin-angiotensin system drugs use
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a time made no difference to the pooled meta-analysis
estimate because all of pooled meta-analysis estimates
were overlapping (Supplementary file S11). It is worth

mentioning that it might be possible that one or few of
the original primary studies influenced some of the 47
review/meta-analyses included in our umbrella review
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KURDI ET AL. 9 of 23
WILE Y#

Severe COVID-19

Study %
ID ES (95% ClI) Weight
ACEIs/ARBs 1
Abdulhak et al —_—— 1 0.32(0.22, 0.46) 222
Caldeira et al —1le— 1.08 (0.79, 1.47) 2.66
Caldeira at al (Adjusted) —‘—— 0.88 (0.63, 1.22) 2.50
Caldeira et al (Crude) —+—— 0.90 (0.74, 1.11) 3.67
Diaz-Arocutipa et al (Crude) —OI—- 0.79 (0.59, 1.07) 2.76
Diaz-Arocutipa et al (Adjusted) —Q—I 0.56 (0.37, 0.87) 1.86
Ghosal et al L g T 0.62 (0.31, 1.23) 0.92
Greco et al —_— 0.88 (0.60, 1.31) 2.08
Grover et al — 0.81(0.41, 1.58) 0.96
Guo et al —_— 0.71 (0.46, 1.08) 1.86
Hasan et al — 0.91 (0.75, 1.10) 3.78
Kurdi etal (Crude) —_—l 0.78 (0.53, 1.15) 2.08
Kurdi et al (Adjusted) + - 0.48 (0.11, 2.13) 0.23
Lee B. etal —0'—— 0.80 (0.58, 1.10) 2.58
Asiimwe et al (Crude) : — 1.50 (1.27,1.77) 4.05
Asiimwe et al (Adjusted) —IIO— 1.04 (0.76, 1.42) 2.64
Lee et al (2021) — 1T 0.68 (0.44, 1.07) 1.77
Liu etal — T 0.75 (0.59, 0.96) 3.26
Loetal —_— 0.94 (0.59, 1.50) 1.65
Megaly et al — 0.73(0.24, 2.24) 0.39
Patoulias et al —_—— 0.86 (0.64, 1.16) 2.77
Pranata et al —_—— 1.03 (0.73, 1.45) 240
Qu etal (Crude) ¢ 0.86 (0.57, 1.31) 1.92
Qu et al (Adjusted) —t 0.90 (0.77, 1.05) 4.16
Zhang G et al (2020) ﬂ-— 0.89 (0.63, 1.15) 2.74
Zhang X et al (2020) —IQ— 0.95 (0.83, 1.10) 4.30
Zhang Y et al (2020) I—Q— 1.05 (0.81, 1.36) 3.1
Beressa et al —p-— 0.92 (0.74, 1.14) 3.53
Subtotal (I-squared = 68.0%, p = 0.000) <> 0.86 (0.78, 0.95) 68.82
. 1
ACEls 1
Caldeira et al — 0.91(0.72, 1.14) 3.40
Caldeira et al —_—l— 1.05 (0.64, 1.70) 1.55
Diaz-Arocutipa et al (Crude) Lle 1.10 (0.55, 2.18) 0.92
Diaz-Arocutipa et al (Adjusted) —0—'— 0.66 (0.37, 1.18) 1.21
Kurdi et al 4 : 0.72 (0.26, 1.96) 0.48
Lee B. et al —I-Q— 1.10 (0.64, 1.89) 1.34
Qu et al (Crude) e a— 1.01 (0.63, 1.60) 1.66
Qu et al (Adjusted) — 0.90 (0.72, 1.14) 3.40
Subtotal (I-squared = 0.0%, p = 0.915) <:’ 0.92 (0.81, 1.05) 13.95
. 1
ARBs |
Caldeira et al —_—— 1.01 (0.67, 1.50) 2.00
Caldeira et al B R —— 1.32(0.75, 2.30) 1.27
Diaz-Arocutipa et al (Adjusted) — 0.97 (0.79, 1.20) 3.60
Diaz-Arocutipa et al (Crude) —:0— 1.00 (0.77, 1.29) 3.12
Kurdi et al + 1 0.51(0.25, 1.04) 0.86
Lee B. etal —OI—— 0.82(0.52, 1.31) 1.68
Qu et al (Adjusted) - 0.91(0.74, 1.13) 3.58
Qu et al (Crude) —_—1 0.75 (0.41, 1.39) 1.12
Subtotal (I-squared = 0.0%, p = 0.580) c> 0.94 (0.84, 1.05) 17.23
. 1
Overall (l-squared = 53.7%, p = 0.000) 0 0.89 (0.82, 0.95) 100.00
NOTE: Weights are from random effects analysis :
| |
.108 1 9.26
Odds ratio

FIGURE 4 Forest plot depicting pooled estimates for the association between severe COVID-19 infection and renin-angiotensin system
drugs use
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4LWI LEY

Hospitalisation

Study
ID

ACEIs/ARBs

Diaz-Arocutipa et al

Ghosal et al g
Kurdi et al (Crude) —
Kurdi et al (Adjusted)
Lee B. et al

Asiimwe et al (Crude)
Asiimwe et al (Adjusted) —

Patoulias et al
Quetal

Ren et al —
Zhang G et al (2020) —_—
Subtotal (I-squared = 76.4%, p = 0.000)

ACEls

Diaz-Arocutipa et al
Kurdi et al (Adjusted) —
Kurdi et al (Crude) —
Lee B. et al

Quetal

Subtotal (l-squared =6.7%, p = 0.368)

