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Abstract

Objectives Our objective was to systematically synthesize and evaluate the existing evidence from meta-syntheses (sys-
tematic reviews and meta-analyses) reporting on the safety of celecoxib in adults with chronic musculoskeletal disorders.
Methods We conducted a comprehensive literature search in November 2024 across MEDLINE, Cochrane Central, and Sco-
pus databases, following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 guidelines for umbrella
reviews. Only systematic reviews and meta-analyses involving celecoxib safety in osteoarthritis, rheumatoid arthritis, or
ankylosing spondylitis were included. We assessed the risk of bias using the AMSTAR-2 tool and graded the certainty of
evidence using GRADE.

Results Of 2294 retrieved records, 16 systematic reviews based on randomized controlled trials met the inclusion criteria (14
of 16 were rated as critically low quality). Celecoxib was consistently associated with a lower risk of gastroduodenal ulcers
than were non-selective non-steroidal anti-inflammatory drugs (NSAIDs), and some studies also reported fewer gastrointes-
tinal complaints and serious events with celecoxib than with non-selective NSAIDs. Cardiovascular safety outcomes were
generally similar to those with non-selective NSAIDs, although one meta-analysis showed a lower risk of cardiovascular
mortality with celecoxib. Compared with placebo or non-selective NSAIDs, celecoxib did not increase the risk of renal
dysfunction or elevated creatinine and may be associated with fewer renal adverse events. Evidence on all-cause mortality
was limited and inconsistent, but one study suggested a lower risk than with non-selective NSAIDs.

Conclusions Celecoxib appears to offer better gastrointestinal safety than non-selective NSAIDs. Although data on cardio-
vascular, renal, and mortality outcomes suggest possible advantages, the evidence remains limited and of low certainty.
Moreover, some real-world evidence raises concerns in specific high-risk populations. Future research should integrate data
from both randomized trials and observational studies to better inform long-term safety assessments and guide individual-
ized treatment decisions.

1 Introduction
Chronic musculoskeletal conditions such as osteoarthritis

(OA), rheumatoid arthritis (RA), and ankylosing spondylitis
(AS) significantly affect the quality of life of millions of

This umbrella review synthesized evidence from 16 sys-
tematic reviews of randomized controlled trials evaluat-
ing the safety of celecoxib in chronic musculoskeletal
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people worldwide [1]. These conditions are characterized
by persistent pain, inflammation, and progressive joint dam-
age, leading to significant disability and economic burden
[2]. Effective management of these conditions, including
pharmacological and non-pharmacological interventions
[3-6], is critical to alleviate symptoms, improve functional
outcomes, and enhance patients' overall quality of life.

Non-steroidal anti-inflammatory drugs (NSAIDs) are a
cornerstone in the management of chronic musculoskeletal
conditions because of their analgesic and anti-inflamma-
tory properties [7]. Celecoxib, a selective cyclooxygenase
(COX)-2 inhibitor, is one such NSAID that is widely used in
the treatment of OA, RA, and AS. Compared with traditional
non-selective NSAIDs, celecoxib is thought to have a more
favorable safety profile, particularly in terms of gastrointes-
tinal side effects [8]. However, the safety of celecoxib, par-
ticularly its cardiovascular, gastrointestinal, and renal safety,
continues to be the subject of extensive debate and research
[9]. Previous studies and reviews have produced mixed
results, leading to uncertainty and controversy in the medi-
cal community. Given the significant morbidity and mortal-
ity associated with these adverse events, a comprehensive
understanding of the safety of celecoxib in the management
of chronic musculoskeletal conditions is imperative.

Despite its long-standing availability, celecoxib’s safety
profile has continued to generate debate and has prompted
multiple updates to product labeling over time. These
changes were largely informed by evolving evidence from
both observational studies and major randomized con-
trolled trials (RCTs). This highlights the importance of
regularly reassessing the totality of available evidence to
guide clinical use. This umbrella review aims to contribute
to this ongoing appraisal by systematically identifying all
meta-synthesis works (i.e., systematic literature reviews
and meta-analyses) reporting safety data on the use of
celecoxib for OA, RA, and AS.

2 Methods

We followed the 2020 Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) statement
[10] and the Joanna Briggs Institute manual, specific to
umbrella reviews [11], throughout the whole process of
this systematic review. The completed PRISMA checklist
is available in Appendix A in the electronic supplementary
material (ESM).

A protocol was developed before the umbrella review
was conducted and was published in Open Science Frame-
work, a platform for sharing scientific research (record ID
https://osf.io/jn52b/). All materials and resources associ-
ated with this work are accessible through this open-access
repository. No deviations from the protocol were made.
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2.1 Literature Search

MEDLINE (via Ovid platform), Cochrane Central System-
atic Reviews (via Ovid platform), and Scopus were searched
in November 2024 to identify any meta-synthesis work (i.e.,
systematic reviews, meta-analyses, network meta-analyses)
reporting safety data associated with the use of celecoxib for
the treatment of OA, RA, and AS. A combination of medical
subject headings and keywords was used in the search strat-
egy (the complete search strategies for the three databases are
available in Appendix B in the ESM). We also conducted a
manual search within the bibliographies of relevant papers and
contacted experts in the field to complete the bibliographic
search. We consulted Epistemonikos (https://www.epistemoni
kos.org/) to ensure that the search strategies had not missed
any relevant references. The search was limited to studies pub-
lished in English [12, 13]. No limits were applied to publica-
tion dates.

