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See CME exam on page 1075.

he American Gastroenterological Association (AGA) con-
vened a panel of physicians in gastroenterology, rheumatol-

gy, cardiology, and internal medicine who developed this state-
ent based on expert presentations of current scientific

nowledge and through subsequent group discussion.
This statement reflects the panel’s assessment of medical

nowledge available when written. Thus, readers should view
his statement in the context of data that invariably will accu-

ulate after its creation.

Consensus Panel Statement
Background
Nonsteroidal anti-inflammatory drugs (NSAIDs) are

mong the most commonly used medications in the world. Well-
ecognized gastrointestinal (GI) complications and identification
f previously unrecognized cardiac risks have amplified concerns
bout their use. The extent of these risks varies by patient, specific
gent, dosage, and concomitant medications. To increase aware-
ess about the benefits and the risks of gastrointestinal toxicity
nd myocardial infarction associated with these medications and
o improve the use of NSAIDs, the American Gastroenterological
ssociation (AGA) convened a Consensus Development Confer-
nce on the Use of NSAIDs from September 30 to October 2, 2005.
he Consensus Development Panel and the speakers are listed in
ppendix 1 (see supplementary material online at www.
ghjournal.org). This conference examined what is known about
isks of myocardial infarction and gastrointestinal toxicities of
hese medications, their risks in specific patients, and what inter-
entions, if any, may diminish these risks. This conference did not
ddress specifically the known risks of kidney disease and heart
ailure associated with NSAID and coxib use. These risks are well
escribed in the medical literature. Clinicians should familiarize
hemselves with the existing and evolving data about these risks; in
ddition, more information about these issues is available at

ww.gastro.org.
During the first day of the conference, experts presented the
ost recent pharmacologic, clinical, and epidemiologic research

bout NSAIDs and their use. These presentations, summarized in
ppendix 2 (see supplementary material online at www.
ghjournal.org) addressed the following key questions:

1. Who is at risk and what is the risk?
2. Who needs these medications and what are their benefits

over non-NSAIDs?
3. Can the risk of NSAID-induced GI toxicity be modified?
4. Coxib risks and benefits.
5. Aspirin risks and benefits.

After weighing this scientific evidence, the panel developed a
onsensus view of the gastrointestinal and cardiovascular risks of
SAIDs, and ways in which such risks may be attenuated. Lastly,

he panel identified outstanding questions that warrant further
tudy.

Conclusions
Most health professionals are aware of the increased risk

f gastrointestinal toxicity associated with NSAID use. There is
ess familiarity, however, with the magnitude of this risk, with risks
ssociated with specific medications, and with ways to reduce these
isks.

Traditional NSAIDs (or nonselective NSAIDs), coxibs (or selec-
ive NSAIDs), and aspirin (ASA) inhibit prostaglandin synthesis to
arying degrees and, in turn, have anti-inflammatory, antipyretic,
nd analgesic effects. Nonselective NSAIDs reversibly inhibit both
yclooxygenase (COX)-1 and COX-2 activity. Coxibs reversibly in-
ibit COX-2 more than COX-1 because of their higher affinity for
OX-2. ASA irreversibly blocks the COX enzymes. All agents
iscussed in this article are nonsteroidal, inhibit inflammation,

Abbreviations used in this paper: ASA, aspirin; COX, cyclooxygenase;
V, cardiovascular; GI, gastrointestinal; MI, myocardial infarction;
SAID; nonsteroidal anti-inflammatory drug; nsNSAID, nonselective
onsteroidal anti-inflammatory drug; PPI, proton-pump inhibitor.
© 2006 by the American Gastroenterological Association (AGA) Institute

1542-3565/06/$32.00
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nd thus technically are NSAIDs. For the purposes of this article,
raditional NSAIDs will be denoted as nonselective NSAIDs
nsNSAIDs), and coxibs and ASA will be denoted as such.

Are nonsteroidal anti-inflammatory drugs neces-
ary? NSAIDs, including nsNSAIDs, ASA, and coxibs are among
he most widely used medications in the world. It is estimated that
s many as 50 billion ASA tablets are consumed annually world-
ide.1 In the United States, approximately 60 million prescriptions

or NSAIDs are written each year, predominantly for older pa-
ients.2 The broad use of these compounds speaks to their benefits
nd relative safety. These drugs are effective in acute and chronic
reatment of painful and inflammatory musculoskeletal condi-
ions, among others. Their anti-inflammatory properties appear to
rive much of their benefits. Data from studies of patients with
rthritis indicate that, compared with full-dose acetaminophen
1000 mg/day), NSAIDs provide superior pain control, functional
utcomes, and are preferred by patients.3–5 Such data suggest that
ven patients with low-grade inflammation derive greater benefits
ith anti-inflammatory and analgesic combinations than analge-

ics alone. This is not to say that patients cannot benefit from
imple analgesics in some cases; however, by the time such patients
resent to health care providers they often already have failed
uch approaches. It also is important to note, although
eyond the scope of this article, that data suggest that the
on-NSAID analgesic, acetaminophen, when used at high
oses may behave pharmacologically similar to NSAIDs.
hus, it is possible that high-dose chronic acetaminophen
ay confer as of yet unidentified NSAID-like risks and

enefits.6

What are the gastrointestinal consequences of
onsteroidal anti-inflammatory drug use? Gastrointesti-
al morbidities are the most common adverse effects associated
ith NSAID use, including complications in both the upper- and

ower-GI tracts. Although physicians are aware of upper-GI risks
ttendant to NSAID use, there is less awareness of lower-GI
equelae.

Gastrointestinal risks of nonselective nonsteroidal anti-in-
ammatory drugs. Serious GI tract complications occur in 1%–4%
f NSAID users annually.7,8 Although there is a high risk after

nitiation, there remains a continued risk over time such that the
atient is always at risk while taking NSAIDs. Symptomatic or
omplicated ulcers (with bleeding, perforation, or obstruction) are
he most serious GI side effects. NSAID use has surpassed Helico-
acter pylori as the most commonly identified risk factor among
atients with bleeding ulcers, found in 53% of patients in 1 study.9

he average relative risk of developing a serious GI complication is
- to 5-fold greater among NSAID users than among nonusers.10

stimates suggest that NSAID use results in about 100,000 hos-
italizations annually in the United States.11 The incidence of
erious lower-GI tract complications from NSAID use is not well
efined, but may account for 20% of total NSAID-associated GI
orbidity.12

NSAID use increases the risk for death; however, the magnitude
f this increase is uncertain. A yearly mortality rate from NSAID
se of 16,500 in the United States was estimated using the Arthri-
is, Rheumatism, and Aging Medical Information System data-
ase, a large long-term surveillance program of patients with
heumatoid arthritis.11 However, this may represent an overesti-

ate because these data were extrapolated to a non–age-adjusted
heumatoid arthritis population, a group with higher all-cause
ortality than the population in general. In a recent study using s
omprehensive data from the Spanish National Health system, the
ate of NSAID-associated deaths was 15.3 per 100,000 users.12

till, this lower estimate is substantial given the scope of NSAID
se.

Notably, both NSAID-associated GI complications and deaths
ave been decreasing in recent years, after peaking in 1992.13 This
ecrease has been attributed to many factors including the use of

ower-dose (particularly over-the-counter) NSAIDs, the decreasing
revalence of H pylori, the increasing use of proton-pump inhibi-
ors (PPIs), and the introduction of NSAIDs with greater GI safety,
uch as the coxibs.14

Some NSAID users are at greater risk for the development of GI
omplications. Risk factors include history of previous peptic ul-
er; history of NSAID-related GI complications; advanced age;
oncomitant use of corticosteroids, anticoagulants, and the use of
igh-dose NSAIDs; or combinations of NSAIDs including ASA,
oxibs, and over-the-counter products.7,8,12,15–17 Of these, the
ost significant is history of previous ulcer or complication, which

ncreases the likelihood of a GI event substantially; studies cite an
dds ratio as high as 13.5.7,8,12,15–17 Advancing age increases risk
y about 4% per year.11 This relationship likely stems from the
resence of other risk factors that are more prevalent with advanc-

ng age, such as comorbidities and concomitant use of ASA,
SAIDs, or anticoagulants, and age-related physiologic changes

uch as decreasing GI prostaglandin concentrations.
Among nsNSAIDs, data indicate that GI safety may be superior

ith ibuprofen, etodolac, and nabumetone.18–20 In contrast,
SAIDs with prominent enterohepatic circulation and signifi-

antly prolonged half-lives such as sulindac, indomethacin, piroxi-
am, and ketorolac have been linked to greater GI toxicity related
o prolonged gastric and duodenal mucosal exposure.21 As a class,
oxibs are associated with less GI risk.

