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After the discovery in the early 1990s of at least two isoenzymes 
of cyclooxygenase (COX-I and COX-II), selective COX-II 
inhibitors (coxibs) were developed as safer alternatives to non-
selective, traditional nonsteroidal anti-inflammatory drugs 
(tNSAIDs).1 This development was based on the assumption 
that coxibs would have analgesic and anti-inflammatory efficacy 
similar to that of tNSAIDs (because of the expected mediation 
by the COX-II isoenzyme), but a lower associated risk of gas-
trointestinal (GI) adverse events.

Because the data submitted for marketing authorization 
of the first coxibs did not provide definite evidence of sig-
nificant reduction in the incidence of serious GI events, large 
postapproval randomized clinical trials (RCTs) were initiated 
to study the GI benefits of these drugs in comparison with 
selected tNSAIDs.2,3 These studies generated some concerns 
about the cardiovascular (CV) safety profile of coxibs, espe-
cially of rofecoxib, and led to the reconsideration of their 
benefit/risk ratio. Subsequent investigations led to the pri-
mary hypothesis that the thrombotic risk was related to the 

thromboxane/prostacycline imbalance induced by the COX-II 
inhibition.4

To date, there is insufficient knowledge regarding GI and CV 
risks associated with the use of each of the NSAIDs in terms 
of duration and dose, particularly in high-risk patients. In this 
context, and at the request of the European Medicines Agency, 
the European Commission funded the Safety of Non-Steroidal 
Anti-Inflammatory Drugs (SOS) collaborative project (FP7 
grant agreement: 223495) (http://www.sos-nsaids-project.
org). This project comprises a consortium of 12 research groups 
from seven European countries. The overall objective of the SOS 
project is to assess and compare the risk of GI and CV events 
associated with the use of NSAIDs (tNSAIDs and coxibs). The 
ultimate goal of this project is to develop clinical decision mod-
els to allow for more personalized NSAID therapy in light of the 
predicted GI and CV risks.

The efficacy of NSAIDs has been evaluated through a large 
number of RCTs, allowing numerous pooled analyses and 
 meta-analyses (MAs) to be conducted for studying the efficacy 
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as part of the safety of non-steroidal anti-inflammatory Drugs (sos) project, we reviewed the incidence of cardiovascular 
(CV) and gastrointestinal (gi) events associated with the use of this category of drugs. We collected data from published 
meta-analyses (mas) of clinical trials of nonsteroidal anti-inflammatory drugs (nsaiDs). The medline, Cochrane, isi, and 
sCopus databases were systematically searched for mas of nsaiD clinical trials that could potentially contain data on 
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(Thes), heart failure (hF), gastrointestinal bleeding (giB), and perforation, ulcer, and bleeding (puB). From 1,733 identified 
references, 29 mas were selected for the review. This allowed 109 estimations of incidence rates of CV adverse events and 26 
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and safety of these drugs. In the context of evidence-based medi-
cine, MAs are thought to represent the highest methodological 
level of quality for the comparative evaluation of drugs. They 
enable a more objective and systematic appraisal of the evidence 
than do traditional narrative reviews. A more precise estimate 
of a treatment effect is obtained by combining estimates from 
single RCTs.5 To synthesize the information on absolute risks of 
GI and CV adverse events associated with the use of individual 
NSAIDs in RCTs, and to identify knowledge gaps in the safety 
evaluation of these drugs, a systematic quantitative review of the 
MAs on NSAID RCTs was conducted.

Results
selection of MAs
Database searches identified 1,733 potentially relevant MAs, 
of which 407 were duplicates and therefore excluded. Another 
1,155 MAs were excluded because their abstracts revealed that 
they did not meet the inclusion criteria of our study. The remain-
ing 171 MAs were read in full and evaluated independently by 
two authors (F.S. and A.P.); of these, 142 were excluded (see 
Supplementary Appendix 1 online) for the following reasons: 
not an MA (n = 23) (a1–a23), no original results (n = 7) (a24–
a30), MA of observational studies (n = 1) (a31), no full publica-
tion (n = 1) (a32), MAs on pediatric populations only (n = 19) 
(a33–a51), no data for individual NSAIDs (n = 24) (a52–75), 
MAs including a majority of RCTs of single-dose NSAID use 
(n =18) (a76–93), MAs reporting nonspecific events (i.e., GI 

symptoms or CV events) (n = 45) (a94–138), and information 
based on one RCT only (n = 4) (a139–142).

A total of 29 MAs were included in the review.6–34 According 
to the QUOROM (Quality of Reports of Meta-Analyses) check-
list, the methodological quality of these was generally good, 
although in three of the MAs the methods employed were not 
sufficiently detailed.7,8,28 Of the 29 MAs selected, 17 reported 
on CV events, 11 on GI events, and 1 on both CV and GI events 
(Figure 1).

