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Aims: To update our previously reported systematic review and meta-analysis of
observational studies on cardiovascular drug exposure and COVID-19 clinical out-
comes by focusing on newly published randomized controlled trials (RCTs).

Methods: More than 500 databases were searched between 1 November 2020 and
2 October 2021 to identify RCTs that were published after our baseline review. One
reviewer extracted data with other reviewers verifying the extracted data for accu-
racy and completeness.

Results: After screening 22 414 records, we included 24 and 21 RCTs in the qualita-
tive and quantitative syntheses, respectively. The most investigated drug classes
were angiotensin-converting enzyme inhibitors (ACEls)/angiotensin receptor blocker
(ARBs) and anticoagulants, investigated by 10 and 11 studies respectively. In meta-
analyses, ACEI/ARBs did not affect hospitalization length (mean difference —0.42,
95% confidence interval [CI] —1.83; 0.98 d, n = 1183), COVID-19 severity (risk
ratio/RR 0.90, 95% CI 0.71; 1.15, n = 1661) or mortality (risk ratio [RR] 0.92, 95% Cl
0.58; 1.47, n = 1646). Therapeutic anticoagulation also had no effect (hospitalization
length mean difference —0.29, 95% Cl —1.13 to 0.56 d, n = 1449; severity RR 0.86,
95% Cl 0.70; 1.04, n = 2696; and, mortality RR 0.93, 95% CI 0.77; 1.13, n = 5689).
Other investigated drug classes were antiplatelets (aspirin, 2 trials), antithrombotics
(sulodexide, 1 trial), calcium channel blockers (amlodipine, 1 trial) and lipid-modifying
drugs (atorvastatin, 1 trial).

Conclusion: Moderate- to high-certainty RCT evidence suggests that cardiovascular
drugs such as ACEIs/ARBs are not associated with poor COVID-19 outcomes, and
should therefore not be discontinued. These cardiovascular drugs should also not be
initiated to treat or prevent COVID-19 unless they are needed for an underlying cur-

rently approved therapeutic indication.
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1 | INTRODUCTION

Cardiovascular diseases, mainly ischaemic heart disease, stroke and
heart failure, were the leading causes of global mortality in 2017,
accounting for approximately 17.8 million deaths.> By contrast, the
coronavirus disease 2019 (COVID-19) pandemic®® has killed >5.5
million people (out of approximately 335 million infected) as of
19 January 2022.* Due to the possible bidirectional interaction
between COVID-19 and cardiovascular disease,”® we conducted a
baseline systematic review and meta-analysis’ to evaluate the avail-
able evidence on the association between cardiovascular drug
exposure and COVID-19 clinical outcomes. Additionally, and
because COVID-19 related evidence is rapidly evolving, we planned
for periodic updating for up to 2 years to incorporate any novel
evidence.

In the baseline review (search date 1 November 2020), we
included 429 and 390 studies in the qualitative and quantitative
syntheses, respectively, with the majority of these being observa-
tional studies (only 2 randomized control trials [RCTs]).” In the
adjusted estimates, angiotensin-converting enzyme inhibitors
(ACEls)/angiotensin receptor blockers (ARBs), the most commonly
reported drug classes, were not associated with COVID-19 infectiv-
ity (odds ratio [OR] 0.92, 95% confidence interval [CI] 0.71 to
1.19), hospitalization (OR 0.93, 95% CI 0.70 to 1.24), severity
(OR 1.05, 95% Cl 0.81 to 1.38) or mortality (OR 0.84, 95% CI 0.70
to 1.00). However, and even though adjustment may account for
some confounders present in observational studies, it does not
account for nonmeasured confounders and pooling of adjusted esti-
mates may be problematic.&9 For more reliable evidence, therefore,
a decision was made a priori to focus on RCTs, the current gold
standard of evidence,'© in this update.

In this update, we report RCT evidence for 7 cardiovascular drug
classes/subclasses, namely: angiotensin-converting enzyme inhibitors
(ACEls), angiotensin receptor blockers (ARBs), anticoagulants,
antiplatelets, antithrombotics, calcium channel blockers (CCBs) and
lipid-modifying drugs (LMDs). Although evidence is still emerging, all
these drug classes/subclasses have been implicated in modulating
the outcomes of COVID-19. Specifically, it has been suggested that
ACEls and ARBs, through their respective modes of action, increase
the expression of angiotensin-converting enzyme 2 (ACE2).}%1?
ACE2 converts angiotensin (Ang) Il into the vasodilator and anti-
trophic heptapeptide, Ang-(1-7), which exerts protective effects on
the lung and cardiac vasculature making it potentially beneficial in
COVID-19 patients.>121% Although both ACEIls and ARBs increase
ACE2 expression, Ang Il levels are decreased with ACEIs,*? which
means there will be less substrate for ACE2 to convert into Ang-
(1-7). Consequently, ARBs may be better than ACEls at attenuating
inflammation and acute lung injury in COVID-19 patients.** In con-
trast to these protective effects, SARS-CoV-2, the virus that causes
COVID-19, uses ACE2 to enter target cells,*> which led to the
hypothesis that ACEIs/ARBs could modulate COVID-19 disease out-
comes. COVID-19 patients have increased haemostatic and throm-

botic risks—these have been postulated to originate from the

development of a cytokine storm after SARS-CoV-2 infection,
followed by hyperinflammation, endothelial disruption, platelet acti-
vation and coagulopathy among other mechanisms.’®” By helping
avert haemostatic and thrombotic complications, anticoagulants,
antiplatelets and other antithrombotic agents could therefore posi-
tively impact COVID-19 clinical outcomes such as hospitalization,
severity and mortality. By contrast, CCBs may interfere with SARS-
CoV-2 replication by reducing intracellular calcium levels, and the
resulting anti-inflammatory (reduction of COVID-19 related inflam-
mation), anticoagulatory (reduction of microvascular coagulation) and
vasodilatory (improvement of local vasoconstriction) effects, may
decrease COVID-19 severity and associated mortality.® Lastly,
LMDs have also been reported to possess antiviral, immunomodula-
tory, anti-inflammatory and antithrombotic properties,*”?° which

may all contribute to better COVID-19 clinical outcomes.