The search results from the electronic sources and hand
searching were imported into Covidence software for data
management. Covidence is a web-based collaboration soft-
ware platform that streamlines the production of systematic
and other literature reviews (https://support.covidence.org/
help/how-can-i-cite-covidence).

2.2 Study Selection

Two independent reviewers (OB, CBe, and CBr) screened
all identified articles for eligibility, first based on their titles
and abstracts and then based on their full texts. Any conflicts
were resolved by discussion and consensus. The following
inclusion criteria guided the study selection: (1) systematic
reviews with or without meta-analysis; (2) included data
from adult humans of any gender and any age with OA,
RA, and/or AS; (3) analyzed data from randomized and non-
randomized designs (prospective, retrospective cohort); (4)
used celecoxib as an intervention at any dose and any length
of treatment; (5) reported cardiovascular safety, gastrointes-
tinal safety, renal safety, and all-cause mortality associated
with the use of celecoxib; and (6) were published in a peer-
reviewed journal.

Systematic reviews including RCTs with patients with
other diseases or healthy participants were included only
if separate analyses were performed for patients with OA,
RA, or AS.

2.3 Data Extraction

One independent reviewer (CBr) extracted the study char-
acteristics according to a standardized data extraction form
pre-tested on a sample of two studies. A second reviewer
(OB or CBe) checked the data extraction. The following
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data were extracted: information related to the study (author,
year of publication, journal, DOI), population characteristics
(including mean age, gender ratio, health condition), number
of studies included in the meta-synthesis, safety outcome,
fundings, and conflicts of interest.

Any disagreements were resolved through consensus
between reviewers. Authors of individual papers were con-
tacted if information was missing.

2.4 Quality Appraisal

Two independent reviewers used the AMSTAR-2 tool to
assess the methodological quality and risk of bias of the
included systematic reviews (and meta-analyses). Any
conflicts between reviewers were resolved by discussion
and consensus. The AMSTAR-2 tool consists of a 16-item
checklist, with seven criteria deemed crucial to the overall
validity of a review. The systematic reviews/meta-analyses
were categorized as very low quality, low quality, moderate
quality, or high quality.

2.5 Strategy for Data Synthesis

Data synthesis involved a narrative synthesis approach.
Additionally, we applied the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) guide-
lines to assess and integrate the strength of evidence for each
outcome. As this research synthesis was an umbrella review,
we used an adapted version of GRADE [14].

3 Results
3.1 Study Selection and Characteristics

A total of 2294 records were retrieved from the search of the
three databases: 775 from MEDLINE, 40 from Cochrane
Central Systematic Reviews, and 1479 from Scopus. After
duplicates were removed, 1800 articles remained, of which
1719 were then excluded based on the screening of titles and
abstracts. Finally, 16 articles that met our inclusion criteria
were included in the umbrella review (see the flowchart in
Fig. 1 and the Open Science Framework deposit for the list
of studies excluded from the systematic review based on
full-text screening and the reasons for exclusion). The char-
acteristics of the studies included in the umbrella review are
presented in Table 1. Studies were published between 2001
[15] and 2021 [16]. Of the 16 studies, 13 (81.25 %) were in
patients with OA, 11 (68.75 %) were in patients with RA,
and four (25%) were in patients with AS. All the system-
atic reviews included in this umbrella review were based on
RCTs. Meta-analyses were performed in all the systematic
reviews covered by the work except in the study by Garner

et al. [17] in which meta-analyses had been planned but not
conducted because of a lack of data. Two studies (12.5%)
were funded by industry, eight (50.0%) were funded by
national research institutes or universities, one (6.25%)
reported no funding, and the remaining four (25.0%) did
not report any funding information.

Using AMSTAR-2, two studies [18, 19] were rated as
high quality, and all the other studies were rated as criti-
cally low quality. The results of the quality assessment for
all studies are reported in Table 1.

The efficacy and safety of celecoxib was most often
compared with placebo and/or traditional NSAIDs such as
naproxen, diclofenac, or ibuprofen. Of the 16 studies, 13
(81.25%) compared the safety of celecoxib against placebo,
13 (81.25%) compared non-selective NSAIDs, and two
(12.5%) compared non-selective NSAIDs plus proton pump
inhibitors [20, 21].

3.2 Cardiovascular Safety

Five meta-analyses [16, 19, 21-23] assessed the impact
of celecoxib on cardiovascular safety in patients with OA,
RA, or AS. Only one of these was of good quality [19].
The meta-analysis by Cheng et al. [16] reported that cardi-
ovascular mortality was not significantly different between
patients taking celecoxib and those receiving placebo but
was lower in patients receiving celecoxib than in those
receiving non-selective NSAIDs. No significant effect on
the risk of myocardial infarctions and strokes was found
when celecoxib was compared with placebo [16, 19]. Sim-
ilarly, no change in the risk of myocardial infarctions and
strokes was detected when celecoxib was compared with
non-selective NSAIDs [16, 22]. Finally, two meta-anal-
yses assessed the impact of celecoxib on cardiovascular
events, which were not further defined. The meta-analysis
by Wang et al. [21] reported that celecoxib did not affect
cardiovascular events when compared with non-selective
NSAIDs plus proton pump inhibitors. Moreover, Zeng
et al. [24] reported no significant effect on cardiovascular
events when celecoxib was compared with placebo in their
meta-analysis (Table 2).

