
Vol.:(0123456789)

Drug Safety (2021) 44:929–938 
https://doi.org/10.1007/s40264-021-01089-5

SYSTEMATIC REVIEW

NSAIDs and COVID‑19: A Systematic Review and Meta‑analysis

Nicholas Moore1  · Pauline Bosco‑Levy1  · Nicolas Thurin1  · Patrick Blin1  · Cécile Droz‑Perroteau1 

Accepted: 5 June 2021 / Published online: 2 August 2021 
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Abstract
Background Nonsteroidal anti-inflammatory drugs (NSAIDs) have been discouraged for the treatment of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections, fearing that they could increase the risk of infection or the 
severity of SARS-CoV-2.
Methods Original studies providing information on exposure to NSAIDs and coronavirus disease 2019 (COVID-19) out-
comes were retrieved and were included in a descriptive analysis and a meta-analysis with Cochrane Revue Manager (REV-
MAN 5.4), using inverse variance odds ratio (OR) with random- or fixed-effects models.
Results Of 92,853 papers mentioning COVID-19, 266 mentioned NSAIDs and 61 mentioned ibuprofen; 19 papers had ana-
lysable data. Three papers described NSAID exposure and the risk of SARS-CoV-2 positivity, five papers described the risk 
of hospital admission in positive patients, 10 papers described death, and six papers described severe composite outcomes. 
Five papers studied exposure to ibuprofen and death. Using random-effects models, there was no excess risk of SARS-CoV-2 
positivity (OR 0.86, 95% confidence interval [CI] 0.71–1.05). In SARS-CoV-2-positive patients, exposure to NSAIDs was 
not associated with excess risk of hospital admission (OR 0.90, 95% CI 0.80–1.17), death (OR 0.88, 95% CI 0.80–0.98), 
or severe outcomes (OR 1.14, 95% CI 0.90–1.44). With ibuprofen, there was no increased risk of death (OR 0.94, 95% CI 
0.78–1.13). Using a fixed-effect model did not modify the results, nor did the sensitivity analyses.
Conclusion The theoretical risks of NSAIDs or ibuprofen in SARS-CoV-2 infection are not confirmed by observational data.

Key Points 

Exposure to nonsteroidal anti-inflammatory drugs 
(NSAIDs) was not associated with increased risk of test-
ing positive for severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), hospital admission in SARS-
CoV-2-positive (coronavirus disease 2019 [COVID-19]) 
patients, or severe COVID-19 or death with enough 
power to confidently exclude a significant risk.

There is no reason not to use NSAIDs to alleviate the 
symptoms of SARS-CoV-2 infection if needed.

1 Introduction

Based on anecdotal reports that severe coronavirus disease 
2019 (COVID-19) cases had been exposed to ibuprofen 
(nonsteroidal anti-inflammatory drugs [NSAIDs]) [1], and 
on theoretical bases such as upregulation of angiotensin-
converting enzyme (ACE) 2, a target of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) [2, 3], in 
April 2020 French authorities warned against the use of ibu-
profen, available over the counter (OTC), along with other 
NSAIDs, in patients with COVID-19 symptoms [1, 4]. One 
year after this warning, it seemed opportune to collate the 
evidence regarding the possible risks associated with the 
use of NSAIDs in COVID-19. The questions addressed were 
whether exposure to NSAIDs could increase the risk of test-
ing positive to SARS-CoV-2, and whether, in such patients, 
infection by SARS-CoV-2 could lead to COVID-19, result-
ing in more severe disease as manifested by hospital admis-
sion, admission to intensive care or mechanical ventila-
tion, or death. This did not relate to a hypothetical effect of 
NSAIDs on the immune response to vaccination [5].
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In the absence of clinical trials of NSAIDs in COVID-19, 
the present review was of observational studies only, regard-
less of their study design and patient populations.

