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Abstract

Background and aims: Coronavirus disease 2019 (COVID-19) has been observed to cause

a high mortality in people with cardiometabolic diseases. Renin-angiotensin-aldosterone

system (RAAS]) blockers enhance the expression of ACE2, the binding receptor of SARS-CoV-2,

and can enhance viral infectivity. We aim to provide a pooled estimate of the effect of RAAS

blockers on COVID-19 outcomes.

Methods: A literature search was performed using MEDLINE/PubMed, Google Scholar

and preprint servers. All clinical studies analyzing the effect of RAAS blockers on clinical

outcomes in COVID-19 patients were included in this study. Newcastle-Ottawa scale was

used for quality assessment of studies. MOOSE checklist was followed. Mortality and severity

outcomes were recorded as pooled odds ratio (OR]) with 95% Confidence Intervals (Cls) and

level of heterogeneity (/2). Odds of mortality was the primary outcome. Odds of severity,

hospitalization, intensive care unit (ICU) admission, mechanical ventilation (MV), steroid

use and acute kidney injury were the secondary outcomes. Severity outcomes were chosen

depending upon the definition used by respective authors. Country-specific variations and

effects of individual class of RAAS blockers were also explored.

Results: In total 47 published studies were included in the final analysis, with a total of

26,432 patients from 31 studies in mortality analysis and 20,127 patients from 23 studies

in severity analysis. No increased risk of mortality [Pooled OR 0.91 (0.65-1.26), 12=89%] or

severity [Pooled OR 1.08 (0.79-1.46), 12=88%] was seen with RAAS blockers. The drug class

was protective in hypertension [pooled OR 0.63 (0.46-0.86), 12=58%]. Severity of COVID-19

outcomes was high for Europeans [Pooled OR 2.08 (1.52-2.85), /2=77%] and US patients

[Pooled OR 1.87 (1.62-2.17]]. Nearly 4 times higher risk of hospitalization and 2times higher

risk of ICU admission and MV were observed in US patients. Class-wise, angiotensin receptor

blocker use was associated with 1.6 times higher odds of severity, mainly in Europeans. Correspondence to:
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blocker drugs in COVID-19 patients.

ethnicity.

Methods: We conducted a pooled analysis of 47 observational studies on the use of RAAS

Results: We found that RAAS blockers do not cause excess deathsin patients with COVID-19.
On the contrary, they have benefits if prescribed to those with high blood pressure. We also
found that whereas European and US patients of COVID-19 taking these medicines had
higher disease severity, this was not the case for Chinese patients.

Conclusion: Theremay be some genetic and other factors responsible for differences by

Keywords: Cardiometabolic disorders, COVID-19, genetic polymorphisms, hypertension,

mortality, RAAS, regional, SARS-CoV-2, severity
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Introduction

Corona Virus Disease-2019 (COVID-19)
caused by Severe Acute Respiratory Syndrome
Corona Virus-2 (SARS-CoV-2) has affected 141
million individuals worldwide and claimed 3
million lives as of 20th April 2021.! ACE2 is the
major binding receptor of SARS-CoV-2 and is
located on pulmonary epithelial cells, endothe-
lial cells and in cells of the kidney, among others.
Acute respiratory distress syndrome, myocardial
injury, multiorgan failure and disseminated
intravascular coagulation including diffuse pul-
monary intravascular coagulopathy are responsi-
ble for the majority of the deaths, and stem from
a state of inflammatory cytokine storm and vas-
cular thrombosis.?? Older individuals and those
with co-morbidities such as hypertension, dia-
betes mellitus and ischemic heart disease are at
increased risk of severe disease. The use of
renin—angiotensin—aldosterone system (RAAS)
blockers such as angiotensin-converting enzyme
inhibitors (ACElIs), angiotensin receptor block-
ers (ARBs) and mineralocorticoid receptor
antagonists in such patients is not uncommon.
With experimental evidence of upregulation of
ACE2 by RAAS blockers, concerns were raised
regarding the increased risk of infection and
severity of disease in users of these drugs.*>

Following this, multiple observational studies
were conducted to assess the relationship between
use of RAAS blockers and COVID-19 severity.
This systematic review and meta-analysis aim to
compile the information obtained from these
studies and elucidate the association between the
use of RAAS blockers and clinical outcomes in
patients of COVID-19. Few such meta-analyses

have been published, but these have shortcom-
ings such as inclusion of only a small number of
studies, absence of subgroup analysis, and
inclusion of retracted studies. The current
meta-analysis of 47 studies provides a compre-
hensive view of the issue by involving larger
number of patients, analyzing for multiple
health outcomes, and performing region-spe-
cific analyses. We hypothesized that RAAS
blockers may not be detrimental to COVID-19
outcomes.

Methods

Search criteria

A comprehensive search was conducted in
PubMed, Google Scholar, and the preprint serv-
ers medRxiv.org and bioRxiv.org using keywords:
ACEI OR ACE-I OR Angiotensin converting
enzyme inhibitors AND COVID-19/SARS-
CoV-2, Angiotensin receptor blocker OR AT-1
receptor blocker OR Ang II blocker OR ARB
AND COVID-19/SARS-CoV-2, RAAS blocker
AND COVID-19/SARS-CoV-2, Aldosterone
antagonist AND  COVID-19/SARS-CoV-2,
Renin inhibitor AND COVID-19/SARS-CoV-2.
The final search was conducted on 9 July 2020.
Only articles published in English language were
included. MOOSE checklist was followed for the
present study.

