
EXTENDED REPORT

Cardiovascular outcomes in high risk patients with
osteoarthritis treated with ibuprofen, naproxen or lumiracoxib
M E Farkouh, J D Greenberg, R V Jeger, K Ramanathan, F W A Verheugt, J H Chesebro, H Kirshner,
J S Hochman, C L Lay, S Ruland, B Mellein, P T Matchaba, V Fuster, S B Abramson
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr M E Farkouh, Mount
Sinai Cardiovascular
Institute, Mount Sinai School
of Medicine, One Gustave L
Levy Place, Box 1074, New
York, New York 10029,
USA; michael.farkouh@
mssm.edu

Accepted 21 January 2007
Published Online First
5 April 2007
. . . . . . . . . . . . . . . . . . . . . . . .

Ann Rheum Dis 2007;66:764–770. doi: 10.1136/ard.2006.066001

Background: Evidence suggests that both selective cyclooxygenase (COX)-2 inhibitors and non-selective non-
steroidal anti-inflammatory drugs (NSAIDs) increase the risk of cardiovascular events. However, evidence
from prospective studies of currently available COX-2 inhibitors and non-selective NSAIDs is lacking in
patients at high cardiovascular risk who are taking aspirin.
Objective: To determine the cardiovascular outcomes in high risk patients with osteoarthritis treated with
ibuprofen, naproxen or lumiracoxib.
Methods: The Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET) of 18 325 patients
with osteoarthritis comprised two parallel substudies, comparing lumiracoxib (COX-2 inhibitor) with either
ibuprofen or naproxen. A post hoc analysis by baseline cardiovascular risk, treatment assignment, and low-
dose aspirin use was performed. The primary composite end point was cardiovascular mortality, non-fatal
myocardial infarction, and stroke at 1 year; a secondary end point was the development of congestive heart
failure (CHF).
Results: In high risk patients among aspirin users, patients in the ibuprofen substudy had more primary events
with ibuprofen than lumiracoxib (2.14% vs 0.25%, p = 0.038), whereas in the naproxen substudy rates were
similar for naproxen and lumiracoxib (1.58% vs 1.48%, p = 0.899). High risk patients not taking aspirin had
fewer primary events with naproxen than with lumiracoxib (0% vs 1.57%, p = 0.027), but not for ibuprofen
versus lumiracoxib (0.92% vs 0.80%, p = 0.920). Overall, CHF developed more often with ibuprofen than
lumiracoxib (1.28% vs 0.14%; p = 0.031), whereas no difference existed between naproxen and lumiracoxib.
Conclusions: These data suggest that ibuprofen may confer an increased risk of thrombotic and CHF events
relative to lumiracoxib among aspirin users at high cardiovascular risk. The study indicates that naproxen
may be associated with lower risk relative to lumiracoxib among non-aspirin users. This study is subject to
inherent limitations, and therefore should be interpreted as a hypothesis-generating study.

T
he association of non-steroidal anti-inflammatory drugs
(NSAIDs), including cyclooxygenase (COX)-2 inhibitors,
with cardiovascular events is a major public health concern.

Most patients treated with these drugs are elderly, and hence
those at increased risk of both coronary artery disease and
gastrointestinal bleeding due to NSAIDs.1 Since the publication
of the Vioxx Gastrointestinal Outcomes Research (VIGOR)
trial,2 cardiovascular side effects have been a main concern of
this drug class. The excess risk of cardiovascular events in the
Adenomatous Polyp Prevention on Vioxx (APPROVe) trial,3 the
study of valdecoxib in patients after coronary artery bypass
graft surgery,4 and the Adenoma Prevention with Celecoxib
(APC) study5 have brought the safety of the entire COX-2
inhibitor class into question.

