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Aim: Recent reports of potential harmful effects of nonsteroidal anti-inflammatory

drugs (NSAIDs) in treating patients with coronavirus disease 2019 (COVID-19) have

raised great concern.

Methods: We searched the PubMed, EMBASE, Cochrane Library and MedRxiv

databases to examine the prevalence of NSAID use and associated COVID-19 risk,

outcomes and safety.

Results: Twenty-five studies with a total of 101 215 COVID-19 patients were

included. Prevalence of NSAID use among COVID-19 patients was 19% (95% confi-

dence interval [CI] 14-23%, no. of studies [n] = 22) and NSAID use prior to admission

or diagnosis of COVID-19 was not associated with an increased risk of COVID-19

(adjusted odds ratio [aOR] = 0.93, 95% CI 0.82-1.06, I2 = 34%, n = 3), hospitalization

(aOR = 1.06, 95% CI 0.76-1.48, I2 = 81%, n = 5), mechanical ventilation

(aOR = 0.71, 95% CI 0.47-1.06, I2 = 38%, n = 4) or length of hospital stay. More-

over, prior use of NSAIDs was associated with a decreased risk of severe COVID-19

(aOR = 0.79, 95% CI 0.71-0.89, I2 = 0%, n = 7) and death (aOR = 0.68, 95% CI 0.52-

0.89, I2 = 85%, n = 10). Prior NSAID administration might also be associated with an

increased risk of stroke (aOR = 2.32, 95% CI 1.04-5.2, I2 = 0%, n = 2), but not myo-

cardial infarction (aOR = 1.49, 95% CI 0.25-8.92, I2 = 0, n = 2) and composite throm-

botic events (aOR = 1.56, 95% CI 0.66-3.69, I2 = 52%, n = 2).

Dr Zhao, Dr Huang and Dr Huang are co-first authors.

Received: 28 July 2021 Revised: 23 March 2022 Accepted: 25 April 2022

DOI: 10.1111/bcp.15512

Br J Clin Pharmacol. 2022;1–15. wileyonlinelibrary.com/journal/bcp © 2022 British Pharmacological Society. 1

https://orcid.org/0000-0002-5570-289X
mailto:yupeng_jxndefy@163.com
mailto:zhuwg6@mail.sysu.edu.cn
mailto:liux587@mail.sysu.edu.cn
https://doi.org/10.1111/bcp.15512
http://wileyonlinelibrary.com/journal/bcp


Conclusion: Based on current evidence, NSAID use prior to admission or diagnosis of

COVID-19 was not linked with increased odds or exacerbation of COVID-19. NSAIDs

might provide a survival benefit, although they might potentially increase the risk of

stroke. Controlled trials are still required to further assess the clinical benefit and

safety (e.g., stroke and acute renal failure) of NSAIDs in treating patients with

COVID-19.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), currently prevalent worldwide,

is an acute respiratory illness caused by a novel virus called severe

acute respiratory syndrome-associated coronavirus-2 (SARS-CoV-2).

This virus can infect host cells expressing the angiotensin-converting

enzyme (ACE2) receptor.1,2

Nonsteroidal anti-inflammatory drugs (NSAIDs), such as aspirin,

ibuprofen and naproxen, are widely applied inexpensive over-the-

counter drugs due to their anti-inflammatory properties.3 Moreover,

since most COVID-19 patients initially show signs of fever and pain,

NSAIDs may be the most commonly prescribed drugs for the general

population with COVID-19.4 However, concerns were initially raised

by French researchers reporting several COVID-19 patients whose

symptoms worsened after taking ibuprofen, an NSAID.5 In addition,

considerable reports have revealed various side effects of NSAIDs

and argued against their administration in COVID-19 patients.5,6

Safety issues have therefore been raised about the use of NSAIDs in

COVID-19. Subsequently, the European Medicines Agency (EMA) and

the World Health Organization (WHO) have claimed that NSAIDs, at

least not all NSAIDs, should not be precluded when COVID-19 is

clinically indicated, based on the limited evidence of COVID-19

epidemiology.7,8

NSAIDs exert their effects by suppressing cyclooxygenase

enzymes to reduce prostaglandin synthesis. Substances like prosta-

glandin are closely related to signs of pain, fever and inflammation

in patients with COVID-19.9 However, studies have suggested that

exposure to NSAIDs, including ibuprofen, may increase the risk of

COVID-19. Moreover, it has been speculated that NSAID use in

COVID-19 patients may worsen the disease and increase the odds

of ICU admission and death.10 By contrast, other studies have

reported that prior exposure to NSAIDs did not significantly

increase the risk of COVID-19 and was associated with a lower risk

of death in hospitalized COVID-19 patients.11–13 Considering the

debate over ibuprofen use in COVID-19 and the rapidly unfolding

situation of the current COVID-19 pandemic, this study aimed to

(1) assess the prevalence use of NSAIDs in the general COVID-19

population, (2) systematically investigate the association of NSAIDs

with the risk of COVID-19 and related outcomes, and (3) assess the

safety (particularly vascular complications) of NSAIDs in treating

patients with COVID-19.

2 | METHODS

This study was performed in accordance with PRISMA 2020

guidelines14 (Supporting Information Table S1) and registered in

PROSPERO (international prospective register of systematic reviews,

registration number CRD42019132063).

Two independent researchers (X.L. and Ss.H.) searched the

PubMed, Cochrane Library, EMBASE and MedRxiv databases from

December 2019 to January 2021 for relevant studies reporting

the prevalence of NSAID use and associated outcomes in

COVID-19 patients, without language restrictions. The search was

performed using the following Medical Subject Headings words:

What is already known about this subject

• Recent studies have raised concern about the link

between NSAIDs and the risk of COVID-19 infection as

well as associated clinical outcomes.

What this study adds

• The prevalence of NSAID use prior to admission or

diagnosis of COVID-19 was 18%.

• Prior exposure to NSAIDs was not associated with an

elevated COVID-19 infection.

• Prior use of NSAIDs was linked with a reduced risk of

severe COVID-19 infection and reduced all-cause death.

