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Abstract

Nonsteroidal anti-inflammatory drugs (NSAIDs) were thought to increase the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus
entrance into cells.Hence, it was suggested in the media that NSAIDs could lead to a higher risk of infection and/or disease severity. To determine the
existence or absence of this association, we aimed to systematically evaluate the risk of SARS-CoV-2 infection and mortality and the risk of severe
coronavirus disease 2019 (COVID-19) associated with previous exposure to NSAIDs.
MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), and EMBASE were searched in February 2021 for controlled studies. The
results were calculated through random-effect meta-analyses and reported in terms of odds ratios (ORs) with 95% confidence intervals (CIs).
Heterogeneity was assessed with I2 test.
Eleven studies were included,comprising a total of 683 715 patients.NSAID exposure did not increase the risk of having a positive test for SARS-CoV-2
infection (OR,0.97; 95%CI, 0.85-1.11, I2 = 24%;5 studies).The exposure to NSAIDs did not increase the risk of severe/critical COVID-19 disease (OR,
0.92; 95%CI, 0.80-1.05; I2 = 0%; 5 studies) nor all-cause mortality among patients with COVID-19 (OR, 0.86; 95%CI, 0.75-0.99; I2 = 14%, 4 studies).
Our data did not suggest that exposure to NSAIDs increases the risk of having SARS-CoV-2 infection or increases the severity of COVID-19 disease.
Also, the fragility of the studies included precludes definite conclusions and highlights the need for further robust data.
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In December 2019, the first clusters of patients with
pneumonia of unknown cause occurred in Wuhan,
China. It was later confirmed that it was caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).1 This virus is responsible for coron-
avirus disease 2019 (COVID-19), a disease with a broad
spectrum of clinical manifestations, of which fever
is one of the main symptoms.1–3 Nonsteroidal anti-
inflammatory drugs (NSAIDs) are broadly prescribed
or sold over the counter to relieve fever and other
inflammatory symptoms.4 The main mechanism of
action of NSAIDs is inhibition of the formation of
prostaglandins (as well as prostacyclin and thrombox-
ane) from arachidonic acid via inhibition of cyclooxy-
genase (COX) enzymes 1 and 2.5,6

However, in March 2020, French health authorities
warned against the use of ibuprofen for managing
mild symptoms of COVID-19 due to the possibility of
ibuprofen increasing the expression of the angiotensin-
converting enzyme-2 (ACE-2) receptor, which is the
target for cell penetration of the SARS-CoV-2 virus.7–9

The World Health Organization initially subscribed to
this recommendation, but rapidly advised against it,

since there was no clinical evidence to support it.10 The
change in recommendations highlighted the fragility
of the available evidence for NSAID use and COVID-
19 risk. This fragility could lead to doubts in clinical
management. While a fever can be managed by other
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drugs such as acetaminophen, acute and chronic pain
(osteoarticular or not) in some cases can benefit if
managed with NSAIDs. The absence of solid evidence
regarding the association of NSAIDs and COVID-19
disease, either of the risk of infection or prognostic
impact, may preclude unequivocal drugmanagement in
these patients in the current pandemic context.

Therefore, we sought to systematically review all
published controlled studies comparing the risks
of NSAID and non-NSAID groups (irrespective
of placebo use, standard of care, and no treat-
ment/exposure arms).

Methods
This systematic review followed the reporting prin-
ciples of Meta-analyses of Observational Studies in
Epidemiology11 and Preferred Reporting Items for
Systematic Reviews and Meta-analyses.12 The protocol
of this study was developed and registered in the
International Prospective Register of Systematic Re-
views with the registration number CRD42020216806.
The protocol was not published in any peer-reviewed
journal. Conduct and reporting followed the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses statement (see Supplemental Information 2).

Eligibility Criteria
We considered eligible randomized controlled trials
(RCTs), cohort/nested case-control studies, and case-
control studies with information about the risk of
infection or the risk of disease complications associated
with NSAIDs compared with a control group.

Drug exposure was defined as exposure to any
NSAID, including COX-2 inhibitors, at any dose (ex-
cept patients treated with low-dose acetylsalicylic acid),
and we accepted duration of treatment more than
30 days before SARS-CoV-2 infection documented or
high clinical suspicion, to minimize protopathic bias.
This cutoff point was defined clinically and based on
the fact that these individuals would be using NSAIDs
for reasons unrelated to COVID-19 symptoms.