Selection criteria

Inclusion criteria
e All clinical studies (observational studies/
clinical trials) analyzing the effect of RAAS
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blockers on clinical outcomes in laboratory
confirmed COVID-19 patients were
included in this study. Thus, the review
involved inclusion of studies which com-
pared the disease outcomes between users
and non-users of RAAS blockers as well as
those which assessed the use of RAAS block-
ers in COVID-19 patients of varying sever-
ity. RAAS blockers include ACEIs, ARBs,
aldosterone antagonists and renin inhibitors.
Studies were considered irrespective of the
dose and duration of drug use.

e Studies should have provided comparative
data of mortality and/or severity between
users and non-users of RAAS blockers in
COVID-19 patients.

e All types of study setting (outpatient, inpa-
tient, nursing homes, home care) were
included.

e All age groups of study population were
included.

Exclusion criteria

e Studies focusing on individual RAAS block-
ers only.

e Studies focusing only on outcomes based
on laboratory parameters (e.g. serum/uri-
nary ACE2 expression).

e Non-comparative studies, review articles,
in vitro studies, animal studies, viewpoints.

All relevant abstracts were scrutinized, and full
text and bibliography was searched for those
found useful. In case of lack of clarity in the
abstracts, full text was analyzed. This was done
by author UK assisted by author SSC and con-
firmed by author TKP assisted by author SSC.

Data extraction. From the included studies, data
were extracted in a Microsoft Excel sheet. Data
included author name, publication year, country,
study design, total duration of study, mean/
median follow-up, characteristics of patients or
specific population of COVID-19 patients in
whom the particular study was conducted, age,
gender, sample size, use of RAAS blockers, mor-
tality outcomes, severity outcomes, need of hospi-
talization, care in intensive care unit (ICU), need
of mechanical ventilation, corticosteroid use and
occurrence of acute kidney injury (AKI).

Risk of bias. Two investigators (TKP and SSC)
assessed the risk of bias in the included studies as
per the Newcastle-Ottawa quality assessment

scale (NOS) adapted for cross-sectional design.
Criteria considered were representativeness of the
study sample, sample size, non-respondents,
ascertainment of exposure, comparability of study
groups for confounders (age and major co-mor-
bidities), assessment of outcome and statistical
tests. The maximum possible score was 10.°

Outcomes

Outcomes with the use of RAAS blockers. The pri-
mary outcome was odds of mortality in the users
of RAAS blockers with respect to non-users
among confirmed cases of COVID-19. The sec-
ondary outcomes were odds of severity, hospital-
ization, ICU admission, mechanical ventilation,
steroid use, and AKI in users of RAAS blockers
with respect to non-users. A subgroup analysis of
all outcomes was performed based on the geo-
graphical locations (country or continent of ori-
gin) of the included studies. The mortality
outcome was further analyzed as per study sub-
populations (e.g. patients with hypertension) and
severity outcome as per definitions used by the
individual study authors.

Outcomes with the use of subclass of RAAS blockers
[ACEls and ARBs). Both the subclasses were
explored for the mortality and severity outcomes as
per the availability of studies. Both outcomes were
analyzed according to the geographical locations
(country or continent of origin) of the included
studies. In the absence of universally accepted defi-
nitions, severity was considered as defined by the
authors in the included studies. When outcomes
were reported both under “critical” and “severe”
headings, we considered the more serious outcome
under severity analysis. In case of multiple time-
points for the outcome estimation, we considered
data at the end of study period.

A sensitivity analysis was performed for each out-
come after excluding studies with high risk of
bias. The studies with score <7 on the modified
NOS scale were considered to have high risk of
bias.

Data synthesis

All outcomes being dichotomous variables were
reported as odds ratio (OR) with 95% confidence
intervals (CIs). The meta-analysis was weighted
with inverse variance method. An I? test was used
to assess the heterogeneity between studies.
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Figure 1. Flow diagram of number of studies screened and selected.

Fixed-effect model was used if heterogeneity was
<50% and random-effect was applied in case het-
erogeneity exceeded 50%. The funnel plot
method was used for reporting publication bias.
The meta-analysis was performed using Review
Manager Software version 5.4.

Results

Characteristics of included studies

A total of 1348 articles were retrieved (Figure 1).
Out of 70 full-text articles assessed, 47 studies
satisfying the selection criteria were included for
detailed qualitative and quantitative analysis in
this review. Table 1 shows the demographic fea-
tures of the patients in included studies.?7->% The
majority of the studies were from China (N=20,
42.5%) followed by Europe (N=15,31.9%). The

sample size of individual studies varied from 36 to
9519. In the majority of the studies, the mean or
median age of patients was >60 years.

Thirty-two (68.1%) studies assessed mortality,
out of which 31 were included in mortality analy-
sis as raw data was not available in one (Zhang
et al.).’ Thirty-five studies (74.5%) assessed
composite severity or individual health outcomes
(hospitalization, ICU admission, mechanical ven-
tilation, steroid use, and AKI). Twelve studies
defined severity as per guidelines of the National
Health Commission (NHC) of China. Six studies
defined severity as composite of ICU admission
and death. Two studies used the severity defini-
tion issued by the Infectious Diseases Society of
America (IDSA). Composite of hospitalization
for =7 days and death, composite of death/severe
infection (definition described in the table
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legend), and composite of SARS/ICU admission
were taken as severe outcome in one study each.
In 18 studies, individual health outcomes such as
ICU admission, invasive ventilation, AKI, and
hospitalization were assessed as mentioned in
Table 1. RAAS blockers were used for hyperten-
sion in 20 studies (42.5%) while indication for
their use was not mentioned in 25 studies
(53.2%). Duration of follow-up was mentioned
in 13 studies (range 7-32days). Confounder
adjustment had been performed in 22 (46.8%)
studies for two major confounders. Twenty-nine
studies were considered to have low risk of bias.

Mortality analysis

A total of 26,432 patients from 31 studies (6030
users of RAAS blockers and 20,402 non- users)
were included in the mortality analysis. The use
of RAAS blockers was not associated with
increased risk of mortality [pooled OR 0.91
(0.65-1.26), ?=89%] (Figure 2). A similar trend
was observed in the sensitivity analysis [pooled
OR 1.09 (0.71-1.67, I?=91%]. Funnel plot was
asymmetrical on visual inspection (Supplemental
Figure 1).