The safety of non-selective NSAIDs has also been questioned.
To date, information about cardiovascular toxicity of non-
selective NSAIDs has mainly accrued from observational
studies and has frequently yielded conflicting conclusions,
particularly for naproxen.6–8 Similarly, clinical studies of the
cardiovascular safety of non-selective NSAIDs, particularly
ibuprofen, in patients prescribed aspirin have generated
conflicting results.6 9–11 To date, randomised clinical trials have
not examined the long term effects of NSAID agents in high
cardiovascular risk populations. Clinical trials of NSAID agents
in patients at high cardiovascular risk have been limited to pilot
studies of flurbiprofen and meloxicam, and perioperative
parecoxib/valdecoxib.12–15

Mechanistic explanations for the differential cardiovascular
effects of aspirin, naproxen, other non-selective NSAIDs and

COX-2 inhibitors remain unresolved. Although non-selective
NSAIDs inhibit both the COX-1 and COX-2 enzymes, selective
COX-2 inhibitors including lumiracoxib have little or no effect
on COX-1 at therapeutic concentrations. The primary hypoth-
esis explaining the increased cardiovascular risk associated
with COX-2 inhibitors is that COX-2 inhibition creates an
imbalance, favouring COX-1 mediated platelet aggregation
while preventing COX-2-dependent prostacyclin production by
endothelial cells.16 However, there is also mechanistic evidence
that non-selective NSAIDs such as ibuprofen may contribute to
this imbalance as well, either by interfering with aspirin
acetylation of the COX-1 binding site on platelets, or by
providing insufficient COX-1 inhibition during the dosing
cycle.17 Although the potential for a cardioprotective effect for
high-dose naproxen remains unproved, supporting evidence
includes recent observations that regular administration of
high-dose naproxen inhibits platelet COX-1 activity throughout
the dosing cycle.18

The Therapeutic Arthritis Research and Gastrointestinal
Event Trial (TARGET)19 20 was designed to evaluate the
gastrointestinal and cardiovascular safety of lumiracoxib, a
selective COX-2 inhibitor, compared with two non-selective

Abbreviations: CCSC, Cardiovascular and Cerebrovascular Safety
Committee; CI, confidence interval; COX, cyclooxygenase; HOPE, Heart
Outcomes Prevention Evaluation; HR, hazard ratio; MI, myocardial
infarction; NSAIDs, non-steroidal anti-inflammatory drugs; TARGET,
Therapeutic Arthritis Research and Gastrointestinal Event Trial; VIGOR,
Vioxx Gastrointestinal Outcomes Research
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NSAIDs, naproxen and ibuprofen. Given the paucity of
cardiovascular safety data among high risk cardiovascular
patients receiving non-selective NSAIDs and COX-2 inhibitors,
we sought to evaluate the safety of these three drugs in high
versus low risk patients in TARGET, stratified according to low-
dose aspirin use.

METHODS
Patients and design
In brief, TARGET was an international, double blind study of
18 325 patients aged >50 years with primary osteoarthritis
comparing lumiracoxib 400 mg once daily (four times the
recommended dose) with naproxen 500 mg twice daily (high-
dose naproxen), or with ibuprofen 800 mg three times daily
(high-dose ibuprofen) for 52 weeks.21 All patients were
required to provide informed consent. The study was approved
by the ethics committees in all participating centres. TARGET
was divided into two substudies: one using naproxen, and the
other using ibuprofen as the comparator; within each substudy,
randomisation was stratified by age (50–64, 65–74, >75 years)
and low-dose aspirin use. By design, the study was intended to
include 24% of patients at high cardiovascular risk who were

taking low-dose aspirin for primary or secondary prevention.
All patients were followed up for 52 weeks (or until with-
drawal) with clinic visits at 4, 13, 20, 26, 39 and 52 weeks and a
follow-up visit (phone contact) 4 weeks after leaving the study.

TARGET predefined high cardiovascular risk as those
patients with prior events, including silent myocardial infarc-
tion (MI) and a high cardiovascular risk based on the
Framingham risk equations.22 Based on accumulating evidence
from studies such as the Heart Outcomes Prevention Evaluation
(HOPE) trial that subjects with diabetes and a cardiovascular
risk factor >1 also constitute a high cardiovascular risk cohort,
we broadened the original TARGET definition of high cardio-
vascular risk to include patients with diabetes and a cardio-
vascular risk factor >1.23 We conducted a post hoc subanalysis
using this broader high cardiovascular risk definition stratified
by treatment assignment and low-dose aspirin use. Patients
were excluded from the study if they had an MI, stroke,
coronary artery bypass graft surgery, percutaneous coronary
intervention, or new-onset angina within 6 months before
screening, ECG evidence of silent myocardial ischaemia, New
York Heart Association congestive heart failure class III–IV, or if
they were receiving anticoagulation treatment.