Patients with a confirmed SARS-CoV-2 infection
taking placebo, standard of care, or another anal-
gesic drug, were considered eligible for control groups.
Therefore, studies enrolling patients taking NSAIDs
without a non-NSAIDs/placebo arm or patients taking
NSAIDs <30 days before SARS-CoV-2 documented
infection, were excluded.

The outcomes of interest were the following: (1)
SARS-CoV-2 infection documented by reverse tran-
scription polymerase chain reaction; clinical and imag-
ing features along with other laboratory testing (eg,
SARS-CoV-2antigen detection rapid diagnostic test) or
reported by authors as having high clinical suspicion

of SARS-CoV-2 infection; (2) critical disease outcome
admitted in the analysis included hospital admission
and progression to the intensive care unit or admission
directly to the intensive care unit, which was defined
according to the World Health Organization’s interim
guidance13; (3) all-cause mortality. Furthermore, we
aimed to undertake additional analyses to evaluate the
association betweenNSAIDs and associated outcomes,
such as the risk of hospitalization, risk of mechanical
ventilation, or risk of ECMO. We also focused on
NSAID safety, particularly cardiovascular risk.

Case series, case reports, commentaries, and reviews
were excluded.

Search Methods
The reviewers performed an electronic database search
using MEDLINE, Cochrane Central Register of Con-
trolled Trials (CENTRAL), and EMBASE to identify
relevant studies (search strategy in Table S1, Supple-
mental Information 1).We performed a sensitive search
strategy for MEDLINE and EMBASE, which rely
on MESH terms: “anti-inflammatory Agents,” “non-
steroidal,” “cyclooxygenase 2 inhibitors,” and “nons-
teroid anti-inflammatory agent.” In addition, a search
was performed for additional articles by screening the
references of potentially included studies for further re-
view. The search was performed on February 11, 2021.

Study Selection and Data Collection
Process
Three of the authors (C.S., L.P., R.B.) independently
screened the search results for inclusion by assess-
ing titles and abstracts. Discrepancies were resolved
by consensus-based discussion or by a third reviewer
(D.C.). Chance-corrected agreement between review-
ers was assessed using the Cohen’s kappa statistic, a
measure of the agreement between 2 raters (review-
ers) who each classified items into mutually exclusive
categories.14 The studies that were not excluded went
to the full-text assessment phase. We excluded studies
that provided no adjusted estimation and editorials or
narrative reviews without original data. Themotives for
exclusion were recorded at this stage.

The risk of bias was independently evaluated by 3
authors (C.S., L.P., R.B.) using the Cochrane Risk of
Bias Tool for RCTs and the ROBINS-I tool for obser-
vational studies.15 We also assessed chance-corrected
agreement between reviewers using the Cohen’s kappa
statistic.14 We also used the Downs and Black tool16

to assess the methodological quality of the included
studies by 3 reviewers (C.S., L.P., R.B.). Once again, all
disagreements were resolved via third-party adjudica-
tion performed by a third author (D.C.).
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Figure 1. Flowchart of study selection process.

Statistical Analysis and Pooled Data Evaluation
We used RevMan (version 5.3) software for statistical
analysis (Nordic Cochrane Centre, Cochrane Collab-
oration, Oxford, England) and to derive forest plots
showing the results of individual studies and pooled
analysis, if feasible. A random-effects meta-analysis
was performed by weighting by the inverse-variance
method to estimate pooled odds ratio (OR) and 95%
confidence intervals (95%CIs), irrespective of the statis-
tical heterogeneity assessed through the I2 statistic. We
used the hazard ratio when the OR was not available or
not possible to calculate. Additional analysis according
to the study design was performed. Publication bias
assessment was performed through funnel plot exam-
ination and an Egger test ensuring that a sufficient
number of studies were included. A P value ≤.05 was
considered significant.

Results
Included Studies
The search returned 1372 records, resulting in 1180
records after removing duplicates. Following abstract
screening and evaluation of full-text eligibility, 76 ar-
ticles were assessed for full-text screening; of these, 11
were included for qualitative and quantitative syntheses
(Figure 1; details of excluded studies at Table S2, Sup-
plemental Information 1). The kappa for an interrater
agreement was 0.53. The strength of agreement was
moderate.