All NSAID classes—nsNSAIDs, coxibs, and ASA—have a dose-
esponse relationship to adverse GI events, and this relationship
ppears linear.11,15 Concurrent NSAID use, a common clinical
cenario as more patients take prophylactic ASA and/or over-the-
ounter NSAIDs, increases risk.7,12,22–24 When ASA is combined
ith NSAIDs, the relative risk of GI bleeding increases to more

han 10 times that seen among those using either nsNSAIDs or
SA.12 Among NSAID users, glucocorticoid use increases risk;
lthough alone, they confer no additional risk.25 The use of alco-
ol and comorbidities appear to increase GI risk among NSAID
sers, although the strength and magnitude of such associations
re less clear.15,25–27

Gastrointestinal risks of aspirin. Low-dose ASA (�325
g/day) increases the risk for GI bleeding and hospitalization. An

ncreasing amount of literature suggests that even cardiovascular
oses of ASA increase GI risk 2–4 times.28 Among osteoarthritis
atients taking enteric-coated ASA (81 mg/day), a study revealed
ndoscopic ulcers and erosions in 7.3% at 12 weeks.24 In a different
tudy of patients taking ASA for more than 3 months (at either
00 or 325 mg/day), 48% of asymptomatic patients developed
ndoscopic ulcers and erosions.29 Although the relationship of
ndoscopic lesions to clinically relevant GI complications is con-
roversial, clearly even lower doses of ASA result in GI toxicity.
hus, it appears that no risk-free dose of ASA exists. Further,
ttempts to coat or buffer ASA to mitigate GI effects have not
ttenuated complications.30

Gastrointestinal risks of coxibs. Coxibs were developed to
ecrease the GI toxicity associated with NSAIDs. These efforts

temmed from increasing understanding of specific physiologic
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oles that COX isoenzymes play. COX-1–mediated prostaglandin
ynthesis promotes the generation of the gastric mucosal protec-
ive barrier, decreases gastric acid secretion, increases production
f superoxide scavenging glutathione, and promotes adequate
ucosal blood flow.31–34 Thus, medications that inhibit these

ctions could lead to GI toxicity. COX-2, in contrast, increases
ocal inflammation and modulates pain, and hence became a more
ttractive therapeutic target. Coxibs, designed to spare COX-1 and
rimarily inhibit COX-2 function, decrease but do not eliminate
SAID-associated GI toxicity. They are as efficacious as nsNSAIDs

n relieving pain in patients with rheumatoid arthritis and
steoarthritis.7,35–37

Data from large GI outcomes studies have characterized the GI
ffects of coxibs. The Celecoxib Long-term Arthritis Safety Study
ompared 3 groups of arthritis patients treated with high-dose
elecoxib (400 mg twice daily), diclofenac (75 mg twice daily), and
buprofen (800 mg, 3 times daily).7 The primary outcome measure,
astroduodenal ulcer complications, was lower, although not sta-
istically significantly, among those using celecoxib. Symptomatic
lcers were significantly less common among celecoxib users. Of
ote, 21% of patients in this study also were taking concomitant
SA. In post hoc analyses, there was no difference in ulcer com-
lications between those taking ASA plus celecoxib compared with
hose taking ASA plus nsNSAIDs. Complications were signifi-
antly lower, however, between the coxib and nsNSAIDs groups
mong those not using ASA.

The Vioxx Gastrointestinal Safety Of Rofecoxib trial evaluated
he GI safety of rofecoxib among patients with rheumatoid arthri-
is. In this large trial, rofecoxib users had 50% fewer GI events
ompared with naproxen users.8 Subsequent comparisons of
umericoxib with naproxen and ibuprofen showed a 75% decrease
n symptomatic ulcers and their complications.22 Furthermore,
ggregate epidemiologic data suggest that the introduction and
roader use of coxibs has led to a significant decrease in deaths
wing to GI effects of NSAIDs among chronic users.14 Because
hese apparent GI benefits have become clearer, it has become
ncreasingly apparent that at least some coxibs increase the risk for
ardiovascular events.38

What are the cardiovascular effects of nonsteroi-
al anti-inflammatory use? Cardiovascular risks of

oxibs. With the increasing use of coxibs, growing data have im-
licated their use, particularly rofecoxib, in increasing the risk for
ardiothrombotic events. In the Vioxx Gastrointestinal Safety Of
ofecoxib trial, whose participants were excluded from taking

ow-dose ASA, statistically more thromboembolic events occurred
n those receiving rofecoxib (50 mg/day) than in those taking
aproxen (500 mg twice daily) (.5% vs .1%, respectively).8 In con-
rast, the Celecoxib Long-term Arthritis Safety Study data revealed
small, statistically insignificant difference between ibuprofen or
iclofenac and celecoxib in cardiovascular or cerebrovascular
vents, regardless of ASA exposure.7,39 Similarly, studies of lumeri-
oxib have yielded no statistically increased risk of cardiovascular
CV) events.40

Such conflicting data led to the re-evaluation of existing coxib
atabases and further epidemiologic study. The Adenomatous
olyp Prevention on Vioxx trial, designed to test the chemopre-
entive properties of coxibs for colorectal adenoma prevention,
as stopped after 36 months when it revealed a 2 times greater risk
f stroke, myocardial infarction (MI), and sudden cardiac death
mong those taking rofecoxib 25 mg/day.38 A second trial exam-

ning the effect of coxibs on polyp prevention, the Adenoma f
revention with Celecoxib trial, showed a dose-response relation-
hip between celecoxib use and risk of stroke, MI, sudden cardiac
eath, and congestive heart failure, but this relationship was sig-
ificant only at higher doses (400 mg twice daily).41 Other studies
ave yielded conflicting coxib results.42–47 Cohort studies have

ndicated that rofecoxib, particularly when used at doses of more
han 25 mg/day, is associated with greater cardiovascular risk. This
isk, however, did not extend to users of celecoxib or nsNSAIDs,
nd appeared greatest among new users.46,47 Data from Medicare,
edicaid, and Kaiser Permanente indicate that celecoxib may be

ssociated with a decreased risk of MI, compared with other
gents.46–48 Further complicating the picture is the fact that the
ata from Kaiser Permanente showed an increased risk of throm-
oembolic events among users of indomethacin (relative risk, 1.33)
nd naproxen (relative risk, 1.18).48

These data suggest a spectrum of cardiovascular risks of coxibs
nd potentially of nsNSAIDs as well. Rofecoxib has been with-
rawn from the market. The relative cardiovascular safety of cele-
oxib, particularly at higher doses, remains uncertain.

The potential mechanism(s) of CV toxicity among coxibs sug-
est a need to understand which patients are at higher risk and
ays to potentially modify these risks. On a physiologic level, it
ppears that COX-2–derived prostaglandins (eg, prostacycline)
ediate vascular function, thrombosis, and blood pressure.49,50

n increase in blood pressure may represent one important mech-
nism through which coxibs increase the risk of MI. Sustained
ypertension increases rates of ischemic heart disease and stroke.
ypically, both nsNSAIDs and coxibs increase blood pressure. One
eta-analysis suggested that such medicines lead to a mean in-

rease in supine blood pressure of 5 mm Hg.51 In this study,
iroxicam resulted in the greatest increases whereas sulindac and
SA led to the smallest changes. No studies specifically have linked
SAID-associated increases in blood pressure to specific out-

omes. Other studies have shown, however, that small persistent
iastolic blood pressure increases over many years can increase
ardiovascular and cerebrovascular risks substantially.52

Therapeutic doses of celecoxib and rofecoxib are associated
ith an approximately 2% rate of hypertension and edema, similar

o those associated with nsNSAIDs.7,53 A dose-response effect
xists, particularly with rofecoxib at doses of 50 mg/day.54 A recent
andomized controlled trial using continuous ambulatory moni-
oring confirmed that both rofecoxib and celecoxib increase blood
ressure, although the effect was greater with rofecoxib.55 Studies
f valdecoxib have shown blood pressure effects.56

Other mechanisms of increased CV risk have been proposed for
oxibs, although most are not well explored in human beings.
oxibs do not significantly affect platelet function because they do
ot inhibit thromboxane. In murine models, it appears that selec-
ive inhibition of some prostacyclines may result in an imbalance
f their procoagulant and anticoagulant effects, leading to a
hrombotic diathesis.57 Likewise, depression of COX-2–derived
GI-2 (prostacylin) accelerates the initiation and development of
therosclerosis in mice, and suggests a possible mechanism by
hich, over time, coxib use could alter an individual’s risk for CV

vents.58,59 Based on these mechanistic considerations, and the
ggregate clinical data, it appears that all coxibs may confer some
egree of increased CV risk. Further, such associations suggest that
elative effects on various COX isozymes can explain the apparent
rug-specific effects seen with the coxib group, and may account

or the apparent CV risks that some nsNSAIDs may confer.
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Cardiovascular benefits of aspirin. Many people take ASA
o reduce the risks of MI and stroke. The United States Food and
rug Administration has approved the use of ASA for secondary
revention, to decrease the risk of vascular mortality in patients
ith suspected MI, and to decrease the risk of death and nonfatal
I in patients with known coronary disease. A meta-analysis of

arge randomized trials showed that for every 1000 patients treated
ith ASA, there would be a decrease of 10 to 20 vascular events
nd 1 to 2 additional cases of major GI bleeding.60 Among high-
isk patients, antiplatelet therapy decreases the risk of nonfatal MI
y approximately one third, nonfatal stoke by one fourth, and
ascular death by one sixth. This has led to recommendations that
atients with vascular disease take ASA or other antiplatelet ther-
py in the absence of contraindications.

The use of ASA for primary prevention is less clear-cut. Meta-
nalyses indicate that for patients without vascular disease but
ith an annual coronary risk of at least 1.5%, ASA is beneficial.61

or those whose annual risk of a CV event is 1%, ASA’s benefits are
imited. For those whose risks are lower, harm may outweigh
enefits. The Women’s Health Study found that ASA in doses of
00 mg every other day decreased first strokes 17% and ischemic
trokes 24%.62 A nonsignificant increase in the rate of hemorrhagic
troke occurred; no change in the risk of fatal or nonfatal MI
merged. GI bleeding was more common among ASA users, al-
hough fatal GI bleeds were not significantly different.