Subgroup analysis of mortality outcome based on
geographical locations showed that the use of
RAAS blockers conferred protection in the Chinese
population [OR0.71 (0.52-0.97), I? = 0%] (Figure
2). However, in sensitivity analysis, no difference
in mortality was observed [pooled OR 0.85 (0.48—
1.50), ?=25%]. Neither benefit nor risk was
observed with the use of RAAS blockers in patients
in the US [pooled OR 0.96 (0.59-1.56), ?’=81%],
Europe [pooled OR 1.19 (0.74-1.91), ?=89%],
and South Korea [pooled OR 1.12 (0.18-7.01),
PP=97%] (Figure 2). The results were consistent
in the sensitivity analysis (Table 2).

On indication or disease-wise comparison, use of
RAAS blockers was found to reduce the overall
risk of mortality when prescribed for hypertension
[pooled OR 0.63 (0.46-0.86), I?=58%]. A simi-
lar trend was observed in sensitivity analysis
[pooled OR 0.48 (0.36-0.63), ?=0%]. Ten out
of fifteen studies reporting mortality in hyperten-
sive patients were from China. (Figure 3).

Severity analysis
A total of 20,127 patients (5460 RAAS blocker
users and 14,667 non-users) from 23 studies

were included in the severity analysis. The over-
all pooled summary showed no effect on the
severity of disease with the use of RAAS blockers
[pooled OR 1.08 (0.79-1.46), I>=88%] (Figure
4). A similar result was observed in sensitivity
analysis [pooled OR 1.32 (0.93-1.87), I’=91%]
(Table 2). Funnel plot was asymmetrical on vis-
ual inspection (Supplemental Figure 2).

Comparison of studies with respect to the defini-
tion of severity showed a protective effect of
RAAS blockers against “critical” disease defined
by NHC China [pooled OR 0.5 (0.33-0.76),
P2=29%]. Seven out of eight studies assessing
this parameter were from China. The effect,
however, was nullified on sensitivity analysis
[pooled OR 0.63 (0.28-1.45), I?=70%]. On the
other hand, RAAS blockers were found to
increase the risk of composite outcome of ICU
admission and death [pooled OR 1.82 (1.31-
2.53), ?=82%] with a similar trend in sensitivity
analysis. Among the four studies showing nega-
tive impact of RAAS blockers, three involved the
European population, one enrolled US patients
while none was from China (Supplemental
Figure 3 and Table 2).11:15:32,41

Region/country-specific analysis also showed an
increased risk of poor health outcomes in
European patients [pooled OR 2.08 (1.52-2.85),
P2=77%] and US patients [OR 1.87 (1.62—
2.17)] (Figure 4). A similar trend was observed
in sensitivity analysis (Table 2). In contrast, no
effect on severity with the use of RAAS blockers
was evident in the Chinese population in overall
[pooled OR 0.69 (0.45-1.06), I?=51%], and
sensitivity analysis [pooled OR 0.68 (0.3-1.53),
I2=58%] (Figure 4 and Table 2).

Hospitalization

Risk of hospitalization was analyzed in seven
studies with 15,295 patients (2894 RAAS blocker
users and 12,401 non-users). The use of RAAS
blockers was associated with increased risk of
hospitalization in overall analysis [pooled OR
2.49 (1.40-4.41), ’=96%] as well as in sensitiv-
ity analysis [pooled OR 2.88 (1.61-5.15),
P=96%]. Among the seven studies, four involved
US patients, three enrolled Europeans while none
was from China.817:18:33,39,40,55 Country-specific
subgroup and sensitivity analysis showed a nearly
4 times higher risk of hospitalization in US
patients [pooled OR 3.87 (1.21-12.34), >’=97%)]
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RAAS blocker usars Mon usars Odds Ratio Odds Ratio
Study or Subgroup Eventis Total Evenis Total Weight IV, Randem, 95% Cl IV, Randorm, 85% CI
1.2.1 China mortality
Chen Y 2020 4 Az 10 3| 28% 041 [0.12, 1.48] — T
Du B 2020 9 7 a5 137 3.3% 0.50[0.18, 1.36] R T
Gag C 2020 4 183 19 527 3% .60 [0.20, 1.78] T
Guo T 2020 i 19 36 168 3.4% 214079, 5.83] )
Hu J 2020 1 65 0 84 0.9% 3.83 [0.16, 96.07] -
Huang L 2020 £ 40 17 160 3.1% 0.%3 [0.30, 2,95] 1
Huang 2 2020 0 20 3 30 1.0% 018 (0.0, 3.02] * =
LiJ 2020 3| 118 56 247  43% 078 022 133 =
Meng J 2020 [ 7 1 25 0.9% 04T [0.02, 12.14] =
Tan ND» 2020 1] 3 " 59 11% 0.08 [0.00, 1.42] *
Xie Y 2020 2 10 23 92 2.3% 0.75[0.15, 3.79] T Tl &
Xy J 2020 11 40 21 61 36% 072 [0.30,1.73) o
Yang G 2020 2 43 1 a3 2.4% 0.32 [0.07, 1.51] =
Zang Z 2020 2 28 5 47T 21% 0.65[0.12, 3.58] P T
Zhiws X 2070 2 15 ] 21 2.0% 0,43 [0.08, 2.97] —
Subtotal (95% CI) 675 1790 36.2% 0.71 [0.52, 0.87] &
Tolal avents 69 M3
Heterogenaity: Taw® = 0.00; Chi* = 11.47, df = 14 (P = 0.65) # = 0%
Test for overall affect: Z = 2,18 (P = 0.03)
1.2.2 USA mortality
Carabello C 2020 7 58 27 148 3.6% 0,62 [0.25, 1.50] - T
Ip & 2020 137 460 22 869 4T% 0.66 [0.51, 0.85] -
Meshta N 2020 a 211 34 1494 3.8% 168 [0.77, 3.71] S BT
Richargson 5 2020 130 413 254 953 4% 1.26 [0.98, 1.63] [
Subtotal (95% CI) 1142 3264 16.8% 0.96 [0.59, 1.56] -
Tolal avents 282 517
Helarogenaily; Taw® = 0,17, Chi = 15,88, df = 3 (P = 0,001} P = 81%
Test for ovesall effect: Z = 017 (P = 0.87)
1.2.3 Europaan mortality
Andrea C 2020 21 68 13 28 38% 0.52 [0.21, 1.27] SE=———
Bakes KF 2020 i7 TE 63 233 4. 2% 0.75 [0.41, 1.36] T
Falica C 2020 15 B2 18 5 38% .41 [0.18, 0.92] — %7
Fasbol El 2020 181 =13 297 3585 4.7% 281 [2.29, 3.43] o
Inciardi RM 2020 8 28 " 25 31% .51 [0.16, 1.59] R R T
Liabeul S 2020 17 of o 12 41% 1.02 [0.53, 1.96] —
Otero L 2020 11 210 2T TS5 Ao 1.4% [0.73, 3.06] e
Cussalah A 2080 10 43 9 104 3.4% 3.20 1,20, 58]
Fellev M 2020 187 1426 33r B 4.8% 347 [2.87, 4.18] By
Trecarichi EM 2020 3 16 A 34 25% 0.48 [0.11, 2.05] = ol
Subtotal (85% CI) 2944 13078 38.0% 1.19 [0.74, 1.91] £
Total avants 470 816
Helerogenaily: Tau™ = 0.44, Chi* = 80.81, dl = 9 {P < 0.0DDO1), I* = BE%
Tast for overall affect: Z = 070 (P = 0.48)
1.2.4 Other Aszian Mortality
Choi HK 2020 43 802 79 693 48% 0.44 [0.30, 0.64] =
Jung 8Y 2020 33 are 51 1577 44% 287 [1.82, 4.52] e
Subtotal [95% CI) 1269 2270 9.0% 1.12 [0.18, 7.01] R
Total events 81 130
Heterogenaity: Taw = 1.71; Chi* = 38,99, df = 1 (P < 0.00001); IF = 97%
Test for averall effect: Z = 0,12 (F = 0.80)
Tatal (95% CI) 030 20402 100.0% 0,91 [0.65, 1.26] T
Total awants a2 1836
Helerogenaity: Taw® = 0.60; Chi* = 271.97, df = 30 (P < 0.00001); I = 83% Iu.a ; G_l A 3 150 3 aal