3.3 Gastrointestinal Safety

The impact of celecoxib on gastrointestinal safety in
patients with OA, RA, or AS was assessed in 12 meta-
analyses [15, 18, 20-22, 24-30], only one of which was
of good quality [18]. Three meta-analyses showed that
the incidence of gastroduodenal ulcers was lower with
celecoxib than with non-selective NSAIDs [15, 18, 25].
One of these meta-analyses [18], rated as a high-quality
study, reported a pooled risk ratio based on five studies
(and 1568 patients) of 0.22 (95% confidence interval [CI]
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Identification of studies via databases and registers ]

Duplicate studies among
electronic databases
(n=494)

Articles that did not match
—>
the inclusion criteria (n = 1719)

Rejected articles:
- Wrong disease (n = 35)
- Wrong safety

parameter (n =7)

- Wrong design (n = 6)

- Impossible to extract
Celecoxib results (n = 5)

- Not on Celecoxib (n = 5)

- Not an original paper (n = 4)

Fig. 1 Preferred reporting
items for systematic reviews
and meta-analyses (PRISMA) —
flowchart.
- 2294 records identified from:
o Medline (n = 775)
'tg Cochrane Central
= Systematic Reviews (n = 40)
T Scopus (n = 1479)
§ Additional articles identified
through manual search (n = 0)
——
\4
'
Articles screened for title and
abstract (n = 1800)
o
£
c
o
Q
& \4
81 full-text articles assessed
for eligibility
——
v
S 16 articles included in the
= qualitative synthesis
©
= 15 articles with meta-analyses

- No safety data (n = 1)
- Wrong language (n = 1)
- Other (n =1)

0.15-0.32; I* = 0%). However, the meta-analysis by Ash-
croft et al. [15] showed that the rate of gastroduodenal
ulcers was significantly higher with celecoxib than with
placebo. Results regarding the other gastrointestinal safety
outcomes were mixed. In two meta-analyses [25, 29], the
risk of gastrointestinal complaints such as abdominal pain
was significantly higher with celecoxib than with placebo,
whereas three other meta-analyses [22, 26, 28] reported
that celecoxib caused fewer abdominal and gastrointes-
tinal complaints (including abdominal pain, diarrhea,
dyspepsia, and nausea) than non-selective NSAIDs such
as naproxen or diclofenac [22, 25, 27]. Finally, two other
meta-analyses reported no effect of celecoxib on these gas-
trointestinal complaints when compared with non-selective
NSAIDs [21, 26]. Rostom et al. [25] reported fewer cases
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of gastrointestinal bleeding, perforation, and obstruc-
tion with celecoxib than with NSAIDs, but this finding
was not supported by Deeks et al. [30] or Jarupongprapa
et al. [20]. Finally, the odds of developing gastrointestinal
events were higher with celecoxib than with placebo in
the meta-analysis by Zeng et al. [24]. Unfortunately, these
gastrointestinal events were not defined in detail (Table 3).

3.4 Renal Safety

Only two meta-analyses [22, 23] assessed the impact of
celecoxib on renal safety in patients with OA, RA, or
AS, and both were rated as low quality. Zhang et al. [23]
reported that the risk of renal events (including renal
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Table 2 Main results for cardiovascular (CV) safety
Study Studies (n) Intervention Comparator Participants (n) Effect size, CI, p-Value  Main results
heterogeneity (if
reported)
CV mortality
Cheng et al. [16], 2 Celecoxib 100 Placebo Celecoxib: 891 RR3.02(95% CI P=0.31 Celecoxib had
2021 mg OD-400 mg Placebo: 659 0.36-25.27); I? no significant
BID =0% impact on CV
mortality
5 100 mg OD-400  Non-selective Celecoxib: 20,157 RR0.75(95% CI P =0.04 Celecoxib signifi-
mg BID NSAIDs NSAIDs: 28,044 0.57-0.99); ? cantly reduced
=0% CV mortality
vs non-selective
NSAIDs
MI
Cheng et al. [16], 4 Celecoxib 100 Placebo Celecoxib: 1650  RR 1.87 (95% P=0.43 Celecoxib had
2021 mg OD—400 mg Placebo: 731 CI 0.39-8.90); no significant
BID 2 0% impact on MI
rates
6 Celecoxib 100 Non-selective Celecoxib: 20,264 RR 1.08 (95% P=0.46 Celecoxib did not
mg OD—-400mg  NSAIDs NSAIDs: 28,151 CI0.88-1.33); affect MI rates
BID 2 0% vs non-selective
NSAIDs
Moore et al. [22], 16 Celecoxib Non-selective Total: 21,818 RR 1.9 (95% CI NS Celecoxib did not
2005 200-400 mg NSAIDs (maxi- 0.87-4.1) affect MI rates
mum daily dose) vs non-selective
NSAIDs
Strokes
Chengetal. [16], 2 Celecoxib 100 Placebo Celecoxib: 685 RR 0.96 (95% CI P =0.97 Celecoxib had
2021 mg OD—400 mg Placebo: 664 0.13-6.92); I? no significant
BID =0% impact on stroke
rates
5 Celecoxib 100 Non-selective Celecoxib: 20,157 RR 0.94 (95% CI P =0.64 Celecoxib did
mg OD—-400mg  NSAIDs NSAIDs: 28,044 0.71-1.24); > = not affect
BID 10% stroke rates vs
non-selective
NSAIDs
MI and strokes analyzed together
Puljak et al. [19], 5 Celecoxib 100 mg Placebo Celecoxib: 1785 Peto OR 3.40 P=0.12 Celecoxib had
2017 OD-400 mg OD Placebo: 1162 95% CI no significant
0.73-15.88); I impact on the
=0% odds of MI and
strokes
CYV events (unspecified)
Zeng et al. [24], NR Celecoxib 200 mg Placebo NR OR 1.12(95% CI NS Celecoxib had
2015 oD 0.66-1.90); ? no significant
=0% impact on CV
events
Wang et al. [21], 4 COX-2 inhibi- NSAIDs + PPIs ~ NR RR 1.67 (95% CI NS Celecoxib did not