The 29 MAs retained in the review made reference to a total of 
496 reports, of which 85 could not be identified. The 411 iden-
tifiable reports corresponded to 204 independent articles. The 
number of RCTs included in various MAs ranged from 2 to 72, 
and the number of patients from 117 to 34,688 (120.6–25,836 
person-years (PYs) when reported). The drugs investigated in the 
retained MAs were rofecoxib (nine MAs), celecoxib (seven MAs), 
etoricoxib (seven MAs), valdecoxib (five MAs), meloxicam (five 
MAs), lumiracoxib (four MAs), aspirin (two MAs), parecoxib/
valdecoxib combined, etodolac, and nabumetone (one MA each). 
The MAs included RCTs that evaluated NSAIDs in either one 
or several indications (7 and 23 MAs, respectively) (Table 1). 
The most frequently studied indications for the use of NSAIDs 
were osteoarthritis (23 MAs), rheumatoid arthritis (20 MAs), 
and chronic low back pain (3 MAs). The characteristics of the 
NSAIDs used as reference drugs in the RCTs selected in retained 
MAs are provided in Table 2. Estimates of cumulative incidence 
(%) and/or incidence rates (% PYs) for GI and CV events are 

Potential MAs identified through the database search
n = 1,733

Duplicates
n = 407

Records screened
n = 1,326

Excluded after screening
title and abstract

n = 1,155

Full texts assessed for eligibility
n = 171

Excluded after full-text
examination

n = 142

Studies included in qualitative synthesis
n = 29

CV and GI SOS events
and/or related,

n = 1

CI SOS events
and/or related,

n = 11

CV SOS events
and/or related,

n = 17

Safety information based on only
one RCT, n = 4

No individual NSAIDs data, n = 24

Single-dose studies, n = 18

MAs without detailed reporting of
SOS events, n = 45

Pediatric MAs, n = 19

No full publication, n = 1

MA of observational studies, n = 1

Not original results, n = 7

Not MA, n = 23

Figure 1 Flow diagram of process of selecting MAs. CV, cardiovascular; GI, gastrointestinal; MAs, meta-analyses; NSAIDs, nonsteroidal anti-inflammatory drugs; 
RCT, randomized controlled trial; SOS, safety of nonsteroidal anti-inflammatory drugs.
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table 1 Characteristics of MAs included in this review regarding the nonsteroidal anti-inflammatory drug (NsAID) or NsAIDs of 
interest

Drugs mas

estimates rCTs considered for estimates

events Control patients pys number
Duration, 

weeks (range)
Dose, mg 

(range) indications

Coxibs

Celecoxib Caldwell et al.8 MI Placebo
Active

2,574
6,658

4
6

>6 (200–800) CRP, OA, PAD, RA
CeV Placebo

Active
2,775
6,859

4
6

Chen et al.10 CeV Placebo 2,574 3 (52–161) (400–800) OA, PAD, RA

Active 14,430 6 (6–52) (100–800) OA, RA

Chen et al.11 MI Placebo 5,632 8 (6–161) (200–800) CLBP, CRP, OA, PAD

Active 17,678 13 (12–52) (100–800) CLBP, OA, RA

Kearney et al.22 MI, stroke Placebo 8,976 41 (4–156) (25–800) AF, AS, CLBP, CRP, OA, PAD, 
RA, TMjP, other

Moore et al.26 MI, HF Placebo
Active

7,072
20,435

17
27

(2–12)
(6–52)

(80–800)
(100–800) OA, RA

Solomon et al.30 MI, stroke, FS Placebo 2,289 2 160 (200–800) CRP

White et al.33 MI, stroke, FS Placebo
Active

4,849
12,449

700
2,422

6
7

(4–12)
(12–26)

(25–400)
(50–400) OA, RA

Etoricoxib Aldington et al.6 ThE Placebo 1,441 5 (6–12) (30–90) CLBP, OA, RA

Cannon et al.9 MI, CeV Active 16,819 25,836 3 78 (60–90) OA, RA

Chen et al.12 PUB Placebo/
active

900 3 12 (60–90) OA, RA

Chen et al.11 MI Active 4,165 3 (12–48) (90–120) OA, RA, AS

Curtis et al.13 MI, CeV, IS, ThE Active 1,266 1,522 4 (12–190) (30–120) OA, RA

Active 1,960 2,480
6 (12–138) (60–120) OA, RA, AS

ThE Placebo 2,818 560

Kearney et al.22 MI, stroke Placebo 753 17 (6–190) (30–120) CLBP, OA, RA, AS, other

Ramey et al.27 PUB Active 3,226 4,001.65 10 (12–190) (5–120) OA, RA, AS

Lumiracoxib Chen et al.10 CeV Placebo
Active

1,606
10,508

3
5

(13–26)
(26–52)

(100–400)
(200–400) OA, RA

Chen et al.11 MI Placebo
Active

3,903
11,569

6
8

(13–26)
(4–52)

(100–400)
(200–1,200) OA, RA

Kearney et al.22 MI, stroke Placebo 1,375 12 (4–52) (100–1,200) OA, RA

Matchaba et al.25 MI, stroke Placebo 7,011 1,969.2 14 (1–13)
(50–400)

OA, RA

Active 24,312 6,721.6 19 (1–52)

Active 5,964 8,054.4 5 (4–52) (200–1,200)

Active 6,126 18
(1–52)

(50–800)

Active 34,688 22 (50–1,200)