Other potential benefits of aspirin therapy. Aspirin has
een proposed as a potential cancer chemopreventive agent. Many
bservational studies show a decreased GI cancer risk among
atients with regular ASA use. Meta-analyses have shown a dose-
ependent protective effect of ASA against esophageal, gastric, and
olorectal cancer with regular use.63–65 Furthermore, a recently
onducted study among patients with stage III colorectal cancer
ndicated that regular ASA use reduced the risk of recurrence and
eath.66 Aspirin’s anticancer effects, however, are not uniform.
tudies in breast, ovarian, and prostate cancer have shown mini-
al to no benefits.67–69

Concomitant therapy: aspirin and nonselective nonsteroidal
nti-inflammatory drugs vs aspirin and coxibs. As news of the real
nd potential benefits of ASA spreads, more patients have adopted
ts use both with and without their physician’s guidance. This has
ncreased interest in the relative risks of ASA plus nsNSAIDs vs
SA plus coxibs.

The comparative GI risks associated with nsNSAID plus ASA vs
oxibs plus ASA have not been assessed in a randomized fashion.
n the Celecoxib Long-term Arthritis Safety Study, celecoxib did
ot reduce the risk of GI endpoints in patients taking concomitant
spirin. In a retrospective cohort study of elderly patients identi-
ed through the Quebec health insurance database, nsNSAID plus
SA use increased the relative risk of GI hospitalization (hazard

atio, 1.61).70 In 2 meta-analyses of arthritis patients, those taking
elecoxib plus ASA had 50% fewer endoscopic ulcers than those
aking nsNSAIDs and ASA.71,72 Subgroup analyses suggested that
he protective advantage of coxib use was somewhat smaller when
SA also was used.71 Overall, the combination of ASA and an
sNSAID increased the rate of clinical GI events 2- to 5-fold, an

ncrease similar to that with an ASA plus a coxib. Thus, the use of
SA in combination with a coxib may attenuate or eliminate the
I advantage of a coxib over an nsNSAID.

Because the GI benefits of coxibs may be decreased or elimi-
ated by concomitant ASA use, conversely, new data suggest that

oncomitant nsNSAID use may attenuate the benefits of ASA s
herapy. Specifically, recent studies of ibuprofen, often chosen for
ts relatively better GI safety profile, indicate that it may inhibit
SA’s CV benefits and may even increase the risk of CV events.73,74

urther study also is warranted to evaluate interactions of other
sNSAIDS with aspirin.

Can the gastrointestinal risks of nonsteroidal an-
i-inflammatory drug therapy be reduced? Attempts to
educe the risks of NSAID-associated GI toxicity should begin with
ssessment of the need for and relative risks and benefits of
SAID treatment—whether for chronic pain or cardiovascular
rophylaxis. As previously noted, for many people the risks may
utweigh the benefits. Furthermore, although studies have not
valuated the contribution of NSAIDs, particularly coxibs, in re-
ation to other CV risk factors, it seems reasonable for physicians
o attend closely to other modifiable CV risks among NSAID users.
ata clearly support the benefits of tobacco cessation and careful
anagement of blood pressure, cholesterol, and, for diabetic pa-

ients, glucose control in general. As of yet, no data show that such
nterventions modify the effects of NSAIDs on CV risk.

GI risks may be decreased through similar attention to risk
actors and use of cotherapy. Risk can be reduced through the use
f the lowest effective dose for the shortest duration of time.
mong NSAIDs, consideration should be given to using those
ith relatively lower GI risk, such as coxibs, and certain nsNSAIDs,

uch as ibuprofen. The use of a coxib requires careful consider-
tion of the relative GI benefit vs potential CV risk. Combinations
f NSAIDs including low-dose ASA, other antiplatelet drugs, and
nticoagulants should be avoided if possible.

Among potentially modifiable risk factors, H pylori eradication
arrants consideration. H pylori is a known risk factor for GI
leeding, however, its relative impact in the presence of NSAIDs is
nclear. Short-term endoscopy studies show that eradication of H
ylori decreases the incidence of peptic ulcers in patients who begin
aking NSAID therapy.75–78 These protective effects do not seem
o extend to patients with previous ulcer history.78,79

Cotherapy with gastroprotective agents is another means to
educe NSAID-associated toxicity. The exogenous administration
f prostaglandin was an early approach. Misoprostol, a synthetic
GE-1 (prostaglandin E1), is the only gastroprotective agent stud-

ed in large outcome trials of ulcer prevention. After 6 months, its
se as cotherapy reduced NSAID-associated GI complications by
0%.15 Misoprostol also significantly reduces gastroduodenal ul-
ers. A meta-analysis showed that its use as cotherapy decreased
he rate of endoscopic gastric ulcers by 74% and duodenal ulcers by
3% compared with placebo.80 Adverse effects limit its widespread
doption. To be effective, doses of at least 600 mg/day are needed.
hese doses cause abdominal pain, diarrhea, and nausea rates of
pproximately 20%, resulting in its frequent discontinuation.

Antisecretory treatments, including both H2-receptor antago-
ists and PPIs, have been studied widely for gastroprotection
mong NSAID users. H2-receptor antagonists decrease the risk of
SAID-associated duodenal ulcers but not gastric ulcers.81 Epide-
iologic and endoscopic studies and evaluations comparing PPIs
ith misoprostol, however, suggest that PPIs may be a reasonable

hoice for cotherapy, although no outcome study of PPIs ex-
sts.82–86 In 1 small study among patients with high risk for GI
leeding, omeprazole decreased the risk of recurrent bleeding ulcer
mong NSAID users more than H pylori eradication alone; recur-
ent bleeding rates were 4.4% vs 18.8%, respectively.79 Another

tudy showed that patients taking diclofenac in combination with
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meprazole had a GI bleeding risk similar to those taking cele-
oxib alone.87

Despite the lack of any adequately powered outcome trial, the
se of NSAIDs combined with PPIs has been adopted widely in
linical practice. It is estimated that the use of PPIs could reduce
he rate of endoscopic NSAID-related ulcers by 90%.88

Little data have explored adequately whether coxibs plus PPIs
ill add more benefit, but such a strategy has been suggested for
igh-risk patients. The ability of concomitant PPI therapy to de-
rease GI risks of ASA therapy in high-risk patients should be
onsidered.

The addition of PPIs to therapy may carry risks, such as in-
reased rates of pneumonia.89 Also, as a strategy to reduce NSAID-
elated complications, PPIs work only when taken. Thus, consid-
rations of compliance and costs merit further attention.

The mechanisms of and risks for lower GI tract lesions are not
nderstood; therefore, gastroprotective and risk-modifying ap-
roaches to modify lower-GI tract toxicity currently are limited.

Recommendations. The current recommendations
or all patients receiving NSAIDs are as follows.

1. Review treatment indications and risk factors. Physicians
should assess carefully the indications for NSAID treatment
and thoroughly review risk factors for both GI and CV
complications. CV risk factor modification, such as tobacco
cessation and blood pressure, cholesterol, and, for diabetic
patients, glucose control, is warranted in general, although
unproven to specifically reduce NSAID- and coxib-associ-
ated CV risks.

2. Prescribe lower-risk agents. The decision to use COX-2
inhibitors requires a risk-benefit analysis that weighs the GI
vs the CV risk in an individual patient. (a) For patients in
whom the estimated risk of life-threatening GI bleeding
outweighs the risk of CV events, consideration should be
given to the use of NSAIDs with lower GI risk, including
nsNSAIDs such as ibuprofen, etodolac, and diclofenac, and
coxibs. Data do not support the use of buffered or coated
ASA as effective ways to significantly decrease GI risk. (b)
For patients in whom the risk of CV events is greater than
the risk of GI bleeding, COX-2 inhibitors should be
avoided. (c) In patients with known CV disease or at high
CV risk, low-dose ASA should be prescribed, although the
benefits of COX-2 selectivity in the presence of aspirin is
unclear and it similarly is unclear whether aspirin reduces
the risk of COX-2 selectivity. In addition, ibuprofen, and
perhaps other nsNSAIDS, may interfere with the CV benefit
of aspirin.

3. Limit duration and dosage.
4. Ask about and avoid combination NSAID therapy. Polyp-

harmacy is common; many patients combine therapy, par-
ticularly ASA, without specific direction or discussion with
their physicians. In addition, given the increased CV risks
associated with coxib use, concomitant ASA therapy may be
important in patients taking coxibs. The addition of ASA,
however, may negate the GI-sparing effects of coxibs and
remains an unproven means to decrease the risk of coxib-
associated CV events.

5. Treat known H pylori. Routine H pylori testing should not be
pursued in average-risk patients starting NSAID therapy.
Patients with known H pylori infection, however, should

undergo eradication. u
6. Monitor patients taking both nsNSAIDs and coxibs for
cardiovascular side effects.

For patients receiving NSAIDs with higher risk for GI compli-
ations, the physician should pursue the measures outlined previ-
usly. In addition, it is recommended that physicians should
ollow these additional recommendations.