2  Methods

We conducted a review and meta-analysis of publications 
mentioning the use of NSAIDs and COVID-19 outcomes, 
identified from the PubMed MEDLINE database using 
EndNote 20 (Clarivate Analytics, Philadelphia, PA, USA), 
any mention of COVID or SARS-CoV-2 in the title or any 
field and any mention of NSAIDs or ibuprofen in the title 
or any field, and published in 2020 or 2021 (last searched 
on 1 March 2021). Papers mentioning risk factors for the 
occurrence of COVID-19 or its outcomes were scanned for 
the presence of NSAIDs among the factors reported. Only 
studies reporting NSAIDs or ibuprofen and reporting origi-
nal research were retained, either published or provided as 
preprints. Opinion papers and editorials were scanned for 
relevant references. Papers were selected based on their title 
and abstract, followed by careful analysis of the whole text 
to ascertain the presence of useful data. Such data included 
number of exposed and control participants, number of 
events, and measures of association (relative risk [RR], 
hazard ratios [HRs], or odds ratios [ORs] according to the 
study design), with confidence intervals (CIs), and including 
methods used for adjustment or matching. Original papers 
were abstracted and tabulated. Effect estimates associated 
with relevant events and exposures were then included in 
a meta-analysis using the Cochrane RevMan 5.4 software 
(Review Manager [RevMan; computer program]. Version 
5.4. The Cochrane Collaboration, 2020), applying inverse 
variance ORs in random effects models for each outcome of 
interest. Log(OR) and standard error (SE) were recomputed 
from ORs and CIs. A fixed-effects model was also tested. 
Outcomes of interest were the positivity of tests for SARS-
CoV-2 in general or selected populations (e.g. patients with 
rheumatoid arthritis or other rheumatic diseases); hospital 
admission in patients with positive tests; fatal outcomes in 

such patients, whether admitted to hospital or not; and other 
outcomes, such as composite outcomes indicating severe 
infection when individual outcomes were not specified, or 
the need for intensive care. Papers mentioning exposure to 
ibuprofen and death were examined separately. Outcomes 
were taken as is from the publications without attempting 
re-ascertainment.

Timings of exposure were considered indiscriminately, 
without taking into account recent or longer exposure, con-
sidering the small numbers of papers; these are described in 
the main results table. The papers included mostly cohort 
studies in population databases, or ad hoc studies in patients, 
exposed or control populations being adjusted, or matched, 
including those with propensity scores. The data provided 
by the papers regarding ORs, HRs, or RRs were used as 
reported. Standard errors were recomputed from the reported 
CIs. There was no specific attempt to quantify risk of bias 
in these observational studies, which were all considered 
as potentially biased. Individual study data are provided in 
Table 2, while the recomputed SE in the forest plots are 
shown in Figs. 1, 2, 3, 4 and 5. Computation of the meta-
analytical results included the standard statistics provided by 
the software, as described in Figs. 1, 2, 3, 4 and 5, including 
measures of heterogeneity.

A funnel plot was generated for death.

3  Results

3.1  Literature Search

Of 92,853 papers identified in the Pubmed MEDLINE data-
base that cited COVID-19 in the title (Table 1), 14 also men-
tioned NSAIDs in the title and 21 also mentioned ibuprofen; 
266 included NSAIDs in all fields (title, keywords, abstract) 
and 61 included ibuprofen; and 2292 included mortality in 
the title and 11,616 included mortality in all fields. Of the 
latter, 141 included risk factors in the title and 114 included 
hospital admission. Overall, 18 papers with evaluable data 
were retained (Table 2). ‘Other’ papers were editorials or 

Fig. 1  Forest plot of observational studies of positivity to SARS-
COV2 in persons exposed or not to NSAIDs. Inverse variance odds 
ratios with a random-effects model. SARS-CoV-2 severe acute respira-

tory syndrome coronavirus 2, NSAIDs Non-steroidal anti-inflamma-
tory drugs, IV inverse variance, CI confidence interval, SE standard 
error, df degrees of freedom
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opinion papers. Two papers mentioning reviews in the title 
were identified: one related to ibuprofen and acute bacterial 
or viral respiratory lower tract infections [6], while the other 
was a narrative review of the issues involved [7]. We found 

no other systematic reviews on this topic, while some papers 
of potential interest provided no usable data [8, 9]. 