Test for overall affect: Z = 0.58 (P = 0.56)
Test for subaroup diferences: Chi*=3561, & =3 (P=032). P = 14.6%

while no such risk was evident in Europeans
[pooled OR 2.07 (0.87-4.92), P=97%]
(Supplemental Figure 4 and Table 2).

ICU admission
In total 16,441 patients (4060 RAAS blocker
users and 12,381 non-users) from 13 studies were

RAAS blocker users Non Users

Figure 2. Overall and region-specific mortality effects of renin-angiotensin-aldosterone system (RAAS)
blockers in COVID-19 patients (the size of squares is proportional to the weight of each study. Horizontal lines
indicate the 95% Cl of each study; diamond, the pooled estimate with 95% Cl).
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RAAS blocker users MNon users Odds Ratio DOdds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% €l
7.1.1 Indication not menfioned
Baker KF 2020 17 T8 B3 233 43% 0.75 [0.41, 1,36] —
Fosbol El 2020 14 845 297 3585 4.7% 2,81 [2.29, 343 =
Gua T 2020 7 18 3 168 34% 214 [0.79, 5.83]
Huang L 2020 4 40 17 160 31% (.83 [0.30, 2.95] N R
Inciardi RM 2020 a 28 1 25 31% 0.51[0.16, 1.58] T
Jung SY 2020 33 a7 51 1577 4.4% 287 [1.82,4.52] =
Labeuf § 2020 17 96 30 172 4% 1.02 [0.53, 1.96] . T
Mehila N 2020 8 21 34 1494 38% 1.68 [0.77, 3.71] I
Otarg L 2020 1 210 45 785 40% 047 [0.44, 1.72] T
Cussalah A 2020 10 43 a 104 34% 320 [1.20, B.55] —
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Subtotal (95% CI) 3441 16308 45.4% 1,58 [1,10, 2.27] <&
Tolal avants 485 a4
Heterogenaity: Tau® = 0.26; Chi* = 60,84, dl = 11 (P < 0.00001); 1* = B2%
Test for overall effect: Z = 2.4% (P = 0.01)
TAZHTN
Andrea C 2020 21 BE 13 28 3.6% 0.52 [0.21, 1.27] R S
Choi HK 2020 4% a6z 79 693 45% 0.45 [0.31, 0.65] T
Felice C 2020 15 B2 18 =l 38% 041 [0.18, 0.92] =
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Huang Z 2020 0 20 3 30 1.0% 019 [0.01, 3.92] * -
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LiJ 2020 Pl 118 a6 24T 43 0.76 [0.44, 1.33] -3 18
Meng J 2020 Q 17 1 25 0.49% Q4T [0.02, 12.14]
Richardson S 2020 130 413 254 953 AT% 126 [0.98, 1.63] ™
Tan ND 2020 (¥ k) 1 69 1.1% 0.08 [0.00, 1.42] *
¥u J 2020 11 40 Fa 61 36% 0.72 [0.30, 1.73] S
Yang G 2020 2 43 1 83 24% 0.32 [0.07, 1.51] —
Zeng Z 2020 2 2B a 47 21% 0.65 [0.12, 3.5B] % =
Zhou X 2020 2 15 5 21 20% 0.4% [0.08, 2.97] —
Subtotal (35% CI) 2472 3588 42.6% 0.63 [0.46, 0.86] £ 3
Talal events 385 7458
Helerogenaily; Taw® = 0,14, Chi* = 33,21, df = 14 (P = 0.003), F = 58%
Test for overall effect: Z = 2 B3 (P = 0.004)
7.1.3 Dther dissases
Carapallo C 2020 7 58 27 148 8% 0.62 [0.25, 1.50] T
Chen Y 2020 4 32 10 39 28% 0.41 [0.12, 1.46] = =
Du B 2020 4 17 95 137 33% (.50 [0.18, 1.38] = 1
Xie Y 2020 2 10 23 a2 23% 0.75[0.15, 3.78] 5 (—
Subtotal (95% CI) 17 418 12.0% 0.55 [D.31, 0.96] <
Tolal events 22 155
Heterogenaity: Tau® = 0.00; Chi* = 0.43, df = 3 (P = 0.93); "= 0%
Tast for ovesall affect: Z = 2.12 (P = 0.03)
Total (95% CI) 6030 20402 100.0% 0.80 [0.54, 1.24] A
Tolal events 803 1854 y . . y
Heterogensity: Taw® = 0.60; Chi* = 27357, df = 30 (P < 0.00001); P = 88% Dot o1 T 100