1. Assess for and treat H pylori if present. The benefits of
pursuing H pylori testing and subsequent treatment is not
proven, but may be worthwhile, particularly among those
with a history of a previous ulcer or ulcer complication.
Importantly, H pylori eradication alone is not sufficient in
these patients, and cotherapy with gastroprotective treat-
ment should be considered strongly.

2. Institute gastroprotection. Gastroprotection with miso-
prostol (�600 mg/day), if tolerated, or PPIs should be
considered strongly in high-risk patients. Nonselective
NSAIDs plus PPIs are significantly safer than nsNSAIDs
alone. H2-receptor antagonist therapy is inadequate. Coxib
therapy alone similarly is beneficial in reducing GI risks, but
with the possible trade-off of increasing CV risk. It should
be emphasized, however, that the addition of gastroprotec-
tion, although significantly beneficial, does not eliminate
risk, particularly among patients at high risk for GI
complications.

Areas for Future Research
Ongoing research is needed to clarify the relative risks and

enefits of nsNSAIDs and coxibs for individual patients. The
bsolute relationships between decreased GI events and increased
V events with specific coxibs and NSAIDs for specific patients
ust be defined. Future trials must consider long-term risks of

oth GI and CV complications through prospective studies that
tratify patients according to baseline risks and ASA use, and that
nroll patients reflective of those likely to use NSAIDs in clinical
ractice. The net total benefit or detriment of such therapy is not
lear, especially in elderly individuals whose background risk of
oth GI and CV events is markedly greater.

Of particular interest will be a better understanding of the CV
isks of nsNSAIDs, and the general interactions of NSAIDs with
SA and other anticoagulants such as ticlopidine. Specific data

egarding the interactions between individual NSAIDs and ASA,
nd ways to reduce any deleterious effects, also will be needed to
uide clinicians. Regarding coxibs, further clarification of their CV
ffects in relation to known CV risk factors, such as diabetes,
ypertension, and tobacco use, also will be of great import. The
elative benefits of PPIs used with nsNSAIDs and coxibs will be
mportant to clarify, particularly when ASA is added to these
ombinations.

Other important risks for GI bleeding may emerge. For exam-
le, emerging observational data suggest that selective serotonin
euptake inhibitors increase the risk for GI bleeding, and that this
ffect is potentiated by concomitant ASA use. The true nature of
his association, and, if real, what factors may reduce such risks,
re unknown. Given the large numbers of patients using both
ypes of medicines, further investigation will be of particular in-
erest.

The association of NSAID use with lower-GI tract complica-
ions is important diagnostically and therapeutically. A better

nderstanding of risk factors for and mechanisms of lower-GI
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ract bleeding in NSAID users will be required to address risk
eduction.

Summary
NSAIDs provide a broad range of benefits for patients

ho require their use. Their risks, however, include GI, renal, and
ardiovascular complications, including heart failure and myocar-
ial infarction, only some of which have been reviewed in this
rticle. Clinicians should prescribe the lowest effective dose for the
hortest duration. GI risk can be modified, but not eliminated,
hrough careful use of coxibs and gastroprotective therapies. CV
isks associated with coxibs, especially at higher doses, and
sNSAIDs, have been identified. In addition, it appears that the
se of ibuprofen, indomethacin, and naproxen may decrease the
ardiovascular benefits of ASA therapy. ASA may decrease or elim-
nate the GI benefits of coxib therapy. Close attention to accumu-
ating data will clarify these effects further.

Supplementary Data
Note: to access the supplementary material accompa-

ying this article, including Presentation Summaries, visit the
nline version of Clinical Gastroenterology and Hepatology at
ww.cghjournal.org.

References

1. Bayer Pharmaceuticals. 2003. Fact of ASA. Available at: http://
www.bayerASA.com/press/factsheets/ASA_fact_sheet.pdf. Ac-
cessed: July 28, 2005.

2. Phillips AC, Polisson RP, Simon LS. NSAIDs and the elderly: toxicity
and the economic implications. Drugs Aging 1997;10:119–130.

3. Pincus T, Koch GG, Sokka T, et al. A randomized, double-blind,
crossover clinical trial of diclofenac plus misoprostol versus acet-
aminophen in patients with osteoarthritis of the hip or knee. Arthri-
tis Rheum 2001;44:1587–1598.

4. Pincus T, Koch G, Lei H, et al. Patient preference for placebo,
acetaminophen or celecoxib efficacy studies (PACES): two random-
ized placebo-controlled cross-over clinical trials in patients with
osteoarthritis of the knee or hip. Ann Rheum Dis 2004;63:931–
939.

5. Case JP, Baliunas AJ, Block JA. Lack of efficacy of acetaminophen
in treating symptomatic knee osteoarthritis: a randomized, double-
blind, placebo-controlled comparison trial with diclofenac sodium.
Arch Intern Med 2003;163:169–178.

6. Catella-Lawson F, Reilly MP, Kapoor SC, et al. Cyclooxygenase
inhibitors and the antiplatelet effects of ASA. N Engl J Med 2001;
345:1809–1817.

7. Silverstein FE, Faich G, Goldstein JL, et al. Gastrointestinal toxicity
with celecoxib vs. nonsteroidal anti-inflammatory drugs for osteo-
arthritis and rheumatoid arthritis: the CLASS study: a randomized
controlled trial. Celecoxib Long-Term Arthritis Safety Study. JAMA
2000;284:1247–1255.

8. Bombardier C, Laine L, Reicin A, et al. Comparison of upper
gastrointestinal toxicity of rofecoxib and naproxen in patients with
rheumatoid arthritis. N Engl J Med 2000;343:1520–1528.

9. Ramosekh D, Van Leerdam ME, Rauws EAJ, et al. Outcome of
peptic ulcer bleeding, nonsteroidal anti-inflammatory drug use and
Helicobacter pylori infection. Clin Gastroenterol Hepatol 2005;3:
859–864.

10. Physician’s desk reference. 59th ed. Montvale, NJ: Medical Eco-
nomics Data Production Company, 2005.

11. Singh G, Ramey DR. NSAID induced gastrointestinal complica-
tions: the ARAMIS perspective. J Rheumatol 1998;25:8–16.
12. Lanas A, Perez-Aisa MA, Feu F, et al. A nationwide study of mortality
associated with hospital admission due to severe gastrointestinal
events and those associated with non-steroidal anti-inflammatory
drug use. Am J Gastroenterol 2005;100:1685–1693.

13. Cryer B. NSAID-associated death: the rise and fall of NSAID-
associated GI mortality. Am J Gastroenterol 2005;100:1694–
1695.

14. Fries JF, Murtagh KN, Bennett M, et al. The rise and decline of
nonsteroidal drug-associated gastropathy in rheumatoid arthritis.
Arthritis Rheum 2004;50:2433–2440.

15. Silverstein FE, Graham DY, Senior JR, et al. Misoprostol reduces
serious gastrointestinal complications in patients with rheumatoid
arthritis receiving nonsteroidal anti-inflammatory drugs: a random-
ized, double-blind, placebo-controlled trial. Ann Intern Med 1995;
123:241–249.

16. Griffin MR, Piper JM, Daughtery JR, et al. Nonsteroidal anti-inflam-
matory drug use and increased risk for peptic ulcer disease in
elderly persons. Ann Intern Med 1991;114:257–263.

17. Gabriel SE, Jaakkimainen L, Bombardier C. Risk for serious gas-
trointestinal complications related to use of nonsteroidal anti-
inflammatory drugs. Ann Intern Med 1991;115:787–796.

18. Garcia Rodriguez LA, Hernandez-Diaz S. Relative risk of upper
gastrointestinal complications among users of acetaminophen
and nonsteroidal anti-inflammatory drugs. Epidemiology 2001;12:
570–576.

19. Hernandez-Diaz S, Rodriguez LA. Association between nonsteroi-
dal anti-inflammatory drugs and upper gastrointestinal tract bleed-
ing/perforation: an overview of epidemiologic studies published in
the 1990s. Arch Intern Med 2000;160:2093–2099.

20. de Abajo FJ, Garcia Rodriguez LA. Risk of upper gastrointestinal
bleeding and perforation associated with low-dose aspirin as plain
and enteric-coated formulations. BMC Clin Pharmacol 2001;1:1.

21. Simon LS, Mills JA. Nonsteroidal anti-inflammatory drugs. N Engl
J Med 1980;302:1179–1185, 1237–1243.

22. Schnitzer TJ, Burmester GR, Mysler E, et al, on behalf of the
TARGET Study Group. Comparison of lumiracoxib with naproxen
and ibuprofen in the Therapeutic Arthritis Research and Gastroin-
testinal Event Trial (TARGET), reduction in ulcer complications:
randomized controlled trial. Lancet 2004;364:665–674.

23. Laine L, Maller ES, Yu C, et al. Ulcer formation with low-dose
enteric-coated ASA and the effect of COX-2 selective inhibition: a
double-blind trial. Gastroenterology 2004;127:395–402.

24. Wilcox CM, Shalek KA, Costsonis G. Striking prevalence of over-
the-counter nonsteroidal anti-inflammatory drug use in patients
with upper gastrointestinal hemorrhage. Arch Intern Med 1994;
154:42–46.

25. Piper JM, Ray WA, Daughtery JR, et al. Corticosteroid use and
peptic ulcer disease: role of nonsteroidal anti-inflammatory drugs.
Ann Intern Med 1991;114:740.