2 | METHODS

We followed a predefined protocol (PROSPERO: CRD420201912832%)
as previously reported.” This manuscript follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines®? (Table S1).

21 | Identification of studies

As previously detailed,”?%23
MEDLINE and Scopus) through the University of Liverpool's DIS-
COVER platform, preprint servers, and COVID-19 specific databases/
registries, but this time focused on RCTs published/posted between
1 November 2020 and 2 October 2021. To the DISCOVER search

strategy (previously only included medical subject headings and text

we searched >500 databases (including

words related to “cardiovascular drugs” and “COVID-19”), we added
additional terms (random* OR RCT* OR [clinical AND trial*]) to further
limit the search results. The DISCOVER search results were uploaded

)** and studies were de-duplicated based on

in EndNote (version X9
title, author, year of publication and reference type information. We
also hand-searched the lists of references from the identified studies
and previous systematic reviews, although no additional eligible arti-
cles were identified. Any additional studies published after 2 October
2021 and referred to us (e.g. by experts) before data analysis were

also included.

2.2 | Selection criteria

We included RCTs that investigated the association between cardio-
vascular drug exposure (key drug classes were derived from Chapter 2
[“Cardiovascular system™] of the British National Formulary?® as pre-
viously outlined’) and the COVID-19 clinical outcomes listed below.
We excluded non-English studies but did not exclude any studies

based on where and when they were published.


https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1614
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23 | Outcomes

For those at risk of COVID-19, the clinical outcome that we
considered was COVID-19 infectivity (defined as a positive
COVID-19 diagnosis) while for COVID-19 patients, we considered

hospitalization, hospitalization length, severity and all-cause
mortality.”
24 | Study selection and data extraction

I.G.A. screened titles and abstracts of all retrieved records, and
thereafter retrieved full texts of the potentially eligible studies.
I.G.A. used an adapted data extraction form” to extract information
related to study design, characteristics of included patients/
investigated drugs, COVID-19 outcomes and study risk of bias.
Either S.P. or RM.T. verified the accuracy and completeness of the
extracted data, with any disagreements being resolved by
consensus.

2.5 | Assessment of study quality

I.G.A. used the revised Cochrane risk-of-bias tool for randomized tri-
als?® to assess the quality of each included study estimate, with S.P./
R.M.T. verifying accuracy, and disagreements being resolved by

consensus.

2.6 | Data synthesis

The R meta package27 (R version 3.6.1) was used to pool count
data (preferred to summary estimates such as the odds ratios, as it
is more accurate®) in cases where 2 or more studies reported on
the same exposure-outcome combination. The pooling was done
using random-effects meta-analysis with the inverse-variance
method for effect size and the DerSimonian-Laird estimator for
variance.?” For the dichotomous outcomes (infectivity, hospitaliza-
tion, severity and mortality), we generated risk ratios (RR; with
95% confidence intervals [Cls]) as odds ratios are not easily inter-
pretable?® and case control studies were not included (in which
RRs, unlike odds ratios, are not applicable). Mean differences (with
95% confidence intervals) were generated for hospitalization length,
the only continuous outcome. Where median values and ranges/
interquartile ranges of hospitalization length were reported, we
used them to estimate the means and standard deviations.??°
Means and standard deviations could also be combined using for-
mulae available in the Cochrane Handbook.*° Lastly, we prepared
Forest plots for each exposure-outcome combination and narra-
tively reported/tabulated the studies that singly reported on an
exposure-outcome

combination, as part of the qualitative

synthesis.
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2.7 | Heterogeneity measures

As previously reported,” the magnitude of the inconsistency in the
study results was assessed by visually examining forest plots and
considering the [? statistic (arbitrarily defined heterogeneity extent
categories were: [?><30%, low; [2=30-70%, moderate; and
I? > 70%, high). Estimates with high heterogeneity were deemed to
be inconsistent and would result in a downgrading of the strength

of evidence.®?

2.8 | Publication bias
We did not assess publication bias since there were fewer than

10 studies for each of the reported exposure-outcome combinations.

2.9 | Subgroup and sensitivity analyses

We conducted subgroup analyses based on drug subclasses, study
quality (only studies with low risk of bias included) and the hyperten-
sion comorbidity, which was guided by our earlier findings.2®> Where a
study reported different estimates for the same outcome domain (for
example due to different follow-up periods), we conducted sensitivity
analyses to determine the impact of the inclusion of 1 estimate,
instead of the other(s).

2.10 | Confidence in cumulative evidence
We used the GRADE (Grading of Recommendations, Assessment,
Development and Evaluations)®? criteria to rate the strength of the

body of evidence.

211 | Nomenclature of Targets and Ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.%2

3 | RESULTS

3.1 | Study selection and characteristics

After screening 22 414 titles and/or abstracts, 35 full-text records
were assessed for eligibility, of which 24 and 21 were included in the
qualitative and quantitative syntheses, respectively (Figure 1). Table 1
shows the characteristics of the included studies. Of the 24 studies,

most (n = 23, 95.8%) are now published in peer-reviewed journals


http://www.guidetopharmacology.org
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- " - FIGURE 1 PRISMA Flow Chart of
§ SS:OOJZE I';:ggc‘ég P;ﬁg}::; S(siveesrss) Included Studies. Abbreviations:
‘é o EndN medRxiv/bioRxiv (n = 8,975) SSRN = Social Science Research
P searching (EndNote Preprints.org (n = 567) Network, RCT = randomized controlled
b= deduplicated), > 500 Research square (n = 4,972) trial
3 databases (n = 1,643) SSRN (n = 5,599)

