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Abstract
The notion that the use of non-steroidal anti-inflammatory drugs (NSAIDs) may lead to adverse outcomes upon acquisition 
of coronavirus disease 2019 (COVID-19) should be discredited with a review of the real-life evidence. We aimed to perform 
a meta-analysis to summarize the risk of mortality with the preadmission/pre-diagnosis use of NSAIDs in patients with 
COVID-19. A systematic literature search was performed to identify eligible studies in electronic databases. The outcome 
of interest was the development of a fatal course of COVID-19. Adjusted hazard ratio or odds ratio/relative risk and the cor-
responding 95% confidence interval from each study were pooled using a random-effects model to produce pooled hazard 
ratio and pooled odds ratio, along with 95% confidence interval. The meta-analysis of 3 studies with a total of 2414 patients 
with COVID-19 revealed no difference in the hazard for the development of a fatal course of COVID-19 between NSAID 
users and non-NSAID users (pooled hazard ratio = 0.86; 95% confidence interval 0.49–1.51). Therefore, NSAIDs should 
not be avoided in patients who are appropriately indicated during the COVID-19 pandemic.

Introduction

Kelleni (2020) reviewed the evidence surrounding the 
notion that the use of non-steroidal anti-inflammatory 
drugs (NSAIDs), including ibuprofen, may lead to adverse 
outcomes upon acquisition of coronavirus disease 2019 
(COVID-19), due to their potential to increase the expres-
sion of angiotensin-converting enzyme 2 (ACE2), the entry 
receptor of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2). While the author had argued conscien-
tiously to discredit such a claim, it may not be convincing 
without a review of the real-life evidence. We aimed to per-
form a meta-analysis to summarize the risk of mortality with 
the preadmission/pre-diagnosis use of NSAIDs in patients 
with COVID-19.

Methods

A systematic literature search was performed to identify 
eligible studies in electronic databases, including PubMed, 
Google Scholar, Scopus, and preprint servers (medRxiv, 
Research Square, SSRN) with no language restriction pub-
lished up to April 05, 2021. The search strategy was built 
based on the following keywords and their MeSH terms: 
“COVID-19”, “SARS-CoV-2”, “non-steroidal”, “NSAID”, 
and “ibuprofen”. Two investigators (CSK and SSH) inde-
pendently performed the systematic literature screening. 
The reference lists of relevant articles were also manually 
searched for additional studies. Studies eligible for inclu-
sion were studies with any design that investigated the 
preadmission/pre-diagnosis of the use of NSAIDs on the 
risk of a fatal course of COVID-19 and reported adjusted 
measures of association. We excluded editorials or narra-
tive reviews without original data. In addition, studies that 
provided no adjusted estimation were also excluded. Two 
investigators (CSK and SSH) independently evaluated the 
quality of observational studies using the Newcastle–Ottawa 
Scale (Wells et al. 2013), with a score of > 7 indicating high 
quality.

The outcome of interest was the development of a fatal 
course of COVID-19. Each included trial was indepen-
dently evaluated by two investigators (CSK and SSH) who 
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extracted the study characteristics. Data collected included 
authors, study design, country, patients’ age, the total num-
ber of included patients, mortality  events, and adjusted mor-
tality estimate. The disagreement between the two investiga-
tors related to the inclusion of studies, extraction of data, and 
quality appraisal of included studies was resolved through 
mutual discussions. Adjusted hazard ratio or odds ratio/
relative risk and the corresponding 95% confidence interval 
from each study were pooled using a random-effects model 
to produce pooled hazard ratio and pooled odds ratio, along 
with 95% confidence interval. We examined the heterogene-
ity across studies using the I2 statistics and the χ2 test, with 
50% and P < 0.10, as the respective threshold for statistically 
significant heterogeneity. All analyses were performed using 
Meta XL, version 5.3 (EpiGear International, Queensland, 
Australia).

Results and discussion

Our literature search yielded 435 unique abstracts. After 
application of the eligibility criteria, nine relevant articles 
underwent full-text examination for potential inclusion. Of 
these, three studies were excluded, since they did not report 
adjusted measures of association or they did not report mor-
tality outcomes. Two studies utilized the same data set; we 
included the study with the most recent record. Therefore, 
five studies (Abu Esba et al. 2020; Bruce et al. 2020; Imam 
et al. 2020; Lund et al. 2020; Park et al. 2021) were included 
for this meta-analysis; three studies (Imam et al. 2020; Lund 
et al. 2020; Park et al. 2021) were retrospective in design, 
with one multicentered study (Imam et al. 2020) and two 
database reviews (Lund et al. 2020; Park et al. 2021); the 
remaining two studies (Abu Esba et al. 2020; Bruce et al. 
2020) were prospective in design. Each of the included 
studies was originated from different countries: the United 
Kingdom (Bruce et al. 2020), the United States (Imam et al. 
2020), Saudi Arabia (Abu Esba et al. 2020), Denmark (Lund 
et al. 2020), and South Korea (Park et al. 2021), and they are 
deemed moderate-to-high quality with a Newcastle–Ottawa 
Scale of 8 (Table 1).

The meta-analysis of 3 studies with a total of 2414 
patients with COVID-19 (Abu Esba et  al. 2020; Bruce 
et al. 2020; Park et al. 2021) which presented effect meas-
ure as hazard ratio revealed no difference in the hazard for 
the development of a fatal course of COVID-19 between 
NSAID users and non-NSAID users (Fig. 1; pooled hazard 
ratio = 0.86; 95% confidence interval 0.49–1.51). Likewise, 
we observed no difference in the odds for the development 
of a fatal course of COVID-19 between NSAID users and 
non-NSAID users when we pooled the 2 studies with a total 
of 2425 patients with COVID-19 (Imam et al. 2020; Lund 
et al. 2020) which reported effect measure as odds ratio/
risk ratio (pooled odds ratio = 0.73; 95% confidence interval 
0.41–1.28). These preliminary findings are consistent with 
the findings of no increased risk of severe illness in the avail-
able studies to date. For instance, Kragholm et al. (2020) 
reported in their retrospective database review that patients 
with pre-diagnosis use of NSAIDs had no increased risk for 
a composite outcome of severe disease, intensive care unit 
admission, or death, relative to non-use of NSAIDs (risk 
ratio = 0.96; 95% confidence interval 0.72–1.23).

Nevertheless, the studies included in our meta-analysis 
are mostly of retrospective design, and thus, generalizabil-
ity of the findings may be limited and should be substanti-
ated by further large-scale prospective studies. In addition, 
it is not known with certainty whether our findings could 
be extrapolated to discredit the effectiveness of NSAIDs in 
patients with COVID-19, since the continued use of NSAIDs 
upon COVID-19 diagnosis could not be confirmed by the 
design of included studies. Three studies (Abu Esba et al. 
2020; Martínez-Botía et al. 2021; Sahai et al. 2020) thus far 
investigated the acute use of NSAIDs during the course of 
COVID-19, but reported no mortality benefits. While the in-
vitro inhibition of the transcription factor nuclear factor-κB 
by NSAIDs with potential interference in cytokine release 
(Smart et al. 2020) was further substantiated by the findings 
in a mouse model of SARS-CoV-2 infection (Chen et al. 
2021), where NSAID treatment reduced production of pro-
inflammatory cytokines, it seems that such effects may not 
translate into mortality benefits, though clinical trials may 
be needed to confirm such effect.
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Fig. 1  Pooled hazard ratio of mortality in patients with COVID-19 
with pre-diagnosis use of NSAIDs versus non-use of NSAIDs
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