ARBs

Diaz-Arocutipa et al B
Kurdi et al (Crude) —
Kurdi et al (Adjusted)
Lee B. et al

Quetal

Subtotal (I-squared = 86.9%, p = 0.000) -]

Overall (l-squared = 74.4%, p = 0.000)

%

ES(95%Cl)  Weight

1.83 (0.95, 3.52) 2.23
0.81(0.42, 1.55) 2.24
1.14 (0.81, 1.65) 4.38
1.30 (1.11, 1.52) 6.58
0.90 (0.62, 1.31) 4.22
2.25(1.70, 2.98) 5.21
1.16 (0.80, 1.68) 4.25
1.74 (0.95, 3.17) 2.50
1.38 (1.21, 1.57) 6.81
1.09 (0.91, 1.31) 6.30
0.79 (0.60, 0.98) 5.61
1.23 (1.03, 1.46) 50.34

1.63 (0.94, 2.83) 2.80
1.17 (0.90, 1.52) 5.42
1.08 (0.79, 1.47) 4.91
0.95 (0.69, 1.30) 4.81
1.29 (1.07, 1.57) 6.20
1.18 (1.04, 1.35) 24.14

1.48 (0.95, 2.31) 3.59
0.91(0.74, 1.11) 6.07
1.00 (0.70, 1.42) 4.43
0.94 (0.68, 1.29) 4.78
1.69 (1.46, 1.96) 6.66
1.16 (0.84, 1.61) 25.52

1.20 (1.07, 1.35) 100.00

NOTE: Weights are from random effects analysis
I

.284

ICU admission

Study
ID

ACEIs/ARBs
Chu et al (Crude) —
Chu et al (Adjusted)

1
Odds ratio

de Almeide-Pititto et at *
Diaz-Arocutipa et al
Kurdi et al

Lee B. et al

*

>

Patoulias et al
Ren et al —
Xu et al (2020)

Zhang G et al (2020) >
Subtotal (I-squared = 58.7%, p = 0.010) <]

ACEls
Chu et al —

I N

>

il

Diaz-Arocutipa et al

Kurdi et al —_—

Lee B. et al
Subtotal (I-squared = 0.0%, p =0.882) <]

ARBs

Chu et al —
Diaz-Arocutipa et al —
Kurdi et al

Lee B. et al 1

Overall (I-squared = 54.1%, p = 0.003) g

1y
Subtotal (I-squared = 76.5%, p = 0.005)  =g———=
1
|
>

L

%

ES(95% Cl)  Weight

0.89 (0.78, 1.01) 10.59
0.81(0.65, 0.99) 7.99
0.76 (0.39, 1.49) 1.74
1.45 (1.17, 1.80) 7.85
1.09 (0.65, 1.81) 2.74
1.06 (0.73, 1.56) 4.23
1.40 (0.80, 2.43) 2.39
1.19 (0.85, 1.66) 4.99
0.95 (0.73, 1.24) 6.50
0.96 (0.56, 1.37) 3.35
1.03 (0.88, 1.19) 52.36

0.95 (0.85, 1.06) 11.18
1.16 (0.72, 1.86) 3.06
0.94 (0.65, 1.38) 4.30
0.93 (0.52, 1.65) 2.24
0.96 (0.87, 1.06) 20.79

0.93 (0.82, 1.05) 10.77
1.26 (0.87, 1.83) 4.35
1.49 (1.13, 1.97) 6.12
1.32 (0.97, 1.78) 5.61
1.21 (0.93, 1.57) 26.85

1.05 (0.96, 1.15) 100.00

NOTE: Weights are from random effects analysi,
I

.39

1
Odds ratio

2.56

FIGURE 5 Forest plot depicting
pooled estimates for the association
between hospitalisation and renin-
angiotensin system drugs use

FIGURE 6
pooled estimates for the association

Forest plot depicting

between Intensive Care Unit admission
and renin-angiotensin system drugs use

:sdny) suonipuo)) pue swd [, Y1 298 *[7Z0Z/01/1Z] U0 AIeiqry auruQ A3IA “99LJO [BNU) YSINqUIPH ‘SHN PUB[OdS 10] Uoneonpq SHN AQq 888€ 1199/ [ 11°01/10p/wod Aa[im  Areiqijaur[uoy/:sdny woly papeojumo( ‘0 ‘79£7s9s |

- Kopim A

2SUAIIT SUOWILO)) dANEa1)) d[qesijdde ayy Aq PAUIdA0T a1k SI[IILIE V() $ASN JO SA[NI 10} AIRIQIT dUIju() AS[IAN UO (:



