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Abstract
Context: Aspirin has been proposed as an adjunctive therapy for COVID-19. However, its clinical benefit remains uncertain.

Aims: This systematic review and meta-analysis was conducted to evaluate whether aspirin use was associated with short-term all-cause mortality in adults
with confirmed COVID-19.

Methods: The review was registered in PROSPERO (CRD42022361632). PubMed, Embase, the Cochrane Library, ClinicalTrials.gov, and Scopus were searched
from inception to September 2024. Randomized controlled trials and non-randomized studies comparing aspirin plus standard care with standard care alone
were included. Risk of bias was assessed using RoB 2 and ROBINS-I. Random-effects models were used to estimate pooled risk ratios or mean differences with
95% confidence intervals.

Results: Thirty-three studies were included. Thirty-one studies contributed to quantitative syntheses, and the primary mortality analysis was based on five
randomized controlled trials. Aspirin use was not associated with reduced short-term all-cause mortality compared with control treatment (RR 0.95; 95% Cl,
0.89-1.02). Aspirin use was associated with a significantly increased risk of major bleeding compared with control (RR 1.38,95% CI 1.10-1.73; p=0.01). Evidence
certainty was limited by risk of bias, heterogeneity in outcome definitions, and imprecision for some outcomes.

Conclusions: The available evidence does not support the routine use of aspirin for reducing short-term mortality. Furthermore, aspirin use may be associated
with an increased risk of bleeding.
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Resumen
Contexto: Se ha propuesto la aspirina como tratamiento coadyuvante para la COVID-19. Sin embargo, su beneficio clinico sigue siendo incierto.

Objetivos: Esta revision sistematica y metaanalisis se realizé para evaluar si el uso de aspirina se asociaba con la mortalidad por cualquier causa a corto plazo
en adultos con COVID-19 confirmada.

Métodos: La revisién fue registrada en PROSPERO (CRD42022361632). Se realizaron bisquedas en PubMed, Embase, la Biblioteca Cochrane, ClinicalTrials.gov
y Scopus desde el inicio de cada base de datos hasta septiembre de 2024. Se incluyeron ensayos controlados aleatorizados y estudios no aleatorizados que
compararon la aspirina mas la atencion estandar con la atencion estandar sola. El riesgo de sesgo se evalué mediante RoB 2 y ROBINS-I. Se utilizaron modelos
de efectos aleatorios para estimar los riesgos relativos agrupados o las diferencias de medias, con intervalos de confianza del 95%.

Resultados: Se incluyeron treinta y tres estudios. Treinta y un estudios contribuyeron a las sintesis cuantitativas y el andlisis principal de mortalidad se basé en
cinco ensayos controlados aleatorizados. El uso de aspirina no se asoci6 con una reduccién de la mortalidad por cualquier causa a corto plazo en comparacién
con el tratamiento de control (RR 0.95; IC del 95%: 0.89-1.02). El uso de aspirina se asocié con un aumento significativo del riesgo de hemorragia mayor en
comparacién con el grupo de control (RR 1.38; IC del 95%: 1.10-1.73; p = 0.01). La certeza de la evidencia estuvo limitada por el riesgo de sesgo, la
heterogeneidad en las definiciones de los desenlaces y la imprecision de algunos desenlaces.

Conclusiones: La evidencia disponible no respalda el uso rutinario de aspirina para reducir la mortalidad a corto plazo. Ademas, la aspirina puede asociarse con
un mayor riesgo de hemorragia.

Palabras Clave: aspirina; COVID-19; inhibidores de la agregacion plaquetaria; mortalidad; resultado del tratamiento; SARS-CoV-2.
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Abbreviations: CI: Confidence interval; HR: Hazard ratio; MA: Meta-analysis; MD: Mean difference; OR: Odds ratio;
RCT: Randomized controlled trial; RoB 2: The Cochrane risk of bias tool for randomized-controlled trials; ROBINS-I: The
risk of bias in non-randomized studies of interventions; RR: Risk ratio; SR: Systematic review.

INTRODUCTION

In December 2019, an outbreak of coronavirus dis-
ease emerged in Wuhan, People’s Republic of China,
and subsequently spread globally. On March 11, 2020,
COVID-19 was declared a pandemic by the World
Health Organization. COVID-19 patients often show a
variety of symptoms, from mild symptoms to respira-
tory failure and death.

The NIH guidance allows patients with COVID-19
to continue anticoagulant or antiplatelet therapy when
these drugs are already indicated for another condi-
tion, unless substantial bleeding or another contraindi-
cation develops. However, the guidelines do not sup-
port starting these agents only for COVID-19-related
aims, such as thrombosis prevention, disease modifica-
tion, or mortality reduction, in adults without evidence
of venous thromboembolism (COVID-19 Treatment
Guidelines Panel, 2024).

COVID-19 is associated with thrombo-inflamma-
tion driven by endothelial injury, cytokine-mediated
inflammation, platelet activation, and activation of the
coagulation pathway, which may contribute to micro-
vascular thrombosis, venous thromboembolism, and
organ dysfunction. Aspirin may be biologically rele-
vant in this setting because low-dose aspirin reduces
platelet activation and thrombus formation. Moreover,
aspirin has been reported to have anti-inflammatory
properties that may modulate acute inflammatory re-
sponses. These mechanisms provide a rationale for in-
vestigating aspirin as a possible strategy to attenuate
COVID-19-related thrombo-inflammatory complica-
tions (Cacciapuoti & Cacciapuoti, 2021; Lopachev et
al., 2020).

Several observational studies and randomized con-
trolled trials (RCTs) have evaluated aspirin use in hos-
pitalized patients with COVID-19. Their data have
been inconsistent with some supporting (Abul et al.,
2023; Al Harthi et al., 2022; Ali et al., 2022; Botton et al.,
2022; Chow et al., 2021; 2022; Husain et al., 2022; Lal et
al., 2022; Liu et al., 2021; Osborne et al., 2021; Sisinni et
al., 2021) and others opposing the use of aspirin ther-
apy (Alamdari et al., 2020; Azizi et al., 2023; Dalbeni et
al., 2023; Gogtay et al., 2022; Kim et al., 2021; Malik et
al., 2022; Merzon et al., 2021; Sahai et al., 2021; Son et
al., 2021; Sullerot et al., 2022; Togano et al., 2021; Vinod
et al., 2024). Evidence from non-RCTs has been incon-
sistent. Yuan et al. (2021) reported that aspirin use was
associated with a lower cumulative incidence of
thrombotic events or death among adults with COVID-
19. In contrast, Zekri-Nechar et al. (2022) observed a
small improvement in the 28-day live discharge rate.
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However, other studies did not reproduce this appar-
ent benefit (Bradbury et al., 2022; Connors et al., 2021;
Horby et al., 2022). A 2023 Cochrane Database of Sys-
tematic Reviews publication evaluated patients with
moderate-to-severe COVID-19 (Fischer et al., 2023). A
prior meta-analysis (MA) reported little or no benefit
of antiplatelet therapy in reducing 28-day mortality
when compared with standard care or no treatment.
This conclusion, however, was based solely on RCTs.
Since the 2023 systematic review (SR), several observa-
tional studies have been published. Including these
studies in an updated analysis may help clarify the as-
sociation between aspirin use and clinical outcomes in
patients with COVID-19.

Evidence regarding the role of aspirin in COVID-19
remains uncertain. Observational studies have sug-
gested possible benefits for certain clinical outcomes,
but these outcomes have not been consistently sup-
ported by RCTs, particularly for mortality and disease
progression. An updated SR and MA was therefore
performed to assess the association between aspirin
use and short-term all-cause mortality among adults
with confirmed COVID-19.

MATERIAL AND METHODS

Search strategy

A systematic literature search was conducted in
PubMed, EMBASE, the Cochrane Library, ClinicalTri-
als.gov, and Scopus from inception through September
2024. Only studies published in the English language
were considered for inclusion. Studies published in
languages other than English were excluded. The full
search strategies are presented in Supplementary Ta-
ble S1. The bibliographies of the retrieved articles were
also examined to identify relevant studies not indexed
in the databases.

Study selection

All records retrieved from the databases were im-
ported into EndNote 20 for reference management.
Duplicate records were first identified using the soft-
ware, and the research team subsequently checked the
records manually to remove any remaining duplicates.
Two independent reviewers first screened titles and
abstracts. Full-text articles were then assessed by the
same reviewers when eligibility was unclear or poten-
tially met. Inter-reviewer agreement was resolved by
consensus; therefore, Cohen's kappa coefficient was
not calculated. RCTs, cohort studies, and case-control
studies involving adults with confirmed COVID-19
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were included if they compared aspirin plus standard
care with standard care alone. Studies were excluded
if the antiplatelet agent was not clearly identified, the
effects of aspirin could not be separated from those of
combination therapy, or outcome data remained una-
vailable despite attempts to contact the authors. For
factorial or multi-arm trials, data were used only when
a separate aspirin-specific comparison was available.

Data extraction, outcome definitions, and risk-of-
bias assessment

Data abstraction was undertaken by JR, SC, TT, and
YK using a standardized template. For each outcome,
eligibility for quantitative synthesis was determined
by cross-checking the study design, population, aspi-
rin exposure, comparator, outcome definition, follow-
up period, and availability of extractable data against
the pre-established criteria for each synthesis. Studies
were included in a given MA only when the compari-
son was consistent with aspirin versus no aspirin or
usual care, the outcome definition was compatible
with the planned synthesis, and sufficient numerical
data or effect estimates were available. The primary
outcome was short-term all-cause mortality, opera-
tionally defined as mortality reported at 28, 30, or 45
days. When a fixed short-term time point was not
available, in-hospital mortality during the index ad-
mission was extracted as the closest available measure
of early mortality. If multiple mortality endpoints were
reported within the same study, the endpoint closest to
28-30 days was preferentially selected, whereas mor-
tality outcomes reported beyond 45 days were ex-
cluded from the primary outcome analysis. These end-
points were harmonized to enable quantitative synthe-
sis; however, they were not considered fully equiva-
lent, and differences in follow-up duration and event
ascertainment were acknowledged when interpreting
the pooled estimate. Secondary outcomes included the
number of patients admitted to ICU, the number of pa-
tients who received invasive (IMV) or non-invasive
mechanical ventilation (NIMV), thromboembolism
(arterial thrombosis and venous thrombosis were in-
cluded), acute kidney injury, renal replacement ther-
apy (RRT), the lengths of hospital or ICU stay, and ma-
jor bleeding events. Secondary outcomes were in-
cluded when the corresponding clinical outcome was
reported with extractable event counts, effect esti-
mates, or continuous data, as appropriate for the
planned analysis. For secondary outcomes, RCTs and
non-RCTs were analyzed separately where sufficient
data were available. When the number of RCTs was
limited, and both RCTs and non-RCTs reported the
same secondary outcome, exploratory pooled analyses
combining both evidence types were performed as sec-
ondary analyses. All included studies were assessed
for methodological quality using the Cochrane risk of
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bias tool for randomized controlled trials (RoB 2)
(Sterne et al., 2019) and the risk of bias in non-random-
ized studies of interventions (ROBINS-I) (Sterne et al.,
2016) for cohort and case-control studies. The certainty
of evidence was assessed using the GRADE approach
for each outcome and, where appropriate, separately
by study design and type of effect estimate. RCTs and
non-RCTs were synthesized separately where appro-
priate. For observational studies, adjusted odds ratios
(ORs), adjusted hazard ratios (HRs), and crude esti-
mates were analyzed separately and not combined into
a single pooled estimate. Studies with overlapping
populations, incompatible outcome definitions or fol-
low-up periods, or insufficient extractable data were
excluded from the corresponding quantitative synthe-
sis. The studies contributing data to each quantitative
synthesis are summarized in Supplementary Table 54.
The review protocol was prospectively registered with
PROSPERO (CRD42022361632), and no changes were
made to the predefined eligibility criteria. To improve
methodological consistency, the analytical strategy
was refined during revision by restricting the primary
quantitative synthesis to RCTs reporting short-term
all-cause mortality. Observational studies were ana-
lyzed separately as supportive evidence, depending on
the type of effect estimate reported: adjusted ORs, ad-
justed HRs, or crude estimates. This refinement was
made to avoid combining RCT and non-RCT evidence
into a single pooled estimate and is reported transpar-
ently as a protocol amendment.

Data analysis

For data preparation before quantitative synthesis,
dichotomous outcomes were extracted as the number
of events and the total number of participants in the
aspirin and control groups, and these values were used
to calculate risk ratios (RRs) with 95% confidence inter-
vals (Cls). For continuous outcomes, the mean, stand-
ard deviation (SD), and sample size were extracted for
each group and used to calculate mean differences
(MDs) with 95% Cls. When continuous outcomes were
reported as medians with interquartile ranges or
ranges, these values were converted to estimated
means and SDs using established methods before in-
clusion in the MA. For observational studies reporting
adjusted effect estimates, the reported adjusted ORs or
HRs, along with their corresponding 95% Cls, were ex-
tracted directly. These adjusted estimates were trans-
formed to log effect estimates and standard errors and
then synthesized using the generic inverse-variance
method. Adjusted ORs, adjusted HRs, and crude esti-
mates were analyzed separately and were not com-
bined in the same pooled estimate. Studies with insuf-
ficient data for calculation or reliable conversion were
excluded from the corresponding quantitative synthe-
sis. Restricted maximum likelihood random-effects
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models were used to account for within-study and be-
tween-study variability, and heterogeneity was as-
sessed using the I? statistic and the Chi-square (x?) test.
When statistical heterogeneity was observed in each
pairwise MA, potential sources of heterogeneity were
explored using the subgroup technique. The character-
istics of individual studies were tabulated in the sup-
plementary tables, including study design, population,
aspirin exposure, comparator, follow-up duration, and
reported outcomes. The studies contributing data to
each quantitative synthesis were summarized in an
outcome-level synthesis matrix. For each MA, individ-
ual study effect estimates and pooled estimates were
displayed in forest plots, along with corresponding
95% Cls, study weights, and estimates of heterogene-
ity. Where applicable, prediction intervals were also
presented to describe the expected range of effects in a
future study. Publication bias and small-study effects
were planned to be assessed by visual inspection of
funnel plots and Egger’s test only when at least 10
studies were available for a given outcome. All statis-
tical analyses were performed using Stata version 19.0
(StataCorp LLC, College Station, TX, USA).

All data extracted from the included studies and
used for the analyses are presented in the manuscript
and supplementary materials, including the study
characteristics, outcome data, risk-of-bias assessments,

Aspirin and mortality risk in COVID-19

synthesis-inclusion matrix, forest plots, and GRADE
summary tables. The data extraction form and Stata
analysis code are available from the corresponding au-
thor upon reasonable request and will be provided
within a reasonable timeframe without requiring addi-
tional approval. This study used no additional materi-
als beyond those described in the manuscript and sup-
plementary files.

RESULTS

Study selection

Of the 10,030 articles identified, 195 were assessed
for eligibility after excluding duplicates and irrelevant
studies (Fig. 1). After eligibility screening, 33 studies —
comprising 5 RCTs and 28 observational studies—
comparing aspirin with standard care for reducing ad-
verse outcomes met the inclusion criteria. Of these, 31
studies (187,224 participants) were included in the
quantitative synthesis. Botton et al. (2022) and Togano
et al. (2021) were included in the SR but were not eligi-
ble for the primary MA because their reported out-
comes could not be harmonized with those of the other
studies. The sample sizes for these investigations,
which were published between 2020 and 2024, ranged
from 35 to 31,072,642 patients, and the follow-up peri-
ods ranged from 2 months to 2 years.