26. Rodriquez LAG, Jick H. Risk of upper gastrointestinal bleeding and
perforation associated with individual non-steroidal anti-inflamma-
tory drugs. Lancet 1994;343:769–772.

27. Peura DA, Lanza FL, Gostout CJ. The American College of Gastro-
enterology Bleeding Registry: preliminary findings. Am J Gastroen-
terol 1997;92:924–928.

28. Weil J, Colin-Jones D, Langman M, et al. Prophylactic aspirin and
risk of peptic ulcer bleeding. BMJ 1995;310:821–830.

29. Niv Y, Battler A, Abuksis G, et al. Endoscopy in asymptomatic
minidose ASA consumers. Dig Dis Sci 2005;50:78–80.

30. Derry S, Loke YK. Risk of gastrointestinal haemorrhage with long-
term use of ASA: meta-analysis. BMJ 2000;321:1183–1187.

31. Schoen RT, Vender RJ. Mechanisms of nonsteroidal antiinflamma-
tory drug-induced gastric damage. Am J Med 1989;86:449–458.

32. Scheiman JM. NSAIDs, gastrointestinal injury and cytoprotection.
Gastroenterol Clin North Am 1996;25:279–298.

33. Laine L. Nonsteroidal antiinflammatory drug gastropathy. Gastroi-
ntest Endosc Clin N Am 1996;6:489–504.
34. Hollander D. Gastrointestinal complications of nonsteroidal anti-

http://www.cghjournal.org
http://www.bayerASA.com/press/factsheets/ASA_fact_sheet.pdf
http://www.bayerASA.com/press/factsheets/ASA_fact_sheet.pdf


1088 WILCOX ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 4, No. 9
inflammatory drugs: prophylactic and therapeutic strategies. Am J
Med 1994;96:274–281.

35. Simon LS, Weaver AL, Graham DY, et al. The Anti-inflammatory and
Upper Gastrointestinal Effects of Celecoxib In Rheumatoid Arthri-
tis: a randomized, controlled trial. JAMA 1999;282:1921–1928.

36. Emery P, Zeidler H, Kvien TK, et al. Celecoxib versus diclofenac in
long-term management of rheumatoid arthritis: randomised dou-
ble-blind comparison. Lancet 1999;354:2106.

37. Bensen WG, Fiechtner JJ, McMillen JI, et al. Treatment of osteo-
arthritis with celecoxib, a cyclooxygenase-2 inhibitor: a randomized
clinical trial. Mayo Clin Proc 1999;74:1095.

38. Bresalier RS, Sandler RS, Quan H, et al for the Adenomatous Polyp
Prevention on Vioxx (APPROVe) Trial Investigators. Cardiovascular
events associated with rofecoxib in a colorectal adenoma chemo-
prevention trial. N Engl J Med 2005;352:1092–1102.

39. FDA Arthritis Advisory Committee Hearing. February 7, 2001; Gaith-
ersburg, MD.

40. Farkouh ME, Kirshner H, Harrington RA, et al, TARGET Study
Group. Comparison of lumiracoxib with naproxen and ibuprofen in
the Therapeutic Arthritis Research and Gastrointestinal Event Trial
(TARGET), cardiovascular outcomes: randomised controlled trial.
Lancet 2004;364:675–684.

41. Solomon SD, McMurray JJV, Pfeffer MA, et al for the Adenoma
Prevention with Celecoxib (APC) Study Investigators. Cardiovascu-
lar risk associated with celecoxib in a clinical trial for colorectal
adenoma prevention. N Engl J Med 2005;352:1071–1080.

42. Ott E, Nussmeier NA, Duke PC, et al for the Multicenter Study of
Perioperative Ischemia (McSPI) Research Group and the Ischemia
Research and Education Foundation (IREF) Investigators. Efficacy
and safety of the cyclooxygenase 2 inhibitors parecoxib and valde-
coxib in patients undergoing coronary artery bypass surgery. J Tho-
rac Cardiovasc Surg 2003;125:1481–1492.

43. Nussmeier NA, Whelton AA, Brown MT, et al. Complications of the
COX-2 inhibitors parecoxib and valdecoxib after cardiac surgery.
N Engl J Med 2005;352:1081–1091.

44. Rahme E, Pilote L, LeLorier J. Association between naproxen use
and protection against acute myocardial infarction (erratum in Arch
Intern Med 2002;162:1858). Arch Intern Med 2002;162:1111–
1115.

45. Solomon DH, Glynn RJ, Levin R, et al. Nonsteroidal anti-inflamma-
tory drug use and acute myocardial infarction. Arch Intern Med
2002;162:1099–1104.

46. Ray WA, Stein CM, Hall K, et al. Nonsteroidal anti-inflammatory
drugs and risk of serious coronary heart disease: an observational
cohort study. Lancet 2002;359:118–123.

47. Solomon DH, Schneeweiss S, Glynn RJ, et al. Relationship be-
tween selective cyclooxygenase-2 inhibitors and acute myocardial
infarction in older adults. Circulation 2004;109:2068–2073.

48. Graham DJ, Campen D, Hui R, et al. Risk of acute myocardial
infarction and sudden cardiac death in patients treated with cyclo-
oxygenase 2 selective and non-selective non-steroidal anti-inflam-
matory drugs: nested case-control study. Lancet 2005;365:475–
481.

49. McAdam BF, Catella-Lawson F, Mardini IA, et al. Systemic biosyn-
thesis of prostacyclin by cyclooxygenase (COX)-2: the human phar-
macology of a selective inhibitor of COX-2. Proc Natl Acad Sci U S
A 1999;96:272–277.

50. Catella-Lawson F, McAdam B, Morrison BW, et al. Effects of
specific inhibition of cyclooxygenase-2 on sodium balance, hemo-
dynamics, and vasoactive eicosanoids. J Pharmacol Exp Ther
1999;289:735–741.

51. Johnson AG, Nguyen TV, Day RO. Do nonsteroidal anti-inflamma-
tory drugs affect blood pressure? Ann Intern Med 1994;121:289.

52. Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke, and
coronary artery disease. Part 2: short-term reductions in blood
pressure: overview of randomized drug trials in their epidemiolog-

ical context. Lancet 1990;335:827.
53. Food and Drug Administration Arthritis Advisory Committee Meet-
ing. February 8, 2001. Gaithersburg, MD. NDA 21-042/21-052.

54. FDA Arthritis Advisory Committee NDA. CLASS Advisory Committee
Briefing Document. Feb 7, 2001. Gaithersburg, MD.

55. Sowers JR, White WB, Pitt B, et al for the Celecoxib Rofecoxib
Efficacy and Safety in Co-morbidities Evaluation Trial (CRESCENT)
Investigators. The effects of cyclooxygenase-2 inhibitors and non-
steroidal antiinflammatory therapy on 24-hour blood pressure in
hypertensive patients with osteoarthritis and type 2 diabetes mel-
litus. Arch Intern Med 2005;165:158–160.

56. White WB, Strand V, Roberts R, et al. Effects of the cyclooxygen-
ase-2 specific inhibitor valdecoxib versus nonsteroidal antiinflam-
matory agents and placebo on cardiovascular thrombotic events in
patients with arthritis. Am J Ther 2004;11:244–250.

57. Cheng Y, Austin SC, Rocca B, et al. Role of prostacyclin in the
cardiovascular response to thromboxane A2. Science 2002;296:
539–541.

58. Qi Z, Hao CM, Langenbach RI, et al. Opposite effects of cyclooxy-
genase-1 and -2 activity on the pressor response to angiotensin II.
J Clin Invest 2002;110:61–69.

59. Kobayashi T, Tahara Y, Matsumoto M, et al. Roles of thromboxane
A2 and prostacyclin in the development of atherosclerosis in apoE-
deficient mice. J Clin Invest 2004;114:784–794.

60. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis
of randomised trials of antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk patients. BMJ 2002;
324:71–86.

61. Sanmuganathan PS, Ghahramani P, Jackson PR, et al. Aspirin for
primary prevention of coronary heart disease: safety and absolute
benefit related to coronary risk derived from meta-analysis of ran-
domised trials. Heart 2001;85:265–271.

62. Ridker PM, Cook NR, Lee IM, et al. A randomized trial of low-dose
ASA in the primary prevention of cardiovascular disease in women.
N Engl J Med 2005;352:1293–1304.

63. Corley DA, Kerlikowske K, Verma R, et al. Protective association of
ASA/NSAIDs and esophageal cancer: a systematic review and
meta-analysis. Gastroenterology 2003;124:47–56.

64. Bosetti C, Gallus S, La Vecchia C. Aspirin and cancer risk: an
update to 2001. Eur J Cancer Prev 2002;11:535–542.

65. Wang WH, Huang JQ, Zheng GF, et al. Non-steroidal anti-inflamma-
tory drug use and the risk of gastric cancer: a systematic review
and meta-analysis. J Natl Cancer Inst 2003;95:1784–1791.

66. Bayer Pharma. 01 July 2005—new findings announced: acetyl-
salicylic acid prevents the development of colorectal cancer.
Available at: http://www.pharma.bayer.com/en/home/article/
1060008165777/1120159092909/02.html. Accessed: July
27, 2005.