KURDI ET AL. 11 of 23
Wi LEYJ—
Risk of COVID-19 Infection
Study %
ID ES (95% CI) Weight
ACEIs/ARBs
Caldeira et al (Crude) 0.99 (0.91, 1.11) 2.28
Caldeira et al (Adjusted) 0.99 (0.89, 1.11) 1.90
Chu et al (Crude) 1.04 (0.94, 1.14) 2.39
Chu et al (Adjusted) 0.87 (0.77, 0.98) 1.63
Koshy et al 0.97 (0.97, 1.05) 7.67
Kurdi et al (Crude) 1.01 (0.94, 1.10) 3.17
Kurdi et al (Adjusted) 1.19 (0.96, 1.47) 0.57
Lee B. et al 1.06 (0.99, 1.14) 3.89
Asiimwe et al (Crude) —— 1.15 (1.02, 1.30) 1.61
Asiimwe et al (Adjusted) 1.01 (0.93, 1.10) 2.99
Liu et al 0.95 (0.89, 1.02) 4.08
Patoulias et al -t 0.99 (0.83, 1.17) 0.86
Qu et al (Crude) —— 1.10 (0.84, 1.43) 0.37
Qu et al (Adjusted) 0.96 (0.91, 1.01) 5.77
Ren et al 0.97 (0.89, 1.06) 2.81
Ren et al 0.96 (0.86, 1.08) 1.80
Xu et al (2020) 1.00 (0.94, 1.05) 5.38
Zhang X et al (2020) 0.99 (0.95, 1.04) 6.74
Zhang Y et al (2020) 1.05 (0.90, 1.21) 1.13
Subtotal (I-squared = 24.7%, p = 0.159) 1 0.99 (0.97, 1.02) 57.03
ACEls
Caldeira et al - 0.94 (0.87, 1.02) 3.25
Chuetal -4 0.87 (0.78, 0.97) 1.94
Koshy et al -+ 0.93 (0.86, 1.02) 2.92
Kurdi et al (Crude) -1 1.13(0.91, 1.42) 0.52
Kurdi et al (Adjusted) — 1.18 (0.87, 1.61) 0.28
Lee B. etal 1 1.06 (0.94, 1.20) 1.59
Qu et al (Adjusted) 0.94 (0.86, 1.01) 3.20
Qu et al (Crude) 1.27 (0.95, 1.69) 0.32
Usman et al (2020) 0.96 (0.88, 1.04) 3.01
Yokoyama et al (2020) 0.96 (0.88, 1.04) 3.01
Zhang X et al (2020) <+ 0.98 (0.92, 1.04) 4.72
Subtotal (I-squared = 31.7%, p = 0.146) 0 0.96 (0.93, 1.00) 24.77
ARBs
Caldeira et al -1)- 1.01 (0.93, 1.10) 2.99
Koshy et al - 1.01 (0.91, 1.12) 211
Kurdi et al (Crude) g 0.56 (0.11, 2.89) 0.01
Kurdi et al (Adjusted) +—— 1.29 (0.93, 1.79) 0.25
Lee B. etal . 1.03 (0.92, 1.16) 1.75
Qu et al (Adjusted) —_— 0.73 (0.49, 1.08) 0.17
Qu et al (Crude) —_—— 1.07 (0.76, 1.50) 0.23
Usman et al (2020) -+ 0.99 (0.91, 1.08) 2.90
Yokoyama et al (2020) - 0.99 (0.91, 1.08) 2.90
Zhang X et al (2020) p s 1.01 (0.95, 1.07) 4.91
Subtotal (l-squared =0.0%, p = 0.757) 1.01 (0.97, 1.04) 18.21
Overall (I-squared =20.2%, p = 0.134) 0.99 (0.97, 1.00) 100.00
NOTE: Weights are from random effects analysis
| | |
107 1 9.35
Odds ratio

FIGURE 7 Forest plot depicting pooled estimates for the association between risk of acquiring COVID-19 infection and renin-

angiotensin system drugs use
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Study

ACEIs/ARBs
Diaz-Arocutipa et al
Kurdi et al

Zhang G et al (2020)

Subtotal (I-squared = 53.9%, p = 0.114)

ACEls

Kurdi et al

Subtotal (I-squared =.%, p=.)

ARBs

Kurdi et al

Subtotal (I-squared =.%, p =.)

Overall (l-squared = 8.2%, p = 0.360)

NOTE: Weights are from random effects analysis

KURDI ET AL.
Use of mechanical ventilator
%
ES (95% Cl) Weight
1
1
1
1
—:—0— 1.39 (0.99, 1.94) 40.77
1
—_— 1.49 (0.80, 2.77) 13.99
1
—h 0.89(0.61, 1.16) 4384
1
<:> 1.18 (0.84, 1.66) 98.60
1
1
1
1
1
1
: 1.01(0.03, 34.76) 0.46
: 1.01(0.03, 34.51) 0.46
1
1
1
1
1
1
: 0.99 (0.08, 11.57) 0.94
<> 0.99 (0.08, 11.56) 0.94
1
1
1
<® 1.15 (0.90, 1.46) 100.00
1
1
1
1
T T

.0288

1 34.8

Odds ratio

FIGURE 8 Forest plot depicting pooled estimate for the association between use of mechanical ventilator and renin-angiotensin system

drugs use

but it was not possible for us to assess this information
because these data were not reported by the included
review/meta-analyses.

4 | DISCUSSION

This umbrella review for the first time combined all the
available evidence so far from observational studies on
the impact of ACEIs/ARBs on COVID-19 clinical out-
comes (47 systematic review studies which reported 213
meta-analyses) into one pooled estimate. The collective,
combined pooled estimates indicated evidence of statisti-
cally significant reduction in mortality, death/ICU admis-
sion, and severe COVID-19 infection in association with
ACEIs/ARBs use, but significant increase in the risk of
hospitalisation (Table 1). Interestingly, there was no evi-
dence of any significant association between ACEIs or
ARBs and any of the nine COVID-19-related clinical out-
comes analysed in our study.