• Prior use of NSAIDs might be associated with an

increased risk of stroke, but not myocardial infarction,

overt thrombosis, major bleeding and acute renal failure.
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“anti-inflammatory agents, non-steroidal” OR “aspirin” OR “ibupro-
fen” OR “naproxen” AND “COVID-19” OR “SARS-CoV-2”. Pooled
odds ratios (ORs) were calculated using random effects models. Haz-

ard ratio and risk ratio were regardes as OR. All analyses were per-

formed using Stata 16.0 (Stata Corp LP, College Station, TX, USA) and

Review Manager (RevMan) version 5.3 (The Cochrane Collaboration

2014; Nordic Cochrane Center, Copenhagen, Denmark). Full details of

the literature search strategy, study selection criteria, quality

assessment and statistical analysis are reported in the Supporting

Information.

2.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY, and are permanently archived in the Concise

Guide to PHARMACOLOGY 2019/20.15-18

3 | RESULTS

3.1 | Study selection

After searching the databases, we obtained 879 potentially relevant

articles (PubMed = 377, Cochrane Library = 0, EMBASE = 419, and

MedRxiv = 83). Of these, 91 were duplicated publications. In addition,

735 studies were excluded after examining their titles and abstracts.

Of the remaining 53 articles, 28 were excluded after a detailed review

of the full text for the following reasons: (1) eight reports assessed

other respiratory infections; (2) seven reports were letters, reviews or

case reports; (3) six studies assessed suspected COVID-19 cases

instead of confirmed cases; (4) four articles were based on other

F IGURE 1 Flow chart of study selection
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diseases (e.g., rheumatologic diseases, cancers and coronary artery

diseases); and (5) three reports were based on the same population.

Finally, 25 publications (23 cohorts) were included in this meta-

analysis (Figure 1).

3.2 | Study characteristics and quality

The basic characteristics of the included studies are shown in Table 1.

The mean age of patients ranged from 64 to 67 years. Prevalence of

exposure to NSAIDs was assessed using the electronic medical record

database. The definition of NSAIDs use varied across studies. All stud-

ies defined NSAID use prior to admission or diagnosis of COVID-19

(range from 7 days to 1 years), except one study with in- NSAID hospi-

tal use.19 The doses of NSAIDs were not reported in almost all studies,

except one20 in which 81 mg aspirin was administered. The diagnosis

of COVID-19 was confirmed by SARS-COV-2 PCR in most studies;

one21 used ICD-10, and another12 combined clinical and SARS-COV-2

PCR findings. The majority of studies were retrospective or prospective

cohort observational studies, and three reports22–24 were case-control

studies. The assessment results showed that all articles were of medium

to high quality (Supporting Information Tables S2 and S3), although

some studies did have insufficient descriptions of the methods for con-

trolling the confounding factors and length of follow-up.

3.3 | Prevalence of NSAID use in patients with
COVID-19

Twenty-two articles with 106 421 patients (Supporting Information

Table S4) reported the use of NSAIDs in COVID-19 cases. The pooled

results showed NSAID use prevalence of 19% (95% confidence inter-

val [CI] 14-23%) in COVID-19 patients, with significant heterogeneity

(I2 = 99%) (Figure 2). Prior NSAID use frequency was 18% (95% CI

13-22%, I2 = 99%) when excluding the study by Meizlish et al, which

only covered in-hospital NSAID use. Subgroup analysis showed no

statistical differences in the prevalence of NSAID use across age

groups, study designs, regions and sample sizes (Supporting

Information Figure S1a-d).

3.4 | The impact of NSAIDs on the risk of
COVID-19

Five studies22,23,25–27 with 17 239 cases among 343 286 individuals

reported the effect of NSAID use on the risk of COVID-19 infection.

Pooled analysis showed that NSAID use prior to admission or diagnosis

of COVID-19 did not increase the risk of COVID-19 infection (crude

odds ratio [OR] = 0.93, 95% CI 0.78-1.12, I2 = 83%) (Supporting Infor-

mation Figure S2a). Three studies22,23,26 evaluated the association

between NSAIDs and COVID-19 infection by multivariate analysis. The

results after adjustments were consistent with the raw analysis

(adjusted OR = 0.93, 95% CI 0.82-1.06, I2 = 34%) (Figure 3A).T
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3.5 | The impact of NSAID use on hospitalization
in patients with COVID-19

There were nine publications22,27–34 with 10 955 cases/30921

COVID-19 patients assessing the association between NSAIDs and

hospitalization. The pooled results based on unadjusted analysis

showed that the use of NSAIDs did not significantly elevate the risk

of admission (crude OR = 1.05, 95% CI 0.63-1.73, I2 = 97%) (Sup-

porting Information Figure S2b). Three studies further reported the

adjusted results, with a summary OR of 1.06 (95% CI 0.76-1.48,

I2 = 81%) (Figure 3B). Subgroup analysis after adjustment showed

that neither ibuprofen nor naproxen prior use significantly increased

the risk of severe (e.g., ICU admission) COVID-19 (ibuprofen:

OR = 0.82, 95% CI 0.54-1.23, I2 = 45%; naproxen: OR = 0.66, 95%

CI 0.50-0.87) (Supporting Information Figure S3).

3.6 | Length of hospitalization

There were three publications that reported the association between

hospitalization length and NSAID use (Supporting Information

Table S5). A meta-analysis could not be conducted due to insufficient

data. Jeong et al10 reported a median length of hospitalization of

12 days among NSAID users versus 13 days among nonusers in

COVID-19 patients. Another retrospective cohort including

412 American COVID-19 patients reported that there was no signifi-

cant difference in the length of hospital stay between aspirin users

and no-aspirin users.11 A prospective cohort study that included

503 patients in Asia also showed that neither acute nor chronic use of

NSAIDs increased the length of hospital stay compared to non-NSAID

users29 (P = .63). Overall, all included studies reported a nonsignifi-

cant difference in the length of hospital stay between NSAID prior

users and non-NSAID users.

3.7 | Mechanical ventilation

Six studies10,11,27,29,30,34 with 459/11857 patients were included for

the assessment of mechanical ventilation. The pooled results of both

crude (crude OR = 1.34, 95% CI 0.60-3.02, I2 = 79%) and adjusted

(adjusted OR = 0.71, 95% CI 0.47-1.06, I2 = 38%) analyses showed

no significant risk of mechanical ventilation in COVID-19 patients

with prior use of NSAIDs (Supporting Information Figures S2c and 3c).

Adjusted subgroup analysis showed prior use of aspirin, ibuprofen and

naproxen did not significantly increase the risk of severe COVID-19

(aspirin: OR = 0.56, 95% CI 0.47-1.06; ibuprofen: OR = 0.75, 95% CI

0.22-2.50, I2 = 58%; naproxen: OR = 0.36, 95% CI 0.03-3.96)

(Supporting Information Figure S4).