Parecoxib/ 
valdecoxib

Aldington et al.7 MI, CeV Placebo 1,380 3 2 NR PCB

Rofecoxib Chen et al.12 PUB Placebo/
active

9,201 8 (6–52) (12.5–50) OA, RA

Chen et al.10 CeV Placebo 4,058 8 (6–208) (12.5–25) OA, PAD, CRP

Active 9,954 11 (6–86) (12.5–50) OA, RA

Chen et al.11 MI Placebo 5,413 8 (6–208)
(12.5–50)

OA, CLBP, PAD, CRP

Active 9,241 11 (6–86) OA, PAD

Garner et al.18 HF Active 1,133 3
6 (12.5–25)

OA

PUB Placebo 2,245 6

Active 3,256

2

(6–12) (12.5–25)

Active 285 6 25

Active 3,225 (6–12)

(12.5–25)Active 677
6

Active 932

table 1 Continued on next page
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shown as graphs in Figures 2 and 3 and in Supplementary 
Figures S1–S3 online, and 95% confidences intervals (95% CI) 
are listed in Supplementary Appendix 2 online. In all but one of 
the MAs, the incidence of adverse events was calculated from the 
number of patients or PYs and events reported in the full text. In 
the MA by Moore et al.,26 the number of patients was retrieved 

from supplementary material, and the cumulative incidence 
reported in the full text was used in our analysis.

Incidence estimates of CV events
Myocardial infarction (MI). From the MAs that provided data 
on MI (n = 14), 45 incidence estimates could be calculated; 

jüni et al.21 MI, stroke Placebo/
active

21,432 22 (6–56) (12.5–50) CLBP, OA, RA

Kearney et al.22 MI, stroke Placebo 6,638 37 (4–208) (12.5–175) AF, CRP, CLBP, migraine, 
OA, PAD, prostatitis, RA, 
other

Konstam et al.23 MIa, CeV, FS Placebo 6,290 12 (6–208)

(12.5–50) CLBP, OA, PAD, RA
Active

9,083 7 (6–104)

4,549 5 (6–86)

Langman et al.24 PUB Placebo/
active

3,357 1,438 5 (6–104) (12.5–50) OA

Watson 32 PUB Active 10,026 5,849 20 (6–156) (5–50) OA, RA

Valdecoxib Chen et al.10 CeV Placebo 1,905 3 12
(5–40) OA, RA

Active 3,331 6 (12–26)

Chen et al.11 MI Placebo 1,800 3 (6–12)
(0.5–40)

RA

Active 3,226 6 (6–26) OA, RA

Edwards et al.17 MI Placebo/
active

2,733 9 (6–26) (10–20) OA, RA

Goldstein et al.19 UGIB Placebo 4,362 8 (12–26) (5–80) OA, RA

Kearney et al.22 MI, stroke Placebo 748 14 (4–52) (5–40) CLBP, cancer pain, OA, RA

White et al. 34 MI, stroke Placebo/
active

4,531 10 (6–52) (10–80) OA, RA

tNSAIDs

Etodolac Chen et al.12 PUB Placebo/
active

1,186 10 (4–156) (600–1,000) OA, RA

Meloxicam Chen et al.12 PUB Placebo/
active

10,504 9 (3–26) (7.5–15) OA, RA

Degner et al.14 PUB Active 15,961 4 6 (7.5–22.5) AS, OA, RA

Distel et al.16 PUB Active 2,471 7 NR (7.5–15) OA, RA

Singh et al.29 ThE Active 15,353 28 >3 (7.5–15) NR

Tavakoli31 UGIB, PUB Active 8,955 2 4 7.5 OA

Nabumetone Huang et al.20 PUBb
Active

4,847 1,147 8 (6–24)
(1,000–2,000) OA, RA, other

PUBc 117 120,6 4 (4–265)

Aspirin

Aspirin Derry et al.15 GIB Placebo 8,658 24 (52–240) (50–1,200) AF, breast cancer, 
hypertension, PCB, PPMI, 
PVD, stroke, TIA, UA

Serebruany et al.28 GIB Placebo/
active

31,689 8 NR >100 SPMI

Cardiovascular events: CeV, cerebrovascular event; FS, fatal stroke; HF, heart failure; IS, ischemic stroke; MI, myocardial infarction; ThE, thromboembolic event.

Gastrointestinal events: GIB, gastrointestinal bleeding; PUB, perforation, ulcer, and bleeding; UGIB, upper gastrointestinal bleeding.

Indications: AF, atrial fibrillation; AS, ankylosing spondylitis; CLBP, chronic low back pain; CRP, colorectal polyps; OA, osteoarthritis; PAD, prevention of Alzheimer’s disease; PCB, 
postcoronary bypass; POP, postoperative pain; PPMI, primary prevention of myocardial infarction; PVD, peripheral vascular disease; RA, rheumatoid arthritis; SPMI, secondary 
prevention of MI or unstable angina; TIA, transient ischemic attack; TMjP, temporomandibular joint pain; UA, unstable angina; NR, not retrievable.