Although the magnitude of observed impact of ACEIs/
ARBs use on reducing mortality was decreasing as the

quality of studies improved (Table 2), the evidence was
overall mostly consistent across all the subgroup analyses
including a greater impact among studies that included
hypertensive patients compared with studies that did not
record the hypertension status of their study population
(Table 2). In terms of death/ICU admission, the quality of
the evidence was even better because the impact of ACEIs/
ARBsusewas greater and significant only among moderate-
quality studies, peer-reviewed studies and studies with hy-
pertensive patients; however, the impact was significant
regardless of whether the measure of effects was crude or
adjusted, even though the impact was greater among stud-
ies with adjusted measure of effects compared those stud-
ies with crude measure of effects (Table 2). By contrast, the
quality of the evidence for the impact of ACEIs/ARBs use
on severe COVID-19 was low since the significant reduc-
tion was only observed among critically low-quality studies
and, in fact, the significant association disappeared as the
quality of the studied enhanced from critically low quality
to either low or moderate quality (Table 2).

In terms of the impact of ACEIs/ARBs on hospital-
isation, the quality of the evidence was low because
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Risk of Acute SARS Infection

Study %

) ES (95% CI) Weight
1
1

ACEIS/ARBs X
1

Zhang G et al (2020) - ! 0.71 (0.46, 0.95) 8.38
1

Subtotal (I-squared = .%, p = .) 0. I 0.71 (0.49, 1.02) 8.38
1
1
1
1

ACEls |
1

Chan et al (Crude) 4 1.21(1.01, 1.45) 19.31
1

Chan et al (Adjusted) — 0.95 (0.86, 1.05) 2759
1

Subtotal (I-squared = 81.0%, p = 0.022) <:> 1.06 (0.84, 1.34) 46.91
1
1
1

ARBs !
1
1

Chan et al 4 — 1.05 (0.97, 1.14) 2951
1

Chan et al : . 1.25 (0.99, 1.57) 15.20
1

Subtotal (I-squared = 48.9%, p = 0.162) <::> 111 (0.95,1.29) e
1
1
1

Overall (I-squared = 68.1%, p = 0.014) <:E> 1.04 (0.92, 1.18) 100.00
1
1

NOTE: Weights are from random effects analysis 1
L

| |

1 217

Odds ratio

FIGURE 9 Forest plot depicting pooled estimates for the association between risk of severe acute respiratory syndrome (SARS) and

renin-angiotensin system drugs use

the significant association was not apparent when the
data were analysed by the quality of the studies, even
though the magnitude of the effect was almost consis-
tent across the various quality of the studies; besides,
the significant increase in hospitalisation was observed
only among studies that reported adjusted measure of
effects, non-peer-reviewed studies and studies that did
not record the hypertensive status of their study popu-
lation (Table 2).

The subgroup analyses demonstrated low-quality evi-
dence regarding the different impact of ACEIs and ARBs
(as separate groups) (Table 2). This observed difference
has been suggested to be due to the increased level of an-
giotensin II, which occurs following ARBs treatment but
not ACEIs, which in turn imposes an increased substrate
load on ACE2 enzyme requiring its upregulation,® hence
facilitating COVID-19 virus cell entry and its subsequent
infectivity/pathogenicity.® Furthermore, the increase in
ACE2 activity demonstrated in patients with hypertension,
either due to the pathophysiology of hypertension itself®’
or the administration of ACEIs/ARBs as antihypertensive

medications,® could at least partially explain some of our
study findings as why ACEIs/ARBs had significant greater
impact on certain COVID-19 clinical outcomes (i.e. mor-
tality and death/ICU admission) only among studies that
included patient with hypertension.

Several hypotheses (related to the pathophysiology of
COVID-19 infection and functions of ACE2) can explain
the observed impact of ACEIs/ARBs in our current study.
The adverse negative effects of ACEIs/ARBs could be due
to ACEIs/ARBs ability to cause upregulation of ACE2
expression (the cell entry point for COVID-19), hence
facilitating and enhance COVID-19 viral binding and
cell entry,68 whereas the positive protective effects could
be through ACEIs/ARBs blockage of the harmful angio-
tensin II- AT|R axis and their effects on angiotensin II
expression leading to subsequent increase in the level of
the protective angiotensin 1-7 and 1-9 which have anti-
inflammatory and vasodilatory effects (i.e. the correspond-
ing increase in Ang I and Ang II in response to ACEIs and
ARBEs, respectively, use would activate and increase the
protective Ang 1-7/1-9 axis via MasR and AT,R receptor
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NOTE: Weights are from random effects analysis
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WILEY
Severe Pnemonia
Study %
ID ES (95% CI) Weight
;
|
ACEIs/ARBs X
1
|
Kurdi etal (Crude) : - 1.28 (0.24, 6.96) 60.49
1
|
Kurdi et al (Adjusted) + . 0.41(0.05, 3.28) 39.51
1
i
Subtotal (I-squared = 0.0%, p = 0.405) : > 0.82 (0.22, 3.05) 100.00
1
1
1
1
1
1
I
Overall (I-squared = 0.0%, p = 0.405) | > 0.82(0.22, 3.05) 100.00
1
1
1
1
1
1
1
1

.05 1

Odds ratio

FIGURE 10 Forest plot depicting pooled estimates for the association between severe pneumonia and renin-angiotensin system drugs

use

resulting in their antioxidant, anti-inflammatory, vasodi-
lation and antifibrosis effects; also the protective Ang 1-7
level can be generated by neutral endopeptidase), hence
potentially attenuating the cardiac and pulmonary dam-
ages of COVID-19,” which could potentially explain why
discontinuation of ACEIs/ARBs might increase the risk of
mortality due to the loss of this protective Ang 1-7/1-9 axis
via MasR and AT,R pathway. Interestingly, a recent study
has demonstrated that these benefits from ACEIs/ARBs
antihypertensive drugs on in-hospital mortality could be
observed/extended with/to any first-line antihypertensive
drug treatment (OR: 0.25, 95%CI: 0.2-0.3)*’; this is maybe
due to the fact that almost all antihypertensive drugs are
protective for the endothelium, an arterial layer targeted
by COVID-19. Genetic ACE2 polymorphism among some
individuals has been also suggested as potential factor ex-
plaining, at least partially, the harmful effects on ACEIs/
ARBs on COVID-19 outcomes.”