Table 1 Characteristics of patients in the ibuprofen and naproxen substudies stratified by cardiovascular risk

Low CV risk without aspirin Low CV risk with aspirin High CV risk without aspirin High CV risk with aspirin

Ibuprofen
(n = 3181)

Lumiracoxib
(n = 3075)

Ibuprofen
(n = 593)

Lumiracoxib
(n = 581)

Ibuprofen
(n = 250)

Lumiracoxib
(n = 326)

Ibuprofen
(n = 373)

Lumiracoxib
(n = 394)

Age (years) 62.3 62.3 65.6 65.3 64.6 64.3 67.6 68.0

Female sex (%) 78.7 77.9 73.4 75.0 70.0 69.9 78.3 73.9
Body mass index (kg/m2) 29.5 29.7 29.6 29.8 32.0 32.0 30.9 30.4
Hypertension (%) 36.5 38.7 57.2 56.1 68.8 66.6 78.3 73.9

Diabetes mellitus (%) 0.8 1.2 1.2 0.9 64.8 63.8 36.7 36.0
Dyslipidaemia (%) 18.7 18.8 30.0 28.7 34.4 31.9 44.8 45.9
Current smoker (%) 9.6 10.6 7.1 6.5 13.2 16.0 13.9 11.9

History of angina pectoris (%) 0.0 0.0 0.0 0.0 4.8 6.4 11.8 14.7
Prior myocardial infarction (%) 0.0 0.0 0.0 0.0 5.6 4.0 13.7 11.2

Prior cardiac revascularisation (%) 0.0 0.0 0.0 0.0 3.2 1.5 7.5 6.9
Prior cardiac catheterisation (%) 0.0 0.0 0.0 0.0 0.8 0.3 0.8 1.5
History of cerebrovascular disease
(%)

0.0 0.0 0.0 0.0 4.8 4.3 14.2 14.0

High CV risk (Framingham) (%) 0.0 0.0 0.0 0.0 17.2 16.0 10.7 9.9

Prior CCV history (%) 0.0 0.0 0.0 0.0 29.2 31.0 71.6 74.1
CCV history or high CV risk (%) 0.0 0.0 0.0 0.0 46.4 46.9 82.3 84.0

Total cholesterol (mg/l) 217.9 217.5 211.0 212.3 217.1 216.3 209.4 209.5
Baseline systolic BP (mm Hg) 130.0 129.9 131.4 131.8 134.3 134.5 137.8 135.8
Baseline diastolic BP (mm Hg) 79.0 79.3 78.5 78.7 79.2 79.5 80.4 79.0

Low-dose aspirin (%) 0.0 0.0 100.0 100.0 0.0 0.0 100.0 100.0
Study completed (%) 56.9 61.6 58.0 60.9 48.4 54.6 53.6 56.6

Naproxen
(n = 3202)

Lumiracoxib
(n = 3231)

Naproxen
(n = 688)

Lumiracoxib
(n = 651)

Naproxen
(n = 335)

Lumiracoxib
(n = 318)

Naproxen
(n = 505)

Lumiracoxib
(n = 541)

Age (years) 62.5 62.6 65.0 64.9 65.6 65.5 66.8 67.0

Female sex (%) 78.5 78.3 76.3 77.6 72.5 77.7 67.7 70.6

Body mass index (kg/m2) 28.9 29.0 29.0 29.6 30.8 30.3 30.1 30.4

Hypertension (%) 34.7 36.5 60.0 61.4 66.3 66.4 69.5 74.5

Diabetes mellitus (%) 1.1 0.8 1.2 0.9 54.3 52.5 23.4 28.1

Dyslipidaemia (%) 12.3 13.4 24.3 22.1 26.9 21.7 31.5 28.5

Current smoker (%) 9.4 10.2 8.7 7.8 12.5 10.7 10.1 9.1

History of angina pectoris (%) 0.0 0.0 0.0 0.0 8.1 9.1 23.8 25.7

Prior myocardial infarction (%) 0.0 0.0 0.0 0.0 4.2 4.1 11.7 14.8

Prior cardiac revascularisation (%) 0.0 0.0 0.0 0.0 0.6 0.9 5.9 5.2

Prior cardiac catheterisation (%) 0.0 0.0 0.0 0.0 1.2 0.9 0.4 0.4

History of cerebrovascular disease
(%)