F IGURE 2 Forest plot for the prevalence of NSAID use in patients with COVID-19

ZHAO ET AL. 9



3.8 | Impact of NSAID use on severe COVID-19
infection

Twelve articles involving 6284 severe COVID-19 cases among 69 942

patients10,11,22,24–27,29,30,34–36 assessed the association between prior

use of NSAIDs and COVID-19 severity. As shown in Supporting Infor-

mation Figure S2d, NSAID use before COVID-19 admission was not

significantly associated with the development of severe COVID-19

(crude OR = 0.90, 95% CI 0.66-1.21, I2 = 85%). Furthermore, pooled

OR in multivariate analysis showed significantly reduced risk of severe

COVID-19 infection (adjusted OR = 0.79, 95% CI 0.71-0.89, I2 = 0%)

(Figure 3D). Adjusted subgroup analysis showed prior exposure of

aspirin, ibuprofen and naproxen did not significantly increase the risk

of severe COVID-19 (aspirin: OR = 0.57, 95% CI 0.38-0.86; ibupro-

fen: OR = 0.98, 95% CI 0.59-1.65, I2 = 81%; naproxen: OR = 0.79,

95% CI 0.52-1.20) (Supporting Information Figure S5).

3.9 | Impact of NSAID use on death in patients
with COVID-19

We included 14 studies10–12,19–21,27,29,30,34,36–39 with 2966 cases

among 35 595 patients when assessing the link between death and

NSAID. We observed a decreased but nonsignificant risk of death

after NSAID use in COVID-19 patients (crude OR = 0.73, 95% CI

0.53-1.02, I2 = 80%) (Supporting Information Figure S2e).

Notably, the pooled results of adjusted analysis showed that

NSAID use could significantly decreased the mortality of COVID-19

patients (adjusted OR = 0.68, 95% CI 0.52-0.89, I2 = 85%)

(Figure 3E). The results were stable (adjusted OR = 0.72, 95% CI

0.54-0.96, I2 = 86%) after excluding one study on in-hospital use of

NSAIDs. Subgroup analysis after adjustment showed aspirin, ibupro-

fen and naproxen did not significantly increase COVID-19-related

death (aspirin: OR = 0.41, 95% CI 0.22-2.50, I2 = 4%; ibuprofen:

OR = 0.83, 95% CI 0.69-0.99, I2 = 0; naproxen: OR = 0.92, 95% CI

0.72-1.17) (Supporting Information Figure S6).

3.10 | Safety of NSAID use in patients with
COVID-19

Adverse cardiovascular events caused by NSAIDs, including major

bleeding, heart failure and major coronary events, have been well

documented in the general population.40 Therefore, we focused on

the potentially harmful effects of NSAIDs on vascular complications

in COVID-19 patients. Four studies reported NSAID-related safety

outcomes (myocardial infarction, stroke, major bleeding, composite

thrombotic events or renal failure).10,11,20,37 The pooled results

showed prior prescription of NSAIDs significantly increased the risk

of stroke (OR = 2.32, 95% CI 1.04-5.2, I2 = 0%) (Figure 4A), but

not myocardial infarction (OR = 1.49, 95% CI 0.25-8.92, I2 = 0%),

composite thrombotic events (including deep vein thrombosis,

F IGURE 3 Forest plot for the association between NSAIDs and COVID-19, pooled by adjusted results. (A) Risk of COVID-19 infection.
(B) Risk of hospitalization. (C) Risk of mechanical ventilation. (D) Risk of severe COVID-19 (e.g., ICU admission). (E) Risk of death. NSAIDs,
nonsteroidal anti-inflammatory drugs; ICU, intensive care unit.
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pulmonary embolism, peripheral arterial occlusion, ischemic stroke

and myocardial infarction) (OR = 1.56, 95% CI 0.66-3.69, I2 = 52%)

(Figure 4B,C) and renal failure (OR = 1.33, 95% CI 0.39-4.55,

I2 = 62%) (Figure 4E). Chow et al11 found no significant difference

(crude OR = 0.79, 95% CI 0.31-1.99) in major bleeding (intracranial

or gastrointestinal bleeding) between NSAID and non-NSAID groups

in raw analysis.

3.11 | Publication bias and sensitivity

No publication bias for COVID-19 susceptibility was detected

by the funnel plot or Egger's test (P > .1), although these tests

were not recommended for outcome assessment based on a

small number of studies (N < 10) (Supporting Information

Figure S6).

4 | DISCUSSION

At present, no consensual guidelines are available regarding NSAID

use in COVID-19, reflecting a paucity of data in this regard. Our

results showed the prevalence of NSAID use was 18% among the

general population with COVID-19, which suggested the use of

NSAIDs in COVID-19 patients was not uncommon. Furthermore,

based on current evidence, we found prior exposure to NSAIDs,

including aspirin, ibuprofen and naproxen, was not associated with an

increased risk of COVID-19 or worse outcomes in patients with

COVID-19. Notably, significantly increased risk of thrombotic stroke

was found in COVID-19 patients with prior use of NSAIDs

(OR = 2.32, P < .04) in two observational studies.10,20

There has been sound evidence that the SARS-CoV-2 spike gly-

coprotein directly binds to the host cell's ACE2 receptor, which is

highly expressed in human lung tissue, gastrointestinal tract and

F IGURE 4 Forest plots for the associations between nonsteroidal anti-inflammatory drugs and safety outcomes in COVID-19 patients.
(A) Stroke. (B) Myocardial infarction. (C) Composite thrombotic events. (D) Acute kidney failure.
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arterial smooth muscle cells.41 Indeed, the ACE receptor in humans

plays an important role in the pathophysiology of SARS-CoV-2 infec-

tion.41 Great concerns have been raised about several drugs with the

potential of increasing ACE2 expression that might contribute to the

spread of COVID-19 in the general population, including ACE inhibi-

tors (ACEIs), angiotensin 2 receptor blockers (ARBs) and NSAIDs.5 In a

previous report, we demonstrated that ACEIs/ARBs were not associ-

ated with an increased risk of COVID-19 infection and worsened out-

comes in COVID-19.42 Similarly, regarding NSAIDs, a potential

increase in COVID-19 risk with the use of NSAIDs was not found in

the present study. There are several possible explanations for these

findings. First, although animal studies showed that ACE2 receptor

expression was significantly upregulated by ibuprofen use,43 a recent

report found two commonly used NSAIDs (ibuprofen and meloxicam)