It is worth to highlight that our study findings are
still important despite the recently published ran-
domised clinical trial (RCT)”! which found insignificant
differences in the mean number of days alive/out of the
hospital between those assigned to discontinue vs con-
tinue ACEIs or ARBs. This is because of certain points

that are related to the findings from this RCT. First,
this RCT was designed to evaluate the impact of con-
tinuing ACEIs or ARBs vs. their discontinuation after
contracting COVID-19 rather than evaluating ACEIs/
ARBs use vs. nonuse of these medications which was
the focus of most of the observational studies involved
in our current study. Secondly, the RCT included only
patients with mild or moderate COVID-19 with more
than half of the participants (57%; n = 376) having
mild COVID-19 and evaluated only two COVID-19-
related clinical outcomes, namely days alive (mortal-
ity) and out-of-hospital days, hence leaving a big gap
in the evidence around ACEIs/ARBs' impact on other
important COVID-19 clinical outcomes as well as lim-
iting generalisability to patients with severe COVID-19.
Furthermore, although the RCT's participants were all
hypertensive patients, about one-third (~31%) and ~1%
had diabetes and heart failure, respectively, which fur-
ther limits the generalisability of the RCT's findings to
these conditions for which ACEIs/ARBs are commonly
indicated. Moreover, the RCT's participants were all
from Brazil and hence extending the findings to other
races or ethnicities will be limited; this is particularly
important because there are evidence demonstrating
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TABLE 2 Subgroup meta-analyses pooled estimates with 95%CI of the effects of ACEIs/ARBs on COVID-19-related clinical outcomes

ACEIs/ARBs
Death (n = 60)

ACEIs

ARBs

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

I-squared (p-value)

Hypertension use status
Hypertensive patients

Not recorded

Number of studies

I-squared (p-value)

0.80(0.74, 0.91)

0.80(0.73, 0.86)

10 vs. 37

0.0% (0.947) vs. 61% (<0.001)

0.80 (0.76, 0.85)

0.79 (0.66, 0.95)

33vs. 14

25.3% (0.095) vs. 75.3% (>0.001)

0.75 (0.66, 0.85)
0.81 (.075, 0.88)
0.85(0.75, 0.96)
21vs.12vs. 14

60.4% (>0.001) vs. 18.8% (0.259)
vs. 53.4% (0.009)

0.74 (0.69, 0.79)

0.84 (0.77, 0.92)

15vs. 32

0.0% (0.617) vs. 57.3% (>0.001)
ICU admission (n = 18)

0.90 (0.89, 1.12)
1.10(0.92,1.25)

2vs.5

40.3% (0.196) vs. 26.7% (0.244)

1.0 (0.83,1.2)

1.0 (0.87, 1.16)

5vs. 2

45.7% (0.117) vs. 2.5% (0.331)

1.06 (0.57, 1.99)
NA

0.99 (0.90, 1.10)
2vs.0vs. 5

85.8% (0.008) vs. NA vs. 29.1%
(0.206)

0.97 (0.86, 1.09)
1.02(0.87,1.21)
1vs.6

NA vs. 39.9% (0.140)

1.1 (0.96, 1.26)
1.1(0.85,1.42)

2vs. 4

0.0% (0.335) vs. 60.6% (0.055)

1.02 (0.87,1.19)

1.33(0.88, 2.03)

4vs.2

27.2% (0.249) vs. 62.9% (0.101)

0.97 (0.37, 1.29)

NA

1.11 (0.94, 1.30)

1vs.0vs.5

NA vs. NA vs. 48.4% (0.101)

0.91(0.71,1.17)
1.13(0.98, 1.31)
1vs.5

NA vs. 33.5% (0.129)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

I-squared (p-value)

Hypertension use status
Hypertensive patients

Not recorded

0.86 (0.73, 1.02)

1.09 (0.91, 1.32)

2vs. 8

0.0% (0.356) vs. 59.8% (0.015)

0.93 (0.85, 1.01)
1.45(1.17, 1.80)
9vs. 1

0.0% (0.488) vs. NA

1.40 (0.80, 2.44)
0.90 (0.78, 1.03)
1.12(0.92,1.37)
1vs.4vs.5

NA vs. 22.6% (0.275) vs. 45%
(0.122)

0.97 (0.75, 1.27)
1.05, 0.87, 1.27)

NA

0.96 (0.87, 1.06)*
0vs. 4

NA vs. 0.0% (0.882)

0.95 (0.86, 1.05)
1.16 (0.72, 1.86)
3vs. 1

0.0% (0.997) vs. NA

NA

0.95(0.85, 1.06)
1.0 (0.77, 1.30)
Ovs.1vs.3

NA vs. NA vs. 0.0% (0.770)

0.93 (0.52, 1.66)
0.96 (0.87, 1.06)

NA

1.21 (0.93, 1.57)*
0vs. 4

NA vs. 76.5% (0.005)

1.20 (0.87, 1.66)

1.26 (0.87, 1.83)
3vs. 1

83.1% (0.003) vs. NA

NA

0.93(0.82, 1.05)
1.37 (1.15, 1.64)
Ovs.1vs.3

NA vs. NA vs. 0.0% (0.742)

