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• Traditional non-steroidal antiinflammatory drugs (tNSAIDs) and coxibs
are effective analgesic, anti-inflammatory
drugs
• Use of tNSAIDs and coxibs has been
overshadowed by the withdrawal of
rofecoxib
• tNSAIDs do not confer a reduced cardiovascular risk compared to coxibs
• tNSAIDs and coxibs are both associated
with a small increase in cardiovascular
events
• The relative cardiovascular and gastrointestinal risk must be assessed for each
patient
• tNSAIDs and coxibs should be prescribed
at the lowest effective dose and reviewed
regularly

Introduction
Traditional non-steroidal anti-inflammatory
drugs (tNSAIDs) are effective analgesic and antiinflammatory agents, which may be associated
with gastrointestinal ulceration and bleeding,
predominantly through inhibition of cyclooxygenase (COX)-1-mediated production of
prostaglandins. Selective inhibitors of COX-2
(coxibs) were developed to minimise gastrointestinal toxicity while retaining analgesic and
anti-inflammatory actions. However, since the
withdrawal of rofecoxib (Vioxx) there has been
widespread concern over potential cardiovascular
toxicity and the risk of myocardial infarction (MI)
and stroke associated with coxibs as compared to
tNSAIDs. Key questions to inform therapeutic
decision-making remain to be addressed, including: (i) What is the magnitude of the increased
risk of cardiovascular events? (ii) Is this a class effect
of the coxibs or do tNSAIDs impose a similar
cardiotoxic profile? (iii) Does co-administration of
aspirin minimise risk? (iv) How do we balance
cardiovascular and gastrointestinal side-effects?

The cardiovascular controversy
The Vioxx Gastrointestinal Outcomes Research
(VIGOR)1 trial and the subsequent Adenomatous
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Polyp Prevention of Vioxx (APPROVe)2 study raised
questions about the safety of rofecoxib, and the
emphasis on adverse effects shifted away from
gastrointestinal bleeding to thrombotic cardiovascular events. The VIGOR study compared
rofecoxib 50 mg daily to naproxen 500 mg twice
daily in 8076 patients with rheumatoid arthritis
and demonstrated that while rofecoxib was
associated with fewer severe adverse gastrointestinal events, there was a fivefold increase in
atherothrombotic cardiovascular events, most
notably MIs.1 Cardiovascular events with rofecoxib
in VIGOR were later recognised to be associated
with a higher incidence of arrhythmias which were
more likely to be fatal than those with naproxen.1
The subsequent randomised placebo-controlled
APPROVe trial, looking for the prevention of colon
cancer recurrence in 2586 patients with adenomas,
reported a twofold excess in thrombotic events
after 18 months,2 prompting worldwide withdrawal of rofecoxib. However, a subsequent comprehensive analysis of 114 double-blind randomised trials showed that although rofecoxib was
associated with increased renal side-effects and
a risk of cardiac arrhythmia, a class effect of the
coxibs was not evident.3