had no effect on ACE2 expression, viral entry and viral replication in a

mouse SARS-CoV-2 infection model.44 Furthermore, no human studies

have assessed the effect of ibuprofen on ACE2 expression, particularly

its expression in the lung tissue. Second, whether or not there is a

positive correlation between ACE2 expression level and the risk of

COVID-19 infection remains unknown. The most recent evidence has

derived from COVID-19 and inflammatory bowel diseases. Elevated

ACE2 protein expression was observed in the terminal ileum and colon

in patients with inflammatory bowel disease compared with controls.45

However, there is currently no evidence showing an increased risk of

inflammatory bowel disease or associated aggravated outcomes in the

context of COVID-19.45 Collectively, based on current experimental

and clinical data, we suggest that there is no evidence of a positive

correlation between NSAIDs and the risk of COVID-19.

Recent reports of potential harms (e.g., worsening symptoms) by

NSAIDs in patients with COVID-19 have attracted widespread atten-

tion, and several medical regulatory agencies still have inconsistent

opinions based on limited evidence.5 In the present study, we also

found that the use of NSAIDs provided a potential benefit in treating

COVID-19. Indeed, NSAID use reduced the incidence of severe

COVID-19 infection and all-cause mortality after adjustment for con-

founders. These results corroborated our previous findings about

ACEI/ARB, although our study also concerned the side effects of

NSAID for treating COVID-19 based on similar reasons.42 Several

potential mechanisms might explain these results. First, although

some literature reviews and investigators recommend avoiding

NSAIDs based on previous studies showing adverse outcomes in ibu-

profen users in the treatment of acute respiratory tract infections,

these results might be subject to selection bias.46,47 The NSAID group

might have higher disease severity compared with the non-NSAID

group. For example, although Joeng et al10 found a worsened com-

posite outcome (in-hospital death, ICU admission, mechanical ventila-

tion use or sepsis) in the NSAID group, an elevated adverse event rate

was not found compared with individuals administered paracetamol, a

drug used for similar indications as NSAIDs.10 Furthermore, the path-

ophysiology and transmission of COVID-19 are thought to be differ-

ent when compared with other respiratory diseases.48 Therefore, the

harmful effects of NSAIDs in individuals infected by other respiratory

viruses might not be generalized to COVID-19. In contrast, a recent

propensity-score matched study with 7747 individuals has shown that

use of NSAIDs is not associated with 30-day intensive care unit

admission or death of patients hospitalized with influenza.49 Second,

NSAIDs are well-known anti-inflammatory drugs that inhibit the

cyclooxygenase (COX) isoforms COX-1 and COX-2. It is well-

established that hyper-inflammatory responses underlie the pathology

of severe COVID-19. Indeed, cytokine production is significantly

increased in COVID-19.50 NSAIDs may decrease the production of a

subset of proinflammatory cytokines, including interleukin 6 and

tumour necrosis factor alpha, which may reduce the incidence of cyto-

kine storm in COVID-19,48 leading to a better prognosis.

It has been shown that the capabilities of different NSAIDs in

suppressing the enzymatic activities of COX-1 and/or COX-2 differ,

resulting in a variety of therapeutic effects.6,51 In subgroup analyses,

we found that all types of NSAIDs (aspirin, ibuprofen and naproxen)

were safe for the primary care of all COVID-19 patients, consistent

with our main results. However, because only a few articles were

included in the subgroup analysis, more research was needed to con-

firm the effects of different NSAIDs on COVID-19.

Our results might be generalized to a diverse population. In accor-

dance with the above findings, several cohort studies also found no

outcome worsening in COVID-19 patients with coexisting comorbid-

ities, including rheumatic disease52 and coronary artery diseases.53

For example, a national cohort study including 1 708 781 individuals

with rheumatoid arthritis/osteoarthritis showed that the use of

NSAIDs was not associated with a reduced COVID-19-related mortal-

ity after adjusting for cofounding factors.52 Furthermore, another

cohort with a small sample size (N = 183) in China found that low-

dose aspirin use prior to admission was not associated with mortality

in patients with coronary artery diseases hospitalized with COVID-19

infection (OR = 0.944, P = .89).53 Collectively, these results suggest

that NSAID treatment is safe for other patient populations, and indi-

viduals taking NSAIDs for secondary prevention should continue their

treatment.

A previous study found NSAID use was associated with an

increased risk of ischemic stroke in patients with acute respiratory

infections.54 Consistently, we also found a significantly increased risk

of stroke in COVID-19 patients who received NSAIDs, but no ele-

vated incidence of composite thrombotic events (including deep vein

thrombosis, pulmonary embolism, peripheral arterial occlusion, ische-

mic stroke and myocardial infarction) in hospitalized COVID-19

patients was observed by pooling two studies. The somewhat contra-

dictory results are interesting. Possible differences between infection-

induced thrombosis and similar clinical features of COVID-19 can be

distinguished by the examination of overt thrombosis (e.g., deep vein

thrombosis, pulmonary embolism and myocardial infarction) versus

microthrombosis, which is usually the cause of thrombotic stroke. It is

well known that the presence of microthrombi is not necessarily cor-

related with overt thrombosis.55–57 Microthrombosis can be better

diagnosed with video-microscopy, dark-field images and spectral

images,56,57 therefore further studies should use more effective tools

to comprehensively elucidate the effect of aspirin or other NSAIDs on

microthrombosis.

12 ZHAO ET AL.



It is well known that NSAIDs can increase the risk of major bleed-

ing, e.g., upper gastrointestinal complications.51 Chow et al11 found

no significant increase in major bleeding in patients administered aspi-

rin, which might be explained by the fact that patients with COVID-

19 frequently acquired a hypercoagulable state and thrombocytopenia

is uncommon in COVID-19 patients. However, considering the obser-

vational study design and limited sample size, ongoing COVID-19 clin-

ical trials involving aspirin or other NSAIDs would be helpful to

provide more sound evidence for safety outcomes.

4.1 | Study strengths and limitations

The greatest strength of this study was its large sample size. We

examined the prevalence of NSAID use in COVID-19 cases and com-

prehensively assessed the related outcomes, including the risk of

COVID-19, hospital admission, severity, mechanical ventilation and

death, as well as safety outcomes. As readily available and inexpensive

drugs, these results revealed the benefits of the clinical use of NSAIDs

during the COVID-19 pandemic.