0.0 0.0 0.0 0.0 8.1 7.5 15.8 15.5

High CV risk (Framingham) (%) 0.0 0.0 0.0 0.0 15.5 12.9 6.3 5.2

Prior CCV history (%) 0.0 0.0 0.0 0.0 41.8 45.3 83.0 82.1

CCV history or high CV risk (%) 0.0 0.0 0.0 0.0 57.3 58.2 89.3 87.2

Total cholesterol (mg/l) 221.9 221.1 216.7 214.5 218.1 218.8 216.5 219.9

Baseline systolic BP (mm Hg) 132.7 132.7 134.8 134.1 138.4 135.6 138.5 138.5

Baseline diastolic BP (mm Hg) 80.1 80.3 80.8 80.7 81.2 80.6 81.6 81.5

Low-dose aspirin (%) 0.0 0.0 100.0 100.0 0.0 0.0 100.0 100.0

Study completed (%) 63.2 65.6 63.8 61.1 55.2 61.9 62.6 60.1

CV, cardiovascular; CCV, cerebrovascular; BP, blood pressure.
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Low-dose aspirin (75–100 mg/day) use was strongly recom-
mended in all high risk patients based upon existing guide-
lines24 25; however, the decision for administration of aspirin
was ultimately left to the discretion of the individual
investigator. At baseline the investigator reported whether a
patient was taking low-dose aspirin, and the patient was
randomised accordingly on the basis of aspirin use and age
using an Interactive Voice Response System.

A composite cardiovascular end point modified from the
Antiplatelet Trialists’ Collaboration (APTC)26 was the primary
end point for this analysis of cardiovascular adverse events.
This end point included confirmed silent (ECG-detected) MI,
confirmed or probable clinical MI, stroke (ischaemic and
haemorrhagic) and cardiovascular death. All events were
adjudicated by an independent Cardiovascular and
Cerebrovascular Safety Committee (CCSC). Myocardial infarc-
tion was divided into established or acute; established MI was
defined as the development of new pathological Q waves on
serial ECGs, and acute or recent MI was defined according to
current guidelines.27 Serial ECGs were obtained and analysed

locally for any cardiac ischaemic events occurring during the
study. In addition to clinical events, the CCSC reviewed the
cases of ECG-detected MI (reported as a new finding on the end
of study/post-baseline ECG by the central ECG reading
laboratory). These events were categorised as confirmed silent
(ECG-detected) MI or no event of silent (ECG-detected) MI.
Other adverse events of interest included hypertension,
measured as described previously,20 and congestive heart failure
data collected using case report forms as part of the monitoring
and recording of all adverse events.

Role of the funding source
This analysis was designed as collaboration between the CCSC
and the sponsor. The sponsor managed the data; the authors
had unrestricted access to the data for manuscript preparation.

Statistical analysis
Analysis was by intention to treat. Time-to-event data were
fitted to subgroups of interest by means of Cox proportional
hazards models including age and treatment group as factors.
Hazard ratios (HRs) (and 95% confidence intervals (CIs)) were
used to assess between-treatment group differences; in the case
of zero events in one of the treatment groups, Fisher’s exact
tests were used instead. Homogeneity of HRs across relevant
strata (substudy, high cardiovascular risk and aspirin use) was
tested by including appropriate interaction terms in the above
Cox proportional hazards models. All p values were two sided
and considered significant if ,0.05.

RESULTS
Patients
The TARGET study included 18 325 patients with osteoarthritis:
3042 (16.6%) met the definition of high cardiovascular risk and
15 283 (83.4%) were considered patients at low cardiovascular
risk. Among the 3042 patients at high cardiovascular risk, 1699
(56%) were in the naproxen substudy and 1343 (44%) in the
ibuprofen substudy (p,0.0001). Overall, 60% of high risk
patients were taking low-dose aspirin for cardiovascular
protection (57% in the ibuprofen and 62% in the naproxen
substudy). Consistent with the overall TARGET trial, the 1 year
drop out rate in this high risk cohort was 43%; most
withdrawals occurred with ibuprofen (48%).