Trial duration: NR, not retrievable.
aMI data were retrieved by pooling the number of fatal MI and nonfatal cardiac events (i.e., patients with nonfatal MI or those resuscitated after a cardiac arrest). bNonendoscopic 
studies. cEndoscopic studies; PYs, person-years.

table 1 (Continued)

Drugs mas

estimates rCTs considered for estimates
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Duration, 
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table 2 Characteristics of MAs included in this review regarding the reference nonsteroidal anti-inflammatory drug (NsAID) or NsAIDs

Drugs mas

estimates rCTs considered for estimations

events patients pys reference drug(s) (n of patients)a number
Duration, 

weeks (range)
Dose, mg 

(range) indications

Coxibs

Celecoxib Garner et al.18 HF 1,057 Rofecoxib 3 6 200 OA

PUB 285 2

Rofecoxib Moore et al.26 HF, MI 1,323 Celecoxib 5 (6–12) 25 OA, RA

tNSAIDs

Diclofenac Cannon et al.9 MI, CeV 16,483 24,766 Etoricoxib 3 78 150 OA, RA

Chen et al.12 PUB 5,420 Meloxicam (5,152), rofecoxib (298) 5 (4–52) (100–150) OA, RA

Chen et al.12 CeV 11,219 Celecoxib (6,163), etoricoxib (3,518), 
rofecoxib (823), valdecoxib (715)

13 (6–86) (100–150) OA, RA

Chen et al.11 MI 11,409 Celecoxib (6,463), etoricoxib (3,518), 
rofecoxib (713), valdecoxib (715)

12 (4–52) (100–150) CLBP, OA, RA

Curtis et al.13 MI, CeV, IS, ThE 492 447 Etoricoxib 2 (12–174) 150 OA, RA

Goldstein et al.19 UGIB 711 Valdecoxib 3 (12–26) 150 OA, RA

Kearney et al.22 MI, stroke 6,913 Celecoxib, etoricoxib, lumiracoxib,  
rofecoxib, valdecoxibb

26 (4–190) 150 Cancer pain, 
OA, RA

Singh et al.29 ThE 5,957 Meloxicam NR >3 (100–150) NR

Tavakoli et al.31 PUB, UGIB 4,688 Meloxicam 2 4 100 OA

Ibuprofen Chen et al.10 CeV 6,787 Celecoxib (1,985), lumiracoxib (4,397), 
rofecoxib (405)

4 (6–52) 2,400 OA, RA

Chen et al.11 MI 7,463 Celecoxib (2,590), lumiracoxib (4,873) 6 (12–24) 2,400 OA, RA

Garner et al.18 PUB 470 Rofecoxib 2 6 2,400 OA

Kearney et al.22 MI, stroke 5,160 Celecoxib, etoricoxib, lumiracoxib,  
rofecoxib, valdecoxibb

24 (4–60) 2,400 OA, RA, 
others

Nabumetone Chen et al.11 MI 507 Rofecoxib 2 6 1,000 OA

Naproxen Chen et al.12 PUB 8,602 Etodolac (214), meloxicam (180),  
rofecoxib (7,636), etoricoxib (572)

13 (4–39) (750–1,000) OA, RA

Chen et al.10 CeV 14,130 Celecoxib (1,399), lumiracoxib (5,280), 
rofecoxib (6,801), valdecoxib (650)

12 (12–52) 1,000 OA, RA

Chen et al.11 MI 15,206 Celecoxib (2,029), etoricoxib (295), 
lumiracoxib (5,549), rofecoxib (6,801), 
valdecoxib (532)

18 (4–52) 1,000 AS, OA, RA,

Curtis et al. 13 MI, CeV, IS, ThE 1,497 1,727 Etoricoxib 6 (12–138) 1,000 AS, OA, RA

Edwards et al.17 MI 928 Valdecoxib 6 (6–12) 1,000 OA, RA

Garner et al.18 MI
PUB

3,245
3,227

Rofecoxib 2 (6–12) 1,000 OA

Goldstein et al.19 UGIB 1,181 Valdecoxib 5 (12–26) 1,000 OA, RA

Kearney et al.22 MI, stroke 10,978 Celecoxib, etoricoxib, lumiracoxib,  
rofecoxib, valdecoxibb

42 (4–138) (440–1,000) AS, OA, PAD, 
RA, TMjP

Konstan et al.23 MIc, CeV, FS 7,870 Rofecoxib 7 (6–104) 1,000 OA, RA

Matchaba et al.25 MI, stroke 5,411 Lumiracoxib 5 (4–52) 1,000 OA, RA

Singh et al.29 ThE 409 Meloxicam NR >3 1,000 NR

White et al.33 MI, stroke, FS 2,271 393 Celecoxib 7 (12–24) 1,000 OR, RA

Piroxicam Chen et al.12 PUB 4,981 Etodolac (409), meloxicam (4,572) 7 (3–13) 20 OA, RA

Singh et al.29 ThE 5,903 Meloxicam NR >3 20 NR

Tavakoli et al.31 UGIB, PUB 4,336 Meloxicam 2 4 20 OA

Cardiovascular events: CeV, cerebrovascular event; FS, fatal stroke; HF, heart failure; IS, ischemic stroke; MI, myocardial infarction; ThE, thromboembolic event.

Gastrointestinal events: GIB, gastrointestinal bleeding; PUB, perforation, ulcer, and bleeding; UGIB, upper gastrointestinal bleeding.

Indications: AS, ankylosing spondylitis; CLBP, chronic low back pain; NR, not retrievable; OA, osteoarthritis; PAD, prevention of Alzheimer’s disease; RA, rheumatoid arthritis;  
TMjP, temporomandibular joint pain.