- Expert referral (n = 2)
oo L
E R.ecords screened by reviewing Records excluded (n = 22,381)
o titles and/or abstracts (n = 22,414)
)
S
3 RCTs identified in baseline review
(n=2)
Full-text records excluded, with
- reasons (n =11)
= Full-text records assessed for Not COVID-19 related = 3
3 eligibility (n = 35) Published preprint = 3
‘B0 Alpha blocker used for non-
'u—__' cardiovascular purposes (androgenetic
alopecia/benign prostatic hyperplasia) = 1
A statin given as part of a combination
(with colchicine) =1
. . . e Commentary =1
Studies included in qualitative Observational study = 1
g synthesis (n = 24) Single arm study = 1
°
% Singly reported on an exposure-
£ outcome combination (n = 3)
Studies included in quantitative
synthesis (n = 21)
with only 1 (4.2%) still being a preprint. These studies used patients 3.3 | ACEIs/ARBs

recruited from 21 countries, including Argentina, Australia, Austria,
Bolivia, Brazil, Canada, Colombia, Germany, Indonesia, Iran, Ireland,
Mexico, Nepal, Netherlands, Peru, Saudi Arabia, Spain, Sweden,
United Arab Emirates, UK and USA. Two of the studies***° reported
data that was obtained from the same patients, although the follow-
up periods (30 vs. 90 d) were different. When 1 of these studies is not
counted, from a total of 23 studies, most were prospectively regis-
tered (n = 22, 95.7%), were of multicentre (n = 19, 82.6%) and open-
label (n = 16, 69.6%) designs, and recruited a median sample size of
205 (range 20-14 892) patients. Based on the estimate-specific
revised Cochrane risk-of-bias tool (assesses the risk of bias of a single
trial result/assessment at outcome-level),?® all study estimates were
rated as having a low risk of bias except for estimates from 6 stud-

ie533,34,38,41,42,51 (Table 52)

3.2 | Qualitative and quantitative synthesis

Table 1 summarises the main results for all 24 studies, while
Table 2 provides summary results for the studies included in the
quantitative synthesis/meta-analysis. Table 2 also includes the
GRADE strength of evidence rating,3! which ranges from moderate
to high since all meta-analyses included at least 1 large properly
conducted RCT.

Ten studies®3343674257 jnvestigated ACEls/ARBs, with only 1 study
(102 patients)®® investigating COVID-19 infectivity. Compared to
standard of care, the ACEI ramipril (initial dose 2.5 mg/d, titrated up
to 10 mg/d), when newly initiated, was reported to have no effect on
COVID-19 infectivity (hazard ratio 1.15, 95% Cl 0.35 to 3.77).
Hospitalization was also investigated by only 1 study
(117 patients),®” and compared to placebo, newly-initiated losartan
(an ARB, 25 mg once or twice daily, depending on the estimated glo-
merular filtration rate) given for 10 days, increased the number of hos-
pitalizations (5.2 vs. 1.7%, absolute difference of 3.5%) although this
was not statistically significant (95% Cl —4.8 to 13.2%, P = .320).
Seven studies®*363840-4257 iyestigated whether ACEI/ARB
exposure (both treatment-experienced and -naive patients) affected
length of hospitalization. One study,® reported only medians and a
hazard ratio and could therefore not be included in the primary meta-
analysis. For 6 studies®*3640-4257 (3 = 1183 patients), ACEls/ARBs
did not influence the duration of hospitalization (mean difference
—0.42, 95% Cl —1.83; 0.98 d, I> = 51%, Figure 2). When only the
3 estimates>¢*%57 (842 patients) with low risk of bias (mean differ-
ence —0.51, 95% Cl —1.76 to 0.75d, I> = 28%) or the 4 stud-
ies34404257 (948 patients) that included hypertensive patients only
(mean difference —0.92, 95% Cl —2.29 to 0.45d, I? = 40%) were

analysed, the results remained similar (Table 2). Two of the above
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(A) Hospitalization length, days

ACEI/ARB No ACEI/ARB Weight, % Risk of Bias Domains
First Author/Trial acronym (Country) Total Mean (SD) Total Mean (SD) MD (95% CI) Favours ACEI/ARB Favours No ACEI/ARB  Sub-group  Overall 1 2 3 4 5 6
ARB only (recruited patients not taking ACEls/ARBs)
Nouri-Vaskeh, M (Iran) 41 4.57 (2.59) 39 7.30 (8.70) -2.73 (-5.57; 0.11) —_— 76.5 14.9 ° L4 . 4 . L4
Geriak, M (USA) 16 9.00 (6.75) 15 10.00 (7.75) -1.00 (-6.13; 4.13) 235 6.3 . . . . . .
Random-effects model (Sub-group) 57 54 -2.32 (-4.81; 0.16) ——_— 100

(Q =033 df = 1; P = 0.5632; F = 0.0%)

ACEI/ARB continuation vs discontinuation

Bauer, A/ACEI-COVID (Austria and Germany) 100 12.25 (9.21) 104 10.33 (7.14) 1.92 (-0.35; 4.19) . 24.7 19.1 ¢ . N N N .
Lopes, RD/BRACE CORONA (Brazil) 325 6.70 (6.30) 334 7.80 (7.40) -1.10 (-2.15; -0.05) — 38.9 315 . . . d
Najmeddin, F (Iran)* 28 5.30 (3.90) 29 8.00 (15.90) -2.70 (-8.66; 3.26) — 6.6 4.8 . . . .
Cohen, JB/REPLACE COVID (7 countries) 75 6.67 (6.05) 77 6.00 (5.29) 0.67 (-1.14; 2.47) —_— 29.8 23.4 . . . .
Random-effects model (Sub-group) 528 544 0.07 (-1.59; 1.73) 100

(Q=7.61;df = 3 P=0.0547; F = 60.6%)

Random-effects model (Overall) 585 598 -0.42 (-1.83; 0.98) 100
(Q = 10.13; df = 5; P = 0.0717; £ = 50.6%) f T T I T T 1
6 4 2 0 2 4 6
(B) Severity