inflammatory Prevention Trial (ADAPT), which was
designed to assess the use of naproxen 220 mg
twice daily compared with celecoxib 200 mg twice
daily for the primary prevention of Alzheimer
dementia in 2528 patients.7 Importantly, the
ADAPT data did not show the same level of risk for
celecoxib as seen in the APC trial and the data for
naproxen suggested an increased cardiovascular
and cerebrovascular risk.7 The composite end point
risk for MI, stroke or cardiovascular death over
3 years was 3.26% for celecoxib, 4.54% for naproxen
and 3.74% for placebo (hazard ratios naproxen
1.57, celecoxib 1.14).7 However, the reliability of
these findings is questionable, as unfortunately
the study was terminated early and there were
differences in baseline cardiovascular risk factors
and aspirin use.
Other trials argue against a class effect of coxibs
on the cardiovascular system. The Celecoxib
Long-term Arthritis Safety Study (CLASS) enrolled
7968 patients with either rheumatoid arthritis
(28%) or osteoarthritis and evaluated the incidence
of thromboembolic events in patients randomised
to celecoxib 400 mg twice daily compared either
with ibuprofen 800 mg three times daily or with
diclofenac 75 mg twice daily.8,9 No significant
difference was seen between celecoxib and either
tNSAID, irrespective of prophylactic aspirin use.9
Pooled analysis from three prospective trials in the
Multinational Etoricoxib and Diclofenac Arthritis
Long-term trial (MEDAL) programme indicated
that there was no significant difference between
etoricoxib and diclofenac for any cardiovascular
outcome.10 The number of thrombotic cardiovascular events for etoricoxib 60 mg or 90 mg
once daily and diclofenac 150 mg once daily was
1.24 versus 1.30 per 100 patient-years respectively
(hazard ratio 0.95).10 The primary composite
thrombotic cardiovascular end point was the first
occurrence of MI, unstable angina, intracardiac
thrombus, resuscitated cardiac arrest, ischaemic
stroke, transient ischaemic attack, pulmonary
embolism and peripheral venous or arterial
thrombosis.10 The Therapeutic Arthritis Research
and Gastrointestinal Event Trial (TARGET) compared
lumiracoxib 400 mg once daily with naproxen
500 mg twice daily and ibuprofen 800 mg three
times daily for 12 months in 18,325 patients with
osteoarthritis.11 There was increased cardiovascular risk observed with lumiracoxib compared
with naproxen, but decreased risk compared with
ibuprofen.12 The primary composite end point was
cardiovascular mortality, non-fatal MI and stroke at

Rofecoxib and cardiovascular
disease: a class effect?
The debate continues as to whether the cardiovascular complications observed with rofecoxib
are a specific feature of rofecoxib or a general class
effect of the coxibs. Some studies have shown that
other coxibs are associated with cardiovascular
risk. A randomised trial reported that patients
who received parecoxib and valdecoxib for postoperative pain in the first 10 days following coronary artery bypass grafting had a higher proportion
of cardiovascular events during 30 days of followup compared with the placebo group.4 These data
are somewhat limited by the unique patient population, who may have had intra-operative MIs,
were on aspirin post-operatively and were likely
to have had significant endothelial activation by
virtue of their placement on a cardiac bypass
pump.5 The safety review of the Adenoma Prevention with Celecoxib (APC) trial was terminated
early because of an increase in cardiovascular
events – 200 mg and 400 mg twice daily celecoxib
carried a hazard ratio for cardiovascular mortality
of 2.3 and 3.4 respectively compared to placebo.6
Results of the APC trial provoked premature
suspension of the Alzheimer’s Disease Anti2

1 year; a secondary end point was the development of congestive cardiac failure.12

challenged these data and suggest that rofecoxib,
particularly at higher doses, confers an increased
risk of acute MI. A case-control study in patients
aged >65 years showed that current use of
rofecoxib was associated with an elevated relative
risk of acute MI compared with celecoxib (odds
ratio 1.24) or in the absence of a tNSAID (odds
ratio 1.14).21 Doses of rofecoxib >25 mg/day were
associated with a higher risk than doses of ≤25
mg/day.21 This dose effect was supported by a
retrospective cohort study that found that users of
rofecoxib >25 mg/day were 1.70 times more likely
than non-users to have coronary heart disease and
among new users this rate increased to 1.93.22
In contrast, there was no evidence of elevated risk
among users of rofecoxib ≤25 mg/day or users
of other tNSAIDs (ibuprofen and naproxen) or
celecoxib.22 Additionally, a cohort study that examined cardiovascular event rates in new users of
coxibs and tNSAIDS found a significant elevation
in the event rate for rofecoxib users (adjusted rate
ratio 1.15), but not for other coxibs (celecoxib and
valdecoxib) or tNSAIDs.23