Figure 1. PRISMA 2020 flow
) . .
c diagram for study selection.
]
k= Records identified through Additional records identified
- database searching through other sources
- (n=10021) (n=9)
Ty
Y
2 Records after duplicates removed
E (n=4300)
A Records excluded:
v - Due to not relevance (n=4081)
- Due to no full paper (n=15
Records screened paper ( )
| - Due to cannot access to full paper
— {n=4300)
{n=9)
1
£ Full-text artic|
= ull-text articles Full-text articles excluded:
= assessed for eligibility
w (n=195) *| - Due to not clinical study (n=107)
- Due to not original study (n=1)
- Due to combination treatment
(n=15)
- Due to preprint (n=2)
Studies included in the B DU? to used other )
) . antiplatelets/NSAIDs/anticoagulants
13 systematic review and )
§ (n=33) instead of ASA (n=7)
E - - Due to single arm without
- comparator (n=12)
- Due to non-specific to ASA (n=10)
- Due to report un-interested
outcome (n=6)
- Duplicate (n=2)
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Study characteristics and risk-of-bias assessment of
included studies

RCTs

Five RCTs published from 2021 to 2022 were in-
cluded in the MA. The trials represented a range of
COVID-19 care settings, including outpatient, inpa-
tient, and critically ill populations. All enrolled aspirin-
naive participants were evaluated on low-dose aspirin
regimens. Study characteristics, including sample size,
clinical setting, intervention dose, comparator, and
major design features, are presented in Supplementary
Tables S2 and S3.

Outcome-specific RoB 2 assessments were per-
formed for the RCTs. For short-term all-cause mortal-
ity, most trials were judged to be at low overall risk of
bias, with some concerns identified in one trial due to
the randomization process and deviations from in-
tended interventions. For major bleeding, assessment
was limited to trials that reported bleeding events sep-
arately. Overall, two trials were judged to be at low risk
of bias, and two had some concerns about major bleed-
ing, mainly related to outcome measurement (Figs. S1-
S2).

Observational studies

The SR included 28 observational studies, primarily
retrospective cohort studies. These studies enrolled
adults with laboratory-confirmed COVID-19 from a
range of care settings and severity levels. Most as-
sessed prior or ongoing aspirin use, although infor-
mation on aspirin dose and timing was reported incon-
sistently. Supplementary Tables S2-54 present the
main study characteristics.

For short-term all-cause mortality, 26 observational
studies were eligible for outcome-specific assessment.
Overall, the risk-of-bias assessment identified notable
methodological limitations across the observational
studies, with most judged to be at serious risk of bias
and only a minority at moderate risk. One study was
assessed as having a critical risk of bias. The main
methodological concern was confounding. In several
studies, patients receiving aspirin differed from those
not receiving it in age, cardiovascular comorbidities,
baseline disease severity, treatment indication, and
concomitant use of anticoagulants or other COVID-19
therapies. Measurement of mortality was generally
judged to be at low risk of bias because death was an
objective outcome typically ascertained from hospital
records, registry data, or electronic health records (Fig.
S3).

For bleeding outcomes, assessment was limited to
studies that reported bleeding events separately. Seven
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observational studies were eligible for bleeding-spe-
cific ROBINS-I assessment. Overall, the included stud-
ies showed varying degrees of methodological limita-
tions, ranging from moderate to critical risk of bias.
The main concerns were related to confounding by
baseline bleeding risk, concomitant anticoagulant ther-
apy, illness severity, and variability in bleeding defini-
tions and ascertainment. Studies that did not report
bleeding outcomes separately were not assessed for
this outcome (Fig. S4).

Clinical outcomes of aspirin on COVID-19 patients
Effect of aspirin on short-term all-cause mortality

RCTs

The primary analysis included 5 RCTs comprising
20,577 participants. Mortality occurred in 1,398 of
10,224 patients assigned to aspirin and 1,484 of 10,353
patients assigned to control, corresponding to 13.7%
and 14.3%, respectively. The meta-analysis demon-
strated that aspirin was not associated with a signifi-
cant reduction in short-term all-cause mortality com-
pared with the control group (RR 0.95; 95%CI, 0.89-
1.02; p = 0.16). No statistically significant between-
study heterogeneity was observed (I2 = 0%, 2= 0.00; Q
= 213, p = 0.71) (Fig. 2). The 95% prediction interval
was 0.86-1.06, which did not materially change the in-
terpretation of the finding.

The stability of the primary analysis was assessed
by sequentially removing one RCT. The pooled esti-
mates remained non-significant after each exclusion,
with RRs ranging from 0.89 to 0.96, and heterogeneity
was not observed (I2 = 0%). After excluding the
RECOVERY trial, which contributed the greatest
weight, the pooled RR was 0.89 (95% CI, 0.75-1.06; p =
0.18). Thus, the primary result did not appear to de-
pend on any single trial (Table S5).

Observational studies

For observational studies, adjusted estimates were
pooled separately by effect measure. Nine studies re-
ported adjusted ORs, and the pooled result did not
show a statistically significant association between as-
pirin use and short-term all-cause mortality (adjusted
OR, 0.76; 95% ClI, 0.57-1.02; p = 0.07). Heterogeneity
was considerable (I2=90.5%). Six observational studies
reported adjusted HRs. In an exploratory analysis, as-
pirin use was associated with a lower hazard of short-
term all-cause mortality (adjusted HR, 0.80; 95% ClI,
0.68-0.95; p = 0.01), with moderate heterogeneity (I? =
63.6%). This observational finding should be inter-
preted with caution due to potential residual con-
founding. (Figs. S5 and S6).
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Heterogeneity: 1° = 0.00, I° = 0.00%, H* = 1.00
Testof 8, = 6;: Q(4) =2.13, p=0.71
Testof 8=0:z=-140,p=0.16

patients with COVID-19.

ASA Control Risk ratio Weight
Study Die Survived Die Survived with 95% CI (%)
Connors et al. (2021) 0 144 0 136 0.94[0.02, 47.29] 0.03
Horby et al. (2022) 1,222 6,129 1,299 6,242 ] 0.97[0.90, 1.04] 8577
Bradbury et al. (2022) 161 402 167 354 - 0.89[0.74, 1.07] 13.31
Eikelboom et al. (2022) 12 1,933 11 1,925 1.09[0.48, 245] 0.65
Ghati et al. (2022) 3 218 7 212 —_— 042[0.11, 1.62] 0.24
Overall 1,398 8,826 1484 8,869 { 0.95[0.89, 1.02] 100.00

Figure 2. Meta-analysis of randomized controlled trials evaluating the effect of aspirin on short-term all-cause mortality in

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.

| I e T
0.250501.002.004.00

Additionally, a separate MA using crude event data
from 26 observational studies (n = 166,647) was con-
ducted. The pooled crude analysis showed no signifi-
cant association between aspirin use and short-term
all-cause mortality (RR, 1.04; 95% CI, 0.85-1.26; p =
0.72). Considerable between-study heterogeneity was
observed (I = 96.3%) (Fig. S7).

Additional analyses were conducted to assess
whether confounding by indication affected the obser-
vational findings. Among propensity score-based (PS)
studies reporting adjusted HRs, aspirin use was not as-
sociated with short-term all-cause mortality (HR, 0.86;
95% Cl, 0.67-1.10; I2 = 63.58%) (Fig. S8). Studies report-
ing adjusted ORs or using inverse probability of treat-
ment weighting showed a non-significant association
in the same direction (OR, 0.73; 95% CI, 0.46-1.15; I =
97.55%) (Fig. S9). In PS-matched cohorts reporting
crude risk ratios, no association with short-term all-
cause mortality was observed (RR, 1.01; 95% CI, 0.38-
2.69; I = 91.35%) (Fig. S10).

In a sensitivity analysis excluding observational
studies judged to be at serious or critical risk of bias
according to ROBINS-I, 17 studies with crude event-
count data were included. Aspirin use was not signifi-
cantly associated with short-term all-cause mortality
compared with no aspirin use (crude RR, 1.06; 95% CI,
0.80-1.42; p = 0.68). Substantial heterogeneity re-
mained across studies (I? = 98.15%), suggesting that
studies at serious or critical risk of bias did not solely
account for the observed heterogeneity in the crude ob-
servational analysis (Fig. S11).

A further sensitivity analysis was performed by ex-
cluding observational studies judged to have serious
or critical risk of bias in the ROBINS-I domain of bias
due to confounding. After excluding these high-risk
studies, the pooled crude estimate remained non-sig-
nificant and close to the null effect (RR, 1.02; 95% CI,
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0.70-1.49; I? = 99.04%). These results indicate that the
crude observational result was not materially affected
by the removal of studies of greatest concern for con-
founding, although substantial heterogeneity per-
sisted (Fig. 512).

Subgroup analysis

In the analysis of crude event-count data, effect es-
timates varied across clinical settings. The overall
pooled RR was 1.01 (95% CI, 0.85-1.21), and heteroge-
neity remained high (I? = 95.93%). The subgroup test
differed significantly across clinical settings (Qb =
10.66, p = 0.03). The clinical setting appeared to explain
part of the variation in effect estimates between stud-
ies. The pooled RRs were 0.82 in ICU studies (95% CI,
0.66-1.01; I = 79.84%), 1.16 in inpatient studies (95%
CI, 0.95-1.40; I2 = 95.98 %), 0.87 in mixed inpatient/out-
patient studies (95% CI, 0.38-1.96; 12 = 91.05%), and
1.00 in outpatient studies (95% CI, 0.46-2.16; I =
0.00%). Heterogeneity remained substantial across sev-
eral subgroups, suggesting that factors beyond the
clinical setting also contributed to variability across
studies (Fig. S13).

Using crude event-count data, studies were
grouped according to the timing of aspirin exposure:
in-hospital initiation or pre-hospital/chronic use. In
studies of in-hospital initiation, aspirin use was associ-
ated with a lower crude risk of short-term all-cause
mortality (RR, 0.80; 95% CI, 0.65-0.98), although heter-
ogeneity was substantial (I> = 80.70%). In studies of
pre-hospital or chronic aspirin use, no significant asso-
ciation with mortality was observed (RR, 1.13; 95% CI,
0.84-1.51), and heterogeneity was also high (I* =
97.04%). The subgroup test showed a possible differ-
ence by exposure timing, but this did not reach con-
ventional statistical significance (Qb = 3.63; p = 0.06)
(Fig. S514).
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Secondary analyses

Effect of aspirin on IMV and NIMV

Fifteen studies, comprising 13 non-RCTs and 2
RCTs, reported data on IMV. In the pooled exploratory
analysis, the requirement for IMV did not differ signif-
icantly between participants receiving aspirin and con-
trols (RR, 0.95;95% CI, 0.79-1.15). Effect estimates were
broadly similar across the study-design subgroups,
with no evidence of a subgroup difference. Substantial
heterogeneity was nevertheless observed in the overall
analysis and appeared to arise predominantly from
variation among the non-RCTs (Fig. S15).

No significant difference in the requirement for
NIMYV was observed between the aspirin and control
groups (RR, 1.03; 95% CI, 0.86-1.24; p = 0.71). The over-
all analysis showed moderate heterogeneity (I2 =
57.1%), which was largely attributable to variability
among the non-RCTs (Fig. S516).

Effect of aspirin on ICU admission and ICU length of
stay

Ten non-RCTs contributed data to the analysis of
ICU admission. The pooled estimate did not suggest a
significant reduction in ICU admission among patients
receiving aspirin compared with controls (RR, 0.94;
95% CI, 0.78-1.13; p = 0.51). Considerable variation
was present across the included studies (I? = 73.8%)
(Fig. 517).

Three non-RCTs evaluated ICU length of stay. The
estimated MD between the aspirin and control groups
was 0.79 days (95% CI, —2.71 to 4.29; p = 0.66), indicat-
ing no statistically significant difference. Between-
study heterogeneity was low to moderate (I = 27.1%)
(Fig. S18).

Effect of aspirin on hospital length of stay

The exploratory analysis combining RCTs and non-
RCTs found no considerable difference in hospital
length of stay between aspirin users and controls (MD,
0.18 days; 95% CI, —0.36 to 0.71; p = 0.52). Moderate-to-
substantial heterogeneity was observed (I2 = 64.8%).
Results remained neutral when stratified by study de-
sign. The pooled MD was 0.35 days among non-RCTs
(95% CI, —0.39 to 1.09; p = 0.35) and —0.11 days among
RCTs (95% CI, —0.69 to 0.47; p = 0.71) (Fig. S19).

Effect of aspirin on thromboembolism

Data on thromboembolic events were available
from 15 studies, including 11 non-RCTs and 4 RCTs.
The combined exploratory estimate showed no signif-
icant difference in thromboembolic risk between the
aspirin and control groups (RR, 0.98;95% CI, 0.71-1.35;
p = 0.88). However, heterogeneity across the studies
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was substantial (I2 = 88.2%), indicating considerable
variation in the reported effects (Fig. S20).

Effect of aspirin on renal outcomes

The analysis of AKI, which was based exclusively
on non-RCTs, showed no significant difference be-
tween aspirin users and controls (RR, 1.06; 95% CI,
0.74-1.52; p = 0.74). Substantial between-study hetero-
geneity was present (12 = 74.8%) (Fig. 521).

Similarly, the requirement for RRT did not differ
significantly between the two groups (RR, 0.93; 95% CI,
0.66-1.31; p = 0.69). Heterogeneity for this outcome
was low (I12=17.7%) (Fig. S22).

Effect of aspirin on bleeding

Ten studies, comprising 6 non-RCTs and 4 RCTs,
were included in the analysis of major bleeding. In the
combined secondary safety analysis, aspirin was asso-
ciated with a higher risk of major bleeding compared
with control (RR, 1.38; 95% CI, 1.10-1.73; p = 0.01), with
moderate between-study heterogeneity (12 = 38.0%).

When the studies were stratified by design, neither
subgroup independently showed a statistically signifi-
cant association. Among non-RCTs, the point estimate
suggested an increased risk of major bleeding (RR,
1.25; 95% CI, 0.99-1.58; p = 0.06), while the RCT sub-
group produced a less precise estimate in the same di-
rection (RR, 1.86; 95% CI, 0.91-3.81; p = 0.09). The two
study-design subgroups detected no significant differ-
ence in the effect of major bleeding (p for subgroup dif-
ference = 0.30) (Fig. 3).

Certainty of evidence

For short-term all-cause mortality, the certainty of
evidence from RCTs was rated as moderate, down-
graded for imprecision, with aspirin showing little or
no effect compared with control (RR 0.95;95% CI, 0.89-
1.02; absolute effect: 7 fewer deaths per 1,000 patients,
ranging from 16 fewer to 3 more). Evidence from ob-
servational studies was rated as very low certainty,
whether based on adjusted ORs, adjusted HRs, or
crude estimates, mainly due to serious or very serious
risk of bias, inconsistency, and imprecision (Table S6).

For major bleeding, the certainty of evidence from
RCTs was rated as low, downgraded for risk of bias
and imprecision (RR 1.86, 95% CI 0.91-3.81; absolute
effect: 8 more bleeding events per 1,000 patients, rang-
ing from 1 fewer to 26 more). The certainty of evidence
from observational studies for major bleeding was also
rated as very low, mainly due to serious risk of bias
and imprecision (Table S6).
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DISCUSSION

This SR and MA included 5 RCTs and 28 observa-
tional studies to update the evidence on the effect of
aspirin on short-term mortality risk in patients with
COVID-19. The primary analysis, based on five RCTs,
showed no clear evidence that aspirin reduced short-
term all-cause mortality or major adverse clinical out-
comes in adults with COVID-19. Conversely, aspirin
use was significantly associated with a 38% increased
risk of bleeding. These findings are consistent with
randomized evidence and prior high-quality evidence
syntheses demonstrating little or no mortality benefit
from aspirin therapy in COVID-19.

In this updated MA, the primary analysis was
based exclusively on RCTs, as such trials minimize

Aspirin and mortality risk in COVID-19

selection bias and both measured and unmeasured
confounding through random allocation. These find-
ings yield the highest-certainty estimate of aspirin's ef-
fect on short-term mortality in patients with COVID-
19.

The observational analyses were less consistent
than the randomized evidence. Neither the pooled ad-
justed ORs nor the crude event-based estimates
showed a significant association between aspirin use
and short-term all-cause mortality. In contrast, the
pooled adjusted HRs suggested a lower hazard of
death. Because non-RCTs derived this apparent benefit
and were accompanied by moderate heterogeneity, it
should be considered exploratory and may reflect dif-
ferences in analytical approaches and effect measures.