We recognized the possible limitations of this study as well. This

was a meta-analysis including observational studies. This intrinsic limi-

tation precluded us from inferring a causal relationship. The included

patients were adult individuals, and the effects of NSAIDs in young

and children patients should be further studied. Measured and

unmeasured factors such as various underlying diseases might influ-

ence the results. For example, it was thought that there was a large

gender difference in susceptibility to COVID-19. However, the limited

data prevented sex-specific subgroup analysis. Some data, including

age and specific drug doses, were incomplete in most included studies

and could not be further combined. However, Wong et al21 reported

that high-dose or low-dose ibuprofen/naproxen was not linked with

an increased risk of COVID-19-related death in the general popula-

tion, which suggests NSAIDs at common clinical doses are safe. Signif-

icant heterogeneity was observed across the included studies, which

might result from the differences in exposure to NSAIDs, types of

NSAIDs and analytical strategies. Specifically, exposure definition var-

ied greatly across included studies. The majority of studies defined

NSAID use within 7 days to 1 year prior to admission or diagnosis of

COVID-19 as prior use of NSAIDs. Only one study assessed in-

hospital NSAID use. Thus, our results should be explained as the

effect of prior use of NSAIDs in COVID-19, rather than the effect of

current treatment of NSAIDs in hospitalized COVID-19 patients.

Well-designed randomized controlled clinical trials (e.g., with a large

sample size or using the COVID Outcomes Scale recommended by

the WHO) are required for further assessment of the clinical benefit

and safety (e.g., stroke and acute renal failure) of NSAIDs in the pre-

vention and treatment of COVID-19.

Age is an important confounding factor that might influence our

results. Elderly people with comorbidities are more prone to routinely

take NSAIDs.58 Although most of our data were adjusted for age, we

could not fully exclude the potential age-related bias. However,

patients of the NSAID group in most included studies were older, and

age-related adverse events could not be underestimated. Wong

et al21 reported that NSAID use was not linked with COVID-

19-related death both in young and older populations, and the esti-

mated effect did not differ by age in all adjusted models. In general,

current evidence suggests there is no correlation between age and

NSAID use in COVID-19.

5 | CONCLUSION

The current findings support the notion that prior exposure to

NSAIDs is not associated with an elevated susceptibility to COVID-19

or exacerbation of COVID-19. In addition, prior NSAID use might be

beneficial to improve COVID-19 outcomes to some extent. Thus,

proper use of NSAIDs in COVID-19 is recommended, rather than

absolute rejection of NSAID drugs. It is worth pointing out that this

meta-analysis was mostly based on observational studies, and ongoing

trials (NCT0432563339, NCT0438276840, NCT0433462941 and

NCT04344457) are expected to demonstrate more precise roles of

NSAIDs in the management of COVID-19. Moreover, future research

should not only focus on the use of NSAIDs as a therapeutic option,

but also continue to examine the effects of pre-admission NSAID use

on the risk of COVID-19, as well as COVID-19 outcomes and mortal-

ity in the general population.

ACKNOWLEDGEMENTS

We acknowledge grant support from Guangzhou Science Technology

Bureau (202102010007). This work was supported by the National

Natural Science Foundation of China (No. 81760050, 81760048,

82100347, 8210020907), the Jiangxi Provincial Natural Science

Foundation for Youth Scientific Research (No. 20192ACBL21037),

and the China Postdoctoral Science Foundation (No.2021 M703724,

No.2020 M673016), Young Teachers' Basic Scientific Research

(No.20ykpy72), and the China National Postdoctoral Program for

Innovative Talents (No.BX20200400).

COMPETING INTERESTS

All authors declare that they have no conflicts of interest.

CONTRIBUTORS

P.Y. and X.L. were responsible for the entire project and revised

the manuscript. H.Z., Ss.H. and K.M. performed data extraction,

statistical analysis and data interpretation. X.L. and Ss.H. drafted

the first version of the manuscript. All authors participated in the

interpretation of the results and prepared the final version of the

manuscript.

AVAILABILITY OF SUPPORTING DATA

All data generated or analysed during this study were included in this

published article (and its supplementary information files).

CONSENT FOR PUBLICATION

Not applicable.

ZHAO ET AL. 13



ORCID

Xiao Liu https://orcid.org/0000-0002-5570-289X

REFERENCES

1. Coto E, Avanzas P, G�omez J. The renin-angiotensin-aldosterone sys-

tem and coronavirus disease 2019. Eur Cardiol Rev. 2021;16:e07 doi:

10.15420/ecr.2020.30

2. Barillà F, Bassareo PP, Calcaterra G, Romeo F, Mehta JL. Focus on

clinical practice: angiotensin-converting enzyme 2 and corona virus

disease 2019: pathophysiology and clinical implications. J Cardiovasc

Med (Hagerstown). 2020;21:630-633.

3. Bacchi S, Palumbo P, Sponta A, Coppolino MF. Clinical pharmacology

of non-steroidal anti-inflammatory drugs: a review. Antiinflamm Anti-

allergy Agents Med Chem. 2012;11(1):52-64. doi:10.2174/

187152312803476255

4. Motola D, Vaccheri A, Silvani MC, et al. Pattern of NSAID use in the

Italian general population: a questionnaire-based survey. Eur J Clin

Pharmacol. 2004;60(10):731-738. doi:10.1007/s00228-004-0826-0

5. Day M. Covid-19: ibuprofen should not be used for managing symp-

toms, say doctors and scientists. BMJ. 2020;368:m1086. doi:10.

1136/bmj.m1086

6. Little P, Moore M, Kelly J, et al. Ibuprofen, paracetamol, and steam for

patients with respiratory tract infections in primary care: pragmatic

randomised factorial trial. BMJ (Clin Res Ed). 2013;347:f6041.

7. Edmunds D. World Health Organization backs call to avoid ibuprofen for

coronavirus. The Jerusalem Post; 2020.