The main characteristics of the included studies17–27

are depicted in Table 1. The sample sizes ranged from
268 to 561 037 patients, with a total of 683 715 patients
included in our review. Themajority of included studies
were retrospective cohort studies (7), 1 prospective
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Figure 2. Forest plot of the pooled analysis evaluating the effect of NSAIDs on risk of SARS-CoV-2 infection, risk of severe SARS-CoV-2 infection,
and all-cause mortality. NSAIDs, nonsteroidal anti-inflammatory drugs; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

study, and 3 case-control studies (Table 1). No RCTs
fulfilled our eligibility criteria. Two of the studies were
conducted in patients with osteoarthritis and rheuma-
toid arthritis.19,27 Two studies were performed in Spain,
2 in the entire United Kingdom, 2 in Denmark, 1 in
Scotland, 1 in Saudi Arabia, 1 in South Korea, 1 in
France, and 1 in Italy. Almost all the included studies
failed to report the type or the dose of NSAIDs used.
In 10 of the studies included in the meta-analysis, the
authors usedmatchingmethods to adjust the groups for
confounding factors: 5 studies used Cox regression, 4
used logistic regression, 2 studies used the propensity
score matching method, and 1 study used Poisson
regression. The other study adjusted for confounding
factors but did not report a matching method.

Risk of Bias
The risk of bias of the included studies assessed
through ROBINS-I tool15 was serious in 3 studies and
moderate in the rest. All observational studies had a risk
of bias due to confounding. The kappa for interrater

agreement was 0.54. The strength of agreement was
considered moderate. See Supplemental Information 1,
Table S3, for more information regarding the quality
assessment of the included studies.

The 11 included studies in this review scored from 12
to 14 (of 28) on the Modified Downs and Black tool.16

Table S4 (see Supplemental Information 1) summarizes
the results of the risk of bias assessment using the
Downs and Black assessment tool.

Risk of SARS-CoV-2 Infection (Positive Test) Associated
With NSAIDs
Five studies had information about COVID-19 infec-
tion (positive test) and NSAIDs, and they were not
associated with an increased risk of having a positive
test for COVID-19 infection (OR, 0.97; 95%CI, 0.85-
1.11; I2 = 24%; 5 studies) (Figure 2). The analysis
excluding population case-control studies20,24 showed
similar results (OR, 0.87; 95%CI, 0.68-1.11; 3 studies)
without statistical heterogeneity (I2 = 0%) (Figure 3).
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Figure 3. Forest plot of the pooled analysis evaluating the effect of NSAIDs on risk of SARS-CoV-2 infection and risk of severe SARS-CoV-2 infection,
only with cohort studies.A sensitivity analysis was not performed for the mortality outcome since all the studies that assessed mortality were cohorts.
NSAIDs, nonsteroidal anti-inflammatory drugs; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Risk of Severe Disease Associated With NSAIDs Among
Patients With COVID-19 Disease
The risk of severe COVID-19 disease was evaluated
in 5 studies. The risk of severe COVID-19 disease
associated withNSAIDswas not significantly increased
or decreased (OR, 0.92; 95%CI, 0.80-1.05; 5 studies)
(Figure 2). There was no significant heterogeneity in the
analysis. When excluding the population case-control
study25 the estimate stood at OR 1.01 (95%CI, 0.77-
1.31; I2 = 6%; 4 studies) (Figure 3).

Mortality Risk Associated With NSAIDs Among Patients
With COVID-19 Disease
The association between NSAIDs and mortality risk
in patients with COVID-19 was evaluated in 4 studies.
However, Wong et al,27 assessing primary care records
(OpenSAFELY platform), identified and assessed 2
cohorts (people who had never used NSAIDs in the
past 3 years from the general population and peo-
ple with rheumatoid arthritis/osteoarthritis). Regard-
ing all-cause mortality, NSAIDs were associated with
neither an increase nor a reduction in the risk of this
outcome (OR, 0.86; 95%CI, 0.75-0.99; I2 = 14%; 4 stud-
ies) (Figure 2). We performed a subsequent exploratory
subgroup analysis for all types of NSAIDs, where we
did not apply the time of exposure eligibility criterion.
However, only 2 authors (Drake et al28 and Wong et
al27) had data available for ibuprofen. This subgroup
analysis did not significantly increase or reduce the risk

of COVID-19 deaths (OR, 0.98; 95%CI, 0.78-1.22; 2
studies) (see Figure S1, Supplemental Information 1).

Additional Analysis
Weperformed an additional analysis where we included
studies where we did not apply the time of exposure
eligibility criterion. Thereby, we observed that the risk
of severe COVID-19 infection was not significantly
increased (OR, 1.05; 95%CI, 0.88-1.25; 7 studies [Drake
et al28 and Jeong et al29 were included]) with a signif-
icant heterogeneity (I2 = 54%). Regarding mortality,
NSAIDs were also not associated with either an in-
crease or a reduction in the risk of this outcome (OR,
0.85; 95%CI, 0.74-0.96; I2 = 42%; Bruce et al,30 Drake
et al,28 and Imam et al31 were included) (Figure S2,
Supplemental Information 1).