ACEI/ARB No ACEI/ARB Weight, % Risk of Bias Domains
First Author/Trial acronym (Country) (Events/Total) (Events/Total) Risk Ratio (95% CI) Favours ACEI/ARB Favours No ACEI/ARB Sub-group  Overall 1 2 3 4 5 6
ARB only (recruited patients not taking ACEls/ARBs)
Duarte, M (Argentina) 9/78 24/80 0.38 (0.19; 0.77) —_— 30.1 9.6 N N N N N N
Nouri-Vaskeh, M (Iran) 8/41 9/39 0.85 (0.36; 1.97) —_— 25.1 7.0 4 L4 4 i 4 L4
Geriak, M (USA) 1/16 2/15 0.47 (0.05; 4.65) _—r 5.8 11 g i 4 ¢ . d
Puskarich, MA (USA, losartan 25 mg) 1/58 1/59 1.02 (0.07; 15.88) 4.2 0.8 . . o N . o
Puskarich, MA (USA, losartan 50 mg)® 21/100 17/103 1.27 (0.78: 2.13) —— 349 13.0 L . i * i .
Random-effects model (Sub-group) 40/293 53/296 0.75 (0.42 1.35) = 100
(Q=6.94; df = 4; P = 0.1391; F = 42.4%)
ACEI/ARB continuation vs discontinuation
Bauer, A/ACEI-COVID (Austria and Germany) 26/100 21/104 1.29 (0.78; 2.13) e 14.2 15.7 ¢ e s s s o
Lopes, RD/BRACE CORONA (Brazil) 105/325 128/334 0.84 (0.68; 1.04) == 735 31.0 e ® ¢ ® ¢
Najmeddin, F (Iran)® 5/28 7/29 0.74 (0.27; 2.06) —_—t 3.5 5.0 . . . .
Cohen, JB/REPLACE COVID (7 countries) 16/75 14/71 1.17 (0.62; 2.23) —— 8.8 11.0 . . . . .
Random-effects model (Sub-group) 152/528 170/544 0.92 (0.76; 1.11) 100
(Q = 3.09; df = 3; P = 0.3781; F = 2.9%)
Random-effects model (Total) 192/821 223/840 0.90 (0.71; 1.15) 100
(Q = 10.46; df = 8; P = 0.2339; £ = 23.6%)

0.1 05 1 2 10
(C) Mortality

ACEI/ARB No ACEI/ARB Weight, % Risk of Bias Domains
First Author/Trial acronym (Country) (Events/Total) (Events/Total) Risk Ratio (95% CI) Favours ACEI/ARB Favours No ACEI/ARB  Sub-group  Overall 1 2 3 4 5 6
ARB only (recruited patients not taking ACEls/ARBs)
Duarte, M (Argentina) 3/70 16/71 0.19 (0.06; 0.62) —_— 29.4 11.0 ° ¢ g N ¢ i
Nouri-Vaskeh, M (Iran) 2/81 5/39 0.38 (0.08; 1.85) —_— 229 7.1 ¢ L4 ¢ d g L4
Geriak, M (USA) 1/16 1/15 0.94 (0.06; 13.68) 1.7 2.8 . . . . . .
Puskarich, MA (USA, losartan 25 mg) 0/58 0/59 Zero deaths 0.0 0.0 . . . . . .
Puskarich, MA (USA, losartan 50 mg)® 11/101 9/104 1.26 (0.54; 2.91) —_—t 36.1 17.3 . . . . . .
Random-effects model (Sub-group) 17/286 31/288 0.53(0.18; 1.53) —_— 100
(Q = 7.00; df = 3; P = 0.0718; F = 57.2%)
ACEI/ARB continuation vs discontinuation
Bauer, A/ACEI-COVID (Austria and Germany) 12/100 8/104 1.56 (0.67; 3.66) —_— 28.4 17.0 . . . . . .
Lopes, RD/BRACE CORONA (Brazil) 9/325 9/334 1.03 (0.41; 2.56) —_— 248 15.7 . . . . . .
Najmeddin, F (Iran)® 5/28 4/29 1.29 (0.39; 4.33) —|—o— 14.1 108 . . B .
Cohen, JB/REPLACE COVID (7 countries) 11/75 10/77 1.13 (0.51; 2.50) —_— 326 18.3 . . . . . .
Random-effects model (Sub-group) 37/528 31/544 1.23(0.78; 1.94) 100
(Q = 0.50; df = 3; P = 0.9189; F = 0.0%)
Random-effects model (Total) 54/814 62/832 0.92 (0.58; 1.47) 100
(Q = 10.52; df = 7; P = 0.1612; £ = 33.4%) [ T 1 ]

0.1 05 1 2 10

FIGURE 2 Forest plots for associations between angiotensin-converting enzyme inhibitors (ACEls)/angiotensin receptor blockers (ARBs) and
COVID-19 outcomes. ? Total admission days, reported as means (standard deviations), used. When the ‘length of hospital stay’, means (standard
deviations) estimated from the reported medians (interquartile range), were used, the subgroup pooled mean difference was 0.41 (95%
confidence interval [Cl] —1.02 to 1.84, I = 65%) days while the overall pooled mean difference was —0.06 (95% Cl —1.36 to 1.24, I> = 57%)
days. ® Used intubations to define severity as this was more consistent with the rest of the studies. When severity was defined as the
requirement for supplemental oxygen, the subgroup and overall pooled risk ratios were 0.74 (95% Cl = 0.46 to 1.18, I> = 44%) and 0.91 (95% ClI
0.78 to 1.07, I? = 23%) respectively. © Used admission to the intensive care unit and/or the requirement for mechanical ventilation to define
severity as this was more consistent with the rest of the studies. When severity was defined based on the World Health Organisation COVID-19
ordinal severity scale, the subgroup and overall pooled risk ratios were 0.93 (0.79 to 1.10, I = 2%) and 0.93 (95% CI 0.75 to 1.14, I? = 24%)
respectively. ¢ Follow up of 30 days, which was preferred as this was more consistent with the rest of the studies. When 90-day follow up was
used, the subgroup and overall pooled risk ratios were 0.50 (95% CI 0.20 to 1.29, P = 48%) and 0.89 (95% Cl 0.57 to 1.40, P = 31%)
respectively. ©14-day follow up. Risk of bias domains: 1 = risk of bias arising from the randomization process; 2 = risk of bias due to deviations
from the intended interventions (effect of adhering to intervention); 3 = risk of bias due to missing outcome data; 4 = risk of bias in
measurement of the outcome; 5 = risk of bias in selection of the reported result; 6 = overall risk of bias. Colour codes: green = low risk;

yellow = some concerns; red = high risk
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6 studies (111 patients) that investigated new initiation of ARBs and
compared to amlodipine (a CCB)®* or standard of care,> did not show
an effect on hospitalization duration (mean difference —2.32, 95% ClI
—4.81 to 0.16 d, I?> = 0%, Figure 2). Conversely, 4*°=4%57 out of the
6 studies (1072 patients) investigated whether discontinuation of
ACEI/ARB would influence COVID-19 outcomes. Again, there was no
effect of continuation vs. discontinuation of ACEI/ARBs (mean differ-
ence in duration of hospitalisation 0.07, 95% Cl —1.59 to 1.73d,
I? = 61%). When 2 estimates (811 patients)*'#? which did not have a
low risk of bias rating were excluded, the pooled effect was similar
(mean difference —0.38, 95% Cl —2.08 to 1.33 d, I?> = 64%). Results
did not differ when the 3 studies (868 patients)*>*2°” that included
only hypertensive patients were analysed (mean difference —0.55,
95% Cl —1.97 to 0.88 d, I? = 37%).