Differences between rofecoxib and celecoxib may
be explained by differences in chemical structure,
COX-2 selectivity, active metabolites, mechanism
of action or different effects on cell membrane
integrity.5 A double-blind placebo-controlled
2-week crossover study using celecoxib 200 mg
twice daily in 14 male patients with cardiovascular
disease on aspirin and statins showed a beneficial
effect of COX-2 inhibition compared with placebo.13
This was assessed by analysis of flow-mediated
dilatation (FMD), a means by which endothelial
function can be explored in patients. An upper
limb cuff is inflated to suprasystolic pressure for
5 minutes and the reactive hyperaemia which
follows release, and reflects endogenous nitric
oxide biosynthesis, is quantified by ultrasound
analysis of brachial artery diameter. Celecoxib
significantly improved FMD, and was associated
with lower high-sensitivity C-reactive protein (CRP),
although prostaglandin levels were unaffected.13
In a similar study in 29 patients with hypertension,
celecoxib 200 mg twice daily increased FMD,14
while two studies using rofecoxib in patients with
known cardiovascular disease did not show any
positive change in FMD.15,16

The retrospective analysis performed by the Food
and Drug Administration (FDA)22 sought to determine the risk of acute MI and sudden cardiac death
for patients taking tNSAIDs or coxibs. Current
exposure to a coxib or tNSAID was compared with
remote exposure to any tNSAID, and additionally
rofecoxib was compared with celecoxib. Multivariate adjusted odds ratios versus celecoxib were:
for rofecoxib (all doses) 1.59, for rofecoxib ≤25 mg/
day 1.47 and for rofecoxib >25 mg/day 3.58. For
naproxen versus remote NSAID use the adjusted
odds ratio was 1.14. The authors concluded that
rofecoxib increased the risk of serious coronary
heart disease compared with celecoxib use and
that naproxen was not cardioprotective.22 However, the authors failed to emphasise the increased
cardiovascular risk observed with naproxen and
other tNSAIDs and the reduced risk associated with
celecoxib observed in this study.

These data suggest that significant differences
exist between rofecoxib and celecoxib that may,
at least in part, reflect COX-2-independent effects
of celecoxib. For example, celecoxib, but not
rofecoxib, inhibits tumour necrosis factor (TNF)αinduced tissue factor expression in endothelial
cells via specific inhibition of c-jun terminal NH2
kinase phosphorylation.17 Subgroup analysis may
identify patient characteristics that increase the
cardiovascular risk and those agents prone to
induce cardiovascular events,18 and it has been
suggested that, in contrast to rofecoxib, celecoxib
at 200 mg/day is not associated with significant
cardiovascular risk in patients with rheumatic
diseases.5,19

Acute myocardial infarction and
sudden cardiac death

The coxibs are COX-1-sparing drugs
It is important to realise that all tNSAIDs and coxibs
are used at doses that substantially inhibit COX-2 in
order to provide the desired anti-pyretic, antiinflammatory and analgesic benefits.24 When used
at therapeutic doses, the coxibs have very little
effect on COX-1, in contrast to tNSAIDs. A recent
review emphasised that a range of NSAIDs and
coxibs provide 80% COX-2 inhibition, while COX-1

A number of studies have evaluated the risk of
acute MI, stroke and sudden cardiac death
associated with coxibs and tNSAIDs. Findings of
a retrospective cohort study suggested that,
compared with controls, there was no increase in
acute MI risk for new users of rofecoxib, celecoxib,
naproxen and other tNSAIDs.20 Other authors have
3

inhibition ranged from <10% for highly COX-2selective inhibitors to >95% for some tNSAIDs.24
Thus, the authors suggest that coxibs should
correctly be termed ‘COX-1-sparing drugs’ in
contrast to tNSAIDs. This COX-1-sparing property
explains the reduction in gastrointestinal sideeffects of coxibs as compared to tNSAIDs.