Baseline characteristics
Baseline characteristics differed across substudies in both high
and low cardiovascular risk cohorts. The ibuprofen substudy
included, on average, a significantly higher number of patients
with diabetes and dyslipidaemia but a lower number of patients
with a history of cerebrovascular or cardiovascular disease than
the naproxen substudy (p,0.0001 for all comparisons). In both
substudies, the patients receiving low-dose aspirin were older,
had a higher incidence of cerebrovascular or cardiovascular
disease than patients without aspirin treatment (table 1).

Composite cardiovascular end point
In the ibuprofen substudy, in patients at high cardiovascular
risk receiving low-dose aspirin, ibuprofen was associated with a
higher 1 year rate of composite cardiovascular events than
lumiracoxib (2.14% vs 0.25%; HR = 9.08, 95% CI 1.13 to 72.8;
p = 0.038) (fig 1A). However, event rates were similar between
naproxen and lumiracoxib (1.58% vs 1.48%; HR = 1.07, 95% CI
0.40 to 2.84; p = 0.90) (fig 1B). In patients at high cardiovas-
cular risk without low-dose aspirin treatment, there was no
difference between ibuprofen and lumiracoxib (0.92% vs 0.80%;
HR = 0.91, 95% CI 0.15 to 5.47; p = 0.92) (fig 1A); in contrast,
there were no composite cardiovascular events in the naproxen

Figure 1 (A) Composite cardiovascular outcomes in the ibuprofen (A) and
naproxen (B) substudies for high risk patients.
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group, whereas the incidence was 1.57% in the lumiracoxib
group (p = 0.027) (fig 1B and table 2).

Regarding the incidence of composite cardiovascular events
in the overall population (both aspirin and non-aspirin users),
there was a significant treatment by substudy interaction
(p = 0.038), indicating that, relative to lumiracoxib, naproxen
and ibuprofen have different hazards. Hazard ratios were also
found to be heterogeneous across the four substudies by aspirin
strata (p = 0.023), predominantly because patients receiving
aspirin and ibuprofen had a higher risk than patients receiving
lumiracoxib (2.14% vs 0.25%, respectively), while patients not
receiving aspirin had a lower risk when receiving naproxen
than lumiracoxib (0% vs 1.57%, respectively.)

In the low cardiovascular risk subgroups, no significant
differences between lumiracoxib versus either ibuprofen or
naproxen were seen (table 2). All composite cardiovascular
events occurred either during treatment with the study drug or
within 60 days after discontinuation.

Congestive heart failure
In the ibuprofen substudy congestive heart failure developed
more often with ibuprofen in patients at high cardiovascular
risk than with lumiracoxib (1.28% vs 0.14%; p = 0.031),
whereas there was no difference between naproxen and
lumiracoxib in the naproxen substudy (0.83% vs 0.81%;
p = 0.95; table 3).

Stratification by aspirin use disclosed no significant differ-
ences (figs 2A and B), in high-risk patients taking aspirin, there
was a trend towards more heart failure events in the ibuprofen
group compared with the lumiracoxib group (0.25% vs 1.61%;

p = 0.06). In the low cardiovascular risk subgroups, no
significant differences between lumiracoxib versus either
ibuprofen or naproxen were seen (table 3).

DISCUSSION
In this study we found that the outcome of a large cohort of
cardiovascular high risk patients with osteoarthritis receiving
non-selective NSAIDs or selective COX-2 inhibitors largely
depends on the specific analgesic agent, as well as the presence
or absence of low-dose aspirin treatment. We found that high
risk patients not taking aspirin did have a higher cardiovascular
event rate with lumiracoxib than with naproxen, but not
ibuprofen. In contrast, high risk patients treated with ibuprofen
who were taking low-dose aspirin had a higher incidence of
cardiovascular events than patients treated with lumiracoxib, a
finding consistent with the hypothesis that ibuprofen interferes
with the antiplatelet effects of aspirin. In addition, an increased
risk of congestive heart failure events for high risk patients was
observed for patients treated with ibuprofen compared with
lumiracoxib. These findings, though limited by the post hoc
design of the study, and the small number of events in the
subgroups of interest suggest that caution is warranted in
prescribing ibuprofen to high risk patients.