ASA Control Risk ratio Weight
Study Bleed No Bleed No with 95% CI (%)
Non-RCT
Chow et al, (2021) 6 92 24 290 —a— 0.80[0.34, 1.90] 5.4
Al Harthi et al. (2022) 11 164 5 171 —— 221079, 6.24] 4.27
Chow et al. (2022) 504 13,291 3,193 95,082 i 112[1.03, 1.23] 35.67
Ali et al. (2022) 47 613 24 506 Hl- 1.67[0.97, 254] 1416
Malik et al. (2022) 6 106 6 393 — W 3.86[1.17, 10.83] 3.77
Sokolski et al. (2024) 19 253 18 256 —,— 1.06[0.57, 1.88] 9.87
Heterogeneity: 1° = 0.02, I* = 24.94%, H* = 1.33 & 1.25[0.99, 1.58]
Testof B =0, Q(5)=8.10, p=0.15
Testof 8=0:z=1.90, p=0.06
RCT
Connors et al. (2021) 0 144 0 136 0.84[0.02, 47.29] 033
Horby et al. {2022) 115 7,236 76 7,485 B 1.55([1.16, 2.07] 23.58
Bradbury et al. (2022) 11 548 2 515 5.09([1.13, 22.84) 216
Ghati et al. (2022) 0 221 0 219 0.99[0.02, 49.72] 033
Heterogeneity: 1° = 0.15, I* = 17.97%, H* =1.22 i 1.86[0.91, 3.81)
Testof B, = 8;: Q(3)=2.45,p=0.49
Testof6=0:z=171,p=0.09
Overall s 1.38[1.10, 1.73] 100.00
Heterageneity: 7 = 0.04, I = 38.01%, H® = 1.61
Test of 8 = 8;; Q(9) = 15.86, p = 0.07
Testof8=0:z=2.75,p=0.01
Test of group differences: Q,(1) = 1.07, p = 0.30

132 14 2 16
Figure 3. Meta-analysis of studies evaluating the effect of aspirin on risk of major bleeding in patients with COVID-19.
Z:Le;tcr?rl:t shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-RCTs
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Several methodological factors may explain the dis-
cordant observational estimates. Aspirin users fre-
quently had cardiovascular disease, diabetes mellitus,
or other comorbidities associated with poor outcomes;
therefore, crude comparisons may have reflected base-
line differences rather than the effect of aspirin. Alt-
hough multivariable regression and propensity-score
methods can reduce measured imbalance, residual or
unmeasured confounding remained possible because
adjustment models varied across studies. Adjusted
ORs and HRs are also not directly interchangeable:
HRs incorporate event timing and censoring, whereas
ORs summarize the odds of death within a specified
follow-up period. Variation in study populations, fol-
low-up durations, outcome definitions, covariate ad-
justment, and statistical models may have additionally
contributed to heterogeneity. Accordingly, these anal-
yses should be regarded as supportive rather than con-
firmatory evidence.

The GRADE assessment supports a cautious inter-
pretation of the findings. For the primary outcome,
randomized evidence provided moderate-certainty ev-
idence that aspirin is probably associated with little or
no difference in short-term all-cause mortality. Evi-
dence from observational studies was judged to be of
very low certainty, including analyses that used ad-
justed estimates. The observational results remained
difficult to interpret, even when adjusted estimates
were used. In many cohorts, aspirin users differed
from non-users in cardiovascular risk, comorbidity
burden, disease severity, and concomitant treatments.
These baseline differences may have contributed to re-
sidual confounding and to the inconsistency and im-
precision of the evidence. Randomized evidence for
major bleeding was judged to be of low certainty; this
cannot rule out a possible increase in bleeding risk
with aspirin. For this reason, conclusions should be
based primarily on randomized evidence, with obser-
vational findings treated as exploratory rather than
confirmatory.

Previous SR and MA have reported inconsistent
findings regarding the association between aspirin use
and mortality in patients with COVID-19. Several ear-
lier reviews suggested a potential mortality benefit of
aspirin; however, these analyses commonly included
both RCTs and observational studies and were charac-
terized by substantial variability in study design, pa-
tient populations, disease severity, aspirin exposure
definitions, and adjustment for confounding. Unlike
analyses that included observational data, this primary
analysis was limited to RCTs. This approach reduced
the potential for confounding and enabled estimation
of the treatment effect from randomized evidence. The
mortality result is consistent with the Cochrane sys-
tematic review, which reported that antiplatelet
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therapy probably provides little or no reduction in 28-
day mortality among patients with moderate-to-severe
COVID-19. This result, based on randomized evidence,
differs from some earlier meta-analyses that suggested
a beneficial effect of aspirin. Those earlier findings may
have been influenced by the inclusion of predomi-
nantly observational studies, in which residual con-
founding and higher baseline cardiovascular risk
among aspirin users were important concerns. Aspirin
may have a biological rationale through its antiplatelet
and anti-inflammatory effects. However, the random-
ized evidence included in this review did not show a
clear mortality benefit in patients with COVID-19.

In the subgroup analysis by aspirin exposure tim-
ing, in-hospital use produced a more favorable pooled
estimate than pre-hospital use. This observation was
not statistically definitive and should be interpreted
with caution, as the in-hospital subgroup exhibited
substantial heterogeneity and included studies with
varying designs and clinical characteristics. Aspirin in-
itiated during hospitalization may reflect treatment
during the acute inflammatory and prothrombotic
phase of COVID-19, whereas pre-hospital use com-
monly represents long-term therapy for pre-existing
cardiovascular disease. The latter population may
have had a higher baseline risk of poor outcomes, mak-
ing confounding by indication difficult to exclude. Dif-
ferences in exposure definitions, extension of treat-
ment after admission, baseline disease severity, and
concomitant therapies may also have influenced the
subgroup estimates.

Across the secondary efficacy outcomes assessed,
including IMV, NIMV, ICU admission, ICU length of
stay, hospital length of stay, AKI, and RRT, aspirin was
not associated with clear clinical benefit. These neutral
findings were broadly consistent with the primary
RCT-only mortality analysis. However, most second-
ary analyses relied predominantly on non-RCTs or
combined randomized and non-randomized evidence.
They should therefore be considered exploratory, with
greater interpretative weight given to RCT-only esti-
mates where available.

The absence of benefit across these outcomes may
reflect the multifactorial pathophysiology of severe
COVID-19. Platelet activation is only one component
of disease progression, alongside endothelial injury,
systemic inflammation, coagulation activation, and
multiorgan dysfunction. Platelet inhibition alone may
therefore be insufficient to produce measurable clinical
improvement. Heterogeneity in aspirin exposure,
treatment timing, concomitant anticoagulation, out-
come definitions, and standards of care may have fur-
ther obscured any treatment effect.
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Major bleeding was the only secondary safety out-
come showing a statistically significant association in
the overall analysis. Although aspirin increased the
pooled risk of major bleeding, neither the RCT nor the
non-RCT subgroup reached statistical significance
when assessed separately, and there was no evidence
of a subgroup difference. Both subgroup estimates
nevertheless indicated an increased risk; the loss of sta-
tistical significance after stratification may reflect
fewer events and wider confidence intervals. Interpre-
tation is also limited by variation in aspirin exposure
definitions, baseline bleeding risk, concomitant antico-
agulant use, outcome ascertainment, and potential re-
sidual confounding in non-RCTs. Thus, this result
should be considered a possible safety signal rather
than conclusive evidence of harm.

Although a subgroup analysis by clinical setting
was performed, the finding should be interpreted with
caution because clinical setting serves only as an indi-
rect proxy for COVID-19 severity. The included stud-
ies did not consistently report standardized severity
categories or provide outcome data stratified by dis-
ease severity. Therefore, residual confounding by base-
line disease severity may remain.

This study has some limitations. Confounding by
indication remains an important limitation of the ob-
servational evidence, as patients receiving aspirin were
more likely to have pre-existing cardiovascular disease
and a higher baseline risk of adverse outcomes. To
minimize this concern, the primary analysis was re-
stricted to RCTs, while observational studies were an-
alyzed separately using adjusted estimates of effect
when available. The observational analyses, including
adjusted HRs and adjusted ORs syntheses, should be
interpreted as exploratory because residual confound-
ing and confounding by indication could not be ex-
cluded despite the adjustment methods used in indi-
vidual studies. Subgroup analysis by baseline cardio-
vascular risk was not feasible because these data were
reported insufficiently and inconsistently.

Meta-regression could not be performed reliably
because the primary RCT analysis included only five
studies, while the separate observational analyses
comprised nine studies reporting adjusted ORs and six
reporting adjusted HRs. Pooling these analytically dif-
ferent datasets solely to increase the number of studies
would have combined different study designs, effect
measures, and degrees of adjustment for confounding.
In addition, relevant study-level covariates were re-
ported incompletely and inconsistently. Consequently,
the potential contributions of age, treatment setting, as-
pirin exposure timing, cardiovascular disease preva-
lence, and publication year to residual heterogeneity
could not be quantitatively evaluated.

https://jppres.com
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The reporting of aspirin dose varied considerably
across the included studies. Although some studies
used low-dose aspirin or doses of 100 mg or less, sev-
eral reported broad dose ranges or did not provide
dosing information. Outcome data stratified by aspirin
dose were also rarely available. As a result, a formal
dose-response analysis or dose-based subgroup MA
could not be performed.

Mortality definitions varied across the included
studies. Endpoints at 28, 30, or 45 days, as well as in-
hospital and ICU mortality, were harmonized as short-
term all-cause mortality when they represented the
closest available early endpoint; however, these out-
comes are not fully equivalent. Differences in follow-
up duration, discharge practices, ICU admission crite-
ria, and event ascertainment may have introduced clin-
ical and methodological heterogeneity. Because few
studies were available within each mortality-definition
subgroup, subgrouping by mortality time horizon was
not feasible. The pooled estimates should therefore be
interpreted as short-term rather than strictly 1-month
all-cause mortality.

Concomitant anticoagulation was reported incon-
sistently across the included studies. When available,
information on the type, dose, intensity, indication,
and duration of anticoagulant therapy varied substan-
tially. Consequently, the effect attributable to aspirin
could not be reliably distinguished from the potential
influence of concurrent anticoagulation strategies.
Subgroup analyses according to pandemic wave, vac-
cination era, or predominant SARS-CoV-2 variant pe-
riod were also not feasible because recruitment periods
were inconsistently reported, many studies spanned
more than one pandemic phase, and information on in-
dividual vaccination status and circulating variants
was generally unavailable.

Publication bias and small-study effects could not
be reliably assessed for the revised primary outcome
because only five RCTs were available. Funnel plot in-
spection, Egger’s regression test, and trim-and-fill
analysis were therefore not performed, and the ab-
sence of a formal assessment should not be interpreted
as evidence that publication bias was absent.

Restriction to English-language publications may
have introduced language bias.

CONCLUSION

Current evidence does not support the routine use
of aspirin to reduce short-term all-cause mortality or
adverse clinical outcomes among patients with
COVID-19. Although aspirin was associated with
lower mortality in some adjusted observational anal-
yses, this finding should be interpreted cautiously be-
cause of heterogeneity and potential residual
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confounding. Aspirin use may increase major bleeding
risk, and further randomized evidence is needed be-
fore aspirin can be recommended for improving
COVID-19-related outcomes.
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Supplementary data

Table S1. Search strategy for each electronic database.

Aspirin and mortality risk in COVID-19

Database

Date searched

Search line

Search strategy

Limits/filters

Records
retrieved

PubMed/MEDLINE

September,
2024

#1

COVID 19 OR SARS-CoV-2 Infection OR Infection, SARS-CoV-2 OR
SARS CoV 2 Infection OR SARS-CoV-2 Infections OR 2019 Novel
Coronavirus Disease OR 2019 Novel Coronavirus Infection OR 2019-
nCoV Disease OR 2019 nCoV Disease OR 2019-nCoV Diseases OR
Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19 Virus
Infection OR COVID-19 Virus Infections OR Infection, COVID-19 Virus
OR Virus Infection, COVID-19 OR Coronavirus Disease 2019 OR
Disease 2019, Coronavirus OR Coronavirus Disease-19 OR
Coronavirus Disease 19 OR Severe Acute Respiratory Syndrome
Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-
19 Virus Disease OR COVID 19 Virus Disease OR COVID-19 Virus
Diseases OR Disease, COVID-19 Virus OR Virus Disease, COVID-19 OR
2019-nCoV Infection OR 2019 nCoV Infection OR 2019-nCoV Infections
OR Infection, 2019-nCoV OR COVID19 OR COVID-19 Pandemic OR
COVID 19 Pandemic OR Pandemic, COVID-19 OR COVID-19 Pandemics
OR covid-19 OR covid-19 virus disease OR 2019-nCOV infection OR
coronavirus disease 2019 OR SARS-CoV-2 OR covid OR 2019 novel
coronavirus disease

None

209,905

PubMed/MEDLINE

September,
2024

#2

Acetylsalicylic Acid OR Acid Acetylsalicylic OR 2-(Acetyloxy)benzoic
Acid OR Micristin OR Solprin OR Solupsan OR Zorprin OR Acetysal OR
Acylpyrin OR Aloxiprimum OR Colfarit OR Dispril OR Easprin OR
Ecotrin OR Endosprin OR Magnecyl OR Polopirin OR Polopiryna OR
ASA OR antiplatelet OR anti-COX OR Antiaggregated OR
antithrombotic OR acetylsalicylic acid

None

17,881

PubMed/MEDLINE

September,
2024

Combined
search

#1AND #2

None

839

Embase

September,
2024

#1

COVID 19 OR SARS-CoV-2 Infection OR Infection, SARS-CoV-2 OR
SARS CoV 2 Infection OR SARS-CoV-2 Infections OR 2019 Novel
Coronavirus Disease OR 2019 Novel Coronavirus Infection OR 2019-
nCoV Disease OR 2019 nCoV Disease OR 2019-nCoV Diseases OR
Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19 Virus
Infection OR COVID-19 Virus Infections OR Infection, COVID-19 Virus
OR Virus Infection, COVID-19 OR Coronavirus Disease 2019 OR
Disease 2019, Coronavirus OR Coronavirus Disease-19 OR
Coronavirus Disease 19 OR Severe Acute Respiratory Syndrome
Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-
19 Virus Disease OR COVID 19 Virus Disease OR COVID-19 Virus
Diseases OR Disease, COVID-19 Virus OR Virus Disease, COVID-19 OR
2019-nCoV Infection OR 2019 nCoV Infection OR 2019-nCoV Infections
OR Infection, 2019-nCoV OR COVID19 OR COVID-19 Pandemic OR
COVID 19 Pandemic OR Pandemic, COVID-19 OR COVID-19 Pandemics
OR covid-19 OR covid-19 virus disease OR 2019-nCOV infection OR
coronavirus disease 2019 OR SARS-CoV-2 OR covid OR 2019 novel
coronavirus disease

None

12,252

Embase

September,
2024

#2

Acetylsalicylic Acid OR Acid Acetylsalicylic OR 2-(Acetyloxy)benzoic
Acid OR Micristin OR Solprin OR Solupsan OR Zorprin OR Acetysal OR
Acylpyrin OR Aloxiprimum OR Colfarit OR Dispril OR Easprin OR
Ecotrin OR Endosprin OR Magnecyl OR Polopirin OR Polopiryna OR
ASA OR antiplatelet OR anti-COX OR Antiaggregated OR
antithrombotic OR acetylsalicylic acid

None

32,649

Embase

September,
2024

Combined
search

#1 AND #2

None

142

Scopus

September,
2024

#1

TITLE-ABS-KEY(COVID 19 OR SARS-CoV-2 Infection OR Infection,
SARS-CoV-2 OR SARS CoV 2 Infection OR SARS-CoV-2 Infections OR
2019 Novel Coronavirus Disease OR 2019 Novel Coronavirus Infection
OR 2019-nCoV Disease OR 2019 nCoV Disease OR 2019-nCoV Diseases
OR Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19
Virus Infection OR COVID-19 Virus Infections OR Infection, COVID-19
Virus OR Virus Infection, COVID-19 OR Coronavirus Disease 2019 OR
Disease 2019, Coronavirus OR Coronavirus Disease-19 OR
Coronavirus Disease 19 OR Severe Acute Respiratory Syndrome
Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-
19 Virus Disease OR COVID 19 Virus Disease OR COVID-19 Virus
Diseases OR Disease, COVID-19 Virus OR Virus Disease, COVID-19 OR
2019-nCoV Infection OR 2019 nCoV Infection OR 2019-nCoV Infections
OR Infection, 2019-nCoV OR COVID19 OR COVID-19 Pandemic OR
COVID 19 Pandemic OR Pandemic, COVID-19 OR COVID-19 Pandemics
OR covid-19 OR covid-19 virus disease OR 2019-nCOV infection OR
coronavirus disease 2019 OR SARS-CoV-2 OR covid OR 2019 novel
coronavirus disease)

None

150,898
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Table S1. Search strategy for each electronic database (continued).