inhibition of COX-1 in platelets leading to reduced
TxA2 synthesis. In contrast, PGI2 synthase expressed
by endothelial cells generates PGI2 from PGH2. PGI2
is a vasodilator, which inhibits platelet aggregation
and smooth muscle proliferation.
The once-popular ‘prostanoid hypothesis’ refers to
the role of PGI2 and TxA2 in vascular haemostasis.
It suggested that coxibs were more likely to induce
thrombotic complications because they would
specifically inhibit PGI2 synthesis and therefore
distort the PGI2:TxA2 balance in favour of thrombosis. However, the ‘prostanoid hypothesis’ is now
considered over-simplistic, not least because it fails
to take into account the role of nitric oxide, and
the fact that at standard doses tNSAIDs inhibit
COX-2 at a similar level to coxibs.24,25 Having said
that, an alternative and credible mechanism for
the cardiovascular side-effects of tNSAIDs and
coxibs remains to be demonstrated.

Mechanisms of cardiovascular risk
The mechanisms responsible for the increased
cardiovascular risk associated with coxibs and
tNSAIDs are not well understood and are likely to
be multifactorial. It seems likely that relative levels
of nitric oxide, prostacyclin (PGI2) and thromboxane A2 (TxA2) will play an important role in
endothelial homeostasis. Prostaglandins and TxA2
are derived from arachidonic acid (Figure 1). PGH2
is generated by the activity of cyclooxygenases
from arachidonic acid via PGG2. PGH2 acts as the
substrate for specific synthases, the products
of which are TxA2, PGI2, PGD2, PGE2 and PGF2α
(Figure 1).

tNSAIDs and coxibs dose-dependently reduce the
urinary content of PGI2 metabolites.26-30 Since PGI2
is an anti-thrombotic, anti-platelet hormone,
reductions in its synthesis may increase platelet
reactivity. tNSAIDs, but not coxibs, reduce urinary
levels of TXA2 metabolites,26-30 suggesting reduced
COX-1-mediated TXA2 production in platelets.
Platelet hyporeactivity may account for the gastrointestinal bleeding associated with tNSAID use.
However, while aspirin inhibits COX-1 irreversibly
and therefore bestows a sustained anti-thrombotic,
anti-platelet effect, the anti-platelet protection of
tNSAIDs is variable and dependent upon dose,
frequency of use and half-life.24 In practice, only
naproxen has a significant platelet inhibitory effect
and this is short-lived compared with aspirin.

TxA2 is a major COX-1-mediated product of
arachidonic acid metabolism; it is synthesised
primarily in platelets and promotes irreversible
platelet aggregation, vasoconstriction and smooth
muscle proliferation. Clinically, low-dose aspirin
exerts its beneficial effects through irreversible

Arachidonic acid

PGG2
PGH2

Both coxibs and tNSAIDs may increase blood
pressure in normotensive individuals and in those
who have existing hypertension.26-30 The TARGET
study showed that at therapeutic doses congestive cardiac failure developed more often with
ibuprofen than with lumiracoxib, but there was no
significant difference between lumiracoxib and
naproxen.12 The study also showed that changes in
blood pressure were smaller with lumiracoxib than
with tNSAIDs.12 Rofecoxib 25 mg once daily and
celecoxib 200 mg once daily were compared with
naproxen 500 mg twice daily in patients with
hypertension, osteoarthritis and type 2 diabetes.31
All three agents achieved similar efficacy in
patients with osteoarthritis, while treatment with
rofecoxib, but not celecoxib or naproxen, induced
a significant increase in 24-hour systolic blood