2011

tors, including
celecoxib

0.78-3.59); I?
=0%

affect CV events
vs non-selective
NSAIDs plus
PPIs

BID twice daily, CI confidence interval, COX-2 cyclooxygenase-2, MI myocardial infarction, NR not reported, NS not significant, NSAIDs non-
steroidal anti-inflammatory drugs, OD once daily, OR odds ratio, PPI proton pump inhibitor, RR risk ratio.

A\ Adis



C.Beaudart et al.

1298

(ATVSN 2A19[3s-Uou)
oruJOOIp sA sjurefdwod

1D JO 3sLI oY) pasealdop (ae1-ort Yeee orujopld ao
Apuesyrusis qrxod9e)  §0°0 > d 1D %$6) 0T'1 94 CL8S -qIX039[3) 3w 00%—-00Z qIx099[9) SrujodIg AN
(AIVSN 2AD2[as-uou)
uaxoideu sa syurejduroo
1D JO YSL1 Y} Paseardp 8 1-CS1 011 ‘uaxoideN ao
Apueoyrusis qrxooe2)  §0°0 > d 1D %S6) L9°T 94 CL8S -qIX039[3D) Sw )0y—00T qrxode[) uoxoxdeN AN 1102 ‘[LT] 'Te 10 Ua[TeN
(AIVSN 2AnD23[as-uoU)
9BUQJOTIP SA sjure[dwod (€1°€-98°0 ao
D 159fje Jou pIp qIx033[9) SN 1D %56) 89°'1 4O AN Sw 00F—-00T qrx099[) JBU”JOPI AN
(AIVSN 2A109[as-uou)
uoxoideu sa sjurejdwod (21°€-95°0 ao
D 159jje Jou pIp qIX039[9) SN 1D %56) 6€'1 40O IN 3w 00F—00T qrx029[) uaxordeN AN
sjure[dwod 1D jo
Sppo 2y uo 1vedwr yues (0L'€-18°0 ao
-YIuSts ou pey qrxod9[e) SN 1D %$6) 1L'T 40 AN 0qade[d Sw 00F—00¢ qrx0d9[2) AN 020t ‘[92] Te 10 ueq
easneu pue ‘ersdodsAp ‘eoyrrerp ‘ured [eurtropqe urpnjout ‘sjure[dwod [0) pue [EUTWIOPQY
SAIVSN QAT}O9[9s-UoU
SA $I9J[N [eUIPONPOISES
JO 3SU aY) pasealdsp (82°0-91°0 aid
Apueoyrugis qrxooed)  §0°0 > d 1D %$6) 170 94 6£YC [TeI0L SAIVSN 2ANRd9[es-UON Sw ()06 qrxoode) S L00T ‘[sT] T8 19 woisoy
SAIVSN QAT}O9[9s-UOU
SA $IOJN [eUIpPONPOISES
JO 3SUL 2Y) paseaIdsp %0 = (1 (T€0 869 SAIVSN ao
Apueoyruis qrxooee) 100 >d  —ST°0 10 %S6) TT0 A 0L8 :qIx039[) SAIVSN 2ANd9[es-UON Sw 00F—00T qrx0d9[2) S L10T ‘[81] 'Te 30 oryepry
(aIvsN
QAT}O9[9s-uou) uaxoideu
SA S190[n [euUoponponses
JO 9JeI Y} PaseaIdap (€€°0-LT°0 81/ :0Qa08[d
Apuedyrusis qrxod[) §0°0 >d 1D %S6) ¥T'0 oner ey 8€L :qrx029[) I Sw Opg uexordeN  Id Sw 00T qIX099[2) €
SI190[n [eudponponses
JO 9jel oY) pasealdur (86201 eLY
Apueoyrudis qrxooe[d) §0°0 >d IO %S6) SEToneIaey  :0qadE[d 89t :qIx0e[a) 0qadeld drd Su g0g qrxod9[a) T 100C ‘[ST] Te 10 yoroysy
SI00[N [EUSPONPOIISEL)
(poyrodar 1) Kytou
synsarurejy  anfeA-d  -95010)9y ‘TD ‘0zZIS 1091 (u) syuedronaeg Joreredwo) uonuoAIo]  (u) SAIpMS Apms