Test for overall affect: Z = 070 (P = 0.48)
Tast for subgroup diffsrences: Chi® = 17.20, df = 2 [P = 0.0002), F = 88 4%

RAAS blocker usars  Mon users

Figure 3. Disease/indication-specific mortality effects of renin-angiotensin-aldosterone system (RAAS)
blockers in COVID-19 patients (the size of squares is proportional to the weight of each study. Horizontal lines
indicate the 95% Cl of each study; diamond, the pooled estimate with 95% Cl).

analyzed for the assessment of risk of ICU admis-
sion. No increased risk of ICU admission was
observed with the use of RAAS blockers in the
overall [pooled OR 1.37 (0.86-2.19), I’=91%]
and sensitivity analyses [pooled OR 1.55 (0.79—
3.02), I?=93%]. Country-specific analysis
showed an increased risk of ICU admission in the

US population in overall [pooled OR 1.44 (1.14—
1.83), I’=35%] and sensitivity analyses [pooled
OR 1.82 (1.29-2.58), I’=0%]. No effect on ICU
admission was observed in Chinese patients
[pooled OR 0.65 (0.25-1.68), I?=0%] or in
Europeans [pooled OR 1.51 (0.57-4.03),
PP=93%] (Supplemental Figure 5 and Table 2).
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RAAS blocker usars Non usars Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 85% CI IV, Random, 85% CI
12.1.1 China severity
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Figure 4. Region-specific severity effects of renin-angiotensin-aldosterone system (RAAS) blockers in
COVID-19 patients (the size of squares is proportional to the weight of each study. Horizontal lines indicate the

95% Cl of each study; diamond, the pooled estimate with 95% Cl).

Invasive ventilation

Need for invasive ventilation was assessed in 15
studies with 10,678 patients. Use of RAAS block-
ers was not associated with increased requirement
of invasive ventilation [pooled OR 1.06 (0.7-1.59),
P2=80%] and the result did not vary in sensitivity
analysis [pooled OR 1.28 (0.58-2.83), ?=88%].
Country-specific analysis showed an increased risk
of invasive ventilation in the US population [pooled

OR 2.33 (1.02-5.36), I?=92%]. After excluding
the studies with a high risk of bias, sensitivity anal-
ysis could be performed on one study by Mehta
et al., which showed a significantly high risk of
invasive ventilation with RAAS blocker usage [OR
9.72 (4.35-21.71)].33 No such risk was seen in the
Chinese population [pooled OR 0.79 (0.55-1.14),
I2=0%] or in Europeans [pooled OR 0.64 (0.17-
2.46), I’=86%]. Similar trends were observed in
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Table 2. Meta-analysis of all outcomes: summary of results.

Parameter Number of studies OR (CI) OR (CI) sensitivity analysis
(number of patients)

Mortality 31(26,432) 0.91(0.65-1.26), 2=89% 1.09 (0.71-1.67), 2=91%
Country/Region-specific mortality

China 15 (2465) 0.71(0.52-0.97), 12=0% 0.85 (0.48-1.50], 12=25%

Europe 10 (16,022) 1.19 (0.74-1.91), 12=89% 1.37 (0.84-2.23), 12=90%

USA 4 (4406) 0.96 (0.59-1.56), 2=81% 1.04 (0.39-2.81), 2=64%

Other Asian (South Korean) 2 (3539) 1.12(0.18-7.01), 2=97% 1.12(0.18-7.01), ?=97%
Severity 23 (20,127) 1.08 (0.79-1.46), 2=88% 1.32(0.93-1.87), 2=91%
Definition-wise severity

“Critical” (Chinese classification) 8 (3396) 0.50 (0.33-0.76), 2=29% 0.63(0.28-1.45), 2=70%

“Severe” (Chinese classification) 4(571) 0.71 (0.30-1.69), 2=54% 0.14 (0.02-1.13)

ICU/death composite 6 (9941) 1.82(1.31-2.53), 2=82% 1.82(1.31-2.53), 2=82%

Severity (IDSA/ATS) 2 (620) 1.36 (0.49-3.80), 12=69% 0.86 (0.45-1.61)

Others 3(5599) 2.14(1.22-3.74), 1= 69% 2.14(1.22-3.74), 12=69%
Country/Region-wise severity

China 13(3002) 0.69 (0.45-1.06), 2=51% 0.68 (0.3-1.53], 12=58%

Europe 7 (8814) 2.08 (1.52-2.85), 12=77% 2.08 (1.52-2.85), 12=77%

USA 1(5894) 1.87 (1.62-2.17) 1.87 (1.62-2.17)

Other Asians 2 (2417) 0.62 (0.32-1.23), 2=69% 0.62(0.32-1.23), 2=69%
Disease-wise mortality