Cyclooxygenases

Synthases

TxA2

PGD2

PGF2α

PGE2

PGI2

PG prostaglandin; Tx thromboxane

FIGURE 1. Derivation of prostaglandins from arachidonic acid. PGG2 and PGH2 are derived from arachidonic acid by the actions of cyclooxygenases. Specific
synthases catalyse the conversion of PGH2 into the
prostanoids TxA2, PGI2, PGD2, PGE2 and PGF2α.
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than patients treated with lumiracoxib, a finding
consistent with the hypothesis that ibuprofen
interferes with the anti-platelet effects of aspirin.12

pressure.31 A meta-analysis of 19 trials suggested
that coxibs were associated with elevated systolic
and diastolic pressures compared with placebo
and tNSAIDs, predominantly due to rofecoxib use,
which induced a more significant rise in blood
pressure than celecoxib.32 An additional metaanalysis suggested that rofecoxib was associated
with a dose-dependent increased risk of hypertension, peripheral oedema and renal dysfunction.33
In clinical practice, rofecoxib and tNSAIDs, but not
celecoxib, were shown to be associated with
increased admission to hospital with congestive
cardiac failure.33

Perhaps of more direct clinical relevance, combined dosing of aspirin and tNSAIDs increases the
risk of gastrointestinal haemorrhage and likewise
co-prescribing aspirin and a coxib has a similar
effect.38 Current data suggest that low-dose aspirin
may reduce the gastroprotective effects of coxibs.
In the MEDAL programme, significantly fewer
uncomplicated upper gastrointestinal events
occurred in the 35% of individuals taking ≤100 mg
aspirin and etoricoxib compared with those taking
aspirin and diclofenac.10 The use of proton-pump
inhibitors (PPIs) has also been evaluated: analysis
of VIGOR1 and a capsule endoscopy study39 showed
that coxibs resulted in significantly decreased
distal gastrointestinal blood loss compared with
use of tNSAIDs (ibuprofen and naproxen) with PPIs.
Furthermore, two endoscopy studies showed that
in a population taking aspirin co-administration of
celecoxib resulted in fewer gastroduodenal ulcers
compared with naproxen.40, 41 In a large cohort of
patients taking concomitant aspirin, there were
significantly fewer admissions for adverse gastrointestinal events in those taking either rofecoxib or
celecoxib, but not in those receiving tNSAIDs.42 Of
note the recent National Institute for Health and
Clinical Excellence (NICE) osteoarthritis guidelines
recommend co-prescription of PPIs with both
tNSAIDs and coxibs (www.nice.org.uk/CG59). The
failure of PPIs to protect against distal small bowel
ulceration induced by tNSAIDs39 merits further
investigation and may influence prescribing
decisions with regard to those considered to be
at risk of gastrointestinal complications.

COX-2 expression is induced during atherogenesis
and may be detected in atherosclerotic plaques.34
The effect of COX-2 inhibition on this process is not
fully understood. For example the inhibitory effect
on angiogenesis associated with coxibs35 might be
expected to reduce plaque growth, reduce the risk
of intra-plaque haemorrhage and hence stabilise
plaques. However, it has been reported that COX-2
inhibition may in fact play a role in destabilising
atheromatous plaques.36 Likewise, it is not clear
whether the partial inhibition of COX-1 by various
tNSAIDs compensates for any adverse cardiovascular effects of COX-2 inhibition.

Co-administration of aspirin:
effect on cardiovascular and
gastrointestinal risk
As yet we do not know whether co-administration
of aspirin and a tNSAID or coxib is significantly
cardioprotective.5 There is some evidence to
suggest that ibuprofen may distort the PGI2:TxA2
equilibrium by antagonising the cardioprotective
effects of aspirin, through competition with aspirin
for the COX-1 binding site on platelets.37 In contrast, diclofenac, like many tNSAIDs and all coxibs,
does not interfere with anti-platelet effects of
low-dose aspirin.37

Coxibs and tNSAIDs increase
cardiovascular risk
The current body of evidence suggests that both
coxibs and tNSAIDs confer a small, significant and
equivalent cardiovascular risk (Table 1), with
celecoxib and naproxen possibly safer. Observational studies have provided most of the data
associated with tNSAIDs; the only trial to compare
the cardiovascular risks of a tNSAID with placebo is
the ADAPT trial, in which patients were randomised to receive naproxen, celecoxib or placebo.7
The results, although difficult to interpret, revealed
more thromboembolic events and congestive
cardiac failure in the naproxen group compared
to either the celecoxib or placebo group.7 In the