The effect of ACEI/ARB exposure (in both treatment-experienced
and -naive patients) on severity (varying definitions based on oxygen
supplementation, intensive care unit [ICU] admission, World Health
Organization ordinal scale among*® others, Table 1) was investigated
by 9 studies®43¢~4257 (1661 patients) with ACEIs/ARBs not having an
effect on disease severity (pooled RR 0.90, 95% CI 0.71 to 1.15,
? = 24%, Figure 2). When only the 6 estimates®¢~4%°7 (1320 patients)
with low risk of bias (RR 0.85, 95% Cl 0.60 to 1.20, I> = 38%) or
4 studies®**94257 (948 patients) that included only hypertensive
patients (RR 0.86, 95% Cl 0.71 to 1.04, > = 0%) were pooled, the
results were unchanged. Five®*2¢73 of the 9 studies (589 patients)
investigated ARBs alone in patients not taking ACEls/ARBs—the anal-

3739 or standard

ysis showed that, compared to amlodipine,®* placebo
of care,>>%8 ARBs had no effect on disease severity (RR 0.75, 95% Cl
0.42 to 1.35, 1> = 42%, Figure 2), even after 1 estimate®* with a high
risk of bias was removed (RR 0.71, 95% Cl 0.30 to 1.64, I> = 57%,
509 patients). Based on 4 studies?®~*2°7 (1072 patients) that investi-
gated ACEI/ARB continuation vs. discontinuation, ACEI/ARB continu-
ation did not affect disease severity (RR 0.92, 95% Cl 0.76 to 1.11,
? = 3%, Figure 2), even after 2 estimates*®°7 with a high/some con-
cerns in the risk of bias were excluded (RR 0.87, 95% Cl 0.71 to 1.06,
I? = 0%, 811 patients). Again, the pooled estimate obtained from only
hypertensive patients (3 studies,**#2>7 868 patients) was not differ-
ent (RR 0.86, 95% Cl 0.71 to 1.05, I? = 0%).

Nine trials®*364257 (1646 patients) investigated the association
between ACEI/ARB exposure (both treatment-experienced and -naive
patients) and mortality, although 1 study had O events.®” The results
were not statistically significant (pooled RR 0.92, 95% Cl 0.58 to 1.47,
? =33%, Figure 2) even after considering only the 5 esti-
mates®437394037 with a low risk of bias (RR 1.13, 95% Cl 0.70 to
1.83, I = 0%, 1164 patients). When only hypertensive patients were
analysed (4 studies,>*404257 948 patients), the results were similar
(RR 1.00, 95% Cl 0.60 to 1.67, I* = 0%). Five***573? of the 9 studies
(574 patients, 1 study®” with O events) investigated newly initiated
patients on ARBs and showed no effect on mortality risk (RR 0.53,
95% Cl 0.18 to 1.53, I> = 57%, Figure 2) even after 2 estimates®*>®
with a high risk of bias were removed (RR 1.23, 95% CI 0.55 to 2.73,
1> = 0%, 353 patients). Four studies (1072 patients)*®=4?>” investi-
gated ACEI/ARB continuation vs. discontinuation, and showed that

ACEI/ARB continuation had no effect on mortality (RR 1.23, 95% ClI
0.78 to 1.94, I> = 0%, Figure 2), even after 2 estimates*®° that did
not have a low risk of bias rating were excluded (RR 1.08, 95% Cl
0.60 to 1.97, I> = 0%, 811 patients). The pooled estimate obtained
from only hypertensive patients (3 studies,**4?°7 868 patients) was
similar (RR 1.12, 95% C1 0.66 to 1.92, I* = 0%).

3.4 | Anticoagulants

Eleven studies*>3>°

investigated anticoagulant exposure and
included large multicentre or multiplatform trials such as the RAPID
COVID COAG trial (465 hospitalized patients),>® the INSPIRATION
trial (562 ICU patients),***> the ACTION trial (614 hospitalized
patients),47 the REMAP-CAP, ACTIV-4A and ATTACC trials (1098
ICU/critically ill patients®® and 2231 hospitalized noncritically ill
patients®2), and the ACTIV-4B trial (657 outpatients).*®

Two of these trials investigated hospitalization and compared to
placebo. Rivaroxaban (10 mg once daily for 21 d)*! or apixaban (2.5
or 5 mg twice daily for 45 d)*® had no effect on the risk of hospitaliza-
tion (pooled RR 0.82, 95% Cl 0.12 to 5.68, > = 34%, 805 patients,
Figure 3). The ACTIV-4B trial*® also investigated the effect of
therapeutic-dose apixaban (5 mg orally twice daily) vs. prophylactic-
dose apixaban (2.5 mg orally twice daily) with the rates of adjudicated
cardiopulmonary hospitalizations being similar (1.4 vs. 0.7% in those
who initiated therapy and 3.1 vs. 3.0% in those who were
randomized).

Four studies (1449 patients)***¢5>57 investigated the length of
hospitalization with exposure to therapeutic, as opposed to prophy-
lactic, anticoagulation doses not altering hospitalization length (mean
difference —0.29, 95% Cl —1.13 to 0.56 d, I?> = 17%, Figure 3). Except
for the ACTION trial*” that provided the direct oral anticoagulant,
rivaroxaban (15 or 20 mg), to clinically stable patients in the therapeu-
tic arm, anticoagulation was by use of low molecular weight heparins
(notably enoxaparin) or unfractionated heparin, with the doses deter-
mining whether it was therapeutic or prophylactic.