1.32(0.97, 1.79)
1.18 (0.85, 1.64)

(Continues)
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TABLE 2 (Continued)

Number of studies

I-squared (p-value)

ACEIs/ARBs

3vs.7
0.0% (0.697) vs. 71.5% (0.002)

Death/ICU admission (n = 38)

ACEIs

1vs.3
NA vs. 0.0% (0.722)

ARBs

1vs.3
NA vs. 80.8% (0.006)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

I-squared (p-value)

Hypertension use status
Hypertensive patients

Not recorded

Number of studies

I-squared (p-value)

0.63 (0.47, 0.84)
0.87(0.81, 0.93)
1vs. 21

NA vs. 38.9% (0.036)

0.85(0.79, 0.92)

0.89 (0.75, 1.10)

18 vs. 4

45.5% (0.019) vs. 51.5% (0.103)

0.94 (0.84, 1.06)
0.85(0.79, 0.92)
0.74 (0.63, 0.85)
6vs.11.vs. 5

57.4% (0.038) vs. 15.8% (0.293)
vs. 18.9% (0.294)

0.85 (0.80, 0.9)

0.88 (0.76, 1.03)

13vs.9

0.0% (0.595) vs. 69% (0.001)

1.0 (0.80, 1.26)

0.93 (0.85, 1.03)
1vs.7

NA vs. 38.5% (0.135)

0.99 (0.92, 1.10)
0.77 (0.63, 0.94)
7vs. 1

0.0% (0.605) vs. NA

0.86 (0.70, 1.04)
0.98 (0.82, 1.16)
0.99 90.88, 1.10)
2vs.2vs. 4

56.3% (0.130) vs. 0.0% (0.568)
vs. 20.7% (0.286)

0.9 (0.75, 1.08)

0.96 (0.87, 1.06)

4vs. 4

67.1% (0.028) vs. 0.0% (0.852)

Risk of COVID-19 infection (n = 40)

1.0 (0.83, 1.18)

0.98 (0.91, 1.05)
1vs.7

NA vs. 0.0% (0.498)

0.96 (0.89, 1.03)
1.13(0.95, 1.34)
7vs. 1

0.0% (0.874) vs. NA

1.02 (0.85, 1.24)
0.93(0.80, 1.10)
0.98 (0.89, 1.06)
2vs.2vs. 4

60% (0.114) vs. 0.0% (0.865) Vs.
0.0% (0.572)

1.01 (0.93, 1.10)

0.93 (0.85, 1.03)

4vs. 4

0.0% (0.473) vs. 0.0% (0.723)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

I-squared (p-value)

0.98 (0.94, 1.03)

1.0 (0.97, 1.02)

6vs. 13

41.7% (0.127) vs. 18.7% (0.255)

0.99 (0.97, 1.01)

1.03(0.96, 1.10)

14 vs. 5

14.6% (0.294) vs. 52.5% (0.077)

0.97 (0.95, 1.0)
0.97 (0.93, 1.01)
1.03 (0.99, 1.06)

4vs.7vs. 8

0.0% (0.780) vs. 17.5% (0.296) vs.

12.7% (0.331)

1.0 (0.82,1.2)

0.97 (0.93, 1.01)

2vs.9

49% (0.161) vs. 36.6% (0.125)

0.96 (0.92, 1.01)

0.97 (0.89, 1.10)

8vs.3

34.8% (0.150) vs. 48.6% (0.143)

0.96 (0.93, 0.99)
0.95 (0.84, 1.09)
1.03 (0.93,1.14)
4vs.3vs. 4

0.0% (0.811) vs. 66.7% (0.050)
vs. 45.3% (0.140)

0.98 (0.56, 1.7)

1.0 (0.97, 1.04)

2vs. 8

78.9% (0.03) vs. 0.0% (0.993)

1.01 (0.98, 1.05)

0.97 (0.85,1.11)

7vs.3

0.0% (0.814) vs. 18.1% (0.295)

1.0 (0.96, 1.04)
0.90 (0.62, 1.30)
1.03 (0.96, 1.10)
4vs.2vs. 4

0.0% (0.970) vs. 51.6% (0.151) vs.

0.0% (0.467)
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TABLE 2 (Continued)

Hypertension use status
Hypertensive patients

Not recorded

Number of studies

I-squared (p-value)

ACEIs/ARBs

1.02(0.93, 1.11)

0.99 (0.97, 1.01)

2vs. 17

58.3% (0.122) vs. 19.7% (0.224)
Severe COVID-19 (n = 44)

ACEIs

1.0 (0.91, 1.11)

0.96 (0.92, 0.99)

2vs.9

42.0% (0.189) vs. 33.5% (0.150)

ARBs

1.0 (0.94, 1.08)

1.0 (0.97, 1.05)

2vs. 8

0.0% (0.590) vs. 0.0% (0.595)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

I-squared (p-value)

Hypertension use status
Hypertensive patients

Not recorded

Number of studies

I-squared (p-value)

0.88 (0.78, 0.99)

0.86 (0.75, 0.97)

6vs. 22

19.3% (0.287) vs. 73% (>0.001)

0.89 (0.83, 0.96)

0.82(0.66, 1.01)

15vs. 13

0.0% (0885) vs. 84% (>0.001)

0.69 (0.53,0.92)
0.93 (0.85,1.03)
0.89 (0.77, 1.04)
7vs.7vs. 14

80.5% (>0.001) vs. 0.0% (0.954)
vs. 69.8% (>0.001)

0.89 (0.77, 1.01)

0.85 (0.758, 0.96)