67. Bonovas S, Filioussi K, Sitaras NM. Do nonsteroidal anti-inflam-
matory drugs affect the risk of developing ovarian cancer? A meta-
analysis. Br J Clin Pharmacol 2005;60:194–203.

68. Mahmud S, Franco E, Aprikian A. Prostate cancer and use of
nonsteroidal anti-inflammatory drugs: systematic review and meta-
analysis. Br J Cancer 2004;90:93–99.

69. Gonzalez-Perez A, Garcia Rodriguez LA, Lopez-Ridaura R. Effects of
non-steroidal anti-inflammatory drugs on cancer sites other than
the colon and rectum: a meta-analysis. BMC Cancer 2003;3:28.

70. Rahme E, Dasgupta K, Toubouti Y, et al. GI effect of rofecoxib and
celecoxib versus NSAID in patients on low dose ASA, a population-
based retrospective cohort study (abstr 17). Gastorenterology
2004;126(Suppl 2):A1.

71. Derry S, Loke YK. Risk of gastrointestinal haemorrhage with long
term use of ASA: meta-analysis. BMJ 2000;321:1183–1187.

72. Moore RA, Derry S, Makinson GT, et al. Tolerability and adverse
events in clinical trials of celecoxib in osteoarthritis and rheuma-
toid arthritis: systematic review and meta-analysis of information
from company clinical trial reports. Arthritis Res Ther 2005;7:

R644–R665.

http://www.pharma.bayer.com/en/home/article/1060008165777/1120159092909/02.html
http://www.pharma.bayer.com/en/home/article/1060008165777/1120159092909/02.html


1

1

U
Z

v

c
t
a
a
A
A
c
c
s
g
f
H
A
A
C
d
V

September 2006 NSAIDS: COX–2 ENZYME INHIBITORS AND ASPIRIN 1089
73. Catella-Lawson F, Reilly MP, Kapoor SC, et al. Cyclooxygenase
inhibitors and the antiplatelet effects of ASA. N Engl J Med 2001;
345:1809–1817.

74. MacDonald TM, Wei L. Effect of ibuprofen on cardioprotective
effect of ASA. Lancet 2003;361:573–574.

75. Chan FK, To KF, Wu JC, et al. Eradication of Helicobacter pylori and
risk of peptic ulcers in patients starting long-term treatment with
non-steroidal anti-inflammatory drugs: a randomised trial. Lancet
2002;359:9–13.

76. Sung JJ. Management of non-steroidal anti-inflammatory drug-re-
lated peptic ulcer bleeding. Am J Med 2001;110:29S–32S.

77. Labenz J, Blum AL, Bolten WW, et al. Primary prevention of diclofe-
nac associated ulcers and dyspepsia by omeprazole or triple ther-
apy in Helicobacter pylori positive patients: a randomised, double
blind, placebo controlled trial. Gut 2002;51:329–335.

78. Hawkey CJ, Tulassay Z, Szczepanski L, et al. Randomised con-
trolled trial of Helicobacter pylori eradication in patients on non-
steroidal anti-inflammatory drugs: HELP NSAIDs study. Helicobac-
ter Eradication for Lesion Prevention. Lancet 1998;352:1016–
1021.

79. Chan FK, Chung SC, Suen BY, et al. Preventing recurrent upper
gastrointestinal bleeding in patients with Helicobacter pylori infec-
tion who are taking low-dose ASA or naproxen. N Engl J Med
2001;344:967–973.

80. Rostom A, Dube C, Wells G, et al. Prevention of NSAID-induced
gastroduodenal ulcers. Cochrane Database Syst Rev 2004;4:1–
111.

81. Jacobsen RB, Phillips BB. Reducing clinically significant gastroin-
testinal toxicity associated with nonsteroidal antiinflammatory
drugs. Ann Pharmacother 2004;38:1469–1481.

82. Yeomans ND. A clinical approach to management of patients with
non-steroidal anti-inflammatory gastropathy. Ital J Gastroenterol
Hepatol 1999;31:S89–S92.

83. Canadian Coordinating Office for Health Technology Assessment.
Gastroduodenal ulcers associated with the use of non-steroidal
anti-inflammatory drugs: a systematic review of preventive pharma-
cological interventions. Report no. 12. Ottawa: Canadian Coordi-
nating Office for Health Technology Assessment, 2004.

84. Lai KC, Lam SK, Chu KM, et al. Lansoprazole for the prevention of
recurrences of ulcer complications from long-term low-dose ASA
use. N Engl J Med 2002;346:2033–2038.

85. Hawkey CJ, Langman MJ. Non-steroidal anti-inflammatory drugs:
overall risks and management. Complementary roles for COX-2
inhibitors and proton pump inhibitors. Gut 2003;52:600–608.

86. Yeomans ND, Tulassay Z, Juhasz L, et al. A comparison of ome-
prazole with ranitidine for ulcers associated with nonsteroidal an-
tiinflammatory drugs. Acid Suppression Trial: Ranitidine versus
Omeprazole for NSAID-associated Ulcer Treatment (ASTRONAUT)
Study Group. N Engl J Med 1998;338:719–726.

87. Chan FK, Hung LC, Suen BY, et al. Celecoxib versus diclofenac and
omeprazole in reducing the risk of recurrent ulcer bleeding in
patients with arthritis. N Engl J Med 2002;347:2104–2110.

88. Hunt RH, Bazzoli F. Should NSAID/low-dose aspirin takers be
tested routinely for H. pylori infection and treated if positive?
Implications for primary risk of ulcer and ulcer relapse after initial
healing. Aliment Pharmacol Ther 2004;19:9–16.

89. Laheij RJ, Sturkenboom MC, Hassing RJ, et al. Risk of community-
acquired pneumonia and use of gastric acid-suppressive drugs.
JAMA 2004;292:1955–1960.

90. Baigent C. Aspirin for everyone older than 50? Against. BMJ 2005;

330:1442–1443. T
91. Bonovas S, Filioussi K, Sitaras NM. Do nonsteroidal anti-
inflammatory drugs affect the risk of developing ovarian cancer? A
meta-analysis. Br J Clin Pharmacol 2005;60:194–203.

92. Cook NR, Lee IM, Gaziano JM, et al. Low-dose aspirin in the
primary prevention of cancer: the Women’s Health Study: a ran-
domized controlled trial. JAMA 2005;294:47–55.

93. Corman SL, Fedutes BA, Ansani NT. Impact of nonsteroidal anti-
inflammatory drugs on the cardioprotective effects of aspirin. Ann
Pharmacother 2005;39:1073–1079.

94. Hayden M, Pignone M, Phillips C, et al. Aspirin for the primary
prevention of cardiovascular events: a summary of the evidence for
the U.S. Preventive Services Task Force. Ann Intern Med 2002;
136:161–172.

95. McDonald TM, Wei L. Effect of ibuprofen on cardioprotective effect
of aspirin. Lancet 2003;361:573–574.

96. Ridker PM, Cook NR, Lee IM, et al. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in
women. N Engl J Med 2005;352:1293–1304.

97. Serebruany VL, Malinin AI, Eisert RM, et al. Risk of bleeding
complications with antiplatelet agents: meta-analysis of 338,191
patients enrolled in 50 randomized controlled trials. Am J Hematol
2004;75:40–47.

98. Sørensen HT, Mellemkjaer L, Blot WJ, et al. Risk of upper gastro-
intestinal bleeding associated with use of low-dose aspirin. Am J
Gastroenterol 2000;95:2218–2224.

99. Stack WA, Atherton JC, Hawkey GM, et al. Interactions between
Helicobacter pylori and other risk factors for peptic ulcer bleeding.
Aliment Pharmacol Ther 2002;16:497–506.

00. Weisman SM, Graham DY. Evaluation of the benefits and risks of
low-dose aspirin in the secondary prevention of cardiovascular and
cerebrovascular events. Arch Intern Med 2002;162:2197–2202.

01. de Gaetano G, Donati MB, Cerletti C. Prevention of thrombosis
and vascular inflammation: benefits and limitations of selective or
combined COX-1, COX-2 and 5-LOX inhibitors. Trends Pharmacol
Sci 2003;24:245–252.