8. Agency. EM. EMA gives advice on the use of non-steroidal anti-

inflammatories for COVID-19. Available at: https://www.ema.europa.

eu/en/news/ema-gives-advice-use-non-steroidal-anti-

inflammatories-covid-19

9. Moore N, Duong M, Gulmez SE, Blin P, Droz C. Pharmacoepidemiol-

ogy of non-steroidal anti-inflammatory drugs. Therapie. 2019;74(2):

271-277. doi:10.1016/j.therap.2018.11.002

10. Jeong HE, Lee H, Shin HJ, Choe YJ, Filion KB, Shin J-Y. Association

between nonsteroidal antiinflammatory drug use and adverse clinical

outcomes among adults hospitalized with coronavirus 2019 in South

Korea: a nationwide study. Clin Infect Dis. 2021;73(11):e4179–e4188.
doi:10.1093/cid/ciaa1056

11. Chow JH, Khanna AK, Kethireddy S, et al. Aspirin use is associated

with decreased mechanical ventilation, intensive care unit admission,

and in-hospital mortality in hospitalized patients with coronavirus dis-

ease 2019. Anesth Analg. 2021;132(4):930-941. doi:10.1213/ANE.

0000000000005292

12. Bruce E, Barlow-Pay F, Short R, et al. Prior routine use of non-

steroidal anti-inflammatory drugs (NSAIDs) and important outcomes

in hospitalised patients with COVID-19. J Clin Med. 2020;9(8):2586.

doi:10.3390/jcm9082586

13. Osborne TF, Veigulis ZP, Arreola DM, Mahajan SM, Röösli E,

Curtin CM. Association of mortality and aspirin prescription for

COVID-19 patients at the Veterans Health Administration. PLoS One.

2021;16(2):e0246825. doi:10.1371/journal.pone.0246825

14. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-

ment: an updated guideline for reporting systematic reviews. BMJ.

2021;372:n71. doi:10.1136/bmj.n71

15. Harding SD, Sharman JL, Faccenda E, et al. The IUPHAR/BPS Guide

to PHARMACOLOGY in 2018: updates and expansion to encompass

the new guide to IMMUNOPHARMACOLOGY. Nucleic Acids Res.

2018;46(D1):D1091-D1106. doi:10.1093/nar/gkx1121

16. Alexander SP, Kelly E, Marrion NV, et al. THE CONCISE GUIDE TO

PHARMACOLOGY 2017/18: Overview. Br J Pharmacol. 2017;174-

(Suppl 1):S1-s16. doi:10.1111/bph.13882

17. Alexander SP, Kelly E, Mathie A, et al. The Concise Guide to PHAR-

MACOLOGY 2019/20: Introduction and other protein targets. Br J

Pharmacol. 2019;176:S1-S20.

18. Alexander SP, Kelly E, Mathie A, et al. THE CONCISE GUIDE

TO PHARMACOLOGY 2021/22: introduction and other protein tar-

gets. Br J Pharmacol. 2021;178(S1):S1-S26. doi:10.1111/bph.15540

19. Meizlish ML, Goshua G, Liu Y, et al. Intermediate-dose anticoagula-

tion, aspirin, and in-hospital mortality in COVID-19: a propensity

score-matched analysis. Am J Hematol. 2021;96(4):471-479. doi:10.

1002/ajh.26102

20. Sahai A, Bhandari R, Koupenova M, et al. SARS-CoV-2 receptors

are expressed on human platelets and the effect of aspirin on clinical

outcomes in COVID-19 patients. Res Sq. 2020;rs.3.rs-119031. doi:10.

21203/rs.3.rs-119031/v1

21. Wong AY, MacKenna B, Morton CE, et al. Use of non-steroidal anti-

inflammatory drugs and risk of death from COVID-19: an OpenSA-

FELY cohort analysis based on two cohorts. Ann Rheum Dis. 2021;

80(7):943-951. doi:10.1136/annrheumdis-2020-219517

22. Chang TS, Ding Y, Freund MK, et al. Prior diagnoses and medications

as risk factors for COVID-19 in a Los Angeles Health System.

medRxiv. 2020. doi:10.1101/2020.07.03.20145581

23. Huh K, Ji W, Kang M, et al. Association of prescribed medications

with the risk of COVID-19 infection and severity among adults in

South Korea. Int J Infect Dis. 2021;104:7-14. doi:10.1016/j.ijid.2020.

12.041

24. McKeigue PM, Kennedy S, Weir A, et al. Relation of severe COVID-

19 to polypharmacy and prescribing of psychotropic drugs: the

REACT-SCOT case-control study. BMC Med. 2021;19(1):51. doi:10.

1186/s12916-021-01907-8

25. Reilev M, Kristensen KB, Pottegård A, et al. Characteristics and pre-

dictors of hospitalization and death in the first 11 122 cases with a

positive RT-PCR test for SARS-CoV-2 in Denmark: a nationwide

cohort. Int J Epidemiol. 2020;49(5):1468-1481. doi:10.1093/ije/

dyaa140

26. Rentsch CT, Kidwai-Khan F, Tate JP, et al. Covid-19 testing, hospital

admission, and intensive care among 2,026,227 United States vet-

erans aged 54-75 years. medRxiv. 2020. doi:10.1101/2020.04.09.

20059964

27. Lund LC, Kristensen KB, Reilev M, et al. Adverse outcomes and

mortality in users of non-steroidal anti-inflammatory drugs who

tested positive for SARS-CoV-2: A Danish nationwide cohort study.

PLoS Med. 2020;17(9):e1003308. doi:10.1371/journal.pmed.

1003308

28. Nguyen AB, Upadhyay GA, Chung B, et al. Outcomes and

cardiovascular comorbidities in a predominantly African-American

population with COVID-19. medRxiv. 2020. doi:10.1101/2020.06.28.

20141929

29. Abu Esba LC, Alqahtani RA, Thomas A, Shamas N, Alswaidan L,

Mardawi G. Ibuprofen and NSAID use in COVID-19 infected patients

is not associated with worse outcomes: A prospective cohort study.

Infect Dis Ther. 2021;10(1):253-268. doi:10.1007/s40121-020-

00363-w

30. Castro VM, Ross RA, McBride SM, Perlis RH. Brief Report: Identifying

common pharmacotherapies associated with reduced COVID-19

morbidity using electronic health records. medRxiv. 2020. doi:10.

1101/2020.04.11.20061994

31. Jehi L, Ji X, Milinovich A, et al. Development and validation of a

model for individualized prediction of hospitalization risk in 4,536

patients with COVID-19. PLoS ONE. 2020;15(8):e0237419. doi:10.