Disease severity was investigated by 3 trials,>>>% One of these
trials® compared rivaroxaban 10 mg once daily for 21 days to a multi-
vitamin supplement provided as the placebo. In this trial and based on
the Gates Medical Research Institute scale, 20.7 vs. 19.8%
(rivaroxaban vs. placebo risk difference 1.0, 95% Cl —6.4 to 8.4,
P=.78) and 9.4 vs. 11.6% (rivaroxaban vs. placebo risk difference
—2.2, 95% Cl —8.4 to 4.0, P = .47) of participants had disease pro-
gression in the intention-to-treat and modified intention-to-treat (only
those who took at least 1 dose of the drug and with mild COVID-19
at day 1) populations, respectively.’! The other 2 trials investigated
therapeutic vs. standard/prophylactic heparin anticoagulation and
included a trial that integrated the REMAP-CAP, ACTIV-4A and
ATTACC platforms,®? recruited hospitalized adult noncritically
ill/moderate COVID-19 patients from 9 countries and in which the
severity outcome was defined based on the number of invasive
mechanical ventilations and/or deaths; and, the RAPID COVID COAG
trial,>® which recruited hospitalized adult COVID-19 patients with


https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6981
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6388
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6390
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6811
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=4214
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DOACS Placebo Risk of Bias Domains
First Author/Trial acronym (Country) (Events/Total) (Events/Total) Risk Ratio (95% CI) Favours DOACS  Favours Placebo Weight, % 1 2 3 3 5 6
Ananworanich, J (USA) 2/192 5/199 0.41(0.08; 2.11) 67.7
Connors, JM/ACTIV-4B (USA)® 3/278 0/136 3.43(0.18; 65.95) 323
Random-effects model 5/470 5/335 0.82 (0.12; 5.68) 100
(Q = 151; df = 1; P = 0.2197; = 33.6%) 01 051 2 10
(B) Hospitalization length, days
Therapeutic Standard/prophylactic Favours Favours
anti i i i Therapeutic  Standard/prophylactic Risk of Bias Domains
First Author/Trial acronym (Country) Total Mean (SD) Total Mean (SD) MD (95% CI) anticoagulation anticoagulation Weight, % 1 2 3 4 5 6
Lemos, ACB/HESACOVID (Brazil) 10 29.33 (11.18) 10 30.33 (12.90) -1.00 (-11.58; 9.58) I 0.6
Lopes, RD/ACTION (Brazil)* 310 8.10 (7.20) 304 7.80 (7.50) 0.30 (-0.86; 1.46) . 38.0
Sadeghipour, P/INSPIRATION (Iran) 276 5.67 (5.96) 286 6.67 (5.96) -1.00 (-1.99; -0.01) 476
Spyropoulos, AC/HEP-COVID (USA) 129 12.20 (9.30) 124 11.60 (8.20) 0.60 (-1.56; 2.76) 138
Random-effects model 725 724 -0.29 (-1.13; 0.56) T T i T ] 100
(Q =3.63; df = 3; P = 0.3046; F = 17.3%) 10 5 0 5 10
(C) Severity
Standard/
Favours  Favours

Therapeutic prophylactic

Therapeutic  Standard/prophylactic Risk of Bias Domains

First Author/Trial acronym (Country) (Events/Total) (Events/Total) Risk Ratio (95% CI) anticoagulation anticoagulation Weight, % 1 2 3 4 5 6
Lawler, PR/REMAP-CAP, ACTIV-4A, and ATTACC (9 countries)® 129/1181 127/1050 0.90 (0.72; 1.14) —_— 73.1
Sholzberg, M/RAPID COVID COAG (6 countries) 37/228 52/237 0.74 (0.51; 1.08) — = [ 26.9
" —
Random-effect: del 166/1409 179/1287 0.86 (0.70; 1.04) 100
(an gr;‘o»edfec 15»':0 :3789' £ =0.0%) ' ' ( ) rr
Q=0.70; ' c o 075 1 15
(D) Mortality
Standard/
Favours  Favours

Therapeutic
. .

prophylactic

First Author/Trial acronym (Country) (Events/Total) (Events/Total)

Risk Ratio (95% CI)

Risk of Bias Domains
Weight, % 1 2 3 4 5 6

Therapeutic ~ Standard/prophylactic
anticoagulation anticoagulation

Lemos, ACB/HESACOVID (Brazil) 2/10 5/10 0.40 (0.10; 1.60) *&—": 18
Lopes, RD/ACTION (Brazil)* 35/310 23/304 1.49 (0.90; 2.46) 10.0
Sadeghipour, P/INSPIRATION (Iran)® 119/276 117/286 1.05 (0.87; 1.28) = 234
Goligher, EC/REMAP-CAP, ACTIV-4A, and ATTACC (10 countries) ~ 199/534 200/564 (0.90; 1.23) . 255
Lawler, PR/REMAP-CAP, ACTIV-4A, and ATTACC (9 countries) 86/1180 86/1046 0.89 (0.67; 1.18) = 183
Sholzberg, M/RAPID COVID COAG (6 countries) 4/228 18/237 0.23 (0.08; 0.67) —_— 3.0
Connors JM/ACTIV-4B (USA)" 0/143 0/135 Zero deaths 0.0
Perepu, US (USA) 13/87 18/86 0.71 (0.37; 1.37) 6.9
Spyropoulos, AC/HEP-COVID (USA) 25/129 31/124 0.78 (0.49; 1.23) 1.1
Random-effects model 483/2897 498/2792 0.93 (0.77; 1.13) T T } T ] 100
(Q = 14.89; df = 7; P = 0.0375; £ = 53.0%) 01 05 1 2 10