Trial duration: NR, not retrievable.
aNumber of patients treated with the drug for each reference NSAID. bNumber of patients was not retrievable. cMI data were retrieved by pooling the number of fatal MI and 
nonfatal cardiac events (i.e., patients with nonfatal MI or those resuscitated after a cardiac arrest).
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Celecoxib

Rate
(%) Control Ref.

Rate
(%) Control Ref.

Rate
(%) Control Ref.

Rate
(%) Control Ref.

Rate
(%) Control Ref.

Rate
(%) Control Ref.

Etoricoxib Lumiracoxib Parecoxib/valdecoxib Rofecoxib Valdecoxib

1.35 Placebo (31)
1.13 Placebo (9)

0.66 Placebo (12) 0.31 Placebo (12)
0.15 Placebo (12)

0.09 Placebo (26)

0.58 Placebo (8) 0.89 Placebo (12)
0.61 Placebo (12)

0.13 Placebo (35)
0.30 Placebo (24)

0.14 Placebo (34)

0.12 Placebo (27)

1.00 Placebo (34)

0.49 Placebo (23) 0.27 Placebo (23)

0.36 Placebo (23) 0.81 Placebo (23)
1.07 Placebo (23)

0.83 Active (9)

0.66 Active (10) 0.37 Active (26)

0.26 Active (12)
0.19 Active (26)

0.51 Active (14)
0.48 Active (12)

0.24 Active (14) 0.14 Active (26)

0.40 Active (24) 0.37 Active (12)

0.11 Active (18)
0.38 Active (12)

0.30 Active (24)
0.30 Active (22)

0.11 Active (26)
0.29 Active (12)
0.19 Active (27)

0.14 Active (34)

0.70 Active (34)
0.43 Active (10)

0.30 Active (26)
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0.20 Active (14)
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Figure 2 Continued on next page
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the numbers of RCTs included ranged from 2 to 41, and the 
duration of the trials ranged from 1 to 208 weeks (Figure 2a, 
Table 1).

Cumulative incidence rates for MI ranged from 0.12 to 1.35% 
for celecoxib, from 0.24 to 0.66% for etoricoxib, from 0.09 to 
0.37% for lumiracoxib, from 0.30 to 0.89% for rofecoxib, and 
from 0.11 to 0.61% for valdecoxib; there was only one estimate 
for parecoxib/valdecoxib combined (0.58%).

Incidence rates of MI ranged from 0.49 to 1.00% PYs for 
celecoxib, from 0.20 to 0.43% PYs for etoricoxib, and from 0.10 
to 0.36% PYs for lumiracoxib; there was only one estimate each 
for rofecoxib (0.81% PYs) and valdecoxib (1.07% PYs).

Cerebrovascular events (CeVs). From the MAs that had data on 
any type of CeV (n = 6), 20 incidence estimations could be 
calculated; the number of RCTs included ranged from 3 to 
12, and the duration of the trials ranged from 2 to 208 weeks 
(Figure 2b, Table 1).

Cumulative incidence rates of any kind of CeV ranged from 
0.13 to 0.93% for celecoxib, from 0.08 to 0.61% for etoricoxib, 
from 0.25 to 0.34% for lumiracoxib, from 0.1 to 0.94% for 

rofecoxib, and from 0.16 to 0.18% for valdecoxib; there was only 
one estimate for parecoxib/valdecoxib (0.94%).

Incidence rates of CeVs of any kind could be calculated only 
for celecoxib (0.07–0.48% PYs).

Stroke. From the MAs that had data on the incidence of stroke 
(n = 6), 20 estimates of incidence could be calculated; the 
number of RCTs included ranged from 2 to 41, and the trials 
ranged from 1 to 208 weeks in duration (Figure 2c, Table 1).

Cumulative incidence rates of stroke ranged from 0.02 to 
0.79% for celecoxib and from 0.06 to 0.34% for lumiracoxib; 
there was only one estimate each for rofecoxib (0.12%) and 
 valdecoxib (0.18%).

Incidence rates of stroke ranged from 0.14 to 0.29% PYs for 
celecoxib and from 0.13 to 0.29% PYs for lumiracoxib; there was 
only one estimate each for etoricoxib (0.53% PYs), rofecoxib 
(0.51% PYs), and valdecoxib (0.27% PYs).

Ischemic stroke (IS). From the MAs that had data on IS (n = 2), six 
incidence estimates could be calculated; the number of RCTs 
included ranged from four to six, and the duration of trials 

Figure 2 Myocardial infarction, cerebrovascular events, and stroke. Cumulative (black) and incidence (red) rates of (a) myocardial infarction (MI), 
(b) cerebrovascular events, and (c) stroke associated with the use of nonsteroidal anti-inflammatory drugs are shown. The plot shows incidence rates, and the 
diameter of the circle indicates the size of the population, as indicated below the plot. The table presents exact values and associated references. PYs, person-years.
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ranged from 12 to 190 weeks (see Supplementary Figure S1a 
online, Table 1).

Data were available for etoricoxib only; for this drug, cumula-
tive incidence rates ranged from 0.08 to 0.51%, and incidence 
rates ranged from 0.07 to 0.40% PYs.