In ClinicalTrials.gov, 22 studies cited COVID and 
NSAIDs, a few of which might be of interest when com-
pleted or published, i.e. one observational study of OTC 

Fig. 2  Forest plot of observational studies of Hospital admission in 
SARS-COV2 positive patients exposed or not to NSAIDs. Inverse 
variance odds ratios with a random-effects model. SARS-CoV-2 

severe acute respiratory syndrome coronavirus 2, NSAIDs Non-steroi-
dal anti-inflammatory drugs, IV inverse variance, CI confidence inter-
val, SE standard error, df degrees of freedom

Fig. 3  Forest plot of observational studies of death related to SARS-
COV2 in persons exposed or not to NSAIDs. Inverse variance odds 
ratios with a random-effects model. SARS-CoV-2 severe acute respira-

tory syndrome coronavirus 2, NSAIDs Non-steroidal anti-inflamma-
tory drugs, IV inverse variance, CI confidence interval, SE standard 
error, df degrees of freedom

Fig. 4  Forest plot of observational studies of death in SARS-COV2 
patients exposed or not to ibuprofen. Inverse variance odds ratios 
with a random-effects model. SARS-CoV-2 severe acute respiratory 

syndrome coronavirus 2, NSAIDs Non-steroidal anti-inflammatory 
drugs, IV inverse variance, CI confidence interval, SE standard error, 
df degrees of freedom
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medication and COVID (NCT04500639), results expected 
in March 2023; one randomised clinical trial (LIBERATE, 
NCT04334629), results expected in September 2021; and 
an observational study of the impact of exposure to NSAIDs 
on the outcomes of COVID-19 patients in the intensive care 
unit (ICU) [NCT04757792], indicated as completed in 
February 2021 but no results have been given as yet and 
no publications were found. One clinical trial of naproxen 

(ENACOVID, NCT04325633) was terminated due to the 
lack of recruitment.

The Cochrane library provided another previously uni-
dentified paper; in Korea, Park et al. [10] identified patients 
positive for COVID-19, and described outcomes (death), 
in cohorts of patients who were prescribed NSAIDs or par-
acetamol within 14 days prior to a positive test [10].

• Three papers reported on SARS-CoV-2 positivity with 
NSAID exposure in the general population [11], in 
patients with osteoarthritis [12], and in patients with 
rheumatic diseases (Table 2a) [13].

• Five papers reported on hospital admissions in patients 
positive to COVID-19 exposed to NSAIDs (Table 2b) 
[11, 14–17].

• Ten papers described death in NSAID users [12, 14, 17–
24], with various exposure periods, including current or 
acute exposure [12, 14, 25], or within 30 days [17] or 4 
months [23].

Other studies indicate prior [16, 18, 19, 21] or previ-
ous use [20]. Abu Esba et al. also included both acute and 
chronic users, but only acute users were included [14]. Wong 
et al. included two patient populations, in OpenSAFELY: 
the general population and patients with rheumatic diseases, 
and two exposures, relating to all NSAIDs and specifically 
ibuprofen.

Studies that provided different populations, such as Open-
SAFELY, were treated as separate studies for each popula-
tion. There were no duplicate patients (Wong et al. [23]).

Four papers studied death in ibuprofen users, for current 
exposures [14, 24], exposures of < 7 days [26] or exposures 
of < 4 months, in rheumatoid arthritis, or in the general pop-
ulation [23] (Table 2d). The paper by Wong et al., in either 
the general population or the rheumatoid arthritis popula-
tion, was considered as two different studies [23].

In addition, six papers studied the association of exposure 
to ibuprofen or NSAIDs and severe COVID-19, a composite 

Fig. 5  Forest plot of observational studies of severe outcomes to 
SARS-COV2 in persons exposed or not to NSAIDs. See table 2 for 
references to studies. Inverse variance odds ratios with a random-
effects model. SARS-CoV-2 severe acute respiratory syndrome coro-

navirus 2, NSAIDs Non-steroidal anti-inflammatory drugs, IV inverse 
variance, CI confidence interval, SE standard error, df degrees of 
freedom

Table 1  Literature search strategy and results (last updated 10 May 
2021)

COVID-19 coronavirus disease 2019, NSAIDs non-steroidal anti-
inflammatory drugs

Search strategy

COVID-19 (Title) 92,853
And (Title)
 NSAIDs 14
 Ibuprofen 21

And (All fields)
 NSAIDs 266
 Ibuprofen 61

COVID (All fields)
And (all fields)
 NSAIDs 393
 Ibuprofen 79

COVID (title)
And
 Mortality (All fields) 11,616
 Mortality (title) 2292
 Mortality (title) and risk factors (title) 141