The clinical consequence of the interaction
between ibuprofen and aspirin was reflected by
different rates of MIs in patients taking both drugs
in the CLASS8 and TARGET trials.12 The TARGET trial
evaluated the effect of aspirin co-prescription and
showed that in patients with osteoarthritis at high
risk of thrombotic events, those taking aspirin had
an increased cardiovascular event rate with lumiracoxib as compared to naproxen but a decreased
risk as compared to ibuprofen.12 In contrast, lowdose aspirin consumers treated with ibuprofen
had a higher incidence of cardiovascular events
5

MEDAL trial, cardiovascular risks of etoricoxib
did not differ significantly from diclofenac,10 with
320 patients in the etoricoxib group and 323 in
the diclofenac group suffering thrombotic cardiovascular events, yielding event rates of 1.24 and
1.30 respectively per 100 patient-years. Importantly,
rates of upper gastrointestinal clinical events
(perforation, bleeding, obstruction, ulcer) were
significantly lower with etoricoxib than with
diclofenac.10

(dose-related) and diclofenac. Celecoxib was not
associated with increased risk and naproxen was
not found to be cardioprotective.19

Cardiovascular versus gastrointestinal risk
The risk of serious gastrointestinal complications of
tNSAIDs has often been overlooked in the face of
concern over cardiovascular risk, sometimes to the
detriment of the patient. In patients with rheumatoid arthritis, tNSAID use is associated with a 1.58%
incidence of hospital admission and 0.19% per year
related risk of death due to gastrointestinal complications.47 Although the initial VIGOR and CLASS
trials demonstrated a significant gastrointestinal
benefit of coxibs versus tNSAIDs, questions arose
concerning the longevity of these benefits. Notwithstanding, subsequent large clinical trials have
shown a significant decrease in upper gastrointestinal complications with coxibs, as compared
with tNSAIDs;1,11,48 however, concerns about atherothrombotic complications have overshadowed this
favourable property of coxibs.

TABLE 1. Relative risk of cardiovascular events.19

(Adapted with permission from McGettigan P and Henry D.
JAMA 2006;296(13);1633-44. © 2006 American Medical
Association. All rights reserved.)

Drug
Rofecoxib all doses
Rofecoxib ≤25 mg/d
Rofecoxib >25 mg/d
Celecoxib all doses
Meloxicam
Diclofenac
Naproxen
Ibuprofen
Indometacin
Piroxicam

Relative risk
(95% confidence interval)
1.35 (1.15–1.59)
1.33 (1.00–1.79)
2.19 (1.64–2.91)
1.06 (0.91–1.23)
1.25 (1.00–1.55)
1.40 (1.16–1.70)
0.97 (0.87–1.07)
1.07 (0.97–1.18)
1.30 (1.07–1.60)
1.06 (0.70–1.59)

An observational study to determine the risks of
MI in patients taking coxibs and tNSAIDs analysed
data from 9218 cases with a first-ever diagnosis of
MI over a 4-year study period.43 A significantly
increased risk of MI was observed with current use
of rofecoxib, diclofenac and ibuprofen;43 there was
no significant increased risk with celecoxib and
naproxen.43 A cohort study used hospital discharge
summaries of 2256 patients aged ≥66 years prescribed celecoxib, rofecoxib or tNSAIDs after an
index admission for congestive cardiac failure.44
The risk of death and recurrent congestive cardiac
failure combined was higher in patients prescribed
tNSAIDs or rofecoxib than in those prescribed
celecoxib (hazard ratio 1.26 and 1.27 respectively).44
Meanwhile, a meta-analysis of 138 trials reported
that the relative risk of cardiovascular events was
significantly increased with rofecoxib, celecoxib,
diclofenac and ibuprofen, but not with naproxen.45