5vs. 23

0.0% (0.684) vs. 73.1% (>0.001)
Hospitalisation (n = 21)

0.86 (0.70, 1.07)

0.96 (0.81, 1.14)

2Vvs. 6

0.0% (0.330) vs. 0.0% (0.954)

0.94 (0.78, 1.14)

0.9 (0.75, 1.10)

4vs. 4

0.0% (0.832) vs. 0.0% (0.646)

NA
0.92(0.75,1.31)
0.92 (0.78, 1.10)
0vs.2vs. 6

NA vs. 0.0% (0.664) vs. 0.0%
(0.782)

1.10 (0.64, 1.89)
0.91 (0.79, 1.10)
1vs.7

NA vs. 0.0% (0.899)

0.94 (0.81, 1.10)

0.93(0.78, 1.13)

2Vvs. 6

0.0% (0.674) vs. 8.8% (0.360)

0.91 (0.66, 1.25)
0.95(0.83,1.10)

4vs. 4

36.3% (0.194) vs. 0.0% (0.821)

NA

0.89(0.73, 1.09)
0.96 (0.84, 1.10)
0vs.2vs. 6

NA vs. 0.0% (0.557) vs. 0.0%
(0.426)

0.82 (0.52, 1.30)
0.95 (0.84, 1.10)
1vs.7

Na vs. 0.0% (0.506)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies

1.33(1.21, 1.47)

1.21(0.91, 1.61)

3vs. 8

0.0% (0.634) vs. 81.5% (>0.001)

1.11 (0.90, 1.31)

1.45 (1.10, 2.0)

6Vvs.5

66.2% (0.011) vs. 73.1% (0.005)

1.20 (0.57, 2.54)
1.24 (0.98, 1.56)
1.24 (0.94, 1.63)

2vs.2vs.7

1.25(1.10, 1.46)

1.10(0.86, 1.41)

2vs.3

0.0% (0.556) vs. 27.9% (0.250)

1.11 (0.91, 1.27)

1.32(1.10, 1.59)

3vs.2

0.0% (0.611) vs. 0.0% (0.432)

NA
1.29 (1.07, 1.56)
1.12(0.95, 1.31)

Ovs.1vs. 4

1.33(0.80, 2.23)

1.02(0.79, 1.31)

2vs.3

86.1% (0.007) vs. 49% (0.141)

0.93 (0.80, 1.10)

1.67 (1.45,1.92)

3vs.2

0.0% (894) vs. 0.0% (0.578)

NA
1.69 (1.46, 1.96)
0.99 (0.94, 1.19)

Ovs.1vs. 4

(Continues)
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TABLE 2 (Continued)

I-squared (p-value)

Hypertension use status
Hypertensive patients

Not recorded

Number of studies

I-squared (p-value)

ACEIs/ARBs

64.8% (0.092) vs. 76.5% (0.039)
vs. 82.9% (>0.001)

0.82 (0.67, 1.01)

1.35(1.15, 1.58)

2vs.9

0.0% (0.568) vs. 66% (0.003)

Ventilator use (n = 5)

ACEIs
NA vs. NA vs. 0.0% (0.368)

0.95 (0.69, 1.30)
1.23(1.10, 1.41)
1vs. 4

NA vs. 0.0% (0.553)

ARBs

NA vs. NA vs. 23.9% (0.268)

0.94 (0.68, 1.31)
1.23(0.84, 1.78)

1vs. 4

NA vs. 88.7% (>0.001)

Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

Number of studies
I-squared (p-value)
Hypertension use status
Hypertensive patients
Not recorded

Number of studies
I-squared (p-value)
Acute SARS (n = 5)
Adjusted outcome measure
Adjusted OR

Crude OR

Number of studies
I-squared (p-value)
Peer-reviewed article?
Yes

No

Number of studies
I-squared (p-value)
Study's quality
Critically low

Low

Moderate

NA

1.18 (0.84, 1.66)*
0vs.3

NA vs. 53.4% (0.114)

1.10 (0.66, 1.75)
1.39(0.99, 1.95)
2vs. 1

52.6% (0.146) vs. NA

NA

NA

1.18 (0.84, 1.66)*
0Ovs.0vs.3

NA vs. NA vs. 53.4% (0.114)

0.89 (0.65, 1.23)
1.41 (1.10, 1.90)
1vs.2

NA vs. 0.0% (0.844)

NA

0.71 (0.49, 1.02)
Ovs. 1

NA

0.71 (0.49, 1.02)*
NA

1vs.0

NA

NA
NA

NA

1.01 (0.03, 34.52)*
Ovs. 1

NA

1.01 (0.03, 34.52)*
NA

1vs.0

NA

NA

NA

1.01 (0.03, 34.52)*
Ovs.0vs. 1

NA

NA

1.014 (0.030, 34.758)*
Ovs. 1

NA

0.95 (0.86, 1.05)
1.21 (1.01, 1.45)
lvs. 1

NA

1.06 (0.84, 1.34)*
NA

2vs.0

81% (0.022) vs. NA

NA
NA

NA

0.985 (0.084, 11.57)*
Ovs. 1

NA

0.985 (0.084, 11.57)*
NA

1vs.0

NA

NA

NA

0.985 (0.084, 11.57)*
Ovs.0vs. 1

NA

NA

0.985 (0.084, 11.570)*
Ovs. 1

NA

1.05 (0.97, 1.14)
1.25(0.99, 1.57)
lvs.1

NA

1.11 (0.95, 1.29)*
NA

2vs.0

48.9% (0.162) vs. NA

NA
NA
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TABLE 2 (Continued)