HTN 15 (6060) 0.63(0.46-0.86), 12=58% 0.48 (0.36-0.63), 12=0%

Not specified 12(19,839) 1.58 (1.1-2.27), 2=82% 1.81(1.28-2.58), 2=81%

Others# 4(533) 0.55 (0.31-0.96), 12=0% 0.62 (0.25-1.50)
Hospitalization 7 (15,295) 2.49 (1.40-4.41), 12=96% 2.88 (1.61-5.15), 12=96%
Country/Region-wise hospitalization

USA 4 (4040) 2.86 (1.13-7.24), 12=97% 3.87 (1.21-12.34), 2=97%

Europe 3(11,255) 2.07 (0.87-4.92), I2°=97% 2.07 (0.87-4.92), 12=97%
ICU admission 13 (16,441) 1.37 (0.86-2.19), 2=91% 1.55(0.79-3.02), 2=93%
Country/Region-wise ICU admission

USA 4 (3376) 1.44 (1.14-1.83) 12=35% 1.82 (1.29-2.58), 2=0%

Europe 4(10,154) 1.51 (0.57-4.03), 2=93% 1.51(0.57-4.03), 2=93%

(Continued)
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Table 2. (continued)

Parameter Number of studies OR(CI) OR (CI) sensitivity analysis
(number of patients)
China 3(350] 0.67 (0.35-1.27), 12=0% 0.65 (0.25-1.68), 12=0%
Other Asians 2 (2561) 2.64(0.08-85.87), 2=97%  2.64 (0.08-85.87), 2=97%
Invasive ventilation 15(10,678) 1.06 (0.7-1.59), 12=80% 1.28 (0.58, 2.83), 2=88%
Country/Region-wise invasive ventilation
USA 3(4101) 2.33(1.02-5.36), 12=92% 9.72 (4.35-21.71)
Europe 2 (446) 0.64 (0.17-2.46), 2°=86% 0.64 (0.17-2.46), 12=86%
China 8 (2592) 0.79 (0.55-1.14), 12=0% 1.03 (0.45-2.37), 2=50%
Other Asians 2 (3539) 1.24(0.27-5.66), 2=92% 1.24(0.27-5.66), ?°=92%
Corticosteroid use 7 (1854) [All from 0.82 (0.65-1.04), 2=38% 1.01 (0.64-1.6), 2=35%
Chinal
AKI 5 (2143) 0.94 (0.76-1.16), 12=0% 1.23 (0.52-2.89), 12=0% (Based

on two Chinese studies)

#0ne study each of patients with heart failure, acute cardiac-related injury, diabetes mellitus and hypertension, and elevated cardiac biomarkers.
Numbers in bold font indicate odds ratios deemed to be clinically relevant
AKI, acute kidney injury; ATS, American Thoracic Society; Cl, confidence interval; ICU, intensive care unit; IDSA, Infectious Diseases Society of
America; OR, odds ratio.

the Chinese and Europeans in sensitivity analysis
[pooled OR for Chinese population 1.03 (0.45—
2.37), I?=50%; pooled OR for Europeans 0.64
(0.17-2.46), ?’=86%) (Supplemental Figure 6
and Table 2).

Corticosteroid use

Seven studies (z=1854), all from China, com-
mented on corticosteroid use in relation to RAAS
blocker use. Use of RAAS blockers did not affect
the requirement for corticosteroid use in the over-
all analysis [pooled OR 0.82 (0.65-1.04),
PP=38%] and also in sensitivity analysis [pooled
OR 1.01 (0.64-1.6), I’=35%] (Supplemental
Figure 7 and Table 2).

Acute kidney injury

Five studies (n=2143) reporting on AKI were
analyzed. Use of RAAS blockers was not associ-
ated with increased or decreased risk of AKI in
overall analysis [pooled OR 0.94 (0.76-1.16),
I2=0%] and also in sensitivity analysis [pooled
OR 1.23 (0.52-2.89), I?=0%]. The latter was
based on two studies, both from China
(Supplemental Figure 8 and Table 2).2554

Mortality and severity analysis of subclasses of
RAAS blockers

Mortality analysis of patients on ACEls. A total of
eight studies involving 7n=9328 patients of
COVID-19 analyzed specifically the impact of
ACEIs on mortality outcome (Supplemental Fig-
ure 9 and Supplemental Table 1). No effect of
ACEIs on mortality was observed in overall
[pooled OR 1.04 (0.63-1.71), I?=84%] and sen-
sitivity analysis [pooled OR 1.17 (0.6-2.3),
P2=65%]. No difference due to ACEIs could be
observed in country-wise analysis of mortality.

Mortality analysis of patients on ARBs. A total of
eight studies involving 7=9328 patients of
COVID-19 analyzed specifically the impact of
ARBs on mortality outcome. The use of ARBs was
not found to contribute to increased or decreased
mortality [pooled OR 0.99 (0.71-1.39), P=71%;
and pooled OR 0.92 (0.46-1.81), >’=76% in sen-
sitivity analysis]. As with ACEIs, no region-spe-
cific differences were observed in mortality with
the use of ARBs (Supplemental Figure 10 and
Supplemental Table 1).

Mortality analysis of patients on ACEls with respect
to those on ARBs. No difference in mortality
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outcomes was seen between users of ACEIs and
ARBs in overall analysis [pooled OR 1.07 (0.88-
1.32), P=22%] as well as in sensitivity analysis
[pooled OR 1.32 (0.98-1.79), I?=1%] (Supple-
mental Table 1).

Severity analysis of patients on ACEls. A total of
13 studies involving n=15,272 patients of
COVID-19 explored the severity outcomes with
the use of ACEIs and ARBs. The use of ACEIs
was not significantly associated with increased
risk of severity [pooled OR 1.41 (0.92-2.18),
P=91%)] in overall analysis as well as in sensitiv-
ity analysis [pooled OR 1.45 (0.89-2.35),
P=92%)]. Similarly, definition and region-wise
analysis did not show significant effect on COVID
severity with ACEI use, in overall and sensitivity
analysis (Supplemental Figure 11 and Supple-
mental Table 1).