Evidence from randomised clinical trials to determine the
safety of prescribing non-selective NSAIDs and COX-2 inhibi-
tors in high risk cardiovascular patients is extremely limited.
Two randomised trials of parecoxib and valdecoxib in patients
undergoing coronary artery bypass surgery raised concern
owing to an excess number of cardiovascular adverse events.14 15

In the second parecoxib/valdecoxib trial, patients randomised

Table 2 Incidence of the composite cardiovascular outcome by baseline risk

Without aspirin

HR (95% CI) p Value

With aspirin

HR (95% CI) p Value
Ibuprofen
No (%)

Lumiracoxib
No (%)

Ibuprofen
No (%)

Lumiracoxib
No (%)

Ibuprofen substudy

Overall 13/3431 (0.38) 13/3401 (0.38) 1.06 (0.49 to 2.28) 0.88 10/966 (1.04) 6/975 (0.62) 1.79 (0.65 to 4.93) 0.26

Low CV risk 11/3181 (0.35) 10/3075 (0.33) 1.13 (0.48 to 2.66) 0.77 2/593 (0.34) 5/581 (0.86) 0.40 (0.08 to 2.08) 0.27

High CV risk 2/250 (0.80) 3/326 (0.92) 0.91 (0.15 to 5.47) 0.92 8/373 (2.14) 1/394 (0.25) 9.08 (1.13 to 72.76)0.038

Naproxen
No (%)

Lumiracoxib
No (%)

Naproxen
No (%)

Lumiracoxib
No (%)

Naproxen substudy
Overall 14/3537 (0.40) 22/3549 (0.62) 0.67 (0.34 to 1.31) 0.242 13/1193 (1.09) 18/1192 (1.51) 0.70 (0.35 to 1.44) 0.337

Low CV risk 14/3202 (0.44) 17/3231 (0.53) 0.88 (0.43 to 1.78) 0.714 5/688 (0.73) 10/651 (1.54) 0.45 (0.15 to 1.32) 0.149

High CV risk 0/335 (0.00) 5/318 (1.57) Not applicable 0.027* 8/505 (1.58) 8/541 (1.48) 1.07 (0.40 to 2.84) 0.899

Table 3 Rates of development of congestive heart failure by cardiovascular risk

Without aspirin

HR p Value

With aspirin

HR p Value
Ibuprofen
No (%)

Lumiracoxib
No (%)

Ibuprofen
No (%)

Lumiracoxib
No (%)

Ibuprofen substudy
Overall 6/3431 (0.17) 9/3401 (0.26) 0.92 (0.31 to 2.74) 0.879 9/966 (0.93) 3/975 (0.31) 3.26 (0.88 to 12.05) 0.077

Low CV risk 4/3181 (0.13) 9/3075 (0.29) 0.60 (0.18 to 2.05) 0.414 3/593 (0.51) 2/581 (0.34) 1.48 (0.25 to 8.87) 0.666

High CV risk 2/250 (0.80) 0/326 (0.00) Not applicable 0.188 * 6/373 (1.61) 1/394 (0.25) 7.19 (0.86 to 59.94) 0.068

Naproxen
No (%)

Lumiracoxib
No (%)

Naproxen
No (%)

Lumiracoxib
No (%)

Naproxen substudy

Overall 9/3537 (0.25) 4/3549 (0.11) 1.86 (0.54 to 6.36) 0.322 7/1193 (0.59) 6/1192 (0.50) 1.14 (0.38 to 3.38) 0.818

Low CV risk 7/3202 (0.22) 3/3231 (0.09) 1.77 (0.42 to 7.40) 0.435 2/688 (0.29) 0/651 (0.00) Not applicable 0.50*

High CV risk 2/335 (0.60) 1/318 (0.31) 2.17 (0.20 to 24.19)0.528 5/505 (0.99) 6/541 (1.11) 0.87 (0.26 to 2.84) 0.814

*p Values from Fisher exact tests; �p values based on Wald x2 statistics derived from Cox proportional hazards models with factors age and treatment.
`Composite cardiovascular end point = APTC end point of confirmed or probable MI (clinical and silent), stroke or cardiovascular death.

1Hazard ratios use lumiracoxib as reference group—that is, HRs .1 favour lumiracoxib.
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to intravenous parecoxib/oral valdecoxib had a higher incidence
of cardiovascular events than patients given placebo (2.0% vs
0.5%, p = 0.03).15 It should be noted that all patients in these
studies received low-dose aspirin treatment, and, therefore, any
observed increase in cardiovascular events can not be attributed
to unopposed, ‘‘selective’’ COX-2 inhibition. These are the only
studies aside from ours in which aspirin use was encouraged in
a high risk population. Aside from short term clinical studies of
the effect of COX-2 inhibitors on endothelial function,28 29 no
other clinical trials of ‘‘hard’’ cardiovascular outcomes have
been conducted in the high cardiovascular risk population for
commonly prescribed non-selective NSAIDs or COX-2 inhibi-
tors.