COVID (Title)
And
 Hospital admission (title) 114
 Risk factors (title) 5
 COVID (Title) and NSAIDs (all fields) and death (all 

fields)
23
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of admission to intensive care, artificial ventilation, and 
death [11, 14, 17, 27–29]. Jeong et al., Kragholm et al., 
and Perkins et al. only provided results for the composite 
outcome [27–29]. Jeong et al. [27] and Rinott et al. [26] 
provided data on patients using only NSAIDs or ibuprofen, 
compared with paracetamol, and provided death frequency 
but not the size of the exposure groups or measures of asso-
ciation. In both cases, there were no deaths with ibuprofen 
or NSAIDs alone, compared with 3–4% with paracetamol.

Study authors were contacted to check the status of 
NCT04325633 (from ClinicalTrials.gov), a clinical trial of 
naproxen. Furthermore, an attempt was made to obtain data 
from Jeong regarding the number of patients receiving ibu-
profen alone but this was unsuccessful [27], and to verify an 
apparent inversion of columns in the study by Drake et al. 
[24], and the number of cases in the study by Sahai et al. 
[30].

No non-English-language papers were identified (see 
Table 2 for a summary of the studies).

3.2  Meta‑analysis

Results of the meta-analysis are shown in Figs. 1, 2, 3, 
4, 5 and 6 and electronic supplementary Figs. e1–e6. No 
association was found between the selected outcomes and 
prior exposure to NSAIDs in the random effect models. The 
heterogeneity was generally low  (I2 from 0% to 32%, all 
p > 0.05).

There was no excess risk of SARS-CoV-2 positivity in 
patients exposed to NSAIDs or ibuprofen (OR 0.86, 95% 
CI 0.80–1.05) (Fig. 1). In patients positive to SARS-CoV-2, 
exposure to NSAIDs was not associated with an increased 
risk of being admitted to hospital (OR 0.97, 95% CI 
0.80–1.17) (Fig. 2), dying after exposure to NSAIDs (OR 
0.88, 95% CI 0.80–0.98) (Fig. 3) or ibuprofen (OR 0.94, 95% 
CI 0.78–1.13), or having severe outcomes (OR 1.14, 95% CI 
0.90–1.44) (Fig. 5).

The funnel plot for the studies of death as an outcome is 
provided. It shows a lack of small studies showing lower or 
no risk with NSAIDs (Fig. 6).

3.3  Sensitivity Analyses

Fixed-effects models did not change the results (see elec-
tronic supplementary Figs. e1–5).

COVID+: OR 0.86, 95% CI 0.71–1.05; I2 = 0% (elec-
tronic supplementary Fig. e1).

Hospital admission: OR 0.98, 95% CI 0.88–1.10; 
I2 = 32% (electronic supplementary Fig. e2).

Death: OR 0.90, 95% CI 0.83–0.97; I2 = 22% (electronic 
supplementary Fig. e3).

Death with ibuprofen: OR 0.92, 95% CI 0.79–1.08; 
I2 = 14% (electronic supplementary Fig. e4).

Severe or composite outcome: OR 1.15, 95% CI 
0.95–1.38; I2 = 21% (electronic supplementary Fig. e5).

Removing the largest study (Wong et al. [23]) did not sig-
nificantly change the outcome (OR 0.89, 95% CI 0.77–1.02; 
I2 = 23%) [not shown].

For most outcomes, the upper limit of the 95% CI of the 
meta-analysis OR was below 1.25, generally considered as 
indicating equivalence and enabling to confidently reject an 
increased risk of NSAIDs or ibuprofen, on Covid-19 posi-
tivity, hospitalisation or death, at least in the circumstances 
covered by these studies.

4  Discussion

We found no indication to date of any negative association 
on the use of NSAIDS, including ibuprofen, with SARS-
CoV-2 infection or its outcomes.

The reasons for the recommendation against the use of 
ibuprofen to relieve pain (especially headache) and fever 
during the SARS-CoV-2 infection included a suspicion that 
ibuprofen might increase the risk of acquiring SARS-CoV-2 
infection through ACE-2 upregulation [31] and a risk of 
greater severity of the disease, including an increasing risk 
of death, theoretical arguments that were extended to all 
NSAIDs [1, 4, 32].