Address requests for reprints to: C. Mel Wilcox, MD, Chairman,
niversity of Alabama at Birmingham, 703 South 19th Street, 633
RB, Birmingham, Alabama 35294-0007. e-mail: melw@uab.edu.
A list of the Consensus Development Panel and Speakers may be

iewed online at www.cghjournal.org.
Byron Cryer has served as a Consultant to AstraZeneca, TAP Pharma-

euticals, and Pfizer, Inc. Richard Hunt discloses having been a Consul-
ant at some time to Merck, Pfizer, Novartis, AstraZeneca, TAP, Santarus,
nd Altana, and a past investigator for Merck, Novartis, AstraZeneca, TAP,
nd Altana. Angel Lanas has received grants and travel support from
straZeneca, Takeda, and Pfizer, and he is a Board Member of the
PPROVE Trial by Merck & Company. Harold Paulus has had no financial
onflicts of interest in the past 3 years, although he has prior consultan-
ies with many pharmaceutical companies. Robert S. Sandler is a Con-
ultant to Merck, Bayer, Takeda, and GlaxoSmithKline, and has received
rant support from Merck. Lee Simon has received speaking honoraria
rom Academy of Healthcare, Pfizer, Avanir, and the Foundation for Better
ealthcare, and he has been a Consultant to AstraZeneca, Cerimon,
lpha Rx, Proprius, Avanir, Novartis, Pfizer, Aldolor, Paraexel, Affinergy,
ai pharma, Alder, Cell Therapeutics, Altea, Chelsea Pharmaceuticals,
ure, Coley, Puretech Ventures, Solace Pharmaceuticals, Nuvo, Dr Red-
y’s, Genelabs, Jazz, Medimmune, Neopharm, Neuromed, Nitec, Nomura
entures, Purdue, Sepracor, Serono, Savient, Polymerix, Rigel, Roche,

AP, and Zydus.

http://www.cghjournal.org


r
1
e
p
5
a
s
l
p
N
t
R
H
d

c
N
o
N
A
p
c
a
o

t
s
a
a
L
i
o
T
r
R
t
r
u
A
c
i

i
s
a
a
G
t

e
c
f
a
G

a
f
N
t

S
h
p
w
d
a
s
p

w
e
t
T
d

o
a
d
c
p

(
d
t
T
s
o
d
u
s
c
t
e
d
s
i
c
s
s

September 2006 NSAIDS: COX–2 ENZYME INHIBITORS AND ASPIRIN 1089.e1
Appendix 2
1. Presentation Summaries

1. Byron Cryer, MD: Who is at risk and what is the
isk? NSAID-related GI complications may account for
00,000 hospitalizations annually in the U.S.5 The av-
rage relative risk (RR) of developing a serious GI com-
lication in patients exposed to NSAIDs, as a group, is
–6-fold that of those not taking NSAIDs.6,7 NSAIDs
re the leading cause of bleeding peptic ulcers; when
ensitive biochemical assays are used, NSAIDs, including
ow-dose ASA, may have been used in over 90% of
atients with bleeding ulcers.9 Deaths related to
SAID-induced GI complications have been estimated

o be as high as 16,500 deaths per year in the U.S.5

ecent observational data from the Spanish National
ealth System indicate a much lower frequency of 15.3

eaths per 100,000 NSAID users.4

Risk factors for the development of NSAID-related GI
omplication include prior peptic ulcer disease, prior
SAID GI complication, advanced age, concomitant use

f corticosteroids or anticoagulants, high doses of
SAIDs, multiple doses or combinations of NSAIDs.
mong these, the most significant is history of prior
eptic ulcer disease or a prior ulcer complication, which
onfers a 2–4-fold increased risk.2–4,12–15 Advancing
ge is associated with risk that increases linearly at rate
f approximately 4% per year of advancing age.5

Recent controlled prospective studies of arthritis pa-
ients chronically taking NSAIDs suggest that the risk of
erious NSAID-induced GI complications is cumulative
nd linear.2,13,15,16 A linear, dose-response relationship
lso exists, and is seen across all classes of NSAIDs.5,13

ow daily doses of ASA, usually 325 mg per day or less,
ncrease risks of GI bleeding and increased the likelihood
f hospitalization for ulcers in a dose-dependent fashion.
he combined use of ASA with an NSAID increases the

isk of ulcer and ulcer complications2,4,16,17,25 with the
R of combined NSAID plus ASA over 10-fold greater

han the risk among those not using NSAIDs.4 Concur-
ent use of more than one NSAID, such as the combined
se of prescribed NSAIDs with concurrent low-dose
SA2,4,16,17 or with concurrent OTC NSAIDs,18 and

oncomitant use of corticosteroids or anticoagulants also
ncrease the risk of GI complications.

Though NSAID-associated adverse events have been
dentified in the renal, coagulation and cardiovascular
ystem, GI complications are the most common. These
dverse effects occur in the upper and lower GI tracts,
nd include: ulcers and their complications in the upper
I tract, and, in the small intestine and colon, ulcers and
heir complications, as well as strictures, diaphragms, r
nteropathy, diverticular bleeding and various forms of
olitis. The magnitude of NSAID-related lower GI ef-
ects is uncertain; however, a recent study indicated that
bout 16% of the clinically significant NSAID- related
I events occur in the lower GI tract.4

In summary, strong evidence characterizes the GI risk
ssociated NSAID use and identifies specific risk factors
or development of NSAID-related complications.
SAIDs, including low-dose ASA and coxibs, affect both

he upper and lower GI tract.
2. Lee S. Simon, MD: Risks and Benefits of Non

elective and Selective NSAIDs and Coxibs. Each year
ealth care providers write approximately 60 million
rescriptions for various forms of NSAIDs,2 many of
hich are for the treatment of osteoarthritis in the el-
erly.11 It appears that NSAIDs (and their attendant
nti-inflammatory effects) are superior to simple analge-
ics for pain relief in these patients, demonstrating better
erformance on a range of outcomes.14,15

The benefits of such anti-inflammatory effects must be
eighed against known upper and lower GI toxicity and

ven death.5–8,54–63 Multiple studies have demonstrated
hat coxibs are equally effective as nsNSAIDs.38,39–42,44–47

hus, coxibs, with their relative COX-1 sparing effects and
ecreased mucosal damage have gained broader use.

The GI benefits of coxibs have been show in a number
f studies.41,70,46,71 Aggregate data suggest that the
vailability of coxibs has significantly decreased deaths
ue to GI-related NSAID complications. Evidence of
oxib-associated cardiovascular risk, however, has tem-
ered enthusiasm about coxibs.
In the Vioxx Gastrointestinal Outcomes Research

VIGOR) trial46 statistically more thromboembolic car-
iovascular events occurred in those receiving rofecoxib
han among those taking naproxen (0.5% vs 0.1%).46

his contrasted with findings from the CLASS
tudy,41,70 which found no differences in cardiovascular
r cerebrovascular event rates between the celecoxib and
iclofenac or ibuprofen. In the APPROVe trial, an eval-
ation of rofecoxib versus placebo for polyp prevention,
howed a rofecoxib-associated greater than 2-fold in-
reased relative risk for either stroke, myocardial infarc-
ion (MI) or sudden cardiac death vs placebo.38 Three
pidemiologic studies found similar results for rofecoxib
oses greater than 25 mg daily.83,84,85 In one of these
tudies, rofecoxib was associated with more than a 3-fold
ncreased incidence of acute MI and sudden cardiac death
ompared to nsNSAIDs or to other coxibs.85 Notably,
tudies by Rahme et al44 and Solomon et al45 failed to
how such differences in cardiovascular risk with

ofecoxib.82
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Conflicting data likewise exist for celecoxib. In the
PC trial41 a dose-response relationship of celecoxib to

tatistically significant risk for stroke, MI, sudden cardiac
eath and congestive heart failure emerged, but only at
oses of 400 mg twice daily, a dose not typically used for
reatment of pain or arthritis. Of interest, in the large
atabase studies, acute MI incidence with celecoxib use
as lower than with other agents.83,84,85 Analysis indi-

ated that naproxen and indomethacin were associated
ith statistically greater risks of cardiovascular events.85

hus, the risks associated with specific coxibs, and with
sNSAIDs in general, remain poorly characterized.
Coxibs and nsNSAIDs appear equally efficacious,

ut have differing GI and cardiovascular risk profiles.
urther, it appears that within groups, specific coxibs
nd nsNSAIDs differ. In certain patients, particularly
hose at high risk for GI complications, coxibs provide

better safety profile than do nsNSAIDs. Whether
oncurrent nsNSAID and proton pump inhibitors use
ill suffice in place of coxibs is unclear. Also, the

ardiovascular risk conferred by specific coxibs, and by
sNSAIDs remains unclear. Additional large outcome
rials will be required to definitively answer these
uestions, and allow better weighing of cardiovascular
nd GI risks in patients for whom anti- inflammatory
nalgesia in required.

3. Angel Lanas, MD, PhD: Can the Risk of NSAID-
nduced Gastrointestinal Toxicity be modified? NSAID
se increases the risk of gastrointestinal (GI) toxicity;
owever, the magnitude of increased risk varies accord-
ng to NSAID type and dose, and by other factors.1

odification of risk factors and co-therapy, aimed at
lleviating specific NSAID effects, may help reduce the
urden of toxicity.
The choice of NSAID associated with the lowest risk,

nd the use of the lowest effective NSAIDs dose can
ecrease risk.1 Similarly, combined therapy with more
han one NSAID (including low-dose ASA), other non-
SA anti-platelet drugs, anticoagulants or steroids

hould be avoided, if possible.5,6,7

Peptic ulcer and/or ulcer complication history carry
he highest relative risk for NSAID-associated upper GI
omplications.3,8 Such ulcers may be linked to H pylori
nfection, NSAID use or both, which are modifiable risk
actors. H pylori eradication is a therapeutic option that
ill reduce NSAID-associated GI toxicity in, at least, a

ubset of patients. Many trials show that H pylori erad-
cation reduces the incidence of peptic ulcers in patients
ho start NSAID therapy.10,11,12 For patients with pre-
ious ulcer history who need NSAIDs or ASA, H pylori

radication is not sufficient to prevent damage from the t
pper GI tract and additional therapies must be
onsidered.13,14