SIU9AD (1D) TeunsajuIONSeS 10y SINSI UTR]A € 3|qeL

A\ Adis



1299

Celecoxib Safety in Chronic Musculoskeletal Conditions

Bosneu
Jo st ay) uo joedur Jueo

%0 =169

[SCT -0qadeld

-YTusIs Ou pey qrxooe[d) SN —08'0 1D %S6) LT'T Id TS 1qIX099[3D) 0qade[d dO 3w 0O qr¥09[e) 9
BasneN
ersdodsAp
Jo st ay) uo joeduwr jued %0 = 1 4(9%'1 €507 :09a0e[d
-JIuSIs ou pey qIxod9[e) SN —L8'01D %S6) €T'T I 60SCT :qIX039[3) 0qadeld do Sw (0g qIx09[) 6
ersdodsAg
BOULIRIP
Jo st ay) uo joeduir jued %0 = 1 40¢'T G797 :0Qade[d
-y1uSIs ou pey qrxod9[a) SN —9L'0 1D %S6) 66'0 qd YO1€ :qIX039[3D) 0qade[d dO 3w 00 qIX09[2) !
BOYLIRI(]
ured [eurwopqe
JO st ay) pasealdut %0 = 1:(8S'¢ [8€1 :0qade[d
Apuedyrusts qrxodo) 500 > d —0v'T 1D %S6) vT'C ad 091 :qIX099[3D) 0qadeld dO 3w 00 qr¥099[) 9
ured reurwopqy 910¢ ‘[6T] e 10 nX
iE%)
%S6 WM (JH) 50 Jo wiioy
syurejdwods [D oy ur pajuasald synsar)
Jo st ay) uo joeduir jued €1-¢1- ao
-y1usIs ou pey qrxodo[a) SN 1D % $6) L0'0 ¥d IN 0qade[d 3w 00F—-00T qIx099[9) AN 910¢ ‘[8T] 'Te 12 Suem
SIdd snId SAIVSN 2An
-03[es-uou sA sjurejduroo %86 = 1(6¢°1 9p1€ +SAIVSN qQIx099739 3ut
ID 1059fje J0U PIp qIX039[9) 0’0 =d —88'0 10 %56) OT'T I ye1e T X0D SIdd + SAIVSN  -pnjout ‘s1onqmut 7-X0D S 1102 ‘[12] 'Te 30 Suem
SAIVSN °AD
-09[s-uou sA syurejdwod
1D JO YSLI 9Y) PIseaIdap (T8°0—L0 qQIX099730 3ur
Apuesyrusts qrxod9)  §0°0 > d 1D %S56) 8L'0 9d 000°09~ ‘[eI0L, SAIVSN  -Pnpout ‘s103quyut -X00 8¢
syurejdwod
ID JO 3stIay) pasealoul (T 1-€11 QIx099[00 Sut
Apuesyrusts qrxod9)  §0°0 > d 1D %56) 9T'T 94 000°01< :Te10L, 0Qad®[d  -PN[oul ‘SIONQIYUE 7-XOD 0T  L00T ‘[ST] 1B 10 woIsoy
SAIVSN °AD
-09[es-uou sA syuredurod
ID JO 3SLI Y] pasealdop (89'0-95°0 (esop A[rep wnwirxeur) ao
Apuedyrusts qrxod9)  §0°0 > d 1D %56) 790 94 S19°CT ‘TeI0L, SAIVSN 2ANI[es-UON 3w 00F—00T qrx099[) 61
sjurejdwoo 9
Jo st ay) uo joeduir jued ao
-y1us1s ou pey qrxod9[a) SN (0T 1-28°0 1D %S6) 0'1 ¥4 6166 -[eI0L 0qade[d 3w 00F—-00T qIx099[9) 61 00T ‘[zl T8 19 2100
(payiodar J1) Ky1ou
synsarurejy  onpeA-d  -9501919y ‘1D ‘OZIS 1095 (u) syuedronaed 101e1RdWwo) uonuaAIu]  (u) SAIpmS Apmig

(ponunuoo) ¢ 3jqey

A\ Adis



C.Beaudart et al.

1300

onex st yy ‘ronquyui dund uojoid 74 ‘onex
Sppo YO ‘A[tep 20uo (O ‘sSnip KIojewIIEguUI-IIUE [EPIOIS)S-UOU S(7JYSN IUBOYIUSIS Jou SN ‘pariodar jou YN ‘Onel piezey Y ‘[BAIUI S[QIPAIO [4) ‘TRAISIUI QOUIPYUOD ) ‘A[rep 901m) (79

SJUOAD
1D JO Sppo 2y} paseardul
ApueoyrusTs qrxod9[e)

SAIVSN 9A159[9s

-UOU SA SUONONINSqo

pue ‘suoneioyrad ‘spas|q

JO YSLI oY) pasea1dap
Apueoyrusis qrxod9[e)