1371/journal.pone.0237419

32. Nguyen LH, Drew DA, Joshi AD, et al. Risk of COVID-19 among

front-line health-care workers and the general community: a prospec-

tive cohort study. Lancet Public Health. 2020;5(9):e475-e483. doi:10.

1016/S2468-2667(20)30164-X

33. Rentsch CT, Beckman JA, Tomlinson L, et al. Early initiation of pro-

phylactic anticoagulation for prevention of coronavirus disease 2019

mortality in patients admitted to hospital in the United States: cohort

study. BMJ. 2021;372:n311. doi:10.1136/bmj.n311

14 ZHAO ET AL.

https://orcid.org/0000-0002-5570-289X
https://orcid.org/0000-0002-5570-289X
info:doi/10.15420/ecr.2020.30
info:doi/10.2174/187152312803476255
info:doi/10.2174/187152312803476255
info:doi/10.1007/s00228-004-0826-0
info:doi/10.1136/bmj.m1086
info:doi/10.1136/bmj.m1086
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-inflammatories-covid-19
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-inflammatories-covid-19
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-inflammatories-covid-19
info:doi/10.1016/j.therap.2018.11.002
info:doi/10.1093/cid/ciaa1056
info:doi/10.1213/ANE.0000000000005292
info:doi/10.1213/ANE.0000000000005292
info:doi/10.3390/jcm9082586
info:doi/10.1371/journal.pone.0246825
info:doi/10.1136/bmj.n71
info:doi/10.1093/nar/gkx1121
info:doi/10.1111/bph.13882
info:doi/10.1111/bph.15540
info:doi/10.1002/ajh.26102
info:doi/10.1002/ajh.26102
info:doi/10.21203/rs.3.rs-119031/v1
info:doi/10.21203/rs.3.rs-119031/v1
info:doi/10.1136/annrheumdis-2020-219517
info:doi/10.1101/2020.07.03.20145581
info:doi/10.1016/j.ijid.2020.12.041
info:doi/10.1016/j.ijid.2020.12.041
info:doi/10.1186/s12916-021-01907-8
info:doi/10.1186/s12916-021-01907-8
info:doi/10.1093/ije/dyaa140
info:doi/10.1093/ije/dyaa140
info:doi/10.1101/2020.04.09.20059964
info:doi/10.1101/2020.04.09.20059964
info:doi/10.1371/journal.pmed.1003308
info:doi/10.1371/journal.pmed.1003308
info:doi/10.1101/2020.06.28.20141929
info:doi/10.1101/2020.06.28.20141929
info:doi/10.1007/s40121-020-00363-w
info:doi/10.1007/s40121-020-00363-w
info:doi/10.1101/2020.04.11.20061994
info:doi/10.1101/2020.04.11.20061994
info:doi/10.1371/journal.pone.0237419
info:doi/10.1371/journal.pone.0237419
info:doi/10.1016/S2468-2667(20)30164-X
info:doi/10.1016/S2468-2667(20)30164-X


34. Rinott E, Kozer E, Shapira Y, Bar-Haim A, Youngster I. Ibuprofen use

and clinical outcomes in COVID-19 patients. Clin Microbiol Infect.

2020;26(9):1259.e5-1259.e7. doi:10.1016/j.cmi.2020.06.003

35. Argenziano MG, Bruce SL, Slater CL, et al. Characterization and

clinical course of 1000 Patients with COVID-19 in New York:

retrospective case series. BMJ. 2020;369:m1996. doi:10.1136/bmj.

m1996

36. Subudhi S, Verma A, Patel AB, et al. Comparing machine learning

algorithms for predicting ICU admission and mortality in COVID-19.

NPJ Digit Med. 2021;4(1):87. doi:10.1038/s41746-021-00456-x

37. Imam Z, Odish F, Gill I, et al. Older age and comorbidity are indepen-

dent mortality predictors in a large cohort of 1305 COVID-19

patients in Michigan, United States. J Intern Med. 2020;288(4):469-

476. doi:10.1111/joim.13119

38. Osborne TF, Veigulis ZP, Arreola DM, Mahajan SM, Röösli E,

Curtin CM. Association of mortality and aspirin prescription for

COVID-19 patients at the Veterans Health Administration. PLoS ONE.

2021;16(2):e0246825. doi:10.1371/journal.pone.0246825

39. Ruiz-Antoran B, Sancho-Lopez A, Torres F, et al. Combination of toci-

lizumab and steroids to improve mortality in patients with severe

COVID-19 infection: A Spanish, multicenter, cohort study. Infect Dis

Ther. 2020;10(3):1-16. doi:10.1007/s40121-021-00444-4

40. Coxib and traditional NSAID Trialists' (CNT) Collaboration, Bhala N,

Emberson J, et al. Vascular and upper gastrointestinal effects of non-

steroidal anti-inflammatory drugs: meta-analyses of individual partici-

pant data from randomised trials. Lancet (London, England). 2013;

382(9894):769-779. doi:10.1016/S0140-6736(13)60900-9

41. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell

entry depends on ACE2 and TMPRSS2 and is blocked by a clinically

proven protease inhibitor. Cell. 2020;181(2):271-280.e8. doi:10.

1016/j.cell.2020.02.052

42. Liu X, Long C, Xiong Q, et al. Association of angiotensin converting

enzyme inhibitors and angiotensin II receptor blockers with risk of

COVID-19, inflammation level, severity, and death in patients with

COVID-19: A rapid systematic review and meta-analysis. Clin Cardiol.

2020. doi:10.1002/clc.23421

43. Kreutz R, Algharably EAE, Azizi M, et al. Hypertension, the renin-

angiotensin system, and the risk of lower respiratory tract infections

and lung injury: implications for COVID-19. Cardiovasc Res. 2020;

116(10):1688-1699. doi:10.1093/cvr/cvaa097

44. Chen JS, Alfajaro MM, Chow RD, et al. Non-steroidal anti-

inflammatory drugs dampen the cytokine and antibody response to

SARS-CoV-2 infection. J Virol. 2021;95(7):e000014-21. doi:10.1128/

JVI.00014-21

45. Neurath MF. COVID-19 and immunomodulation in IBD. Gut. 2020;

69(7):1335-1342. doi:10.1136/gutjnl-2020-321269

46. MaassenVanDenBrink A, de Vries T, Danser AHJ. Headache medica-

tion and the COVID-19 pandemic. J Headache Pain. 2020;21(1):38.

doi:10.1186/s10194-020-01106-5

47. Pergolizzi JV Jr, Varrassi G, Magnusson P, et al. COVID-19 and

NSAIDS: A narrative review of knowns and unknowns. Pain Ther.