Limitations of previously published COX-2 inhibitor clinical
trials have been the exclusion of aspirin users and patients at
high cardiovascular risk, the short term study duration and the
non-blinded adjudication of cardiovascular end points. The
absence of prospective, long term cardiovascular safety data on
ibuprofen and naproxen has led to a reliance on retrospective

observational studies, frequently from administrative data
subject to confounding by both measured and unmeasured
variables. In contrast, TARGET included a prespecified recruit-
ment of aspirin users explicitly to employ patients at high
cardiovascular risk, which allowed conclusions to be drawn on
cardiovascular safety and toxicity relative to aspirin use.
Moreover, TARGET was a 12 month study with prespecified
cardiovascular end points and independent adjudication.

Three important cardiovascular findings regarding ibuprofen
and naproxen should be highlighted from this subanalysis.
First, our data suggest that ibuprofen treatment among low-
dose aspirin users is associated with an increased incidence of
composite cardiovascular events in patients at high cardiovas-
cular risk in comparison with lumiracoxib. This finding has
significant public health implications. Our findings are con-
sistent with previous evidence that ibuprofen can interfere with
aspirin acetylation of the COX-1 binding site on platelets,
thereby blocking aspirin-mediated inhibition of platelet aggre-
gation.13 Further evidence of this interaction was observed by
MacDonald and Wei in a retrospective study demonstrating an
increase in all-cause and cardiovascular mortality among
patients taking aspirin plus ibuprofen as compared with those
taking aspirin alone.11 Similarly, Kurth et al conducted a
subanalysis of the Physicians Health Study and concluded that
regular use of non-selective NSAIDs in combination with low-
dose aspirin is associated with an increased risk of MI relative
to low-dose aspirin users not taking non-selective NSAIDs.30

However, other studies examining the aspirin interaction with
non-selective NSAIDs found no significant difference in aspirin
efficacy in the presence of non-selective NSAID co-therapy.6 15

The second principal finding was the relative cardiovascular
safety of naproxen 500 mg twice daily relative to suprather-
apeutic lumiracoxib doses of 400 mg once daily among non-
aspirin users in patients with increased cardiovascular risk. In
the overall TARGET population, the risk of the composite
cardiovascular end point for lumiracoxib versus naproxen
among non-aspirin users was similar (HR = 0.67, 95% CI 0.34
to 1.31, p = 0.24).20 Our high risk analysis, however, observed a
significant difference in composite cardiovascular events
(p = 0.02) for naproxen compared with lumiracoxib among
patients not receiving low-dose aspirin. In contrast, no
significant difference in the rate of composite cardiovascular
events was noted in the subanalysis of ibuprofen versus
lumiracoxib among non-aspirin users. In high risk patients
not receiving aspirin, naproxen 500 mg twice daily appears to
be associated with the lowest cardiovascular risk. This finding is
consistent with the ability of naproxen to inhibit platelet
aggregation in a similar way to aspirin. However, unlike aspirin,
persistent blood levels of naproxen are needed to maintain
inhibition of platelet aggregation.18 31

Whether or not naproxen is truly cardioprotective has been of
great interest since the VIGOR trial demonstrated higher rates
of cardiovascular events for rofecoxib 50 mg daily versus
naproxen 500 mg twice daily.2 Recently, Juni et al conducted
a meta-analysis of 11 observational studies of naproxen
compared with control and concluded that naproxen was
associated with a small, but statistically significant reduction in
risk of MI (combined estimate 0.86, 95% CI 0.75 to 0.99).7

However, many of these studies individually failed to demon-
strate a cardioprotective effect for naproxen, and one of the
studies reported an increased risk of MI among current
naproxen users relative to past users of NSAIDs. Subsequent
to this meta-analysis, Graham et al published a nested case–
control study of patients in the Kaiser Permanente health
system and found that naproxen was associated with an
increased risk of MI or sudden cardiac death relative to past
NSAID users.32