Severity analysis of patients on ARBs. Increased
risk of severity of COVID-19 was seen with the
use of ARBs [pooled OR 1.51 (1.06-2.15),
PP=88%]. Results were consistent in sensitivity
analysis [pooled OR 1.6 (1.07-2.4), ?=89%)].
Region-wise differences in severity outcomes
were observed with European studies showing
increased risk of worse clinical outcomes [pooled
OR 1.41 (1.02-1.95), P=67%]. Results were
replicated in sensitivity analysis [pooled OR 1.41
(1.02-1.95), ’=67%] (Supplemental Figure 12
and Supplemental Table 1).

Severity analysis of patients on ACEls with respect
to those on ARBs. No significant difference in
severity outcomes was seen between ACEIs and
ARBs in overall [pooled OR 1.00 (0.87-1.14),
P=0%] as well as in sensitivity analysis [pooled
OR 0.99 (0.86-1.15), I’=0%] (Supplemental
Table 1).

Discussion

Hypertension, diabetes mellitus, cerebrovascular
disease, and ischemic heart disease are co-mor-
bidities which are commonly prevalent and found
to be responsible for adverse prognosis in patients
with COVID-19.5¢ RAAS blockers are used in
majority of these diseases and are known for their
disease-modifying roles in ischemic heart disease,
congestive heart failure, and diabetic nephropa-
thy. With the observation that SARS-CoV-2
binds preferentially to ACE2, which is prone to
upregulation by RAAS blockers, speculations

were made that the continuation of RAAS block-
ers would increase virus binding to host cells and
SARS-CoV-2 infectivity. On the contrary, ACE2
is known to be protective against lung injury via
the Ang (1-7)-Mas—-Mrg D axis.575% Ang (1-7)
exerts cardiopulmonary protection via vasodila-
tory, anti -inflammatory, anti-thrombotic and
anti-hypertrophic roles.>® Downregulation of
ACE2 has been shown to exaggerate lung injury
and decrease overall survival of mice subjected to
agents with potential pulmonary toxicity.>7-58
Some clinical studies and pooled analyses have
shown a protective role of ACEIs against pneu-
monia particularly in older people with hyperten-
sion and diabetes mellitus.®%-°! Considering this,
some groups have hypothesized that upregulation
of ACE2 by RAAS blockers might be protective
after viral entry, and therapies causing enhance-
ment of ACE2 might be useful in COVID-19.62:63
The confusion surrounding RAAS blockers led to
a spurt of observational studies focused on RAAS
blockers and COVID-19 outcomes. We have
tried to compile information from all such studies
and provide insights on association between
RAAS blocker use and COVID-19 morbidity and
mortality outcomes.

In our meta-analysis, RAAS blocker use was not
associated with an increased risk of mortality. A
reduced risk of mortality was seen in the Chinese
population, but the effect was nullified in sensitiv-
ity analysis. RAAS blockers were also found to
reduce mortality in hypertensive patients. On the
other hand, an increased risk of composite out-
come of ICU admission/death was seen with the
use of RAAS blockers and this effect persisted in
sensitivity analysis.

With respect to severity of COVID-19 disease,
although no overall effect of RAAS blockers was
evident, a reduced risk of “critical” form of the
disease (NHC, China) was observed. This was
not validated, however, in sensitivity analysis.
Further, while RAAS blockers did not produce
any adverse effect on disease severity when ana-
lyzed in the entire population, the outcomes dif-
fered between countries. RAAS blockers were
found not to affect disease severity in Chinese
patients but they were associated with nearly a
two times higher risk of severe disease in US
patients and Europeans. Nearly a four times
higher risk of hospitalization was seen with RAAS
blocker use in US patients. Similarly, no increase
in the risk of ICU admission and invasive
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ventilation was seen with RAAS blockers in
Chinese patients, whereas US patients on RAAS
blockers had an approximately two times higher
risk of getting admitted in the ICU or receiving
mechanical ventilation.

Though class-wise subgroup analysis did not
show any effect on mortality by ACEIs and ARBs,
the use of ARBs was associated with 1.6 times
higher odds of severe disease, particularly as ICU
admission. As with the combined RAAS blocker
class, ARBs were also linked with region-specific
differences, with high risk particularly in
Europeans. Further, with respect to requirement
of corticosteroids and causation of renal injury,
no risk could be attributed to RAAS blockers.
This interpretation is primarily based on sensitiv-
ity analysis involving Chinese studies.

These country-specific variations could be due to
interplay of genetic factors which may include,
but are not limited to, polymorphisms involving
ACE or ACE2 genes. ACE2 is prone to multiple
polymorphisms. Traditionally, these have been
associated with hypertension as well as reduced
blood pressure-lowering response to ACEIs.%*
Some polymorphisms seen predominantly in
Europeans, such as K26R, can enhance interac-
tion between SARS-CoV-2 S protein and ACE2,
which might lead to increased severity of dis-
ease.® A preprint analyzed the relationship
between ACEZ2 polymorphisms and COVID-19
severity in a small cohort of 62 patients. Notably,
single nucleotide polymorphisms (SNPs) increas-
ing tissue expression of ACE2 were associated
with higher rates of hospitalization while a lower
odds of severe disease was seen with SNPs
decreasing tissue expression.®® ACE I/D genotype
can also influence the severity of COVID-19
pneumonia. Polymorphisms involving ACE can
influence circulating and tissue levels of ACE as
well as of cytokines like IL-6 and kallikreins.
Higher enzyme and cytokine levels are seen in
those with ID and DD genotypes.®” ACE DD
genotype has been shown to be associated with
increased cardiovascular morbidity and increased
risk of pneumonia in some studies.%%:%° The pneu-
monia-protective potential of ACEIs is commonly
observed in Asians and is linked with II and ID
genotypes prevalent in this population.7%7!