The relevance of the upregulation of ACE-2 in the occur-
rence or severity of COVID-19 is disputed [33, 34]. Previ-
ous use of ACE inhibitors or angiotensin receptor blockers 
did not affect the risk of contracting SARS-CoV-2 [35–39]. 
ACE-2 upregulation might limit the severity of COVID-19 
infection [40]. A lower death rate in patients using ACE 
inhibitors has been described [37]. The finding that ibu-
profen might upregulate ACE-2 came from a single animal 
experiment in diabetic rats [31]; however, ibuprofen was 
found to neither affect expression of ACE-2 in human cell 
lines or mouse tissues nor SARS-CoV-2 entry or replica-
tion [41].

We did not find an increased risk of SARS-CoV-2 infec-
tion in the general population or in specific populations 
exposed to NSAIDs or ibuprofen. Furthermore, we did 
not find an increased risk of hospital admission or severe 
COVID-19 in users of ibuprofen or NSAIDs, and did not 
find an increased risk of death from COVID-19 in patients 
exposed to NSAIDs or ibuprofen. In fact, the fixed-effects 
model actually showed a lower risk of death in patients 
exposed to NSAIDs, which was suggested in experimental 
or theoretical papers [5, 41–43].

The funnel plot suggests publication bias in favour of 
small studies reporting a higher risk of death with NSAIDs; 
small studies finding no effect or protection with NSAIDs 
or ibuprofen seem to be missing.
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The use of ibuprofen to relieve symptoms of SARS-
CoV-2 infection such as fever or pain is expected, as is find-
ing severe cases exposed to ibuprofen or other NSAIDs. Ibu-
profen is effective in relieving pain [44–46]. The description 
of the cases involved in the initial warning did not generally 
discuss exposure to other analgesics such as paracetamol [1]. 
Furthermore, some of these anecdotal reports did not ascer-
tain the diagnosis of SARS infection or actual ibuprofen use. 
A suggested worsening of bacterial infections with ibuprofen 
or other NSAIDs would not be relevant to severe COVID-
19, which is not related to bacterial superinfection, as con-
firmed by the lack of benefit of azithromycin [47, 48], but 
to acute cytokine storm and inflammation, which NSAIDs 
might reduce or avoid [5, 42, 43]. Our results also indicate a 
possibly lower risk of death in COVID-19 patients exposed 
to NSAIDs, consistent with the role of inflammation and the 
cytokine storm in severe COVID-19.

In addition, two studies found that when ibuprofen or 
NSAIDs were used alone in patients with COVID-19, there 
were no deaths, compared with 3 or 4% with paracetamol 
used alone [26, 27], as had been found in acute soft tissue 
infection in varicella [49]. Two studies comparing the acute 
use of ibuprofen or NSAIDs during COVID-19 infection 
with paracetamol combinations or with non-NSAIDs users 
found nonsignificantly lower mortality rates in the NSAIDs 
users [12, 14]. Some researchers have also suggested that by 
depleting glutathione, paracetamol might also worsen the 
outcome of COVID-19 [50–53].

The limits of this meta-analysis are related to the obser-
vational nature of the studies, which preclude firm conclu-
sions on causality; however, that would apply more were 
we to affirm a difference, which is not the case here. The 
upper limits of the CIs for the association of NSAIDs or 

ibuprofen with the selected outcomes are included within 
the usual equivalence limits (0.80–1.25). Therefore, what 
we describe is not just lack of evidence of risk but evidence 
of lack of risk.

Another typical limit of such systematic reviews is pub-
lishing bias. Indeed, there is indication of some publish-
ing bias in studies reporting death, with excess reporting of 
increased death with NSAIDs, which would bias the results 
against our findings, rather than the opposite.

5  Conclusion

We concur with the regulatory agencies, scientific societies 
and the World Health Organization, which concluded their 
analyses by stating “There is currently no evidence that the 
acute use of NSAIDs causes an increased risk of developing 
COVID-19 or of developing a more severe COVID-19 dis-
ease” [54, 55]. In fact there is evidence that it does not cause 
an increased risk. A regulatory decision based on anecdo-
tal reports and irrelevant experimental data may well have 
deprived patients of an effective drug to control pain and 
fever.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40264- 021- 01089-5.
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