Database

Date
searched

Search
line

Search strategy

Limits/filters

Records
retrieved

Scopus

September,
2024

#2

TITLE-ABS-KEY(Acetylsalicylic Acid OR Acid Acetylsalicylic OR 2-(Acetyloxy)benzoic Acid
OR Micristin OR Solprin OR Solupsan OR Zorprin OR Acetysal OR Acylpyrin OR
Aloxiprimum OR Colfarit OR Dispril OR Easprin OR Ecotrin OR Endosprin OR Magnecyl
OR Polopirin OR Polopiryna OR ASA OR antiplatelet OR anti-COX OR Antiaggregated OR
antithrombotic OR acetylsalicylic acid)

None

26,931

Scopus

September,
2024

Combined
search

#1 AND #2

None

1,667

Cochrane
Library

September,
2024

#1

COVID 19 OR SARS-CoV-2 Infection OR Infection, SARS-CoV-2 OR SARS CoV 2 Infection
OR SARS-CoV-2 Infections OR 2019 Novel Coronavirus Disease OR 2019 Novel
Coronavirus Infection OR 2019-nCoV Disease OR 2019 nCoV Disease OR 2019-nCoV
Diseases OR Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19 Virus
Infection OR COVID-19 Virus Infections OR Infection, COVID-19 Virus OR Virus Infection,
COVID-19 OR Coronavirus Disease 2019 OR Disease 2019, Coronavirus OR Coronavirus
Disease-19 OR Coronavirus Disease 19 OR Severe Acute Respiratory Syndrome
Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-19 Virus Disease OR
COVID 19 Virus Disease OR COVID-19 Virus Diseases OR Disease, COVID-19 Virus OR
Virus Disease, COVID-19 OR 2019-nCoV Infection OR 2019 nCoV Infection OR 2019-nCoV
Infections OR Infection, 2019-nCoV OR COVID19 OR COVID-19 Pandemic OR COVID 19
Pandemic OR Pandemic, COVID-19 OR COVID-19 Pandemics OR covid-19 OR covid-19
virus disease OR 2019-nCOV infection OR coronavirus disease 2019 OR SARS-CoV-2 OR
covid OR 2019 novel coronavirus disease

None

11,181

Cochrane
Library

September,
2024

#2

Acetylsalicylic Acid OR Acid Acetylsalicylic OR 2-(Acetyloxy)benzoic Acid OR Micristin
OR Solprin OR Solupsan OR Zorprin OR Acetysal OR Acylpyrin OR Aloxiprimum OR
Colfarit OR Dispril OR Easprin OR Ecotrin OR Endosprin OR Magnecyl OR Polopirin OR
Polopiryna OR ASA OR antiplatelet OR anti-COX OR Antiaggregated OR antithrombotic
OR acetylsalicylic acid

None

14,302

Cochrane
Library

September,
2024

Combined
search

#1 AND #2

None

78

Clinicaltrial.gov

September,
2024

#1

COVID 19 OR SARS-CoV-2 Infection OR Infection, SARS-CoV-2 OR SARS CoV 2 Infection
OR SARS-CoV-2 Infections OR 2019 Novel Coronavirus Disease OR 2019 Novel
Coronavirus Infection OR 2019-nCoV Disease OR 2019 nCoV Disease OR 2019-nCoV
Diseases (8370) OR Disease, 2019-nCoV OR COVID-19 Virus Infection OR COVID 19 Virus
Infection OR COVID-19 Virus Infections OR Infection, COVID-19 Virus OR Virus Infection,
COVID-19 OR Coronavirus Disease 2019 OR Disease 2019, Coronavirus OR Coronavirus
Disease-19 OR Coronavirus Disease 19 OR Severe Acute Respiratory Syndrome
Coronavirus 2 Infection OR SARS Coronavirus 2 Infection OR COVID-19 Virus Disease OR
COVID 19 Virus Disease OR COVID-19 Virus Diseases OR Disease, COVID-19 Virus OR
Virus Disease, COVID-19 OR 2019-nCoV Infection OR 2019 nCoV Infection OR 2019-nCoV
Infections OR Infection, 2019-nCoV OR COVID19 OR COVID-19 Pandemic OR COVID 19
Pandemic OR Pandemic, COVID-19 OR COVID-19 Pandemics OR covid-19 OR covid-19
virus disease OR 2019-nCOV infection OR coronavirus disease 2019 OR SARS-CoV-2 OR
covid OR 2019 novel coronavirus disease

None

9,346

Clinicaltrial.gov

September,
2024

#2

Acetylsalicylic Acid OR Acid Acetylsalicylic OR 2-(Acetyloxy)benzoic Acid OR Micristin
OR Solprin OR Solupsan OR Zorprin OR Acetysal OR Acylpyrin OR Aloxiprimum OR
Colfarit OR Dispril OR Easprin OR Ecotrin OR Endosprin OR Magnecyl OR Polopirin OR
Polopiryna OR ASA OR antiplatelet OR anti-COX OR Antiaggregated OR antithrombotic

None

826

Clinicaltrial.gov

September,
2024

Combined
search

#1AND #2

None

17

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(5): 15



https://jppres.com/

Bunditanukul et al.

Table S2. Characteristics of included aspirin and COVID-19 studies.

Aspirin and mortality risk in COVID-19

Study Design Method for reduced ASA user Control Population Aspirin Comparator Exposure timing Follow-up Effect estimate
confounding dose period
1. Alamdari et al. Cross-sectional No 53 406 Adult patients with confirmed NR No aspirin Pre-hospital or chronic During Unadjusted
(2020) COVID-19 aspirin use hospitalization
2.Yuanetal. (2021) Retrospective No 52 131 Adult patients with confirmed 75-150 mg No aspirin Pre-hospital or chronic During Adjusted OR
cohort COVID-19 and pre-existing coronary aspirin use hospitalization
artery disease (CAD)
3. Chow et al. (2021) Retrospective Multivariable regression 98 314 Adult patients with confirmed Low dose No aspirin Mixed/unclear/other During Adjusted HR
cohort COVID-19 hospitalization
4.Son et al. (2021) Case-control Multivariable regression 313 3512 Adult patients with confirmed NR No aspirin Pre-hospital or chronic From SARS-CoV-2 | Adjusted OR
COVID-19 aspirin use diagnosis until
occurrence of
complications or
death (during the
study period)
5. Kim et al. (2021) Retrospective Propensity score 15 20 Adult patients with confirmed NR No aspirin Mixed/unclear/other From COVID-19 Unadjusted
cohort COVID-19 diagnosis until
occurrence of
clinical outcomes
during
hospitalization
6. Liu et al. (2021) Retrospective Propensity score 24 24 Adult patients with confirmed 100 mg No aspirin In-hospital aspirin 60 days Unadjusted
cohort matching COVID-19 initiation/use
7. Merzon et al. Cross-sectional Multiple regression 21 91 Adult patients with confirmed Low-dose No aspirin Pre-hospital or chronic February 1to Adjusted OR
(2021) COVID-19 and were eligible for aspirin use June 30,2020
aspirin primary prevention
8.Zhao et al. (2021) Retrospective Propensity score 473 473 Adult patients with confirmed 81lor No aspirin In-hospital aspirin During Adjusted HR
cohort matching COVID-19 admitted in the ICU 300/325 mg initiation/use hospitalization
9. Osborne et al. Retrospective Propensity score 6300 6300 Adult patients with confirmed NR No aspirin Pre-hospital or chronic 30 days Adjusted OR
(2021) cohort matching COVID-19 aspirin use
10. Sahai et al. Retrospective Propensity score 248 248 Adult patients with confirmed 81mg No aspirin Mixed/unclear/other During Adjusted OR
(2021) cohort matching COVID-19 hospitalization
11. Sisinni et al. Retrospective Multivariable regression 253 731 Adult patients with confirmed 750r100 mg | No aspirin Pre-hospital or chronic 30 days Unadjusted
(2021) cohort COVID-19 aspirin use
12. Togano et al. Retrospective Propensity score 218 434 Adult patients with confirmed NR No aspirin Pre-hospital or chronic Severity assessed | Adjusted OR
(2021) cohort matching COVID-19 aspirin use at hospital
admission
13. Connors et al. RCT No 144 136 Symptomatic, clinically stable 81mg Placebo Mixed/unclear/other 45 days Unadjusted (RCT)
(2021) adult outpatients with COVID-19
https://jppres.com J Pharm Pharmacogn Res (2026) 14(5): 16
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14. Botton et al. Retrospective Cox regression 1542840 29529802 Adults aged 240 years from the Low-dose No aspirin Pre-hospital or chronic From February Adjusted HR
(2022) cohort general population without known aspirin use 15,2020 until
cardiovascular disease hospitalization;
patients
hospitalized for
COVID-19 were
further followed
until
intubation/death
or July 15, 2020 if
still hospitalized
15. Husain et al. Retrospective No 11 31 Adult patients with confirmed Low-dose No aspirin Mixed/unclear/other Until recovery or Unadjusted
(2022) cohort COVID-19 death
16. Sullerot et al. Retrospective Propensity score 301 746 Adults aged =75 years with NR No aspirin Pre-hospital or chronic 30 days Adjusted HR
(2022) cohort radiologically confirmed COVID-19 aspirin use
17. Al Harthi et al. Retrospective Propensity score 176 175 Adult critically ill patients with 81-100 mg No aspirin Mixed/unclear/other During Adjusted HR
(2022) cohort confirmed COVID-19 admitted to hospitalization
ICUs
18. Gogtay et al. Retrospective Multivariable regression 38 87 Adult patients with confirmed =81 mg No aspirin Pre-hospital or chronic During Adjusted OR
(2022) cohort COVID-19 aspirin use hospitalization
19. Chow et al. Retrospective Inverse probability of 13795 98275 Adult hospitalized patients with Low dose No aspirin Mixed/unclear/other 28-day in- Adjusted OR
(2022) cohort treatment weighting moderate COVID-19 hospital follow-
up
20. Horby et al. RCT No 7351 7541 Adult hospitalized patients with 150 mg No aspirin In-hospital aspirin 28 days Unadjusted (RCT)
(2022) clinically suspected or confirmed initiation/use
COVID-19
21. Bradbury et al. RCT No 563 521 Critically ill adult hospitalized 75-100 mg No aspirin In-hospital aspirin 90 days Unadjusted (RCT)
(2022) patients with clinically suspected initiation/use
or confirmed COVID-19
22. Elkelboom et al. RCT No 1945 1936 Community-dwelling adults (=30 100 mg No aspirin Mixed/unclear/other 45 days Unadjusted (RCT)
(2022) years) with symptomatic,
confirmed COVID-19 at high risk of
disease progression
23. Ali et al. (2022) Retrospective No 660 530 Adult critically ill patients with 150 mg No aspirin In-hospital aspirin Until ICU Unadjusted
cohort confirmed COVID-19 admitted to initiation/use discharge or ICU
the ICU death
24. Formiga et al. Retrospective Propensity score 3291 2885 Adult hospitalized patients with NR No aspirin Pre-hospital or chronic During Adjusted OR
(2022) cohort matching COVID-19 aspirin use hospitalization
25. Ghati et al. RCT No 221 219 Hospitalized adults aged 40-74 75mg No aspirin In-hospital aspirin 10 days or until Unadjusted (RCT)
(2022) years with mild-to-moderate initiation/use hospital
confirmed COVID-19 discharge
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26. Lal et al. (2022) Retrospective Cox regression 4691 16888 Adult hospitalized patients with NR No aspirin Pre-hospital or chronic Until hospital Adjusted HR
cohort COVID-19 aspirin use discharge or

death
27. Malik et al. Cross-sectional Multivariable regression 112 399 Adult patients with confirmed 81-160 mg No aspirin Pre-hospital or chronic During index Adjusted OR
(2022) COVID-19 aspirin use hospitalization

and 30-day

readmission
28. Zekri-Nechar et Retrospective No 41 160 Adults aged =60 years with 100 mg No aspirin Pre-hospital or chronic During Unadjusted
al. (2022) cohort radiologically confirmed COVID-19 aspirin use hospitalization
29. Abul et al. (2023) Retrospective Cox regression 511 1176 VA Community Living Center 81mg No aspirin Pre-hospital or chronic 30-day and 56- Adjusted HR

cohort residents with confirmed COVID-19 aspirin use day follow-up
30. Azizi et al. (2023) Cross-sectional No 131 133 Adult hospitalized patients with 80 mg No aspirin Mixed/unclear/other During Unadjusted
COVID-19 hospitalization

31. Dalbeniet al. Retrospective Propensity score 190 190 Adult hospitalized patients with 75-100 mg No aspirin Pre-hospital or chronic During Unadjusted
(2023) cohort matching COVID-19 aspirin use hospitalization
32. Sokolski et al. Retrospective Propensity score 274 274 Adult hospitalized patients with NR No aspirin Pre-hospital or chronic In-hospital, 3- Unadjusted
(2024) cohort matching COVID-19 aspirin use month, and 6-

month follow-up
33.Vinod et al. Retrospective Multivariable regression 128 248 Adult hospitalized patients with NR No aspirin Mixed/unclear/other During Adjusted OR
(2024) cohort COVID-19 hospitalization

Abbreviations: ASA: aspirin. * The mortality outcome of REMAP-CAP included in the primary meta-analysis was in-hospital mortality derived from survival to hospital discharge.

Table S3. Characteristics of included aspirin and COVID-19 studies (continued)

IMV: 35/98 (35.7%)

ICU admission: 38/98 (38.8%)

Thrombotic events: 8/98 (8.2%)
Lengths of ICU stay: 17 days
Lengths of hospital stays: 9 days
Major bleed: 6/98 (6.1%)

Author Total Mean age Male HTN DM CHD Outcome in aspirin group Outcome in control group
participants (years) (%) (%) (%) (%)
1. Alamdari et al. (2020) 459 61.9 69.7 46.6 253 40.3 Mortality: 9/53 (17%) Mortality: 54/406 (13.3%)
2.Yuan et al. (2021) 183 71.2 50 56 22 100 Mortality: 11/52 (21.2%) Mortality: 29/131 (22.1%)
IMV: 1/52 (1.19%) IMV: 15/131 (11.5%)
NIMV 10/52 (19.2%) NIMV 34/131 (26%)
3. Chow et al. (2021) 412 55 59.2 59 35 13 Mortality: 26/98 (26.5%) Mortality: 73/314 (23.2%)

IMV: 152/314 (48.4%)

ICU admission: 160/314 (51%)

Thrombotic events: 28/314 (8.9%)
Lengths of ICU stay: 13 days
Lengths of hospital stays: 8 days
Major bleed: 24/314 (7.6%)

https://j

res.com

J Pharm Pharmacogn Res (2026) 14(5): 18



https://jppres.com/

Bunditanukul et al.