Co-therapy with drugs that modify NSAID-induced
athogenic mechanisms may also help. Misoprostol, a syn-
hetic PGE1, has been shown in numerous short-term en-
oscopy trials to significantly reduce the incidence of gas-
roduodenal ulcers. When taken in doses of 200 �g t.i.d. or
.i.d. A meta-analysis indicated that misoprostol reduced
he gastric ulcer risk 74% and duodenal ulcer risk 53%,
ompared to placebo.15 Misoprostol’s use, however, is lim-
ted in many patients due to adverse effects, including
iarrhea, nausea and abdominal pain.16

Antisecretory therapy with H2-RA and PPI has been
tudied. Data indicate that H2-RA reduce the incidence
f endoscopic duodenal, but not gastric ulcers in patients
aking NSAIDs. Standard doses of PPIs significantly
educe gastric and duodenal ulcers associated with
SAID use in numerous clinical trials using endoscopic

ndpoints.18,19,20,21 No large GI outcome studies have
valuated the effect of PPI agents on upper GI compli-
ations. In one small study, among patients with a recent
omplicated peptic ulcer using naproxen, omeprazole
as much more effective than H pylori eradication in the
revention of ulcer bleeding recurrence after 6 months.14

n a similar study of high-risk patients, those taking
aily omeprazole and diclofenac had similar rates of
ecurrent ulcer bleeding as those taking celecoxib 200
g b.i.d.22 Some epidemiological studies demonstrate

hat antisecretory drugs, especially PPIs, significantly
educe the relative risk of upper gastrointestinal
leeding.7,23

The protection afforded by prescription of gastropro-
ective agents will have some limits. Poor compliance
ay render them less useful, and over one third of

atients prescribed gastroprotective therapy are partially-
r non-adherent. A recent study shows that poor com-
liance increases the relative risk of NSAID-induced
pper GI adverse events 4–6 times.26 Long-term use of
PIs are associated with a very low rate of side effect,
ut recent data suggest that thet may be associated
ith increased risks of some adverse events, such as
neumonia and hip fracture,24,25 but this need to be
onfirmed.

Co-therapy with anti-ulcer agents does not clearly
ddress NSAID-associated adverse lower gastrointestinal
vents. While less common, NSAIDs may induce signif-
cant lower GI tract problems, but the risk factors for
hese are not well defined. Post-hoc analysis of the
IGOR study indicates that rofecoxib was associated
ith less serious adverse events from the lower GI tract
han naproxen.28
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4. Tilo Grosser, MD, PhD - Coxibs: Risk and Ben-
fit. Traditional nonsteroidal anti-inflammatory drugs
or non-selective NSAIDs, nsNSAIDs) and selective in-
ibitors of cyclooxygenase (COX)-2, the coxibs, exert
heir anti-inflammatory, analgesic and antipyretic activ-
ty by inhibiting prostaglandin biosynthesis. While in-
reasing selection for inhibition of COX-2 reduces seri-
us gastrointestinal adverse events,1,2 three structurally
istinct compounds, rofecoxib/Vioxx, valdecoxib/Bextra
Pfizer), and celecoxib/Celebrex, have increased the inci-
ence of cardiovascular complications in placebo con-
rolled trials,1,3–5 consistent with a biologically plausi-
le,6 small, but absolute cardiovascular risk. Thus, drug
electivity for COX-2 provides a mechanism which
ould be expected to augment the likelihood of throm-
osis, hypertension, myocardial infarction and stroke by
nhibition of prostaglandins7–9 with homeostatic roles in
latelet function, blood pressure regulation and vascular
ntegrity.10–13 Observational studies of variable quality
ave been published since the withdrawal of rofecoxib.
owever, the best evidence, which is biologically plau-

ible through the same mechanism, suggests heteroge-
eity amongst nsNSAIDs with respect to cardiovascular
isk.14 In the absence of information from randomized
rials on nsNSAIDs, the U.S. Food and Drug Adminis-
ration (FDA) and European Agency for the Evaluation of
edicinal Products (EMEA) have differed. FDA attached
similar “black box” warning of cardiovascular events to
sNSAIDs as is the case with celecoxib. EMEA felt that
he absence of evidence did not support altering advice to
atients about the use of nsNSAIDs.
Although the current strategy of companies with

ithdrawn (rofecoxib, valdecoxib), disapproved (pare-
oxib/Dynastat), and currently unapproved (etoricoxib/
rcoxia; lumiracoxib/Prexige; GW-406381, GSK) com-
ounds is to complete, utilize or initiate comparative
andomized trials to obtain “black box” approval, the
mphasis might be more usefully directed towards an
ndividualized approach to efficacy and risk. Thus,
arked interindividual variability to coxibs has been

emonstrated.9 Do patients differ in their analgesic and
nti-inflammatory efficacy as often claimed, and if so,
hy? Similarly, data from two randomized trials3,4 are

onsistent with a biologically plausible,11–13,15,16 time
ependent transformation of cardiovascular risk. Do
hese drugs accelerate atherogenesis and if so, do bio-
hemical, physiological and/or genetic biomarkers detect
ndividuals at rapidly evolving risk and can such biomar-
ers detect dissipation of risk on cessation of dosing?
Neglect of the underlying science led us to the present
ebacle. It would be tragic to neglect a scientific ap- o
roach to defining the individual balance of benefit and
isk while pursuing the shortest route to drug approval,
elying once again on differential marketing to drive
rug selection amongst similarly “black boxed” selective
nd traditional NSAIDs.

5. Richard H. Hunt, MD - Aspirin: Risk and ben-
fit. Aspirin is the oldest and most widely used NSAID.
ts known benefits, however, are tempered by well doc-
mented risks. Studies indicate that the odds ratio (OR)
or bleeding ranges from about 1.6 with low dose ASA
�100 mg) to an OR of 2.6 with doses of �300 mg and
his risk increases with higher doses (�600 mg and
bove) and when ASA is combined with a non selective
SAID (OR 5.6).98,99

At ASA doses �100 mg, the rate of bleeding was 2.4%,
omparable to that of higher ASA doses (�325 mg) and
ith adenosine diphosphate–receptor blockers.97

The combined use of nsNSAIDs and ASA increases
isk. While no randomized, trials have specifically ad-
ressed their relative GI safety, a coxib plus ASA appears
afer than a nsNSAID plus ASA. Retrospective data
ound that ASA plus a coxib caused significantly fewer
I hospitalizations than ASA plus a nsNSAID.70 Other

tudies indicate fewer endoscopic ulcers with celecoxib
lus ASA than nsNSAIDs plus ASA.30

The secondary prevention benefits of ASA are well
stablished. A meta-analysis of low-dose ASA (�325
g/d) confirmed that ASA reduced all-cause mortality

y 18%, strokes by 20%, myocardial infarctions (MI) by
0%, and other “vascular events” by 30%.100 However,
SA was associated with a 2.5-fold increase in GI tract
leeding compared with placebo. Another meta-analysis
rovided an aggregate summary: for every 1000 patients
reated yearly with ASA, 10–20 vascular events would
e prevented, but treatment would result in 1–2 serious
I bleeds.60 In a wide range of high-risk patients, anti-
latelet therapy reduces the risk (combined outcome) of
ny serious vascular event by around 25%, with reduc-
ions of about 1/3 in non-fatal MI, 1/4 in non-fatal
troke, and 1/6 in vascular death.60,94

Important differences in platelet inhibition are seen
etween individual nsNSAIDs and of course with
oxibs which spare platelet function. This confers
ifferential cardiovascular risks, and interpretation is
urther confounded when these drugs are used with
SA. Observational studies have shown conflicting

esults regarding the effect of combinations of NSAID
nd ASA therapy on mortality risk and incidence of
yocardial infarction.93 For example, ibuprofen when

ombined with ASA may reduce the protective effects

f ASA). In vitro enzyme and human studies indicate
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hat coadministration of ibuprofen and ASA results in
buprofen blocking access of ASA to its serine binding
ite within the COX pocket and this limits the car-
ioprotective effects of ASA,6 and results in an in-
rease in cardiovascular mortality.95 It has been sug-
ested that ASA together with a coxib might provide
reater anti-thrombotic effects than ASA alone;101 this
oncept requires further study, especially as recent
ata indicate concerns about the CV safety of all drugs
hat inhibit cyclo-oxygenase.

Another benefit of ASA treatment is protection
gainst a number of cancer. Meta- analyses demon-
trate that regular use of ASA reduces the risk of
sophageal,63 gastric,65 and colorectal64 cancers in a
ose-dependent manner. Recent data suggest that
SA use may reduce the risk of recurrence and death

mong patients with stage III colon cancer study.66

ther data, however, do not indicate a uniform anti-

ancer benefit.68,69,91,96 Data from the Womens v
ealth Study indicated that ASA in a dose of 100 mg
very other day, for an average 10.1 years, did not
ower risk of total, breast, colorectal, or other site-
pecific cancers. A trend existed for reduction in lung
ancer. There was also no reduction in overall or
ite-specific cancer mortality except for lung cancer
ortality. A protective effect of ASA against lung

ancer or benefit of higher doses of ASA against other
ancers cannot be ruled out.92

In summary, the net value of daily ASA treatment
aken prophylactically should be considered with the
otential benefit and risk in individual patients. In
atients with established cardiovascular disease, ASA,
r another antiplatelet drugs should be used except
hen contraindicated.60 The benefits of ASA, how-

ver, are less clear when underlying vascular risk is not
resent.61 The use of ASA for primary prevention of
ardiovascular thrombotic disease in unselected indi-

iduals may cause more harm than benefit.90,94
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