A recent study which collated data from metaanalyses to calculate annual event rates showed
that gastrointestinal events occurred more frequently with tNSAIDs than with coxibs, while
serious cardiovascular events occurred at equal
rates.49 Thus in the overall comparison, for every
1000 patients treated with a coxib rather than a
tNSAID there would be eight fewer complicated
upper gastrointestinal events, but one or more
fatal or non-fatal MI or stroke. However, it is
important to note that results varied between
different coxib–NSAID comparisons. For every
1000 patients treated for a year with celecoxib
rather than a tNSAID there would be twelve fewer
upper gastrointestinal complications, and two
fewer fatal or non-fatal heart attacks or strokes.
For rofecoxib there would be six fewer upper
gastrointestinal complications, but three more
fatal or non-fatal heart attacks or strokes. These
data reinforce the differences between coxibs and
the need to select the most appropriate coxib or
tNSAID for each individual patient.

Epidemiological studies also support the finding of
increased cardiovascular risk of tNSAIDs as well as
coxibs. A systematic review of cohort and casecontrol studies46 found increased relative risks of
acute MI with ibuprofen, diclofenac and rofecoxib,
but not with celecoxib or naproxen. A similar review
found an increased cardiovascular risk with rofecoxib

No clear guidelines exist as regards when to
co-prescribe a gastroprotective agent with
tNSAIDs or coxibs (Table 2). However, as noted
above recent NICE guidelines recommend coprescription of a PPI with both in patients with
osteoarthritis. Data from the Acid Suppression
Trial: Ranitidine versus Omeprazole for NSAID6

TABLE 2. Cardiovascular versus gastrointestinal risk.
• Co-prescription of a PPI reduces the risk of GI events for tNSAIDs and coxibs
• Patients with CV risk on aspirin:
		 – avoid tNSAIDs or coxibs if possible
		 – if essential consider naproxen + PPI if GI risk low or coxib if significant GI risk
• CV risk varies between individual tNSAIDs and coxibs
• Risk of a CV event with tNSAID or coxib <1% in those with <2 risk factors
• Risk of a CV event may increase in the elderly, men, pre-existing CV disease
• Aspirin use increases the risk of GI events associated with tNSAIDs and coxibs
• GI risk varies between individual tNSAIDs
• PPIs are more effective than H2 antagonists or misoprostol for gastroprotection
There remains a lack of randomised clinical trial data to assist with prescribing decisions and this is particularly so
for those with pre-existing cardiovascular or gastrointestinal disease. The American College of Rheumatology
White Paper provides a comprehensive review of current thinking.25
CV cardiovascular; GI gastrointestinal; tNSAID traditional non-steroidal anti-inflammatory drug; PPI protonpump inhibitor

benefit significantly. Recent evidence suggests
that there is no evidence for a class effect of coxibs
with regard to cardiovascular risk.10,12 Rofecoxib
seems to confer a specifically high risk, and it has
been calculated that for doses ≤25 mg daily the
risk of cardiovascular events may be increased by
1.11–1.50 events per 100 patient-years, while at
doses >25 mg the risk increases within the first
30 days of use by 1.67–2.37 events per 100 patientyears.5 Furthermore, there does not appear to be a
significantly increased cardiovascular risk associated with celecoxib ≤200 mg once daily5,19,22
(Table 1). Doses of celecoxib >200 mg daily may
exhibit a potential risk of 0.77–2.24 events per 100
patient-years.5 The risk associated with tNSAIDs is
limited to epidemiological data, and varies according to the tNSAID used,5,19,22 with naproxen possibly representing the safest option in terms of
cardiovascular risk and ibuprofen as regards
gastrointestinal risk. However, it is important to
remember that there is no randomised controlled
trial data demonstrating that naproxen is effective
in preventing cardiovascular events. Finally, where
possible the use of coxibs and tNSAIDs should be
avoided in patients requiring treatment with
aspirin for cardiovascular disease. However, in
those with chronic severe pain in whom treatment is required, low-dose coxibs are preferable
to tNSAIDs.5