Aspirin and mortality risk in COVID-19

4.Son et al. (2021) 3825 N/A 36.7 38 16 14 Mortality: 37/313 (11.8%) Mortality: 91/3512 (2.6%)
5. Kim et al. (2021) 35 N/A 441 25 16.4 8.3 Mortality: 6/15 (40%) Mortality: 1/20 (5%)
IMV: 4/15 (26.7%) IMV: 1/20 (5%)
NIMV: 7/15 (46.7%) NIMV: 7/20 (35%)
ICU admission: 4/15 (26.7%) ICU admission: 1/20 (5%)
6. Liu et al. (2021) 48 56 50.4 259 12.1 7.8 Mortality: 1/24 (4.2%) Mortality: 7/24 (29.2%)
7. Merzon et al. (2021) 112 62.3 57 31 27 0 Mortality: 1/21 (4.8%) Mortality: 6/91 (6.6%)
8.Zhao et al. (2021) 946 65 58.8 74.8 45.2 18.4 Mortality: 121/473 (25.6%) Mortality: 140/473 (29.6%)
9. Osborne et al. (2021) 12,600 67 96 81 54 N/A Mortality: 272/6300 (4%) Mortality: 661/6300 (10.5%)
10. Sahai et al. (2021) 496 N/A 49 53 27 13 Mortality: 33/248 (13.3%) Mortality: 38/248 (15.3%)
Thrombotic events: 24/248 (9.7%) Thrombotic events: 7/248 (2.8%)
11. Sisinni et al. (2021) 984 72 69 62 19 9 Mortality: 93/253 (36.8%) Mortality: 251/731 (34.3%)
IMV: 38/253 (15%) IMV: 183/731 (25%)
NIMV: 48/253 (19%) NIMV: 183/731 (25%)
Lengths of hospital stays: 11 days Lengths of hospital stays: 11 days
12. Togano et al. (2021) 652 52 59.8 18 14 3 Severe disease on admission: 108/218 (49.5%) Severe disease on admission: 232/434 (53.5%)
13. Connors et al. (2021) 280 54 42 33 16 0 Mortality: 0/144 (0%) Mortality: 0/136 (0%)
Thrombotic events: 0/144 (0%) Thrombotic events: 0/136 (0%)
Major bleed: 0/144 (0%) Major bleed: 0/136 (0%)
14. Botton et al. (2021) 31072642 73 55 26 8 0 Hospital admission: 5573/1542840 (0.4%) Hospital admission: 47227/29529802 (0.2%)
15. Husain et al. (2022) 42 47 64 14 19 14 Mortality: 0/11 (0%) Mortality: 3/31 (10%)
16. Sullerot et al. (2022) 1047 88 50 N/A 27 17 Mortality: 101/301 (34.4%) Mortality: 224/746 (30%)
ICU admission: 22/301 (7.3%) ICU admission: 26/746 (3.5%)
Lengths of hospital stays: 10 days Lengths of hospital stays: 10 days
17. Al Harthi et al. (2022) 351 67.6 68.4 70.5 69.1 13.2 Mortality: 95/176 (54.0%) Mortality: 97/176 (55.1%)
IMV: 23/42 (54.85%) IMV: 25/47 (53.2)
Thrombotic events: 20/174 (11.5%) Thrombotic events: 10/175 (5.7%)
AKI: 79/176 (44.9%) AKI: 87/176 (49.4%)
Lengths of ICU stay: 9 days Lengths of ICU stay: 9.5 days
Lengths of hospital stays: 20 days Lengths of hospital stays: 16.5 days
Major bleed: 11/175 (6.3%) Major bleed: 5/176 (2.8%)
18. Gogtay et al. (2022) 125 N/A 41.6 83 41 N/A Mortality: 12/38 (31.5%) Mortality: 21/87 (24.1%)

IMV: 5/38 (13.1%)
ICU admission: 9/38 (23.7%)
Thrombotic events: 2/38 (5.3%)

IMV: 21/87 (24.1%)
ICU admission: 38/87 (43.7%)
Thrombotic events: 1/87 (1.1%)
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IMV: 13/112 (11.6%)

19. Chow et al. (2022) 112070 63 50 49 31 27 Mortality: 1410/13795 (10.2%) Mortality: 11577/98275 (11.8%)
Thrombotic events: 278/13795 (2%) Thrombotic events: 2363/98275 (2.4%)
Major bleed: 504/13795 (3.7) Major bleed: 3193/98275 (3.2%)
20. Horby et al. (2022) 14892 59.2 62 N/A 22 11 Mortality: 1222/7351 (17%) Mortality: 1299/7541 (17%)
IMV: 772/6993 (11%) IMV: 829/7169 (12%)
NIMV: 1101/7351 (15%) NIMV: 1162/7541 (15.4%)
Thrombotic events: 339/7351 (4.6%) Thrombotic events: 396/7541 (5.3%)
RRT: 273/7291 (4%) RRT: 282/7480 (4%)
Major bleed: 115/7351 (1.6%) Major bleed: 76/7541 (1%)
Lengths of hospital stays: 8 days Lengths of hospital stays: 9 days
21. Bradbury et al. (2022) 1084 57 65 N/A 22 4 Mortality: 161/563 (28.6%) Mortality: 167/521 (32.1%)
Thrombotic events: 69/556 (12.4%) Thrombotic events: 65/513 (12.7%)
Major bleed: 11/559 (2.0%) Major bleed: 2/517 (0.4%)
22. Elkelboom et al. (2022) 3881 45 60.6 20 13 4 Mortality: 12/1945 (0.6%) Mortality: 11/1936 (0.6%)
Thrombotic events: 2/1945 (0.1%) Thrombotic events: 5/1936 (0.2%)
23. Ali et al. (2022) 1190 63.3 54 58.9 46 22.2 Mortality: 152/660 (23%) Mortality: 202/530 (38.1%)
IMV: 302/660 (45.8%) IMV: 172/530 (32.4%)
Thrombotic events: 62/660 (9.4%) Thrombotic events: 152/530 (28.7%)
AKI: 29/660 (4.4%) AKI: 28/530 (4.7%)
Major bleed: 47/660 (7.1%) Major bleed: 24/530 (4.5%)
24. Formiga et al. (2022) 6176 78.3 60.8 78.6 36.4 23.8 Mortality: 1000/3291 (30.4%) Mortality: 874/2285 (38.2%)
IMV: 214/3291 (6.5%) IMV: 182/2285 (8%)
NIMV: 220/3291 (6.7%) NIMV: 182/2285 (8%)
ICU admission: 283/3291 (8.6%) ICU admission: 237/2285 (10.4%)
Thrombotic events: 3/3291 (0.1%) Thrombotic events: 6/2285 (0.3%)
25. Ghati et al. (2022) 440 52 74 29 28 1 Mortality: 3/221 (1.4%) Mortality: 7/219 (3.2%)
IMV: 3/221 (1.4%) IMV: 6/219 (2.7%)
Lengths of hospital stays: 9 days Lengths of hospital stays: 9 days
Major bleed: 0/221 (0%) Major bleed: 0/219 (0%)
26. Lal et al. (2022) 21579 60.7 56.6 55.1 35.4 12,5 Mortality: 1140/4691 (24.3%) Mortality: 3002/16888 (17.8%)
IMV: 272/4691 (5.8%) IMV: 969/16888 (5.7%)
ICU admission: 1862/4691 (39.7%) ICU admission: 7289/16888 (43.2%)
Lengths of hospital stays: 11.5 days Lengths of hospital stays: 11.6 days
27. Malik et al. (2022) 511 60.5 522 64 35.9 383 Mortality: 15/112 (13.4%) Mortality: 24/399 (6%)

IMV: 26/399 (6.5%)
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ICU admission: 28/112 (25%)
Thrombotic events: 7/112 (6.2%)
Lengths of hospital stays: 7 days
Lengths of ICU stay: 9 days
Major bleed: 6/112 (5.4%)

ICU admission: 77/399 (19.3%)
Thrombotic events: 19/399 (4.8%)
Lengths of hospital stays: 6 days
Lengths of ICU stay: 4.5 days
Major bleed: 6/399 (1.5%)

IMV: 27/128 (21.1%)

Thrombotic events: 15/128 (11.7%)
AKI: 57/128 (44.5%)

RRT: 5/128 (3.9%)

Lengths of hospital stays: 5.5 days

28. Zekri-Nechar et al. (2022) 201 74.8 62.6 49.3 13.6 N/A Mortality: 14/41 (34.1%) Mortality: 47/160 (29.4%)
ICU admission: 14/41 (34.1%) ICU admission: 47/160 (29.4%)
Thrombotic events: 9/41 (22%) Thrombotic events: 41/160 (25.6%)
Lengths of hospital stays: 11 days Lengths of hospital stays: 12 days
29. Abul et al. (2023) 1687 723 96 74.6 50.1 N/A Mortality: 33/511 (6.4%) Mortality: 121/1176 (10.3%)
30. Azizi et al. (2023) 264 N/A 7% N/A T 30 Mortality: 17/131 (13%) Mortality: 17/133 (12.8%)
IMV: 13/131 (10%) IMV: 6/133 (4.5%)
NIMV: 19/131 (14.5%) NIMV: 11/131 (8.4%)
31. Dalbeni et al. (2023) 380 7 66.2 79.2 36 N/A Mortality: 75/190 (39.5%) Mortality: 64/190 (33.7%)
NIMV: 17/190 (8.9%) NIMV: 15/190 (7.9%)
ICU admission: 17/190 (8.9%) ICU admission: 17/190 (9.5%)
Lengths of hospital stays: 9 days Lengths of hospital stays: 10 days
32. Sokolski et al. (2024) 548 71.5 55.5 83 46.5 22,5 Mortality: 53/274 (19.3%) Mortality: 64/274 (23.4%)
IMV: 23/274 (8.4%) IMV: 44/274 (16%)
NIMV: 34/274 (12.4%) NIMV: 19/274 (6.9%)
ICU admission: 25/274 (9.1%) ICU admission: 42/274 (15.3%)
Thrombotic events: 28/274 (10.2%) Thrombotic events: 21/274 (7.7%)
Lengths of hospital stays: 13 days Lengths of hospital stays: 12 days
Major bleed: 19/274 (6.9%) Major bleed: 18/274 (6.6%)
33.Vinod et al. (2024) 376 63.3 44.2 81.8 52.6 28.6 Mortality: 30/128 (23.4%) Mortality: 50/248 (20.2%)

IMV: 38/248 (15.3%)

Thrombotic events: 26/248 (10.5%)
AKI: 75/248 (30.2%)

RRT: 17/248 (6.8%)

Lengths of hospital stays: 4 days

* The mortality outcome of REMAP-CAP included in the primary meta-analysis was in-hospital mortality derived from survival to hospital discharge.
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Table S4. Outcome data contributed to each quantitative synthesis

Study Short-term all- Invasive Non-invasive ICU admission ICU length of Hospital length Thromboembolism Renal outcome Major bleeding
cause mortality mechanical mechanical stay of stay
ventilation ventilation

1. Alamdari et al. (2020)

2.Yuan et al. (2021)

3. Chow et al. (2021)

4, Son et al. (2021)

5. Kim et al. (2021)

6. Liu et al. (2021)

7. Merzon et al. (2021)

8. Zhao et al. (2021)

9. Osborne et al. (2021)

10. Sahai et al. (2021)
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11. Sisinni et al. (2021)
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13. Connors et al. (2021)

14. Botton et al. (2022)

15. Husain et al. (2022)

|

|
\
|
&
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16. Sullerot et al. (2022)

17. Al Harthi et al. (2022)

18. Gogtay et al. (2022)

19. Chow et al. (2022)

20. Horby et al. (2022)

21. Bradbury et al. (2022)

22. Elkelboom et al. (2022)

23. Ali et al. (2022)

AN IEN IEN EEN IEN IR N RN N

24. Formiga et al. (2022)

25. Ghati et al. (2022)

SN IEN IEN EE N RN RN RN IEN IEN IEN IENE RN

SN IENH IENH KN

26. Lal et al. (2022)
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27. Malik et al. (2022) v — v v v v — v
28. Zekri-Nechar et al. - - v - v v — —
(2022)

29. Abul et al. (2023) v — — — — — — — —
30. Azizi et al. (2023) v v v — — — — _ _
31. Dalbeni et al. (2023) v — v v — v — — —
32. Sokolski et al. (2024) v v v v — v v — v
33.Vinod et al. (2024) v v — — — V4 v v —

Abbreviations: ASA: aspirin; ICU: intensive care unit. v indicates that data from the corresponding study were included in the quantitative synthesis for that outcome; — indicates that data were not included in the corresponding
quantitative synthesis. This table indicates whether each study contributed data to each meta-analysis and should not be interpreted solely as whether the outcome was reported in the original study.
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Study Randomization | Deviations from Missing Measurement | Selection of the Overall
Process the Intended Outcome Data | of the Outcome | Reported Result
Interventions

Bradbury et al. (2022)

Horby et al. (2022)

Connors et al. (2021)

Eikelboom et al. (2022)

Ghati et al. (2022)
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Figure S1. RoB 2 summary plot for short-term all-cause mortality among RCTs.
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Figure S2. RoB 2 summary plot for major bleeding outcomes among RCTs.

ACT study was not included in the RoB 2 assessment for major bleeding because bleeding events were not reported separately.
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Figure S3. ROBINS-I summary plot for short-term all-cause mortality among non-RCTs.

Botton et al. (2022) and Togano et al. (2021) were not assessed for the short-term all-cause mortality outcome because they did not report all-cause mortality
estimate eligible for this analysis.
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Study D1 D2 D3 D4 D5 Dé D7 Overall
Alamdari et al. (2020) N/A N/A N/A N/A N/A N/A N/A N/A
Yuan et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Chow et al. (2021) ‘ Q ‘ O . O Q ‘
Son et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Kim et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Liu et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Merzon et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Zhao et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Osborne et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Sahai et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Sisinni et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Togano et al. (2021) N/A N/A N/A N/A N/A N/A N/A N/A
Botton et al. (2022) N/A N/A N/A N/A N/A N/A N/A N/A
Husain et al. (2022) N/A N/A N/A N/A N/A N/A N/A N/A
Sullerot et al. (2022) N/A N/A N/A N/A N/A N/A N/A N/A
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Figure S4. ROBINS-I summary plot for major bleeding outcomes among non-RCTs.
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ROBINS-I assessment for bleeding outcomes was conducted only among studies that reported bleeding events separately. Studies that did not report bleeding
outcomes were not assessed for this outcome.
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QOdds ratio Weight

Study with 95% CI (%)

Yuan et al. (2021) —i— 0.94[0.41, 217] 747
Son et al. (2021) + 0.76 [0.34, 1.70] 7.74
Merzon et al. (2021) 0.36[0.02, 6.66] 0.96
Osborne et al. (2021) [} ‘ 0.38[0.33, 0.44] 17.63
Sahai et al. (2021) —— 0.85[0.51, 1.41] 11.93
Chow et al. (2022) . 0.85[0.79, 0.92] 18.31
Formiga et al. (2022) 0] 1.05[0.92, 1.19] 17.90

Malik et al. (2022) — 0.85[0.36, 2.00] 7.23
Vinod et al. (2024) —.— 0.86[0.48, 1.52] 10.83
*

Overall

Heterogeneity: 1° = 0.12, I* = 90.49%, H* = 10.52
Test of 8, = 6;: Q(8) = 108.54, p = 0.00
Testof6=0:z=-1.83, p=0.07

0.76 [ 0.57, 1.02] 100.00
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Figure S5. Exploratory analysis of adjusted ORs for short-term all-cause mortality among patients with COVID-19 receiving aspirin
versus no aspirin: observational studies.

Forest plot showing study-specific ORs and pooled ORs with 95% Cls comparing aspirin with control.