Fatal stroke (FS). From the MAs that had data on FS (n = 3), eight 
incidence estimates could be calculated; the number of RCTs 
included ranged from 2 to 12, and the duration of trials ranged 
from 4 to 208 weeks (see Supplementary Figure S1b online, 
Table 1).
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Figure 3 Perforation, ulcer, and bleeding, gastrointestinal (GI) bleeding, and upper GI bleeding. Cumulative (black) and incidence (red) rates of (a) perforation, ulcer, 
and bleeding, (b) GI bleeding, and (c) upper GI bleeding associated with the use of nonsteroidal anti-inflammatory drugs are shown. The plot shows incidence rates, 
and the diameter of the circle indicates the size of the population, as indicated below the plot. The tables present exact values and associated references.
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Cumulative incidence rates of FS ranged from 0 to 0.04% 
for celecoxib, and all estimates were zero (i.e., no FS event) for 
rofecoxib.

Incidence rates of FS were calculated for celecoxib only, and 
all estimates were zero.

Thromboembolic events (ThEs). From the MAs that had data on 
ThEs (n = 3), eight incidence estimates could be calculated; the 
number of RCTs included ranged from 4 to 28, and the  duration 
of trials ranged from 3 to 190 weeks (see Supplementary 
Figure S2 online, Table 1).

Cumulative incidence rates of ThEs ranged from 0.25 to 1.73% for 
etoricoxib; there was only one estimate for meloxicam (0.14%).

The incidence rates of ThEs was calculated for etoricoxib only 
(from 0.79 to 1.37% PYs).

Heart failure (HF). From the MAs that had data on HF (n = 2), 
three incidence estimates could be calculated; the number of 
RCTs included ranged from 3 to 27, and the duration of trials 
ranged from 2 weeks to 1 year (see Supplementary Figure S3 
online, Table 1).

Only cumulative incidence rates could be calculated; these 
ranged from 0.06 to 0.11% for celecoxib. There was only one 
estimate for rofecoxib (0.62%).

Incidence estimates of GI events
Perforation, ulcer, and bleeding (PUB). From the MAs that had 
data on PUB (n = 9), 22 incidence estimates could be calcu-
lated; the number of RCTs included ranged from 2 to 20, and 
the duration of trials ranged from 3 to 265 weeks (Figure 3a, 
Table 1).

Cumulative incidence rates of PUB ranged from 0.11 to 1.24% 
for etoricoxib, from 0.13 to 0.16% for meloxicam, from 0.06 to 
2.6% for nabumetone, and from 0 to 0.71% for rofecoxib; there 
was only one estimate for etodolac (0.42%).

Incidence rates for PUB ranged from 0.09 to 2.5% PYs for 
nabumetone and from 0.74 to 1.33% PYs for rofecoxib (n = 2); 
there was only one estimate for etoricoxib (1% PYs).

Gastrointestinal bleeding (GIB). From the MAs that had data on 
GIB (n = 2), two incidence estimates could be calculated; the 
number of RCTs included ranged from 8 to 24, and the duration 
of trials ranged from 52 to 240 weeks (Figure 3b, Table 1).

table 4 Incidence estimates of selected gastrointestinal (GI) 
events for reference nonsteroidal anti-inflammatory drugs 
(NsAIDs) (only cumulative incidence is provided)

Drugs

ugiB giB puBs

N
rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range)

Celecoxib — — — — 1 0.00

Diclofenac 2 (0.04–0.56) — — 6 (0.13–1.12)

Etodolac — — — — 1 0.42

Ibuprofen 1 0.00 — — 3 (0.55–2.16)

Nabumetone — — — — 1 0.00

Naproxen 1 0.59 1 2.04 4 (0.37–3.00)

Piroxicam 1 0.21 — — 4 (0.37–1.16)

GIB, gastrointestinal bleeding; PUB, perforation, ulcer, and bleeding; UGIB, upper 
gastrointestinal bleeding.

table 3 Incidence estimates of selected cardiovascular (CV) events for reference nonsteroidal anti-inflammatory drugs (NsAIDs)

Drugs

mi is stroke Fs CeV The hF

N
rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range) N

rate, % 
(range)

Celecoxib

 Cumulative — — — — — — — — — — — — 1 0.19

Rofecoxib

 Cumulative 1 0.08 — — — — — — — — — — 1 0.60

Diclofenac

 Cumulative 3 (0.20–0.74) 1 0.20 — — — — 3 (0.29–0.48) 2 (0.22–0.81) — —

 Incidence rate 3 (0.22–0.49) 1 0.22 1 0.45 — — 2 (0.32–0.45) 1 0.89 — —

Ibuprofen

 Cumulative 2 (0.00–0.19) 1 0.00 — — — — 2 (0.00–0.24) 1 0.00 — —

 Incidence rate 2 (0.00–0.41) 1 0.00 1 0.31 — — 1 0.00 1 0.00 — —

Nabumetone

 Cumulative 1 0.39 — — — — — — 1 0.00 — — — —

Naproxen

 Cumulative 6 (0.10–0.33) 2 (0.00–0.20) 3 (0.09–0.24) 2 (0.00–0.04) 4 (0.13–0.28) 4 (0.00–0.91) — —

 Incidence rate 3 (0.27–0.51) 1 0.00 2 (0.36–0.51) 1 0.25 1 0.12 1 0.81 — —

Piroxicam

 Cumulative — — — — — — — — — — 1 0.08 — —

CeV, cerebrovascular event; FS, fatal stroke; HF, heart failure; IS, ischemic stroke; MI, myocardial infarction; ThE, thromboembolic event.
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Only cumulative incidence rates could be calculated, and these 
ranged from 2.45 to 2.98% for aspirin.