About the risk of mechanical ventilation in patients
with COVID-19, only 2 authors had data available. This
outcome was not significantly increased or decreased
(OR, 0.97; 95%CI, 0.82-1.16; 2 studies). There was
no significant heterogeneity in the analysis (Figure S3,
Supplemental Content). Data were not available for
other associated outcomes.

We were unable to perform an analysis of cardiovas-
cular safety outcomes since data were not available for
these outcomes.

Additionally, the Egger test was not statistically
significant for the risk of havingCOVID-19 infection (P
= .17), risk of mortality among those COVID-19 symp-
tomatic (P = .50), and risk of severe disease among
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those with COVID-19 (P = .02). The funnel plots are
depicted in Figure S4, Supplemental Information 1.

Discussion
Our main findings were (1) NSAIDs were not asso-
ciated with an increased risk of being infected with
SARS-CoV-2; and (2) among patients with COVID-19,
the previous exposure to NSAIDs did not increase the
risk of severe disease or mortality.

Concerns about the use of NSAIDs in patients
with COVID-19 have been raised on the basis of
unpublished data. Theoretically, it was claimed that
drugs such as ACE inhibitors, angiotensin receptor
blockers, and ibuprofen could upregulate the ACE-2,
which might mediate the entrance of SARS-CoV-2 in
epithelial cells, increasing the chance of havingCOVID-
19 and worsening a patient’s prognosis. Also, NSAIDs
might delay the diagnosis of COVID-19 by masking
inflammation and fever. Such claims led to alarmism
in the scientific and nonscientific community, since
NSAIDs are highly used in various conditions, and they
are broadly prescribed or sold over the counter. Since
then, several studies have attempted to understand the
effects of different drug classes in ACE-2 expression
and their effects on the stability of ACE-2 and viral
receptor-binding protein complexes. A recent review
shows that when NSAIDs are taken continuously, with
consequent inhibition of COX, the glomerular filtra-
tion rate and renal perfusion are reduced. This increases
angiotensin II levels and may initiate a compensatory
mechanism, with subsequent upregulation of ACE-2
expression to counteract angiotensin II. This could
make larger amounts of ACE-2 available for SARS-
CoV-2 entry into the cell.32 Contrarily, a study in com-
putational modeling found that some NSAIDs, such as
ibuprofen, aspirin, and acetaminophen, can alter the
stability between the viral receptor-binding protein and
ACE-2.33 Another study, in asthmatic patients, found
that daily aspirin in an anti-inflammatory dose was
not associated with increased transcription of ACE-
2 or angiotensin-derived peptides.34 These findings do
not directly point to a beneficial effect of NSAIDs in
SARS-CoV-2 infection, but they do imply that there
is still much to learn about the interaction between the
virus and its entry-gate enzyme.

In some non–COVID-19 preclinical studies,
NSAIDs were associated with suppression of
interleukin (IL)-6 production and suppression of
prostaglandin E2, which upregulates the production
of IL-6 and IL-8.35 These proinflammatory mediators
are also associated with more severe COVID-19,36,37

since hyperinflammatory responses are the basis of
the pathology of severe cases of this disease, such as
acute respiratory distress syndrome.38 Additionally,

the growing body of evidence points to the importance
of anti-inflammatory drugs, such as corticosteroids
or drugs that inhibit the production of IL-6, in severe
cases. However, it is hypothesized that, in early phases
of COVID-19, this concomitant immunosuppression
could promote SARS-CoV-2 replication.32

Other studies observed that different NSAID types
could have different capabilities to suppress enzymatic
activities of COX-1 and COX-2,39,40 which implies
a variety of effects that influence the study results.
Unfortunately, data were scarce, and we were unable to
categorize NSAIDs. Therefore, more research is needed
to evaluate if NSAID type can increase or decrease the
risk of poorer outcomes in patients with COVID-19.

Regarding clinical studies, several authors observed
that NSAID use does not appear to increase the risk
of poorer outcomes in patients with COVID-19. Drake
et al28 included a large number of patients admitted to
a hospital with COVID-19 (n = 72 179; the authors
used data from the ISARIC Clinical Characterization
Protocol UK cohort), across 255 health care facilities
in England, Scotland, and Wales. This study aimed to
analyze the association between NSAIDs and severe
COVID-19 outcomes, including mortality, critical care
admission, need for invasive ventilation, need for oxy-
gen, and acute kidney injury. Drake et al28 observed
that NSAID use was not associated with higher mortal-
ity or increased severity of COVID-19. However, data
on dosages and treatment duration were not available.
Therefore, the authors were unable to assess whether
there is a potentially harmful effect or not associated
with drug dosages or treatment duration.