Table S5. Leave-one-out sensitivity analysis of aspirin versus control for short-term all-cause mortality in RCTs

Omitted study Pooled RR 95% CI p-value 12

Primary analysis 0.95 0.89-1.02 0.16 0%
Connors et al. (2021) 0.95 0.89-1.01 0.16 0%
Horby et al. (2022) 0.89 0.75-1.06 0.18 0%
Bradbury et al. (2022) 0.96 0.90-1.03 0.30 0%
Elkelboom et al. (2022) | 0.95 0.89-1.02 0.15 0%
Ghati et al. (2022) 0.96 0.90-1.02 0.18 0%

Hazard ratio ~ Weight

Study with 95% CI (%)

Chow et al. (2021) — 0.53[0.31, 0.90] 7.29
Zhao et al. (2021) —— 0.72[0.60, 0.87] 22.15
Sullerot et al. (2022) —i— 1.10[0.81, 1.49] 15.00
Al Harthi et al. (2022) —i 0.86[0.65, 1.14] 16.26
Lal et al. (2022) = 0.89[0.82, 0.97] 28.55
Abul et al. (2023) — 0.60 [ 0.40, 0.90] 10.75
Overall < 0.80[0.68, 0.95] 100.00

Heterogeneity: 1° = 0.02, I = 63.63%, H* = 2.75
Testof 8, = 6, Q(5) = 12.81, p = 0.03
Testof6=0:z=-2.59, p=0.01

Figure S6. Exploratory analysis of adjusted HRs for short-term all-cause mortality among patients with COVID-19 receiving aspirin
versus no aspirin: observational studies.

Forest plot showing study-specific HRs and pooled HRs with 95% Cls comparing aspirin with control.
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ASA Control Risk ratio Weight
Study Die Survived Die  Survived with 95% CI (%)
Alamdari et al. (2020) 9 44 54 352 —‘F— 1.28[0.67, 2.43] 334
Yuan et al. (2021) 11 41 29 102 f 0.96[0.52, 1.77] 3.45
Chow et al. (2021) 26 72 73 241 3 1.14[0.78, 1.68] 4.33
Son et al. (2021) 37 276 91 3421 ] 456[3.17, 6.57] 4.41
Kim et al. (2021) 6 9 1 19 8.00[1.07, 59.61]  0.81
Liu et al. (2021) 1 23 7 17 0.14[0.02, 1.07] 0.81
Merzon et al. (2021) 1 20 6 85 —— 0.72[0.09, 568] 0.78
Zhao et al. (2021) 121 352 140 333 [l 0.86[0.70, 1.06] 4.90
Osborne et al. (2021) 272 6,028 661 5,639 ] 0.41[0.36, 047] 5.06
Sahai et al. (2021) 33 215 38 210 B 0.87[0.56, 1.34] 4.15
Sisinni et al. (2021) 93 160 251 480 i 1.07[0.89, 1.29] 495
Husain et al. (2022) 0 11 3 28 0.38[0.02, 6.84] 043
Sullerot et al. (2022) 101 200 224 522 [ 1.12[0.92, 1.36] 4.94
Al Harthi et al. (2022) 95 81 97 78 F 0.97[0.80, 1.18) 4.95
Gogtay et al. (2022) 12 26 21 66 - 1.31[0.72, 2.38] 3.51
Chow et al. (2022) 1410 12,385 11,577 86,698 i 0.87[0.82, 091] 517
Ali et al. (2022) 152 508 202 328 B 0.60[0.51, 0.72] 4.98
Formiga et al. (2022) 1,000 2,291 874 2,011 [ 1.00[0.93, 1.08] 5.15
Lal et al. (2022) 1,140 3,551 3,002 13,886 i 1.37[1.29, 145] 5.16
Malik et al. (2022) 15 97 24 375 - 2.23[1.21, 410] 347
Zekri-Nechar et al. (2022) 14 27 47 113 e 3 1.16[0.71, 1.89] 3.94
Abul et al. (2023) 33 478 121 1,055 B 0.63[0.43, 0.91] 438
Azizi et al. (2023) 17 114 17 116 —F— 1.02[0.54, 1.90] 3.40
Dalbeni et al. (2023) 75 115 64 126 - 1.17[0.90, 1.53] 4.74
Sokolski et al. (2024) 53 221 64 210 - 0.83[0.60, 1.14] 455
Vinod et al. (2024) 30 98 50 198 . ] 1.16[0.78, 1.73] 4.28
Overall 4,757 27,443 17,738 116,709 ‘0 1.04[0.85, 1.26] 100.00
Heterogeneity: 1° = 0.20, I* = 96.25%, H® = 26.64
Test of 8, = 6;: Q(25) = 422.04, p = 0.00
Testof6=0:z2=0.36,p=0.72

0.25 1.00 4.0

Figure S7. Exploratory analysis of crude RRs for short-term all-cause mortality among patients with COVID-19 receiving aspirin versus no
aspirin: observational studies.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
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Hazard ratio ~ Weight

Study with 95% ClI (%)
Zhao et al. (2021) —— 0.72[0.60, 0.87] 40.27
Sullerot et al. (2022) —— 1.10[0.81, 1.49] 28.81
Al Harthi et al. (2022) = —== 0.86[0.65, 1.14] 30.92
Overall == 0.86 [ 0.67, 1.10] 100.00

Heterogeneity: 1° = 0.03, I* = 63.58%, H* = 2.75
Test of 6, = 8: Q(2) = 5.56, p = 0.06
Testof 6=0:2=-1.22,p=0.22

0.50 1.00 2.00

Figure S8. Exploratory analysis of adjusted HRs for short-term all-cause mortality among patients with COVID-19 receiving aspirin
versus no aspirin: observational studies using propensity score-based studies.

Forest plot shows study-specific HRs and pooled HRs with 95% Cls comparing aspirin with control.

exp(ES) Weight

Study with 95% CI (%)
Osborne et al. (2021) = 0.38[0.33, 0.44] 26.26
Sahai et al. (2021) = 0.85[0.51, 1.41] 20.36
Chow et al. (2022) I 0.85[0.79, 0.92] 26.87
Formiga et al. (2022) ‘w 1.05[0.92, 1.19] 26.51
Overall *‘.’L‘ 0.73[0.46, 1.15] 100.00
Heterogeneity: 1° = 0.20, I = 97.55%, H” = 40.77
Test of 6, = 6;: Q(3) = 107.97, p = 0.00
Testof 8=0:2=-1.35,p=0.18

0.50 1.00 2.00

Figure S9. Exploratory analysis of adjusted ORs for short-term all-cause mortality among patients with COVID-19 receiving aspirin versus no
aspirin: observational studies using propensity score-based studies.

Forest plot shows study-specific ORs and pooled ORs with 95% Cls comparing aspirin with control.

ASA Control Risk ratio Weight
Study Die Survived Die Survived with 95% CI (%)
Kim et al. (2021) 6 9 1 19 |—#—8.00[ 1.07, 59.61] 14.45
Liu et al. (2021) 1 23 7 1 ——W— 0.14[0.02, 1.07] 1437
Dalbeni et al. (2023) 75 115 64 126 = 1.17[0.90, 1.53] 35.81
Sokolski et al. (2024) 53 221 64 210 . 0.83[0.60, 1.14] 35.37
Overall 135 368 136 372 4‘ 1.01[0.38, 2.69] 100.00

Heterogeneity: 1° = 0.68, I* = 91.35%, H’ = 11.56
Testof 8 = 6;: Q(3) = 10.33, p = 0.02
Testof 8=0:2=0.02, p=0.98

0.25 1.00 4.00

Figure S10. Exploratory analysis of crude data for short-term all-cause mortality among patients with COVID-19 receiving aspirin versus
no aspirin: observational studies using propensity score-based studies.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
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ASA Control Risk ratio Weight
Study Die Survived Die  Survived with 95% CI (%)
Son et al. (2021) 37 276 91 3,421 ] 456[3.17, 6.57] 6.56
Kim et al. (2021) 6 9 1 19 —®—8.00[ 1.07, 59.61] 1.60
Liu et al. (2021) 1 23 7 17 +—8—— 0.14[0.02, 1.07] 1.59
Merzon et al. (2021) 1 20 6 85 —— 0.72[0.09, 5.68] 1.53
Zhao et al. (2021) 121 352 140 333 [ 0.86[0.70, 1.06] 7.06
Osborne et al. (2021) 272 6,028 661 5,639 @ ‘ 0.41[0.36, 047] 7.21
Sahai et al. (2021) 33 215 38 210 I 0.87[0.56, 1.34] 6.29
Sisinni et al. (2021) 93 160 251 480 . 1.07[0.89, 1.29] 7.10
Sullerot et al. (2022) 101 200 224 522 # 1.12[0.92, 1.36] 7.09
Chow et al. (2022) 1410 12,385 11,577 86,698 - 0.87[0.82, 0.91] 7.31
Formiga et al. (2022) 1,000 2,291 874 2,011 I 1.00[0.93, 1.08] 7.29
Lal et al. (2022) 1,140 3,551 3,002 13,886 i 1.37[1.29, 1.45] 7.31
Malik et al. (2022) 15 97 24 375 ‘ - 223[1.21, 4.10] 5.51
Abul et al. (2023) 33 478 121 1,055 .‘ 0.63[0.43, 0091] 6.53
Dalbeni et al. (2023) 75 115 64 126 =] 117[0.90, 1.53] 6.90
Sokolski et al. (2024) 53 221 64 210 i 0.83[0.60, 1.14] 6.71
Vinod et al. (2024) 30 98 50 198 r 1.16[0.78, 1.73] 6.42
Overall 1.06 [0.80, 1.42] 100.00
Heterogeneity: T° = 0.29, I° = 98.15%, H® = 54.19
Test of 6, = 6;: Q(16) = 388.84, p = 0.00
Testof 6=0:z=0.41,p=0.68 ‘
0.25 1.00 4.0

Figure S11. Sensitivity analysis of crude short-term all-cause mortality in observational studies after excluding studies at serious or

critical risk of bias according to ROBINS-I.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.

Treatment Control Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Son et al. (2021) 37 276 91 3,421 —l—456[3.17, 6.57]  9.56
Osborne et al. (2021) 272 6,028 661 5,639 I ‘ 0.41[0.36, 0.47] 10.35
Sahai et al. (2021) 33 215 38 210 —l— 0.87[0.56, 1.34] 9.23
Sullerot et al. (2022) 101 200 224 522 —.— 1.12[0.92, 1.36] 10.21
Chow et al. (2022) 1,410 12,385 11,577 86,698 .1 0.87[0.82, 0.91] 1047
Formiga et al. (2022) 1,000 2,291 874 2,011 . 1.00[0.93, 1.08] 10.45
Lal et al. (2022) 1,140 3,551 3,002 13,886 | W 1.37[1.29, 1.45] 10.46
Abul et al (2023) 33 478 121 1,055 —il— \ 0.63[0.43, 0.91] 9.53
Dalbeni et al. (2023) 75 115 64 126 —I— 1.17[0.90, 1.53] 9.98
Sokolski et al. (2024) 53 221 64 210 — 0.83[0.60, 1.14] 9.75

Overall 4,154 25760 16,716 113,778 e 1.02[0.70, 1.49] 100.00
Heterogeneity: 1° = 0.36, I = 99.04%, H’ = 104.59
Test of 8, = 8;: Q(9) = 371.49, p = 0.00

Testof 6=0:z2=0.12, p=0.91

025 1.00 4.00

Figure S12. Sensitivity analysis of crude short-term all-cause mortality in observational studies after excluding studies at serious or
critical risk of bias due to confounding according to ROBINS-I.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
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ASA Control Risk ratio Weight
Study Die Survived Die Survived with 95% CI (%)
ICu
Zhao et al. (2021) 121 352 140 333 ] 0.86[0.70, 1.06] 434
Al Harthi et al. (2022) 95 81 97 78 =] 0.97[0.80, 1.18] 4.39
Bradbury et al. (2022) 161 402 167 354 ] 0.89[0.74, 1.07] 4.41
Ali, et al. 2022 152 508 202 328 o 060[051, 0.72] 442
Heterogeneity: T° = 0.04, I’ = 79.84%, H’ = 4.96 ’ 0.82[0.66, 1.01]
Testof 8, = 8;: Q(3) = 15.63, p = 0.00
Testof 6 =0:z=-1.87, p=0.06
IPD
Alamdari et al. (2020) 9 44 54 352 - 1.28[0.67, 243] 282
Yuan et al. (2021) 1 41 29 102 - 0.96[0.52, 1.77) 292
Chow et al. (2021) 26 72 73 241 B 1.14[0.78, 1.68] 3.77
Son et al. (2021) 37 276 91 3421 = 4.56[3.17, 6.57] 384
Kim et al. (2021) 6 9 1 19 8.00([1.07, 59.61] 064
Liu et al. (2021) 1 23 7 17 0.14[0.02, 1.07] 064
Sisinni et al. (2021) 93 160 251 480 i 1.07[0.89, 1.29] 4.39
Sullerot et al. (2022) 101 200 224 522 m 1.12[0.92, 1.36) 4.38
Gogtay, et al. 2022 12 26 21 66 - 1.31(0.72, 238] 298
Chow et al. (2022) 1410 12,385 11,577 86,698 i 0.87[082, 091] 4861
Horby et al. (2022) 1222 6,129 1,299 6,242 ] 0.97[090, 1.04] 460
Formiga et al. (2022) 1,000 2,291 874 2,011 B9 1.00[093, 1.08] 459
Ghati et al. (2022) 3 218 7 212 T 042[0.11, 1.62] 1.23
Lal et al. (2022) 1,140 3,551 3,002 13,886 B 1.37[1.29, 145] 461
Zekri-Nechar et al. (2022) 14 27 47 113 3 1.16[0.71, 1.89] 3.39
Azizi et al. (2023) 17 114 AT 116 - 1.02[054, 190] 288
Dalbeni et al. (2023) 75 115 64 126 [m 1.17[090, 1.53] 4.18
Sokolski et al. (2024) 53 221 64 210 = 0.83[060, 1.14] 399
Vinod et al. (2024) 30 98 50 198 L] 1.16[0.78, 1.73] 3.72
Heterogeneity: 1° = 0.13, I° = 95.98%, H* = 24.89 ‘ 1.16[0.95, 1.40]
Test of 6, = 8;: Q(18) = 208.61, p = 0.00
Testof 0=0:2=147,p=0.14
IPD and OPD
Merzon et al. (2021) 1 20 6 85 0.72[0.09, 568] 061
Osbome et al. (2021) 272 6,028 661 5,639 = 041[0.36, 047] 450
Sahai et al. (2021) 33 215 38 210 L 3 0.87[056, 1.34] 360
Malik et al. (2022) 15 97 24 375 - 223[121, 4.10] 294
Heterogeneity: 1° = 0.53, I* = 91.05%, H* = 11.17 £ 0.87[0.38, 1.96]
Testof 8, = 8;: Q(3) = 36.51, p = 0.00
Testof 0=0:z=-0.34, p=0.73
Nursing home
Abul et al. (2023) 33 478 121 1,055 B 0.63[043, 091] 382
Heterogeneity: 1% = 0.00, I = %, H? = . ‘ 0.63[043, 0.91]
Testof 6, =6;: Q(0)=-0.00,p=.
Testof8=0:z=-246,p=0.01
OPD
Connors et al. (2021) 0 144 0 136 0.94[0.02, 47.29] 0.19
Husain et al. (2022) 0 1 3 2y ——— % T 0.38[0.02, 6.84] 033
Eikelboom et al, (2022) 12 1,933 1 1,925 —— 1.09[048, 245] 228
Heterogeneity: 1° = 0.00, I = 0.00%, H? = 1.00 ‘ 1.00[0.46, 2.16]
Testof 6, =6,: Q(2) =047, p=0.79
Testof 6=0:2=001,p=0.99
Overall Q 1.01[0.85, 1.21] 100.00
Heterogeneity: T° = 0.17, I = 95.93%, H” = 24.59
Test of 8, = 6;: Q(30) = 425.03, p = 0.00
Testof 6=0:z=0.16, p=0.87
Test of group differences: Q,(4) = 10.66, p = 0.03