FIGURE 3

Forest plots for associations between anticoagulants and COVID-19 outcomes. ? Results are based on those who initiated trial

therapy. When the intention-to-treat populations are used, the pooled risk ratio becomes 0.55 (95% Cl 0.26 to 1.18, I? = 0%). ® Active arm is
apixaban 2.5 mg or 5 mg orally twice daily. © Low molecular weight heparin or unfractionated heparin, unless otherwise indicated. 4 Therapeutic
anticoagulation comprised oral rivaroxaban for stable patients. © When organ support or death is used as the severity outcome (instead of
mechanical ventilation or death), the result becomes significant (risk ratio 0.83, 95% Cl 0.72 to 0.95, I> = 0%). f Represents in-hospital deaths

(2 vs. 5 deaths). When all-cause deaths (1 vs. 3 deaths) were used instead, the pooled risk ratio (0.94, 95% CI 0.78 to 1.14, I? = 51%) remained
similar. & Preferred to Bikdeli et al.'s study that used the same dataset (90-day follow-up) since Sadeghipour et al.'s 30-day follow-up was
consistent with the rest of the included studies (follow-up range 21-45 d). Nevertheless, a sensitivity analysis in which the Bidkeli et al. study was
included instead of the Sadeghipour et al. study produced a similar result (pooled risk ratio 0.94, 95% Cl 0.77 to 1.14, I? = 54%). h Therapeutic-
dose apixaban (5 mg orally twice daily) vs. prophylactic-dose apixaban (2.5 mg orally twice daily). " Results are based on those who initiated trial
therapy. When the intention-to-treat populations are used, the pooled risk ratio becomes 0.94 (95% Cl 0.78 to 1.14, I’ = 48%). DOACS = direct
oral anticoagulants. Risk of bias domains: 1 = risk of bias arising from the randomization process; 2 = risk of bias due to deviations from the
intended interventions (effect of adhering to intervention); 3 = risk of bias due to missing outcome data; 4 = risk of bias in measurement of the
outcome; 5 = risk of bias in selection of the reported result; 6 = overall risk of bias. Colour codes: green = low risk; yellow = some concerns;

red = high risk

elevated D-dimer levels from 6 countries and in which the severity
outcome was defined based on ICU admissions, mechanical ventila-
tions and/or deaths. In these 2 studies (2696 patients), therapeutic
anticoagulation did not reduce the risk of severe disease (RR 0.86,
95% Cl1 0.70 to 1.04, 12 = 0%, Figure 3) when compared to prophylac-
tic anticoagulation. However, when the severity outcome was defined

based on the number of patients who received organ support or died

for the REMAP-CAP, ACTIV-4A and ATTACC platforms,>? the result

was statistically significant (RR 0.83, 95% Cl 0.72 to 0.95, I? = 0%).

Eleven studies**5355

248,51

investigated anticoagulant exposure and
mortality, with comparing direct oral anticoagulants with pla-
cebo. No meta-analysis was carried out as 1 of the studies that com-
pared rivaroxaban 10 mg against placebo recorded O deaths in its

28-day follow-up.®* In the other study,*® the effect of apixaban (2.5
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or 5 mg orally twice daily) was similar to placebo (0.0 vs. 0.0% deaths
in those who initiated therapy and 0.3 vs. 0.6% deaths in those who

were randomized). Ten studies*4-°0:52.53:55

compared therapeutic with
prophylactic anticoagulation and 2 of these reported the same popula-
tion (the INSPIRATION trial), albeit with different follow-up periods
(30** vs. 90*° d)—with the 30-day follow-up being used in the primary
analysis as this was consistent with the rest of the included studies
(follow-up range 21-45 d). Therefore, 9 studies (5689 patients), all
rated to be of a low risk of bias, were included in the primary meta-
analysis with therapeutic anticoagulation not reducing the risk of
death (RR 0.93, 95% Cl 0.77 to 1.13, 12 = 53%, Figure 3) when com-
pared to standard/prophylactic anticoagulation. In these trials, anti-
coagulation was achieved using low molecular weight or
unfractionated heparins except for the ACTION (used rivaroxaban
15/20 mg in clinically stable patients in the therapeutic arm)*’ and
ACTIV-4B (used apixaban 5 mg in the therapeutic arm and 2.5 mg in

the prophylactic arm)*® trials.

3.5 | Antiplatelet agents

Aspirin, used as an antiplatelet drug, was investigated by
2 studies,*®>* including the large sized (n = 14 892) platform RECOV-
ERY trial that recruited hospitalized adult COVID-19 patients from
177 hospitals in the UK, 2 hospitals in Indonesia and 2 hospitals in
Nepal.>*

In the ACTIV-4B trial,*® aspirin 81 mg orally given for 45 days
resulted in a similar rate of adjudicated cardiopulmonary hospitaliza-
tions when compared to placebo (0.0 vs. 0.0% in those who initiated
therapy and 3.7 vs. 4.9% in those who were randomized) while in the
RECOVERY trial,>* the median hospitalization length, defined as the
time to being discharged alive, was similar in the aspirin and standard
care arms (8 vs. 9 d, interquartile range for each 5 to >28 d).

The RECOVERY trial,>* also investigated severity, with aspirin not
having an effect on the number of mechanical ventilations and/or
deaths (RR 0.96, 95% CI 0.90 to 1.03, P = 0.23).

Both the ACTIV-4B*® and RECOVERY>* trials investigated aspirin
and mortality outcomes, although we did not conduct a primary meta-
analysis since none of the patients who took at least 1 dose of aspi-
rin/placebo in the ACTIV-4B trial died within the 45 days of follow-
up. In a secondary analysis that used the ACTIV-4B intention-to-treat
population (those randomized to aspirin/placebo), the pooled RR
(aspirin vs. usual care or placebo) was 0.96 (95% CI 0.90 to 1.04,
> = 0%), with the ACTIV-4B trial contributing less than 1% of the
weight.