SIdd

snd sSQIVSN 2A199[9s

-UOU SA SUONONINSqo

pue ‘suorjerojrad ‘Spa9[q
109JJe 10U PIP QIX0I3[dD)

SAIVSN 9A199[9s

-UOU SA SUONONINSqO

pue ‘suonjerojrad ‘spos[q
109JJe 10U PIP QIX0I3[dD)

S00>d

S0'0>d

99°0=d

SN

%0=1:(bET
—20'T 1D %S6) LI'T MO

(9L0-L0°0
ID %S6) €70 Id

%0 = I “(68'T-9¢°0
ID % S6) €8°0 qA

SN :Ameuagdorn)ay (411
=970 1D %S6) $S°0 WY

AN

AN

€26T ++SAIVSN
26T -¢-X0D

IN

0qadeld

SAIVSN 9ANOJ[3S-UON

SIdd + SAIVSN

SAIVSN 2ANI9[oS-UON

ao 3w 0g qrxo9)

aid
3w ()OF—§T qrxod9[a)

QrX099[90 Fur
-papoul ‘sIoqIuI Z-X0D

ard
3w OOF—001 qIX099[2)

AN

S10¢ ‘[¥T] ‘e 10 Suoz

(payadsun) SJUIAI ISIIAPE [5)

¥

v

(z ot
paynens
[en) T

L00T ‘[ST] Te 10 woisoy

€10C
‘loz] e 30 edeid3uodnrer

200t [0€] Te 19 S99

suonoNINsqo pue ‘suoneiojrad ‘spadrg

S)[NSAI UTRIA

anpep-d

(payrodar 1) Kytou
-9501030Y ‘TD “0ZIS 109

(u) syuedronreq

J0jeIRdWOD)

UOTIUSAIU]

(w) sarpmg

Apmgs

(ponunuoo) ¢ 3jqey

A\ Adis



Celecoxib Safety in Chronic Musculoskeletal Conditions

1301

Table 4 Main results for renal events

Study Studies (n) Intervention Comparator Participants (n) Effect size, CI, p-Value  Main results
heterogeneity (if
reported)
Composite renal events (including renal dysfunction, peripheral edema, and hypertension)
Zhang et al. [23], 25 Celecoxib (dose Placebo NR RR0.79(95% CI P < 0.05 Celecoxib signifi-
2006 range NR) 0.66-0.94) cantly decreased

Raised creatinine (>1.3 X upper limit of normal)
Moore et al. [22], 5 Celecoxib 50-800 Placebo

2005 mg OD
9 Celecoxib 200- Non-selective
400 mg OD NSAIDs (maxi-

mum daily dose)

the risk of renal
events, including
renal dysfunc-
tion, peripheral
edema, and
hypertension

Total: 2776 RR1.65(95%CI NS Celecoxib had

0.69-4.0) no significant
impact on raised
creatinine
Total: 15,319 RR0.78 (95% CI NS Celecoxib did

0.46-1.3) not affect raised
creatinine vs
non-selective

NSAIDs

ClI confidence interval, NR not reported, NS not significant, NSAI/Ds non-steroidal anti-inflammatory drugs, QD once daily, RR relative risk.

dysfunction, peripheral edema, and hypertension) was
lower with celecoxib than with placebo. Moore et al. [22]
showed that celecoxib did not significantly affect raised
creatinine (defined as >1.3 X upper limit of normal) when
compared with patients treated with a placebo or with non-
selective NSAIDs (Table 4).

3.5 All-Cause Mortality

Two meta-analyses [16, 21] assessed the impact of
celecoxib on all-cause mortality in patients with OA, RA,
or AS, and both were rated as low quality. The meta-anal-
ysis by Cheng et al. [16] found no change in the risk of all-
cause mortality when celecoxib was compared with pla-
cebo. The same meta-analysis also showed that celecoxib
diminished the risk of all-cause mortality when compared
with non-selective NSAIDs. Nevertheless, these findings
did not appear to be supported by Wang et al. [21]. In the
four studies on all-cause mortality included in their sys-
tematic review, six deaths were reported among patients
treated with COX-2 inhibitors and six deaths among those
treated with NSAIDs plus proton pump inhibitors. Unfor-
tunately, the total number of subjects in each group was
not reported. Moreover, no statistical analysis was con-
ducted, and the references of the four articles based on
all-cause mortality were not indicated [21] (Table 5).

3.6 Summary of Results and GRADE Assessment

The main results of our umbrella review are summarized in
Fig. 2. Three meta-analyses [15, 18, 25] consistently reported
that the incidence of gastroduodenal ulcers was lower with
celecoxib than with non-selective NSAIDs. The most methodo-
logically robust meta-analysis [ 18] was based on primary stud-
ies with very consistent results that were rated as moderate to
high quality. Nevertheless, only one high-quality primary study
was included in Fidahic et al. [18]. The quality of the other
primary studies was rated as moderate by this research team,
and a high risk of bias was detected in most of the included
studies. Therefore, although the meta-analysis by Fidahic et al.
[18] itself was high quality, we downgraded the certainty of
evidence to moderate because of the risk of bias in the primary
studies included in this meta-analysis (see Appendix C in the
ESM). We conclude that the evidence that celecoxib causes
fewer gastroduodenal ulcers than non-selective NSAIDs is of
only moderate quality. Regarding all the other outcomes, we
found no high-quality meta-analyses based on primary stud-
ies of high- or moderate-quality evidence. In addition, most of
these outcomes were affected by imprecision and/or inconsist-
ency, leading to a downgrade in the certainty of evidence (see
Appendix C in the ESM). Accordingly, we rated the certainty
of evidence as low for all the other outcomes [14].
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Fig.2 Summary of adverse
event outcomes with celecoxib
identified from systematic

Summary of adverse event outcomes with Celecoxib

reviews and meta-analyses.