ACEIs/ARBs
0.71 (0.49, 1.02)

Ovs.0vs. 1

Number of studies
I-squared (p-value)

Hypertension use status

Hypertensive patients 0.71 (0.49, 1.02)
Not recorded NA

Number of studies 1vs.0
I-squared (p-value) NA

ACEIs ARBs

1.06 (0.84, 1.34)* 1.11 (0.95, 1.29)*

0vs.0vs. 2 0vs.0vs.2

NA vs. NA. vs. 81% (0.022) NA vs. NA. vs. 48.9% (0.162)
NA NA

1.06 (0.84,1.34) 1.11 (0.95, 1.29)

0vs.2 0vs.2

NA vs. 81% (0.022) NA vs. 48.9% (0.162)

Note: *Indicates that the pooled estimate is the same as the overall analyses because all the studies were in one group.

Abbreviation: NA, not applicable indicating that no studies were available to perform meta-analyses for these outcomes.

that there are potential genetic variants of renin, an-
giotensinogen, ACE, angiotensin II and ACE2 among
various populations that influence the function of the
renin-angiotensin-aldosterone system, hence affecting
someone’s response to the COVID-19 infection.”” On
the contrary, another more recent RCT exploring the
effect of ACEIs/ARBs discontinuation vs. their continu-
ation among 659 patients found that continuing ACEIs/
ARBs in comparison with their discontinuation re-
sulted in lower rates of in-hospital and 30-day mortality,
hospitalisation stay and COVID-19 disease progression;
however, this positive effect was only seen among those
with moderate COVID-19 at baseline and not those with
mild COVID-19, suggesting that ACEIs/ARBs should be
continued in patients with moderate COVID-19 disease
severity, especially as ACEIs/ARBs are well known to
have substantial benefits for patients with hypertension
and heart failure and thus stopping them would be del-
eterious; it is worth noting that because about 80% of
patients were on ARBs, the observed benefits might not
be extended to ACEISs.

4.1 | Strengths and limitations

This review presents the most comprehensive system-
atic overview on the impact of RAAS inhibitors on
COVID-19-related clinical outcomes, with a wide range
of sensitivity (subgroup) analyses to assess the robust-
ness of the evidence. None of the pooled meta-analysis
estimates for the nine studied outcomes was affected/
dominated by an individual study. Although most of
the included studies were classified as ‘low’ or ‘critically
low’ quality using the AMSTAR 2 tool, it is widely ac-
knowledged that the AMSTAR 2 tool has a high stand-
ard with most reviews rated as ‘critically low’.”*”> The
AMSTAR 2 tool is also prone to subjective biases,’® and
assessment results are at the discretion of the reviewers
regarding what is a ‘comprehensive’ literature search or

‘satisfactory’ explanation of heterogeneity or risk of bias
assessment’®; therefore, quality assessment was con-
ducted fully independently in this review. Alternative
tools to AMSTAR 2 exist, such as the ROBIS tool;
however, the measurement categories are found to be
broadly similar to the AMSTAR 2 tool which considered
more reliable.”® An assessment of the degree of overlap
among the 47 included reviews revealed a moderate de-
gree of overlap of original studies with a calculated CCA
of 9.2, with the CCA typically ranging from 1.5-11.4
for umbrella reviews (13). However, as three reviews
did not provide full details of the included studies, this
may be a slight underestimation. The overlap of primary
studies within umbrella reviews is a well-established
limitation of this type of review and meta-analysis,”” and
we wish to stress to readers that this umbrella review
provides a summary overview to offer insight into the
current landscape of evidence (77). The moderate over-
lap identified highlights the unnecessary duplication
of reviews conducted within this topic in 2020, which
strongly relates to our observation that most of the eligi-
ble reviews did not prospectively register their protocol.
Furthermore, this degree of overlap should be inter-
preted with caution because although a primary study
might have been included in more than one review for
different exposure-outcome relationships (hence, tech-
nically seen as an overlap), it might be included to assess
different outcomes. It is plausible that data on different
outcomes of a primary study could be extracted and in-
cluded in two reviews. This is of particular relevance be-
cause many COVID-19-related clinical outcomes have
been assessed (e.g. mortality, severity and hospitalisa-
tion) and not all the eligible reviews assessed the same
outcomes. Therefore, a primary study might have been
included in several reviews for different outcomes with
no real overlap in data but misleadingly declared as an
overlap (13). We have retained all the overlapping re-
views as recommended by Okoth et al’® who suggested
to retain the overlapping reviews when there is slight
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to moderate degree of overlap (CCA <10). Moreover,
we do acknowledge that we might have missed poten-
tial review(s) that have been published after our search
date, but we do believe that our umbrella review is the
first study to comprehensively summarise the available
evidence on the impact of ACEIs/ARBs on COVID-19
clinical outcomes.

5 | CONCLUSION

Collective evidence so far from observational studies
indicates a good quality evidence on the significant
association between ACEIs/ARBs use and reduction
in death and death/ICU admission (as a composite
outcome). Additionally, ACEIs/ARBs use was found
to be associated with a significant reduction in severe
COVID-19 but a significant increase in hospitalisation;
however, the evidence for these two outcomes was of
poor quality; hence, cautious interpretation of these
findings is required. Interestingly, findings for some of
the clinical outcomes were dependent on whether the
included patients had hypertension or not. Overall, our
study findings further support the current recommen-
dations of not discontinuing ACEIs/ARBs therapy in
patients with COVID-19 due to the lack of good quality
evidence on their harm but rather it could be beneficial
to patients.
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