Associated Ulcer Treatment (ASTRONAUT) and
Omeprazole versus Misoprostol for NSAID-Induced
Ulcer Management (OMNIUM) trials suggest that
omeprazole is more effective than either ranitidine
or misoprostol in this setting.50,51 Further data concerning the potential long-term side-effects of PPIs
are awaited with interest and may influence this
choice in due course.

Coxibs, tNSAIDs and renal function
Initially it was hoped that the coxibs might be less
prone to induce disturbances in renal function
than tNSAIDs. However, it transpired that COX-2
is constitutively expressed in the kidney and that
therapy with both coxibs and tNSAIDs is prone to
lead to deteriorating renal function in susceptible
patients. In those with a glomerular filtration rate
(GFR) of <30 ml/min, coxibs and tNSAIDs should be
avoided; if the GFR is between 30 and 60 ml/min
they should be used with caution. It is important
to use the GFR for treatment decisions rather than
the serum creatinine level, and the former can be
calculated using the Cockcroft–Gault formula.52

Summary of current perspective
The concern regarding the cardiovascular complications of tNSAIDs and coxibs has led to more considered prescribing, with physicians frequently recommending that these drugs be taken as required,
rather than as a routine daily dose. However, downsides have included the use of tNSAIDs in place of
coxibs on the basis of a perceived improved cardiovascular profile occasionally exposing susceptible
patients to unnecessary gastrointestinal sideeffects, or denial of anti-inflammatory drugs to
those with inflammatory arthritis who might

Clinical decision-making
The thrombogenic potential of anti-inflammatory
agents is of great public interest, as many patients
with arthritis are elderly with a high incidence of
co-morbidities (hypertension, atherosclerosis,
diabetes and dyslipidaemia), placing them at high
7

TABLE 3. tNSAID and coxib treatment guidelines.
• Prescribe the lowest effective dose for the shortest period of time
• Chronic pain: consider as required dosing only and review regularly
• Advise patient regarding potential toxicities
• Arrange appropriate monitoring: renal function, BP, liver function
• Patients on aspirin: avoid tNSAIDs and coxibs where possible
• Renal insufficiency: avoid where possible and in those with GFR <30 ml/min
• Hepatic insufficiency: avoid where possible and diclofenac in particular
• Anti-coagulation: avoid tNSAIDs in patients on warfarin or heparin
• NICE advises co-prescription of PPI with tNSAIDs and coxibs in osteoarthritis
BP blood pressure; GFR glomerular filtration rate; NICE National Institute for Health and
Clinical Excellence; PPI proton-pump inhibitor; tNSAID traditional non-steroidal antiinflammatory drug

cardiovascular risk. When deciding which antiinflammatory agent to prescribe, clinicians should
evaluate the risk of thrombotic cardiovascular
events and gastrointestinal complications (bleeding
and dyspepsia) as well as renovascular effects and
congestive cardiac failure (hypertension and fluid
accumulation) (Table 3). It is important to emphasise
that tNSAIDs and coxibs do not differ in their
ability to inhibit COX-2 and therefore we must
safeguard against the prevalent belief that tNSAIDs
carry a lower cardiovascular risk than coxibs. Both
tNSAIDs and coxibs remain a viable and effective
option to treat chronic pain and have a manageable
cardiovascular safety profile; however, we must
exercise caution in patients at high risk of both
cardiovascular and gastrointestinal toxicity. The
results of ongoing studies aimed at facilitating
clinical decision-making, such as the Prospective
Randomized Evaluation of Celecoxib Integrated
Safety versus Ibuprofen Or Naproxen (PRECISION)
trial,53 are awaited with interest.
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