Upper gastrointestinal bleeding (UGIB). From the MAs providing 
data on UGIB (n = 2), two incidence estimates could be calcu-
lated; the number of RCTs included ranged from two to eight, 
and the duration of trials ranged from 4 to 26 weeks (Figure 3c, 
Table 1).

Only cumulative incidence rates could be calculated, and these 
were 0.09% for valdecoxib and 0.18% for meloxicam.

Incidence estimates for reference drugs
Diclofenac, ibuprofen, piroxicam, and naproxen were not 
drugs of interest in the selected MAs; however, for these and 
other NSAIDs, data regarding GI and CV events were avail-
able because these were often used as reference drugs (Tables 3 
and 4). However, the data on these reference NSAID drugs are 
not the result of a systematic retrieval process, and therefore 
incidence estimates are presented separately.

DIsCussIoN
This systematic review provides data from MAs on 109 estimates 
of incidence rates for CV adverse events and 26 estimates of inci-
dence rates for GI adverse events during treatment with NSAIDs. 
It offers a large and unique overview of the outcomes for indi-
vidual NSAIDs in various situations of use (indication, treatment 
duration and dosage, and study population). However, the dif-
ferences in these conditions of use may also limit the interpreta-
tion and comparability of the data considered in this review. For 
instance, all the RCTs performed to evaluate the safety profile of 
meloxicam in the retrieved MAs were relatively short term (most 
were 4 weeks, and none was >26 weeks) as compared with those 
performed for coxibs (as long as 4 years). Hence, a comparison 
between meloxicam and coxibs with respect to the cumulative 
incidence rates of GI events is not possible. Another limitation 
is that the same RCT could have been included in different MAs 
(indeed, approximately half of all reports cited were individual 
papers). Therefore, the estimates from different MAs are unlikely 
to be fully independent. Incidence rates using person-time as 
denominator could facilitate drug-to-drug comparisons despite 
the potential for bias,35 assuming that the risk would be constant. 
Although not elicited through a systematic search, it is interesting 
to note that information pertaining to NSAID-associated adverse 
events was more frequently available for CV events (for which 
the risk is unlikely to be constant over time)36 and less frequently 
available for GI events (for which the risk is expected to be more 
or less constant).37

An important result of this review is the identification of 
knowledge gaps in the GI and CV safety evaluation of individual 
NSAIDs in MAs, which are considered as providing the best 
scientific evidence38 even though they are known to be subject 
to publication, selection, and dissemination biases.39–43 This is 
of great interest given the place MAs have in evidence-based 
medicine to help define future areas of research. The princi-
pal knowledge gap is due to the fact that many of the existing 
NSAIDs were never analyzed in MAs. A deeper investigation 

of RCTs that have evaluated NSAIDs would reveal whether this 
gap is likely to be secondary to a lack of relevant RCTs for such 
systematic evaluation or to a lack of interest in evaluating these 
individual NSAIDs. An associated issue is the imbalance in the 
nature of the safety evaluation that can be performed from data 
reported in MAs. Indeed, substantially more data were available 
for coxibs than for tNSAIDs; also, almost no information regard-
ing CV adverse events was associated with tNSAIDs, whereas a 
great amount of such data was available for coxibs. Conversely, 
no information was available regarding GI events for celecoxib, 
lumiracoxib, or parecoxib. This seems to reflect both a “period 
effect” and a “coxib era effect.” The former is illustrated by the 
identification of only four MAs before 2001, all of which con-
sidered GI safety alone; these were for aspirin,15 meloxicam,16 
nabumetone,20 and rofecoxib.24 We identified a greater number 
of MAs after 2001, when MAs began to be performed more fre-
quently, but these were published after the concerns regarding 
CV safety were raised in regard to coxibs.2,3 Most of these MAs 
yielded systematic information on CV safety issues associated 
with the use of coxibs; this could be related to a publication or 
research bias: the combination of a “blockbuster event” (MI) 
and “blockbuster drugs” (coxibs) seems to have resulted in a 
“blockbuster research topic.” This coxib-era effect appears to 
have concentrated almost all NSAID research on the system-
atic evaluation of CV safety of coxibs. By neglecting some other 
safety aspects of NSAIDs, this approach could have resulted in 
some of the knowledge gaps that we identified. Among these, 
the relative lack of evaluation of the GI safety profiles of coxibs 
in MAs was quite surprising, given that the demonstration of 
a better GI safety profile was the cornerstone of the develop-
ment and marketing of coxibs and the objective of most pivotal 
RCTs concerning these drugs. Interestingly, this was not the 
case for meloxicam, which is considered a tNSAID but was the 
first NSAID marketed (in the 1990s) for its favorable GI safety 
profile. Our review identified four MAs that reported data on 
GI events of interest.12,14,16,31 Results such as these support the 
idea of a coxib-era effect; however, another possibility is that, 
because pivotal RCT studies of coxibs were designed with suf-
ficient power to measure GI risk, pooled evaluations were con-
sidered unnecessary.