GI gastrointestinal, NSAIDs
non-steroidal anti-inflammatory
drugs.

Cardiovascular
safety

Gastrointestinal
(Gl) safety

Renal safety

All cause mortality

Celecoxib compared
to placebo

Celecoxib compared to
non-selective NSAIDs

Increase in Gl complaints in 2 studies and no
impact on Gl complaints in 3 studies

- Safe D Harmful but with mixed results - Harmful

the numbers needed to harm were 82 for ibuprofen and 135
for naproxen compared with celecoxib, highlighting a more
favorable overall safety profile of celecoxib. In terms of gas-
trointestinal safety, a dedicated sub-analysis of PRECISION
confirmed a significantly lower incidence of clinically sig-
nificant gastrointestinal events and iron deficiency anemia
with celecoxib [41]. Celecoxib also maintained its advan-
tage when used in combination with low-dose acetylsali-
cylic acid (aspirin) or corticosteroids, suggesting a robust
gastrointestinal safety profile across different risk profiles.
In addition, the PRECISION ABPM sub-study, which evalu-
ated the impact of these NSAIDs on ambulatory blood pres-
sure, showed a significantly lower increase in 24-h systolic
blood pressure with celecoxib than with ibuprofen [42]. The
incidence of new-onset hypertension was also significantly
lower with celecoxib, which may contribute to its superior
cardiovascular tolerability. Finally, renal outcomes, a grow-
ing concern with chronic NSAID use, were also evaluated
in a recent secondary analysis of the PRECISION trial [43].
Celecoxib was associated with a lower incidence of renal
events, including acute kidney injury and hospitalization
for heart failure or hypertension, than were ibuprofen and
naproxen. These findings were consistent in both intention-
to-treat and on-treatment analyses, reinforcing the favorable
cardiorenal safety profile of celecoxib. Taken together, the
data from the PRECISION program suggest that celecoxib
is not only as safe as non-selective NSAIDs but may be
safer, particularly when gastrointestinal, blood pressure, and
renal outcomes are considered in addition to cardiovascular
risk. Furthermore, the distinct methodology of the PRECI-
SION trial compared with most other RCTs included in our
review is important to emphasize. As a large-scale, long-
term RCT with a mean treatment duration of approximately

20 months, PRECISION incorporated independently adju-
dicated outcomes and was conducted independently of
industry influence. This distinguishes PRECISION from
other trials, which often involve shorter treatment durations
and less rigorous, more heterogeneous endpoint evaluation
processes. When interpreting comparative safety findings
between celecoxib and non-selective NSAIDs, this distinc-
tion in trial quality should be acknowledged.

It must be noted that many of the systematic reviews
included in our umbrella review excluded observational
studies, which could have provided interesting complemen-
tary information, particularly regarding long-term and rare
adverse events. For example, the population-based observa-
tional study by McGettigan and Henry [44] provided robust
comparative data on the cardiovascular risks associated
with different NSAIDs in real-world settings. Their find-
ings showed that, although celecoxib was associated with
a modest increase in cardiovascular risk (RR 1.17 [95% CI
1.08-1.27]), this risk remained lower than that observed
with diclofenac or rofecoxib, and was comparable to that of
ibuprofen, particularly at typical doses. Such studies offer
valuable insights that complement randomized evidence,
particularly with regard to populations not commonly
included in clinical trials. In fact, large-scale observational
studies and real-world evidence have generally supported
that celecoxib, when used at recommended doses, does not
increase the cardiovascular risk compared with traditional
NSAIDs [38]. Consequently, the reliance on RCT-derived
data only, as observed in most of the included reviews, may
limit the generalizability of findings to patients seen in rou-
tine clinical practice. Taken together, the current literature
suggests that, although celecoxib offers distinct gastrointesti-
nal safety advantages over non-selective NSAIDs, emerging
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evidence—albeit limited and of low quality—also indicates
a potentially more favorable renal and all-cause mortality
profile. Cardiovascular safety appears generally comparable
to that of non-selective NSAIDs, but further high-quality
studies are needed. These findings highlight the impor-
tance of considering both the available evidence and indi-
vidual patient risk factors when selecting anti-inflammatory
treatment.

Recent studies have further emphasized the importance
of patient context when evaluating the safety of celecoxib.
Antonioli et al. [45] reported an increased risk of postopera-
tive heart failure among patients with type 2 diabetes mel-
litus undergoing total knee arthroplasty when celecoxib was
used perioperatively, compared with meloxicam. Although
the study was observational in nature, these findings sug-
gest that celecoxib may not be the optimal choice in certain
high-risk settings. Similarly, Kim et al. [46] found no sig-
nificant cardiovascular or gastrointestinal safety advantage
for celecoxib over non-selective NSAIDs in patients with
AS, a younger group at lower risk, potentially indicating
that safety benefits are more apparent in older, comorbid
populations. Taken together, these results emphasize that
NSAID safety profiles are highly dependent on context, and
there remain patient groups for whom the use of NSAIDs or
COX-2 inhibitors is either inappropriate or poorly character-
ized in the literature.