Although there is still no pharmacodynamically
clear answer for this question, the data from our sys-
tematic review did not show an association between
NSAIDs and an increased risk of infection or disease
complications. The relevance of these data is of the
utmost importance for patients who are treated chron-
ically with these drugs as safety is being assured. In the
symptomatic relief of fever, other options exist, such as
acetaminophen, but our data show thatNSAIDs can be
added to the therapeutic options available.

In this context, the judgment of media reports and
observational studies is always difficult, as data are
frequently prone to bias. For example, social media
reported 4 cases of younger patients with COVID-
19 whose condition worsened after taking ibuprofen
for symptomatic relief.41 This report and other studies
might be at high risk of residual confounding and
selective reporting bias which precludes definite conclu-
sions. Another example relies on a systematic review of
observational studies that reported a positive associa-
tion betweenNSAIDs and pneumonia complications.42

To decrease the risk of bias we were conservative in
our analysis since we extracted data reporting only
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adjustedmeasures and respecting the directionality and
significance of the results.

Despite the concerns regarding NSAIDs, the anti-
inflammatory features of corticosteroids have been
demonstrated to decrease mortality in patients requir-
ing oxygen or mechanical ventilation.43 The inflamma-
tory pathways in this infection still require further re-
search so that we can understand the exact mechanisms
by which these drugs might influence health outcomes.

We were unable to assess NSAID safety since there
were no available data. However, we have to be aware
that NSAIDs are also associated with gastrointestinal
complications (like peptic ulcer disease and gastroin-
testinal bleeding) and the risk of cardiovascular adverse
events.44 Therefore, the choice of drug to treat anti-
inflammatory symptoms associated with COVID-19
should be based on a benefit-risk assessment for known
side effects, and NSAIDs should be used at the lowest
effective dose for the shortest possible period.

Strengths and Limitations
Our review has limitations inherent to the included
studies themselves. Due to our inclusion criteria, in
our search, we retrieved only observational studies
with their inherent bias. Also, all the observational
studies included had a high risk of bias, leading to
low confidence in the results. By default, our data
were subjected to a high protopathic and confounding
bias. To avoid that, we restricted our search to the use
of NSAIDs for at least 30 days before documented
or highly suspected SARS-CoV-2 infection thereby,
decreasing bias associated with the use of these drugs
for symptomatic relief at the beginning of the clinical
setting of COVID-19. Pooling data from studies with
patients with different baseline morbidities and hetero-
geneous risk for SARS-CoV-2 infection (membership
bias) should also be considered as a limitation to our
conclusions.

The OR was the effect measurement estimate cho-
sen since relative estimates are more similar across
studies with different designs, populations, and lengths
of follow-up than absolute effects.45 Additionally, we
selected the OR that was best suited for the chronic
use analysis of NSAIDs. Therefore, in Lund et al,23

Abu Esba et al,17 and Huh et al,20 we selected effect
measures either evaluated by a sensitivity analysis or
that gathered most events in our group of interest.
Furthermore, to decrease the confounding bias in our
data, we used only adjusted results reported by the
authors.

Most of the studies included were unable to provide
data on NSAID type, dosage, and total treatment
duration. Therefore, we could not assess whether there
was a potentially harmful effect of NSAIDs masked

by variables. Future studies should be aware of details
regarding the use of NSAIDs, including the effects of
continuation or discontinuation after hospital admis-
sion, type, dosage, and treatment duration.

When we assessed the outcomes of interest, low
statistical heterogeneity was observed, which is a good
indicator of the robustness of the result, despite the
baseline heterogeneity of the population. Also, when
studies with less robust designs were excluded, the
estimates kept their neutrality in terms of significance
without statistical heterogeneity.

Our study analyzed the best available evidence, and
it is relevant to inform all stakeholders about the safety
of using NSAIDs and the risk of COVID-19 disease.

Conclusions
NSAID use was not associated with increased risk
of SARS-CoV-2 infection or with severe disease or
increased mortality. The results are weakened by the
risk of bias of the individual studies. Thus, more robust
studies are needed since the quality of data included is
very important to confirm the safety of NSAID use in
this context.
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