2020;9(2):353-358. doi:10.1007/s40122-020-00173-5

48. Yousefifard M, Zali A, Zarghi A, Madani Neishaboori A, Hosseini M,

Safari S. Non-steroidal anti-inflammatory drugs in management of

COVID-19; A systematic review on current evidence. Int J Clin Pract.

2020;74(9):e13557. doi:10.1111/ijcp.13557

49. Lund LC, Reilev M, Hallas J, et al. Association of nonsteroidal anti-

inflammatory drug use and adverse outcomes among patients hospi-

talized with influenza. JAMA Netw Open. 2020;3(7):e2013880. doi:10.

1001/jamanetworkopen.2020.13880

50. Melenotte C, Silvin A, Goubet AG, et al. Immune responses during

COVID-19 infection. Onco Targets Ther. 2020;9(1):1807836. doi:10.

1080/2162402X.2020.1807836

51. Bhala N, Emberson J, Merhi A, et al. Vascular and upper gastrointesti-

nal effects of non-steroidal anti-inflammatory drugs: meta-analyses of

individual participant data from randomised trials. Lancet (London,

England). 2013;382:769-779.

52. Gianfrancesco M, Hyrich KL, Al-Adely S, et al. Characteristics associ-

ated with hospitalisation for COVID-19 in people with rheumatic dis-

ease: data from the COVID-19 Global Rheumatology Alliance

physician-reported registry. Ann Rheum Dis. 2020;79(7):859-866. doi:

10.1136/annrheumdis-2020-217871

53. Yuan S, Chen P, Li H, Chen C, Wang F, Wang DW. Mortality and pre-

hospitalization use of low-dose aspirin in COVID-19 patients with

coronary artery disease. J Cell Mol Med. 2021;25(2):1263-1273. doi:

10.1111/jcmm.16198

54. Wen Y-C, Hsiao F-Y, Chan KA, Lin Z-F, Shen L-J, Fang C-C. Acute

respiratory infection and use of nonsteroidal anti-inflammatory drugs

on risk of acute myocardial infarction: a nationwide case-crossover

study. J Infect Dis. 2017;215(4):503-509. doi:10.1093/infdis/jiw603

55. McFadyen JD, Stevens H, Peter K. The emerging threat of (micro)

thrombosis in COVID-19 and its therapeutic implications. Circ Res.

2020;127(4):571-587. doi:10.1161/CIRCRESAHA.120.317447

56. Arnold RC, Parrillo JE, Dellinger RP, et al. Point-of-care assessment of

microvascular blood flow in critically ill patients. Intensive Care Med.

2009;35(10):1761-1766. doi:10.1007/s00134-009-1517-1

57. Iba T, Umemura Y, Wada H, Levy H. The roles of coagulation disorder

and microthrombosis in sepsis: pathophysiology, diagnosis, and treat-

ment. Arch Med Res. 2021;52(8):788-797. doi:10.1016/j.arcmed.

2021.07.003

58. Davis JS, Lee HY, Kim J, et al. Use of non-steroidal anti-inflammatory

drugs in US adults: changes over time and by demographic. Open

Heart. 2017;4(1):e000550. doi:10.1136/openhrt-2016-000550

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Zhao H, Huang S, Huang S, et al.

Prevalence of NSAID use among people with COVID-19 and

the association with COVID-19-related outcomes: Systematic

review and meta-analysis. Br J Clin Pharmacol. 2022;1‐15.

doi:10.1111/bcp.15512

ZHAO ET AL. 15

info:doi/10.1016/j.cmi.2020.06.003
info:doi/10.1136/bmj.m1996
info:doi/10.1136/bmj.m1996
info:doi/10.1038/s41746-021-00456-x
info:doi/10.1111/joim.13119
info:doi/10.1371/journal.pone.0246825
info:doi/10.1007/s40121-021-00444-4
info:doi/10.1016/S0140-6736(13)60900-9
info:doi/10.1016/j.cell.2020.02.052
info:doi/10.1016/j.cell.2020.02.052
info:doi/10.1002/clc.23421
info:doi/10.1093/cvr/cvaa097
info:doi/10.1128/JVI.00014-21
info:doi/10.1128/JVI.00014-21
info:doi/10.1136/gutjnl-2020-321269
info:doi/10.1186/s10194-020-01106-5
info:doi/10.1007/s40122-020-00173-5
info:doi/10.1111/ijcp.13557
info:doi/10.1001/jamanetworkopen.2020.13880
info:doi/10.1001/jamanetworkopen.2020.13880
info:doi/10.1080/2162402X.2020.1807836
info:doi/10.1080/2162402X.2020.1807836
info:doi/10.1136/annrheumdis-2020-217871
info:doi/10.1111/jcmm.16198
info:doi/10.1093/infdis/jiw603
info:doi/10.1161/CIRCRESAHA.120.317447
info:doi/10.1007/s00134-009-1517-1
info:doi/10.1016/j.arcmed.2021.07.003
info:doi/10.1016/j.arcmed.2021.07.003
info:doi/10.1136/openhrt-2016-000550
info:doi/10.1111/bcp.15512

	Prevalence of NSAID use among people with COVID-19 and the association with COVID-19-related outcomes: Systematic review an...
	1  INTRODUCTION
	2  METHODS
	What is already known about this subject
	What this study adds
	2.1  Nomenclature of targets and ligands

	3  RESULTS
	3.1  Study selection
	3.2  Study characteristics and quality
	3.3  Prevalence of NSAID use in patients with COVID-19
	3.4  The impact of NSAIDs on the risk of COVID-19
	3.5  The impact of NSAID use on hospitalization in patients with COVID-19
	3.6  Length of hospitalization
	3.7  Mechanical ventilation
	3.8  Impact of NSAID use on severe COVID-19 infection
	3.9  Impact of NSAID use on death in patients with COVID-19
	3.10  Safety of NSAID use in patients with COVID-19
	3.11  Publication bias and sensitivity

	4  DISCUSSION
	4.1  Study strengths and limitations

	5  CONCLUSION
	ACKNOWLEDGEMENTS
	COMPETING INTERESTS
	CONTRIBUTORS
	AVAILABILITY OF SUPPORTING DATA
	CONSENT FOR PUBLICATION
	REFERENCES