This umbrella review has several important strengths. It
followed a registered protocol and adhered to established
methodological standards (PRISMA 2020, Joanna Briggs
Institute guidelines), ensuring transparency and rigor. A
comprehensive search strategy across multiple databases and
additional manual searches minimized the risk of missing
relevant studies. The methodological quality of the reviews
included was critically appraised using the AMSTAR-2
tool, providing important information for interpretation of
the level of evidence. Finally, the focus on clinically mean-
ingful outcomes based on RCT data enhances the internal
validity of the findings, despite recognized limitations in
generalizability.

Several limitations should be acknowledged. Most of
the included systematic reviews did not provide detailed
information on participant demographics or comorbidities,
limiting our ability to draw conclusions for subpopulations
such as older adults or those with prior cardiovascular or
renal conditions. Earlier RCTs typically included relatively
homogeneous and healthier adult populations, often exclud-
ing patients at higher risk for adverse events. However, the
PRECISION trial included individuals with established
cardiovascular disease or elevated cardiovascular risk,
improving the generalizability to more complex real-world
populations. This distinction highlights the need for more
granular safety data across age groups and comorbidity
profiles, particularly in older adults who represent a large
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proportion of those treated for chronic musculoskeletal con-
ditions. Another important limitation is that most included
systematic reviews were of critically low methodological
quality, reducing confidence in the overall findings. Sub-
stantial heterogeneity across studies regarding populations,
interventions, and outcome definitions complicates inter-
pretation. The exclusive reliance on randomized trial data,
often limited by short follow-up periods, may underesti-
mate long-term or rare adverse events. The limited inclu-
sion of observational studies further restricts the assess-
ment of real-world safety. In addition, potential publication
bias, particularly from industry-sponsored trials, cannot be
entirely ruled out. Also, an important potential limitation of
this review is the use of the AMSTAR-2 checklist to assess
the methodological rigor of the included reviews. Although
AMSTAR-2 is a widely accepted tool for assessing risk of
bias, it does not really provide an overall “quality score”
and instead focuses on the presence or absence of critical
and non-critical methodological areas. As a result, reviews
may be rated as “critically low” because of the absence of
items that are not necessarily central to the reliability of
their findings (e.g., lack of protocol registration or funding
source reporting). This severe downgrading may limit the
overall value of some reviews, especially if core methodo-
logical components such as study selection, data extraction,
and risk-of-bias assessment have been adequately addressed.
Therefore, AMSTAR-2 ratings should be interpreted as indi-
cators of potential bias rather than as absolute judgments
of quality. Finally, another important limitation of this
umbrella review is the deliberate restriction of the target
population to patients with OA, RA, or AS. As a result, the
findings should be interpreted strictly within the context of
these specific conditions and cannot be generalized to other
musculoskeletal disorders. Several potentially relevant sys-
tematic reviews were excluded because they included mixed
populations (e.g., patients with OA or RA alongside those
with low back pain or other non-inflammatory conditions)
without reporting separate outcomes for the populations of
interest. In such cases, our inability to extract stratified data
limited their inclusion and may have led to the omission of
useful evidence related to OA, RA, or AS.

The results of this umbrella review suggest that celecoxib
may be a preferable therapeutic option for patients at
increased gastrointestinal risk who require long-term
NSAID therapy, as it has a lower incidence of gastroduode-
nal ulcers than traditional non-selective NSAIDs. Neverthe-
less, clinical decision-making should be individualized and
take into account each patient's comorbidities, risk factors,
and treatment goals, particularly in high-risk populations.
Future research should prioritize the integration of high-
quality randomized and observational data to better assess
the long-term safety of celecoxib, especially with regard to
rare cardiovascular and renal events. Systematic reviews



Celecoxib Safety in Chronic Musculoskeletal Conditions

1305

using methods capable of synthesizing evidence from differ-
ent study designs are warranted to provide a more compre-
hensive and applicable assessment of the benefit-risk profile
of celecoxib in routine clinical practice.

5 Conclusions

In summary, celecoxib appears to offer a favorable gastro-
intestinal safety profile compared with traditional NSAIDs,
with a potential reduction in the risk of gastroduodenal
ulcers. Cardiovascular and renal safety outcomes were gen-
erally neutral, although limited evidence, mostly from low-
quality meta-analyses, suggests that celecoxib may be asso-
ciated with reduced risks of cardiovascular mortality, renal
adverse events, and all-cause mortality compared with non-
selective NSAIDs. However, some real-world studies have
reported safety concerns in specific high-risk populations,
and the predominance of critically low-quality systematic
reviews further limits the strength of conclusions. Caution is
therefore advised, especially in patients with advanced cardi-
ovascular, renal, or metabolic comorbidities. Individualized
risk—benefit assessment remains essential when considering
celecoxib for the management of chronic musculoskeletal
conditions.
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