Figure 2 (A) Development of congestive heart failure in high risk patients
in the ibuprofen (A) and naproxen (B) substudies.
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Explanations for the conflicting evidence for naproxen may
be related to the naproxen dosage prescribed and whether or
not aspirin was co-administered. Among healthy volunteers, it
has been demonstrated that naproxen 500 mg twice daily
suppresses thromboxane B2 production, a marker of platelet
COX-1 activity, to a similar level as low-dose aspirin 100 mg
daily.18 However, lower doses of naproxen are frequently
prescribed for analgesic treatment that may not provide
comparable inhibition of platelet aggregation. In addition, the
administration of naproxen to aspirin users has recently been
shown to interfere with the effects of aspirin on platelet COX-1
activity in healthy volunteers.33 Thus, the conflicting nature of
the evidence on the effects of naproxen may be due to
inadequate platelet inhibition with low-dose naproxen and/or
competition with aspirin for the platelet binding site.
Alternatively, depending on the study duration, naproxen
may increase cardiovascular risk owing to a sustained rise in
blood pressure. Based on our findings, in high risk patients not
receiving aspirin, high-dose naproxen appears to have the
lowest cardiovascular risk among the three agents studied in
TARGET, although the confidence intervals around these
estimates are wide.

The third principal finding from this study was that patients
at high cardiovascular risk given ibuprofen (but not naproxen)
had a significantly higher incidence of congestive heart failure
events than patients administered lumiracoxib. This was
primarily owing to events that occurred in patients at high
cardiovascular risk receiving aspirin. One possible explanation
for this finding may be differences in fluid retention and blood
pressure effects among the three agents. In TARGET, Farkouh et
al previously reported that lumiracoxib induced a smaller effect
on blood pressure than either ibuprofen or naproxen, although
the absolute differences were more pronounced between
lumiracoxib and ibuprofen than between lumiracoxib and
naproxen.20 However, the mechanism underlying these differ-
ences in observed haemodynamic effects remains speculative
and requires further study.

Limitations
As a post hoc subgroup analysis, this study is subject to
inherent limitations, and therefore should be interpreted as a
hypothesis-generating study. The risk of bias may be minimal;
however, the risk of a type I error due to multiple comparisons
is certainly increased. Moreover, the incidence of cardiovascular
events was low in both the low and high risk subgroups,
thereby affecting the power of the analyses. Although low-dose
aspirin use was recorded at study entry, further information
about aspirin use was not collected, and the reason for not
using aspirin in high risk patients was not specified. Also, the 1
year duration of the trial may not reflect the longer term risks of
non-selective NSAIDs and selective COX-2 inhibitors in stable
high risk patients. However, clinical trials of NSAIDs and COX-
2 inhibitors typically last for 6–12 weeks, rendering even pooled
analyses difficult to interpret owing to low event rates. In
contrast, the TARGET trial, along with the VIGOR trial2 and the
Celecoxib Long-term Arthritis Safety Study (CLASS)34 trials,
represent the longest duration of arthritis clinical trials to date.

CONCLUSIONS
In patients with osteoarthritis at high cardiovascular risk not
receiving low-dose aspirin treatment, naproxen, but not
ibuprofen, was found to have a lower cardiovascular risk than
lumiracoxib. In contrast, among patients at high cardiovascular
risk taking low-dose aspirin, ibuprofen was associated with a
higher incidence of cardiovascular events than lumiracoxib and
naproxen. These results are consistent with the ability of

ibuprofen to interfere with the effects of aspirin on platelet
aggregation.

Owing to the over-the-counter availability of ibuprofen and
naproxen, coupled with the scarcity of long term NSAID clinical
trials in high risk patients, the findings of this study have
immediate relevance to patients with arthritis at increased
cardiovascular risk. Given the continuing debate on the
cardiovascular safety of non-selective NSAIDs and COX-2
inhibitors, further research concentrating on patients at high
cardiovascular risk and on the aspirin–non-steroidal drug
interaction is warranted. A long term, placebo controlled,
randomised trial in the high cardiovascular risk population is
required to evaluate further the cardiovascular safety of both
selective and non-selective NSAIDs and to balance these risks
with the associated gastrointestinal effects of these agents. In
the meantime, caution is advised for high risk patients
prescribed COX-2 inhibitors and non-selective NSAIDs, parti-
cularly ibuprofen.
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