]2 14 2 16
Figure S13. Exploratory subgroup meta-analysis of crude short-term all-cause mortality according to patient-care setting.
Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
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ASA Control Risk ratio Weight
Study Die Survived Die Survived with 95% CI (%)
In-hospital
Liu et al. (2021) 1 23 7 17 0.14 [ 0.02, 1.07] 0.64
Zhao et al. (2021) 121 352 140 333 - 0.86[0.70, 1.06] 4.34
Horby et al. (2022) 1222 6,129 1,299 6,242 0.97[0.90, 1.04] 4.60
Bradbury et al. (2022) 161 402 167 354 : 0.89[0.74, 1.07) 4.41
Ali et al. (2022) 152 508 202 328 (] 0.60[0.51, 0.72] 4.42
Ghati et al. (2022) 3 218 7 212 = — 0.42[0.11, 1.62] 1.23
Heterogeneity: 1° = 0.04, I’ = 80.70%, H’ = 5.18 & 0.80 [ 0.65, 0.98]

Test of 8, = 8;: Q(5) = 27.76, p = 0.00
Testof8=0:2=-2.14, p=0.03

Pre-hospital

Alamdari et al. (2020) 9 44 54 352 —‘I— 1.28[0.67, 2.43] 282
Yuan et al. (2021) 11 41 29 102 —— 0.96[0.52, 1.77] 2.92
Son et al. (2021) 37 276 91 3,421 - 456(3.17, 6.57] 3.84
Merzon et al. (2021) 1 20 6 85 e 0.72[0.09, 568] 0.61
Osborne et al. (2021) 272 6,028 661 5,639 ! 0.41[0.36, 0.47] 4.50
Sisinni et al. (2021) 93 160 251 480 1.07[0.89, 1.29] 4.39
Sullerot et al. (2022) 101 200 224 522 1.12[0.92, 1.36] 4.38
Gogtay et al. (2022) 12 26 21 66 —— 1.31[0.72, 2.38] 298
Formiga et al. (2022) 1,000 2,291 874 2,011 [ 1.00[0.93, 1.08] 459
Lal et al. (2022) 1140 3,551 3,002 13,886 [ 1.37[1.29, 1.45] 461
Malik et al. (2022) 15 97 24 375 —— 223[1.21,410] 294
Zekri-Nechar et al. (2022) 14 27 47 113 - 1.16[0.71, 1.89]  3.39
Abul et al. (2023) 33 478 121 1,055 - 0.63[0.43, 0.91] 3.82
Dalbeni et al. (2023) 75 115 64 126 1.17[0.90, 1.53] 4.18
Sokolski et al. (2024) 53 221 64 210 0.83[0.60, 1.14]  3.99
Heterogeneity: 1° = 0.28, I* = 97.04%, H* = 33.80 1.13[0.84, 1.51]

Test of 8, = 6;: Q(14) = 331.28, p = 0.00
Testof 6=0:z2=0.82, p=0.41

Overall & 1.00 [ 0.79, 1.27] 100.00
Heterogeneity: 1° = 0.24, I = 97.05%, H’ = 33.89
Test of 6, = 8;: Q(20) = 389.57, p = 0.00

Testof 8=0:2=0.03, p=0.98

Test of group differences: Q,(1) = 3.63, p = 0.06

132 18 112

Figure S14. Exploratory subgroup meta-analysis of crude short-term all-cause mortality according to timing of aspirin exposure.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
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ASA Control Risk ratio Weight
Study IMV. No IMV No with 95% CI (%)
Non-RCT
Yuan et al. (2021) 1 51 15 116 B 0.17[0.02, 1.24] 0.83
Chow et al. (2021) 35 63 152 162 | 0.74[0.55, 0.99] 9.37
Kim et al. (2021) 4 1" 1 19 =1 5.33[0.66, 42.97] 0.77
Sisinni et al. (2021) 38 215 183 548 ] 0.60[0.44, 0.83] 8.94
Al Harthi et al. (2022) 23 19 25 22 : 1.03[0.70, 1.51] 8.02
Gogtay et al. (2022) 5 33 21 66 —— 0.55[0.22, 1.34] 3.23
Ali et al. (2022) 302 358 172 358 i 141122, 1.64] 11.18
Formiga et al. (2022) 214 3,077 182 2,703 F 1.03[0.85, 1.25] 10.69
Lal et al. (2022) 272 4,419 969 15,919 ] 1.01[0.89, 1.15] 11.36
Malik et al. (2022) 13 74 26 197 —Jl— 1.28[0.69, 2.38] 5.25
Azizi et al. (2023) 13 118 6 127 —a— 2.20[0.86, 5.61] 3.03
Sokolski et al. (2024) 23 251 44 230 i 0.52[0.32, 0.84] 6.81
Vinod et al. (2024) 27 101 38 210 - 1.38[0.88, 2.15] 7.20
Heterogeneity: 7 = 0.10, I” = 81.12%, H’ = 5.30 % 0.96[0.77, 1.20]
Test of 6, = 6;: Q(12) = 53.20, p = 0.00
Testof 8=0:2=-0.37, p=0.71
RCT
Horby et al. (2022) 772 6,221 829 6,340 ’ 0.95[0.87, 1.05] 11.67
Ghati et al. (2022) 3 218 6 213 — =T 0.50[0.13, 1.96] 1.63
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 0.95[0.87, 1.04]
Testof 6, =6;: Q(1) = 0.87, p=0.35
Testof 6=0:z=-1.05,p=0.29
Overall 0.95[0.79, 1.15] 100.00
Heterogeneity: 1° = 0.08, I* = 82.56%, H* = 5.73
Test of 6, = 0;: Q(14) = 56.54, p = 0.00
Testof6=0:2=-0.54, p=0.59
Test of group differences: Q,(1) = 0.00, p = 0.95
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Figure S15. Secondary analysis of the effect of aspirin on IMV requirement in patients with COVID-19.
Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-
RCTs and RCTs.
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ASA Control Risk ratio Weight
Study NIMV  No NIMV No with 95% CI (%)
Non-RCT
Yuan et al. (2021) 10 42 34 97 —8——— 0.74[0.40, 1.39] 6.48
Kim et al. (2021) 7 8 7 13 = 1.33[0.60, 2.98] 4.28
Sisinni et al. (2021) 48 205 183 548 —— 0.76 [0.57, 1.01] 17.42
Formiga et al. (2022) 220 3,071 182 2,703 — 1.06[0.88, 1.28] 22.92
Azizi et al. (2023) 19 112 11 122 = 1.75[0.87, 3.54] 5.40
Dalbeni et al. (2023) 17 173 15 175 — 1.13[0.58, 2.20] 5.91
Sokolski et al. (2024) 34 240 19 255 —&—— 179[1.05 3.06] 824
Heterogeneity: 1 = 0.06, I = 56.96%, H” = 2.32 e 1.09[0.84, 1.42]

Test of 8, = 6;: Q(6) = 12.39, p = 0.05
Testof 8=0:z2=0.65, p=0.52

RCT
Horby et al. (2022) 1,101 3,835 1,162 3,874 ] 0.97[0.90, 1.04] 29.34
Heterogeneity: 7° = 0.00, I* = .%, H’ = . 0‘ 0.97 [ 0.90, 1.04]
Testof 8, =6;: Q(0)=0.00,p =.
Testof 6=0:2=-0.92, p=0.36
Overall <5 1.03[0.86, 1.24] 100.00
Heterogeneity: 1° = 0.03, I” = 57.11%, H* = 2.33
Testof 8, = 0;: Q(7) = 12.93, p = 0.07
Testof0=0:2=0.37, p=0.71
Test of group differences: Q,(1) = 0.75, p = 0.39
112 1 2

Figure S16. Secondary analysis of the effect of aspirin on NIMV requirement in patients with COVID-19.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-
RCTs and RCTs.
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ASA Control Risk ratio Weight
Study ICU No ICU No with 95% CI (%)
Non-RCT
Chow et al. (2021) 38 60 160 154 E 3 0.76[0.58, 1.00] 13.96
Kim et al. (2021) 4 1" 1 19 5.33[0.66, 42.97] 0.78
Sullerot et al. (2022) 22 279 26 720 —— 210[1.21, 3.64] 7.30
Gogtay et al. (2022) 9 29 38 49 —m— 0.54[0.29, 1.01] 6.28
Formiga et al. (2022) 283 3,008 237 2,648 - 1.05[0.89, 1.23] 17.09
Lal et al. (2022) 1,862 2,829 7,289 9,599 ] 0.92[0.88, 0.96] 19.53
Malik et al. (2022) 28 59 77 146 —I;— 0.93[0.65 1.33] 11.58
Zekri-Nechar et al. (2022) 14 27 47 113 —‘I— 1.16[0.71, 1.89] 845
Dalbeni et al. (2023) 17 173 18 172 —— 0.94[0.50, 1.78] 6.1
Sokolski et al. (2024) 25 249 42 232 —W— 0.60[0.37, 0.95] 891
Heterogeneity: 1° = 0.05, I = 73.76%, H* = 3.81 & 0.94[0.78, 1.13]
Test of 6, = 8;: Q(9) = 22.53, p = 0.01
Testof 8 =0:z=-0.66, p = 0.51
Overall 2 0.94[0.78, 1.13] 100.00
Heterogeneity: 7° = 0.05, I = 73.76%, H® = 3.81
Test of 6, = 8;: Q(9) = 22.53, p = 0.01
Testof 8=0:z=-0.66, p=0.51
Test of group differences: Q,(0) = 0.00,p =.
12 2 8 32
Figure S17. Secondary analysis of the effect of aspirin on ICU admission in patients with COVID-19.
Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.
ASA Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Non-RCT
Chow et al. (2021) 98 17.7 28.87 314 14.05 22.24 —— 3.65[-1.79, 9.09] 29.97
Al Harthi et al. (2022) 176 10.05 14.41 175 109 14.41 —— -0.85[-3.87, 2.17] 60.03
Malik et al. (2022) 112 17.44 5246 399 1536 497 - 2.08[-8.47, 12.63] 10.00
Heterogeneity: 7° = 2.95, I° = 27.08%, H* = 1.37 e 0.79[-2.71, 4.29]
Testof 6, = 8;: Q(2)=2.13, p=0.35
Testof 86=0:2=0.44,p=0.66
Overall i 0.79[-2.71, 4.29] 100.00
Heterogeneity: 7° = 2.95, I° = 27.08%, H* = 1.37
Testof 8, = 8;: Q(2)=2.13, p=0.35
Testof 8=0:2=0.44, p=0.66
Test of group differences: Q,(0) = 0.00,p =.
-10 0 10
Mean difference in length of stay, days
Figure S18. Secondary analysis of the effect of aspirin on ICU length of stay in patients with COVID-19.
Forest plot shows study-specific MDs and pooled MDs with 95% Cls comparing aspirin with control.
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ASA Control Mean diff. Weight
Study N Mean SD N  Mean SD with 95% CI (%)
Non-RCT
Chow et al. (2021) 98 10.41 1575 314 10.1 20.93 i 0.31[ -4.19, 4.81] 134
Sisinni et al. (2021) 253 1205 144 731 1205 14.38 . 0.00[ -2.06, 2.06] 522
Sullerot et al. (2022) 301 12.75 17.01 746 114 1569 - 1.35[ -0.80, 3.50] 4.87
Al Harthi et al. (2022) 176 20 2096 175 1861 22.26 —r— 1.39[ -3.13, 591] 1.33
Lal et al. (2022) 4691 878 13.33 16,888 84 13.07 . 0.38[ -0.04, 0.80] 19.53
Malik et al. (2022) 112 17.2 53.77 399 20.72 68.02 : -3.52(-17.18, 10.14]  0.15
Zekri-Nechar et al. (2022) 41 1105 102 160 1164 .53 ] -0.59[ -0.82, -0.36] 21.40
Dalbeni et al. (2023) 190 97 131 190 10.7 15.71 —-— -1.00[ -391, 191] 296
Sokolski et al. (2024) 274 13.35 17.01 274 12 20.94 e 1.35[ -1.84, 4.54] 251
Vinod et al. (2024) 128 55 574 248 4 444 {I 150 045, 255] 12.03
Heterogeneity: 1° = 0.53, I’ = 71.81%, H® = 3.55 9 0.35[ -0.39, 1.09]
Testof §, = ;: Q(9) = 31.87, p = 0.00
Testof 8=0:2=0.93,p=0.35
RCT |
Horby et al. (2022) 7,351 13.95 30.06 7,541 14.25 30.05 q 030 -1.27, 0.67] 12.95
Ghati et al. (2022) 221 935 393 219 935 393 m 0.00[ -0.73, 0.73] 15.71
Heterogeneity: 1° = 0.00, I’ = 0.00%, H’ = 1.00 § 0.11[ -0.69, 0.47)
Testof 8 =86, Q(1)=0.23, p=0.63
Testof 8=0:2=-0.37, p=0.71
Overall 0 0.18[ -0.36, 0.71] 100.00
Heterogeneity: 1° = 0.34, | = 64.84%, H’ = 2.84
Testof 8, =8, Q(11) = 32.43, p = 0.00
Testof 8 =0:z=0.65, p=0.52
Test of group differences: Q,(1) = 0.92, p = 0.34

20  -10 0 10

Mean difference in length of stay, days

Figure S19. Secondary analysis of the effect of aspirin on hospital length of stay in patients with COVID-19.

Forest plot shows study-specific MDs and pooled MDs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-
RCTs and RCTs.
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ASA Control Risk ratio Weight
Study Thrombosis No  Thrombosis  No with 95% CI (%)
Non-RCT
Chow et al. (2021) 8 90 28 286 —— 0.92[043, 1.94] 6.81
Sahai et al. (2021) 24 224 7 241 —— 3.43[1.51, 7.81] 6.34
Al Harthi et al. (2022) 20 154 10 165 il 2.01[097, 4.17] 6.96
Gogtay et al. (2022) 2 36 1 86 458[043, 48.98] 158
Chow et al. (2022) 278 13,487 2,363 92,912 I 0.81[0.72, 0.92] 10.67
Ali et al. (2022) 62 598 152 378 = 0.33[0.25, 0.43] 10.06
Formiga et al. (2022) 3 3,288 6 2,879 — = 0.44[0.11, 1.75] 3.61
Malik et al. (2022) 7 105 19 380 —E— 1.31[0.57, 3.04) 6.23
Zekri-Nechar et al. (2022) 9 32 41 119 - 0.86[045 162] 763
Sokolski et al. (2024) 28 246 21 253 - 1.33[0.78, 2.29] 8.30
Vinod et al. (2024) 15 113 26 222 - 1.12[0.61, 2.03] 7.89
Heterogeneity: 7° = 0.35, I = 86.49%, H” = 7.40 s 1.04[0.69, 1.59]

Test of 6, = 6;: Q(10) = 68.05, p = 0.00
Testof 8=0:2=0.20,p=0.84

RCT

Connors et al. (2021) 0 144 0 136 0.94[0.02, 47.29] 0.64
Horby et al. (2022) 339 7,012 396 7,145 0.88[0.76, 1.01] 10.62
Bradbury et al. (2022) 69 487 65 448 0.98[0.71, 1.34] 9.81
Eikelboom et al. (2022) 2 1,943 5 1,931 040[0.08, 2.05] 285

Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00
Testof 6 =6;: Q(3)=1.31, p=0.73
Testof 6=0:z2=-1.78, p=0.08

0.89[0.78, 1.01]

Overall

Heterogeneity: ° = 0.25, I” = 88.23%, H” = 8.50
Test of §, = 8;: Q(14) = 72.14, p = 0.00

Testof 8=0:2=-0.14, p = 0.88

0.98[0.71, 1.35] 100.00

Test of group differences: Q,(1) =0.51, p = 0.47

132 14 2 16

Figure S20. Secondary analysis of the effect of aspirin on thromboembolism in patients with COVID-19.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-RCTs
and RCTs.
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ASA Control Risk ratio Weight
Study AKI No AKI No with 95% ClI (%)
Non-RCT
AlHarthietal. (2022) 79 97 87 89 —l— 0.91[0.73, 1.13] 39.38
Ali et al. (2022) 29 631 28 502 L 0.83[0.50, 1.38] 23.96
Vinod et al. (2024) 57 71 75 173 ———1.47[1.12, 1.93] 36.66
Heterogeneity: 1° = 0.07, I = 74.76%, H* = 3.96 -~ 1.06 [0.74, 1.52)

Testof 6, = 6;: Q(2) = 8.41, p=0.01
Testof 6=0:2=0.33,p=0.74

Overall R 1.06 [ 0.74, 1.52] 100.00
Heterogeneity: 1° = 0.07, I = 74.76%, H® = 3.96
Test of 8, = 8;: Q(2) = 8.41, p = 0.01

Testof 6=0:2=0.33,p=0.74

Test of group differences: Q,(0) = 0.00, p =.