3.6 | Antithrombotics

In addition to anticoagulants and antiplatelets discussed above sepa-
rately, sulodexide, an antithrombotic with both anticoagulant and anti-
platelet activity (given for 21 d) was investigated and it was protective
in terms of the risk of hospitalization (RR 0.60, 95% CI 0.37 to 0.96,

P =.03), although the trial was small with only 243 patients
included.>® Additionally, it had no effect on hospitalization length (6.3
+ 4.1 d for sulodexide vs. 7.8 + 4.5 d for placebo, P = .21), severity/
number of invasive mechanical ventilations (RR 0.47, 95% CI 0.12 to
1.87, P = .29) and mortality (RR 0.41, 95% CI 0.10 to 1.55, P = .19).>¢

37 | CCBs

Amlodipine was investigated as part of the control arm in the Nouri-
Vaskeh et al. study®* (80 patients, shown under ARBs in Table 1).
Compared to losartan, amlodipine was not associated with hospitaliza-
tion length (7.3 +8.7 d for amlodipine vs. 4.6 + 2.6 d for losartan,
P = .085), severity (9 vs. 8 intubations) or mortality (5 vs. 2 deaths,
P =.241)3

3.8 | LMDs

In this drug class, only 1 statin (atorvastatin 40 mg given for 5 d) was
investigated, and compared to placebo, decreased hospitalization
length (8.0 £ 2.0 vs. 9.8 + 2.3 d, P = .012) although it had no effect on
severity (3 vs. 4 ICU admissions, P = .5); however, the trial itself was
small sized (n = 40 patients).”®

4 | DISCUSSION
To update the previously reported associations between cardiovascu-
lar drug exposure and COVID-19 clinical outcomes,” we searched for
additional RCTs published between 1 November 2020 and 2 October
2021. Although our previous report included mostly observational
studies (427/429, >99%), the conclusions that cardiovascular drugs
are not associated with poor COVID-19 outcomes have been
supported by the 24 RCTs that we have included in this update. For
example, ACEI/ARB exposure was previously not associated with
COVID-19 severity (odds ratio 1.05, 95% CI 0.81-1.38) or mortality
(odds ratio 0.84, 95% Cl 0.70-1.00), estimates that lead to conclu-
sions similar to what we report in this update (severity RR 0.90, 95%
Cl1 0.71-1.15; mortality RR 0.92, 95% Cl 0.58-1.47). Additionally, sub-
group analyses that included only hypertensive patients produced
similar estimates, which demonstrates how a, RCT design is able to
account for a key confounder that previously remained unadjusted for
in the crude estimates we obtained from the observational studies.”
Other investigated drugs included anticoagulants, aspirin
(an antiplatelet), sulodexide (an antithrombotic with both anticoagu-
lant and antiplatelet activity), amlodipine (a CCB) and atorvastatin
(an LMD), although only anticoagulants could be included in the pri-
mary meta-analyses, with therapeutic anticoagulation not affecting
hospitalization, hospitalization length, severity and mortality out-
comes. Although the number of studies included in the meta-analyses
were small (2, 4, 2 and 9 for hospitalization, hospitalization length,

severity and mortality respectively), many of these studies were
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platform-based, meaning they could rapidly recruit many patients and
the meta-analyses were therefore well-sized (805, 1449, 2696 and
5689 for the respective outcomes). Additionally, most of these trials
were rated to have a low risk of bias which led to a high strength of
evidence for all the outcomes, except hospitalization, which was
ranked as moderate. However, and despite this ranking, it is important
to emphasize that we did not explore subgroup analyses based on
patient characteristics with the exception of the hypertension comor-
bidity. We also limited our review to the 5 prespecified outcomes,
meaning it is possible that therapeutic anticoagulation is beneficial for
specific patients based on different clinical endpoints. This was dem-
onstrated by the ATTACC, ACTIV-4A and REMAP-CAP Investiga-

tors0:>2

who showed that therapeutic anticoagulation improved the
primary outcome of organ support-free days in noncritically ill
COVID-19 patients, but not in critically ill COVID-19 patients. Indeed,
when we defined the severity outcome based on the number of
patients who received organ support or died for the REMAP-CAP,
ACTIV-4A and ATTACC platforms, therapeutic anticoagulation was
protective (RR 0.83, 95% Cl 0.72-0.95). However, for the mortality
outcome evaluated in this study, the results were not very different
among the noncritically ill (RR 0.89, 95% Cl 0.67-1.18) and critically ill

(RR 1.05, 95% CI 0.90-1.23) patients.

4.1 | Limitations of this review

The main limitation of this review is the inclusion of relatively few
RCTs, despite our comprehensive search strategy, which meant that
many drug classes (including p-blockers, CCBs, diuretics and LMDs)
could not be quantitatively synthesized. We were also unable to
assess publication bias as we required a minimum of 10 RCTs for each
exposure-outcome combination. Nevertheless, this is a recently
emerging field and many more RCTs are expected, which will be
included in future updates. We did not search trial registries (such as
ClinicalTrials.gov or the WHO International Clinical Trials Registry
Platform database) for ongoing/expected trials (our literature search
in these databases was restricted to trials with results to facilitate
timeliness). Nevertheless, 21 RCTs evaluating ACEls/ARBs were regis-
tered as of August 2020,%° 75 RCTs evaluating antithrombotic agents
were registered as of 16 December 2020,°° and 40 RCTs evaluating
lipid modulating drugs were registered as of 31 March 2021.°* We
also relied on single-reviewer extraction. However, 2 other reviewers
verified the accuracy and completeness of the extracted data. In addi-
tion to not assessing some efficacy endpoints that are being reported
in the literature, we did not assess some safety outcomes
(e.g. treatment discontinuation due to bleeding with anticoagulation);
however, these were outside the scope of this review. Lastly, and
despite the randomization of participants to treatment, residual con-
founding may exist especially if sample sizes are small*® or response-
adaptive randomization is used,>? which would require the pooling of
adjusted estimates. However, most of the studies included in the
meta-analyses were relatively large and well-balanced, a reason we

rated the strength of evidence as moderate to high.
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5 | CONCLUSIONS

Moderate- to high-certainty RCT evidence suggests that ACEls/ARBs
and therapeutic anticoagulation are not associated with poor COVID-
19 clinical outcomes. However, the routine use of therapeutic anti-
coagulation is questionable as it offers limited benefits over placebo
or standard/prophylactic anticoagulation. There are currently many
ongoing RCTs that are expected to be completed/published in the
coming months and will be incorporated in our next update, which will
be conducted within 6 months of this update. As we wait for more
evidence, we suggest that patients with COVID-19 on cardiovascular
drugs should not discontinue taking them as it is very unlikely that
these drugs, specifically ACEls/ARBs, are harmful.
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