It was interesting to find that some clinically relevant events 
such as lower GI bleeding (LGIB) and hemorrhagic stroke (HS) 
were not evaluated in the selected MAs. The rarity of these 
events could explain these gaps and may reflect the intrinsic 
limits of RCTs to provide reliable safety information related to 
rare events;44 these limits may also lead to an underestimation 
of those for which a relatively large data set was available. Other 
events, such as IS, HF, and UGIB could be considered poorly 
studied events, the incidence of which could be estimated in 
only six, three, and two instances, respectively, and for a limited 
number of drugs (only etoricoxib for IS, celecoxib and rofecoxib 
for HF, and  valdecoxib and aspirin for UGIB).

Knowledge gaps regarding tNSAIDs may be reduced if data 
for reference NSAID drugs (that are also reported here) are 
taken into consideration. Many MAs that investigated coxibs 
also reported a large amount of data for reference NSAIDs, 
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the vast majority of which were tNSAIDs (mostly ibuprofen, 
diclofenac, and naproxen).9–13,18,19,22,23,25,33 Because these MAs 
included the largest RCTs available, the information provided 
may be considered the most clinically relevant retrievable. For 
many event-tNSAID pairs, data from MA reference drugs were 
the only data available, indicating that these were not considered 
in MAs investigating tNSAIDs. There are, however, many cave-
ats related to such data. First, as the evaluation of these drugs 
was not the objective of MAs, the information provided did not 
result from a systematic process. Second, this safety information 
was based mostly on coxib RCTs in which tNSAID controls were 
often used over a long term and at high dosages (ibuprofen was 
most often evaluated at 2,400 mg/day, naproxen at 750–1,000 mg/
day, and diclofenac at 100–150 mg/day).

In conclusion, this review provides a wide overview of infor-
mation from MAs related to the safety profiles of NSAIDs and 
identifies important knowledge gaps in the systematic safety 
evaluation of these drugs. It underlines the limited ability to 
compare results obtained from different MAs, particularly with 
respect to rare incidence-rate estimations (i.e., PYs). In order 
to fill these gaps, further systematic pooled analyses of RCTs 
should be conducted.

MethoDs
In accordance with the objectives of the SOS project, the MAs of interest 
were those comprising RCTs with CV and/or GI safety assessment of 
individual NSAIDs (either tNSAIDs, coxibs, or aspirin at >100 mg/day) 
in adults and reporting information on any of the following outcomes: 
(i) CV: MI, IS, hemorrhagic stroke, FS, CeV, ThE, and HF not otherwise 
specified (HF); (ii) GI: UGIB, LGIB, GIB not otherwise specified (GIB), 
and PUB. MAs that dealt with single-dose use of NSAIDs were excluded 
from the review.

Four electronic literature databases were searched for the identifica-
tion of potentially relevant MAs: Medline, the ISI Web of Science, the 
Cochrane Database of Systematic Reviews, and SCOPUS. The searches 
were restricted to MAs published in English between January 1983 and 
November 2008 (inclusive). As no methods have been proposed to search 
the literature for MAs, an original one was developed for this study. The 
search strategy was first developed for Medline and then adapted to the 
ISI Web of Science, the Cochrane Database of Systematic Reviews, and 
SCOPUS (the queries used are detailed in Supplementary Appendix 3 
online).

The search strategy was approved by all the authors, and the electronic 
search process was carried out by one review author (F.S.). Titles and 
abstracts were independently reviewed by two authors (F.S. and A.P.) 
to identify potentially relevant publications according to the criteria 
described above. Duplicate studies or distinct studies reporting duplicate 
results were excluded; in addition, MAs with estimates based on only one 
RCT (data point) were excluded. Disagreements were resolved through 
discussion. Final eligibility assessment of the potentially relevant publi-
cations was performed through examination of the full texts, obtained 
through the libraries of the University of Bordeaux, the French National 
Institute for Health and Medical Research (INSERM), and the Erasmus 
University Medical Center or ordered directly from the publisher. An 
electronic data-extraction form was used to collect the following infor-
mation from the eligible publications: active compound; dose and treat-
ment duration; number of RCTs included and indication; type of control 
(placebo or active comparator(s), i.e., other NSAID); number of patients 
or PYs included in the pooled analysis; events (type and number), and 
(where reported) cumulative incidence rate and/or incidence rate in PYs. 
The cumulative incidence or incidence rate was calculated by dividing 
the number of reported events by the number of exposed persons (for 

 cumulative incidence) and by the number of PYs (for incidence rate), 
for both the NSAID of interest and the reference NSAID when it was 
an active comparator. Where the number of patients in a study was not 
reported in the MA, the number was calculated from the RCTs included. 
 Confidence intervals (95%) were calculated on the basis of Poisson or 
binomial distributions according to sample size and number of events. 
The quality of the MAs included was assessed using the QUOROM 
checklist.45 To measure the redundancy of MAs, the articles cited in them 
were identified and the number of independent articles calculated.

suPPleMeNtARY MAteRIAl is linked to the online version of the paper at 
http://www.nature.com/cpt
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