A recently published study assessed the relation-
ship between allele frequency ratio of ACE I/D

genotype and COVID-19 recovery. A trend of
lesser severity and early recovery was observed
with increasing I/D allele ratio. The study showed
that I/D ratio of >1 is seen in China, Japan and
East Asia, which are some of the less severely
affected countries. On the other hand, I/D ratio of
less than 1 (0.4-0.6) has been observed for coun-
tries like Italy, the US, Spain, Brazil, and the UK,
which are affected the most by COVID-19.72 The
sole contribution of genotypic variations behind
severity and mortality is, however, unlikely as
some countries like India have an I/D ratio of
around 0.11 but have considerably low mortality
and severity rates of COVID-19 compared with
the West. Environmental, biological and immu-
nological factors can also have additive or decisive
roles in modulating COVID-19 severity and
mortality.?3>74

Individually, the association of higher rates of
worse clinical outcomes of COVID-19 with ARB
use in Europeans lacks a clear understanding and
warrants further research. The higher levels of
Ang-I and Ang-II generated under the influence
of AT1 receptor blockers can be shunted to Ang
(1-7) or Ang-III pathways depending on ACE
and ACE-2 and aminopeptidase A (APA) activ-
ity. SNPs affecting any of these components can
therefore decide the net effect of ARB use.
Europeans harbor a higher frequency of D allele
of ACE to the tune of 82-87%, which in turn is
associated with higher ACE activity, cytokine lev-
els and severity of lung injury.”>

The neutral effect of RAAS blockers on mortality
and a protective effect in hypertensives are con-
sistent with the results of some of the already pub-
lished meta-analyses. However, among these, the
study by Pranata eral.’% specifically included
COVID-19 patients with hypertension, while
those by Grover and Oberoi’” and Zhang et al.”®
included a major study by Mehra ez al. which has
now been retracted. The number of studies
included in these reviews varied from 12 to 16;
moreover, severity definition varied considerably
across the studies and therefore was difficult to
interpret. By incorporating a much larger number
of studies in our meta-analysis, we could analyze
the correlation between RAAS blocker use and
severity as per various definitions. Finally, our
review focuses on multiple outcomes such as need
for hospitalization, ICU admission, invasive ven-
tilation, steroid use and renal insult, which as per
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our knowledge have not been addressed in any
pooled analyses so far.

One meta-analysis published while the present
study was in peer review included 49 observa-
tional studies for main analysis and has also found
no effect of RAAS blocker use on severity or mor-
tality outcomes. Similar findings were seen in geo-
graphical location-dependent subgroup analysis.”®
The definition of severity used in the study, how-
ever, differed from ours. The authors considered
the composite of severe COVID-19 as defined in
individual studies, ICU admission and mechani-
cal ventilation. Further, individual outcomes were
not explored for geographical differences. In con-
trast, our study assessed severity under specific
headings and explored all outcomes for geographi-
cal variations. This may explain the ethnicity-
related differences in severity outcomes by RAAS
blockers observed in our study.

While the present study was in peer review pro-
cess, numerous other observational studies
addressing the association between RAAS blocker
use and COVID-19 outcomes were published;
their inclusion is, however, beyond the scope of
the present study. One such study based on a ret-
rospective cohort of around 43,000 COVID-19
patients is probably the largest observational
study to date. No effect of RAAS blockers on
overall mortality was seen, in concordance with
the highlights of our present study.8® Similar find-
ings were observed in a phase IV open-label, but
observer-blinded, randomized trial (BRACE
CORONA) that investigated the effect of contin-
uing versus suspending RAAS blockers in more
than 650 hospitalized COVID-19 patients. No
difference was seen in the number of days alive
and in all-cause mortality at 30 days between the
two groups.8!

Whether dose or duration of treatment of RAAS
blockers can influence the COVID-19 outcomes
is another potential area to be explored. So far,
the few studies addressing this issue have ruled
out the possibility of dose or duration effect rela-
tionship between RAAS blockers and COVID-19
mortality and severity outcomes.17:21.80 However,
for some outcomes such as AKI, 25-31% increase
in renal dysfunction has been observed with every
10mg increase of lisinopril or equivalent RAAS
blocker.3”

This systematic review has some limitations. The
pooled analysis is mainly based on observational
studies, which are more likely to have study popu-
lations with difference in baseline characteristics
and co-interventions than randomized controlled
trials. Being observational, the elements of con-
founding, residual confounding and observer bias
also cannot be ruled out. The country-specific
subgroup analysis was based on only a small
number of studies. Further, the current meta-
analysis aimed to generate data related to RAAS
blockers and therefore excluded those studies
(n=11) which focused on ACEI and ARB class in
isolation and did not provide information about
the outcomes in combined RAAS blocker class.
However, from the included studies, subgroup
analysis was performed to explore the effect of
ACEIs and ARBs on mortality and severity
outcomes.

Conclusion

There is a need to investigate racial or region/
country-specific differences in the clinical out-
comes of COVID-19. Genetic polymorphisms
may govern the pharmacodynamic response to
RAAS blockers in different population groups,
as seen in our meta-analysis, and should be
explored actively in future. There is a need to
explore excess risk of ICU admission and
mechanical ventilation in the US and increased
severity of COVID-19 disease in Europeans,
both of which were found to be associated with
RAAS blocker usage. Increased risk of severe
disease was replicated especially with ARBs.
Overall, the use of RAAS blockers does not
seem to have any impact on COVID-19 mor-
tality and severity. In the presence of a protec-
tive effect in patients with hypertension, it may
be advisable to continue these drugs in those
patients with pre-COVID indication for
the same. Randomized controlled trials and
pharmacogenetic studies are required to gen-
erate clear and concise evidence on ethnicity
and outcomes in the presence of RAAS blocker
use.
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