0.50 1.93

Figure S21. Secondary analysis of the effect of aspirin on risk of AKl in patients with COVID-19.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control.

ASA Control Risk ratio Weight
Study RRT No RRT No with 95% CI (%)
Non-RCT
Vinod etal. (2024) 5 123 17 231 * 0.57[0.22, 1.51] 11.11
Heterogeneity: 1° = 0.00, I = %, H* = ——e I (.57 [ 0.22, 1.51]

Testof 6, =6;: Q(0) =-0.00, p=.
Testof6=0:z=-1.13, p=0.26

RCT
Horby etal. (2022) 273 7,018 282 7,198 -!— 0.99[0.84, 1.17] 88.89
Heterogeneity: 1° = 0.00, I* = %, H’ = @ 099084, 1.17]

Test of 6, = 6,: Q(0)=0.00,p=.
Testof 6=0:2=-0.08,p=0.93

Overall ~al==-  0.93[0.66, 1.31] 100.00
Heterogeneity: 1° = 0.03, I = 17.72%, H’ = 1.22
Testof 6, =0: Q(1)=1.22,p=0.27

Testof 8=0:z=-0.39, p=0.69

Test of group differences: Q,(1) = 1.22, p = 0.27

Figure S22. Secondary analysis of the effect of aspirin on requirement for RRT in patients with COVID-19.

Forest plot shows study-specific RRs and pooled RRs with 95% Cls comparing aspirin with control. Analyses were stratified by study design into non-
RCTs and RCTs.

https://jppres.com J Pharm Pharmacogn Res (2026) 14(5): 39


https://jppres.com/

Bunditanukul et al. Aspirin and mortality risk in COVID-19

Table S6. GRADE evidence profile for mortality and major bleeding outcomes

Out- No. of partic- | No. of studies Risk of Incon- Indirect- Impreci- Publica- Relative Anticipated Certainty
comes ipants bias sistency ness sion tion bias effect absolute ef- | of evi-
fect dence
Short- 20,577 5RCTs Not se- Not serious | Not seri- Serious? Not seri- RR0.95, Absolute ef- Moderate
term all- rious ous ous® 95% ClI fect: 7 fewer 212110
cause 0.89- deaths per
mortality 1.02 1,000, rang-
ing from 16
fewer to 3
more.
Short- 136,349 9 Observa- Serious® Serious? Not seri- Serious® Not seri- ORO0.76, Not esti- Very low
term all- tional studies, ous ous® 95% ClI mated eOO00O
cause adjusted OR 0.57-
mortality 1.02
Short- 26,022 6 Observa- Serious’ Serious® Not seri- Not seri- Not seri- HR 0.80, Not esti- Very low
term all- tional studies, ous ous ous® 95% ClI mated eOO00O
cause adjusted HR 0.68-
mortality 0.95
Short- 166,647 26 Observa- Veryse- | Very seri- Not seri- Serious! Not serious RR 1.04, Absolute ef- Very low
term all- tional studies, rious” ous' ous 95% Cl fect: 5 more ®O00
cause crude data 0.85- deaths per
mortality 1.26 1,000, rang-
ing from 20
fewer to 34
more.
Major 16,688 4RCTs Serious® Not serious Not seri- Serious' Not serious RR 1.86, Absolute ef- Low
bleeding ous 95% Cl fect:8more | @O0
0.91- bleeding
3.81 events per
1,000, rang-
ing from 1
fewer to 26
more.
Major 115,080 6 Observa- Seri- Not serious | Not seri- Serious” Not serious RR 1.25, Absolute ef- Very low
bleeding tional studies, ous™ ous 95% Cl fect: 8 more o000
crude data 0.99- bleeding
1.58 events per
1,000, rang-
ing from 0
fewer to 19
more.

Combined analyses including both RCTs and non-RCTs were not graded because of substantial methodological differences and differences in baseline certainty between RCT and observa-
tional evidence.

* Downgraded one level for imprecision because the 95% confidence interval crossed the line of no effect and was compatible with both a small reduction in mortality and little or no effect.
" Publication bias was not strongly suspected. Formal assessment using funnel plot or Egger’s test was limited because fewer than 10 studies were included.

<Downgraded one level for risk of bias because several studies were judged to have serious risk of bias in ROBINS-I, and residual confounding could not be excluded despite statistical adjust-
ment.

4 Downgraded one level for inconsistency because substantial heterogeneity was observed across studies (12 = 90.49%), with effect estimates varying in magnitude and precision.
¢ Downgraded one level for imprecision because the 95% confidence interval crossed the line of no effect and was compatible with both reduced mortality and little or no effect.

‘Downgraded one level for risk of bias because several studies were judged to have serious risk of bias according to ROBINS-I, mainly due to concerns regarding confounding and selection of
participants.

¢ Downgraded one level for inconsistency because substantial heterogeneity was observed across studies (12 = 63.63%), with variation in the magnitude and direction of effect estimates.

" Downgraded for very serious risk of bias because the analysis was based on unadjusted crude estimates from observational studies, with substantial potential for confounding by indication,
disease severity, age, and comorbidities. Several studies were judged to have serious risk of bias according to ROBINS-I, and one study was judged to have critical risk of bias.

Downgraded for very serious inconsistency because heterogeneity was very high (1> = 96.25%), with large variation in both the magnitude and direction of effect estimates across studies.
i Downgraded for imprecision because the 95% confidence interval crossed the line of no effect and was compatible with both reduced and increased mortality.

“Downgraded one level for risk of bias because the largest trial contributing most of the weight was judged to have some concerns for the bleeding outcome, mainly due to potential bias in
outcome measurement in an open-label design.

'Downgraded one level for imprecision because the 95% confidence interval crossed the line of no effect and was compatible with both little or no increase and a clinically important increase
in major bleeding.

™ Downgraded one level for risk of bias because the analysis was based on unadjusted crude estimates from observational studies, with potential residual confounding and several studies
judged to have serious risk of bias according to ROBINS-I.

" Downgraded one level for imprecision because the 95% confidence interval crossed the line of no effect and was compatible with both little or no increase and a clinically important increase
in major bleeding.
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Table S7. Detailed GRADE evidence profile for aspirin versus control in patients with COVID-19.

Outcomes No. of par- No. of studies Risk of Incon- Indirect- Impreci- Publication Relative ef- Anticipated Certainty
ticipants bias sistency ness sion bias fect absolute ef- of evi-
fect dence
Invasive mechanical 14,602 2RCTs Not seri- Not serious Not serious Not seri- Not serious RR 0.95 95% 6 fewer/1,000; High
ventilation ous ous Cl0.87-1.04 95%Cl ranging OO
from 15 fewer
to 5 more
Invasive mechanical 32,271 13 Observa- Very seri- Serious Serious Serious Not serious RR0.97 95% 3 fewer/1,000; Very low
ventilation tional studies ous C10.80-1.17 95%(Cl ranging e&O00
from 17 fewer
to 14 more
Non-Invasive me- 9,972 1RCT Not seri- Not serious Not serious Not seri- Not serious RR0.97, 7 fewer/1,000; High
chanical ventilation ous ous 95% C10.90- | 95%Cl ranging [S21S21502)
1.04 from 23 fewer
to 9 more
Non-Invasive me- 9,760 8 Observa- Very seri- Serious Serious Serious Not serious RR 1.02, 3 more/1,000, Very low
chanical ventilation tional studies ous 95% C10.81- | 95%Cl ranging o000
1.28 from 31 fewer
to 46 more.
ICU admission 30,813 10 Observa- Very seri- Serious Serious Serious Not serious RR0.94, 22 fewer per Very low
tional studies | ous 95% C10.78- | 1,000, 95%Cl e000
113 ranging from
80 fewer to 47
more
ICU length of stay 1,274 3 Observa- Very seri- Not serious Serious Serious Not serious MD 0.79 0.79 days Very low
tional studies ous days,95%Cl | longer, 95%CI eO00O
-2.71t0 4.29 ranging from
2.71 days
shorter to 4.29
days longer
Hospital length of 15,332 2RCTs Serious Not serious Not serious Not seri- Not serious MD-0.11 0.11 days Moderate
stay ous days, 95% CI shorter with o0

-0.69 to 0.47 ASA; 95% ClI
ranging from

0.69 days
shorter to 0.47
days longer
Hospital length of 26,389 9 Observa- Very seri- Not serious Serious Serious Not serious MD 0.66 0.66 days Very low
stay tional studies ous days,95% Cl | longerwith &O00O
0.04-1.28 ASA; 95% ClI
ranging from
0.04t01.28
days longer
Thromboembolism 20,122 4RCTs Serious Not serious Not serious Not seri- Not serious RR0.89, 5 fewer per Moderate
ous 95% C10.78- | 1,000,95% Cl o0
1.01 ranging from
10 fewerto 1
more
Thromboembolism 119,424 11 Observa- Very seri- Very serious Serious Serious Not serious RR1.04, 1 more per Very low
tional studies ous 95% C10.69- | 1,000, 95% Cl o000
1.59 ranging from 8
fewerto 16
more
AKI 1,918 3 Observa- Very seri- Serious Serious Serious Not serious RR 1.06, 12 more per Very low
tional studies | ous 95% C10.74- | 1,000,95% Cl e000
1.52 ranging from

52 fewer to 104
more per 1,000

RRT 14,771 1RCT Not seri- Not serious Not serious Not seri- Not serious RR0.99, 0 fewer per High
ous ous 95% C10.84- 1,000, 95% ClI CODD
117 ranging from 6

fewer to 6 more

RRT 376 1 Observa- Serious Not assessa- Not serious Serious Not serious RRO0.57, 30 fewer per Very low
tional study ble 95% C10.22- | 1,000,95% CI 000
151 ranging from
53 fewerto 35
more

Abbreviations: ASA: aspirin. Combined analyses including both RCTs and non-RCTs were not graded because of substantial methodological differences and differences in baseline certainty
between RCT and observational evidence.
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Table S8. PRISMA 2020 abstract.

Section and Topic ::em Checklist item ::{Zp;;:\‘lt:)d
TITLE
Title 1 Identify the report as a systematic review. Yes
BACKGROUND
Objectives 2 Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes
METHODS
Eligibility criteria 3 Specify the inclusion and exclusion criteria for the review. Yes
Information 4 Specify the information sources (e.g. databases, registers) used to identify studies and the Yes
sources date when each was last searched.
Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes
Synthesis of results | 6 Specify the methods used to present and synthesise results. Yes
RESULTS
Included studies 7 Give the total number of included studies and participants and summarise relevant Yes
characteristics of studies.
Synthesis of results | 8 Present results for main outcomes, preferably indicating the number of included studiesand | Yes
participants for each. If meta-analysis was done, report the summary estimate and
confidence/credible interval. If comparing groups, indicate the direction of the effect (i.e.
which group is favoured).
DISCUSSION
Limitations of 9 Provide a brief summary of the limitations of the evidence included in the review (e.g. study Yes
evidence risk of bias, inconsistency and imprecision).
Interpretation 10 Provide a general interpretation of the results and important implications. Yes
OTHER
Funding 11 Specify the primary source of funding for the review. Yes
Registration 12 Provide the register name and registration number. Yes

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ 2021;372: n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/
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Table S9. PRISMA 2020 checklist.

TITLE
Title 1 Identify the report as a systematic review. Page 1, title
ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Page 1
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 2
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 2
METHODS
Eligibility 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped Page 2
criteria for the syntheses.
Information 6 Specify all databases, registers, websites, organisations, reference lists and other sources Pages 2,3
sources searched or consulted to identify studies. Specify the date when each source was last
searched or consulted.
Search strategy | 7 Present the full search strategies for all databases, registers and websites, including any Pages 14,15
filters and limits used.
Selection 8 Specify the methods used to decide whether a study met the inclusion criteria of the Pages 2,3
process review, including how many reviewers screened each record and each report retrieved,
whether they worked independently, and if applicable, details of automation tools used in
the process.
Data collection | 9 Specify the methods used to collect data from reports, including how many reviewers Page 3
process collected data from each report, whether they worked independently, any processes for
obtaining or confirming data from study investigators, and if applicable, details of
automation tools used in the process.
Dataitems 10a List and define all outcomes for which data were sought. Specify whether all results that Page 3
were compatible with each outcome domain in each study were sought (e.g. for all
measures, time points, analyses), and if not, the methods used to decide which results to
collect.
10b List and define all other variables for which data were sought (e.g. participant and Page 3
intervention characteristics, funding sources). Describe any assumptions made about any
missing or unclear information.
Study risk of 11 Specify the methods used to assess risk of bias in the included studies, including details of | Page3
bias the tool(s) used, how many reviewers assessed each study and whether they worked
assessment independently, and if applicable, details of automation tools used in the process.
Effect 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in Page 3,4
measures the synthesis or presentation of results.
Synthesis 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. Pages 2,3,22,23
methods tabulating the study intervention characteristics and comparing against the planned
groups for each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or synthesis, such as Page 3
handling of missing summary statistics, or data conversions.
13c Describe any methods used to tabulate or visually display results of individual studiesand | Page 3
syntheses.
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). Page 3
If meta-analysis was performed, describe the model(s), method(s) to identify the presence
and extent of statistical heterogeneity, and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among study Page 3,4
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13f Describe any sensitivity analyses conducted to assess robustness of the synthesized Page 4
results.
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis Page 4
assessment (arising from reporting biases).
Certainty 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for | Page 4
assessment an outcome.
RESULTS
Study selection | 16a Describe the results of the search and selection process, from the number of records Page 4
identified in the search to the number of studies included in the review, ideally using a
flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, Page 4
and explain why they were excluded.
Study 17 Cite each included study and present its characteristics. Pages 16-23
characteristics
Risk of biasin 18 Present assessments of risk of bias for each included study. Pages 24-27
studies
Results of 19 For all outcomes, present, for each study: (a) summary statistics for each group (where Pages 6,8,16-
individual appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible 23,28-40
studies interval), ideally using structured tables or plots.
Results of 20a For each synthesis, briefly summarise the characteristics and risk of bias among Pages 24-27
syntheses contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present Pages 6,8,28-40
for each the summary estimate and its precision (e.g. confidence/credible interval) and
measures of statistical heterogeneity. If comparing groups, describe the direction of the
effect.
20c Present results of all investigations of possible causes of heterogeneity among study Pages 6,8,28-40
results.
20d Present results of all sensitivity analyses conducted to assess the robustness of the Pages 28-34
synthesized results.
Reporting 21 Present assessments of risk of bias due to missing results (arising from reporting biases) N/A
biases for each synthesis assessed.
Certainty of 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome | Pages 6,8,28-40
evidence assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence. Pages 8-10
23b Discuss any limitations of the evidence included in the review. Page 10
23c Discuss any limitations of the review processes used. Page 10
23d Discuss implications of the results for practice, policy, and future research. Pages 10-11
OTHER INFORMATION
Registration 24a Provide registration information for the review, including register name and registration Page 3
and protocol number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was not Page 3
prepared.
24c Describe and explain any amendments to information provided at registration or in the Page 3
protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role of the Page 11

funders or sponsors in the review.
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Competing 26 Declare any competing interests of review authors. Page 11
interests

Availability of 27 Report which of the following are publicly available and where they can be found: Page 4
data, code and template data collection forms; data extracted from included studies; data used for all

other materials analyses; analytic code; any other materials used in the review.
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