
Drug Safety 2006; 29 (2): 119-132REVIEW ARTICLE 0114-5916/06/0002-0119/$39.95/0

 2006 Adis Data Information BV. All rights reserved.

NSAID-Associated Adverse Effects
and Acid Control Aids to
Prevent Them
A Review of Current Treatment Options

Jørgen Næsdal1  and Kurt Brown2 

1 AstraZeneca R&D, Mölndal, Sweden
2 AstraZeneca LP, Wilmington, Delaware, USA

Contents
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
1. Mechanism of Action of NSAIDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
2. Gastrointestinal (GI) Adverse Effects of NSAIDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
3. Pivotal Role of Gastric Acid in the Upper GI Adverse Effects of NSAIDs . . . . . . . . . . . . . . . . . . . . . . . . . 122
4. Risk Factors for NSAID-Associated Upper GI Adverse Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

4.1 Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
4.2 Choice of NSAID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
4.3 Dose of NSAID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
4.4 Duration of NSAID Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
4.5 Previous History of Peptic Ulcer Disease or GI Bleeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
4.6 Concurrent Corticosteroid or Anticoagulant Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
4.7 Infection with Helicobacter pylori . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
4.8 Other Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

5. Options for the Management of NSAID-Associated Upper GI Adverse Events . . . . . . . . . . . . . . . . . . 126
5.1 Prostaglandin Analogues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

5.1.1 Prevention of Ulcers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
5.1.2 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

5.2 Histamine H2 Receptor Antagonists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
5.2.1 Prevention of Ulcers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
5.2.2 Healing of Ulcers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
5.2.3 Treatment of Upper GI Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
5.2.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

5.3 Proton Pump Inhibitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
5.3.1 Prevention of Ulcers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
5.3.2 Healing of Ulcers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
5.3.3 Treatment of Upper GI Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
5.3.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

6. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

Abstract
NSAIDs are central to the clinical management of a wide range of conditions.

However, NSAIDs in combination with gastric acid, which has been shown to
play a central role in upper gastrointestinal (GI) events, can damage the gas-
troduodenal mucosa and result in dyspeptic symptoms and peptic lesions such as
ulceration.
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NSAID-associated GI mucosal injury is an important clinical problem. Gas-
troduodenal ulcers or ulcer complications occur in up to 25% of patients receiving
NSAIDs. However, these toxicities are often not preceded by indicative symp-
toms. Data obtained from the Arthritis, Rheumatism, and Aging Medical Informa-
tion System have shown that 50–60% of NSAID-associated peptic ulcer cases can
remain clinically silent and do not present until complications occur. Therefore,
prophylactic treatment to prevent GI complications may be necessary in a substan-
tial proportion of NSAID users, especially those in groups associated with a high
risk of developing these complications.

Use of cyclo-oxygenase (COX)-2 selective NSAIDs, also known as ‘coxibs’,
substantially reduces the incidence of upper GI toxicities seen with non-selective
NSAIDs. However, there are concerns regarding the cardiovascular safety of
coxibs. For this reason, the US FDA recommends minimal use of coxibs and only
when strictly necessary. Additionally, rofecoxib has been removed from the US
market and sales of valdecoxib have been suspended. Furthermore, upper GI
toxicities still occur in patients receiving coxibs. Therefore, cotherapies are
required to prevent and/or heal upper GI effects associated with NSAID use.
Effective prophylactic and treatment strategies include misoprostol, histamine H2
receptor antagonists and proton pump inhibitors (PPIs). The key role that gastric
acid plays in upper GI adverse events among NSAID users suggests that it is
important to choose the most effective agent for acid control to alleviate symp-
toms, heal mucosal erosions and improve the reduced quality of life in this patient
population. PPIs provide effective acid suppression, which is essential to avoid GI
mucosal injury, and they are, therefore, capable of dramatically decreasing the
morbidity and mortality associated with this disorder.

Since many serious GI complications are not heralded by any previous
symptoms, physicians need to be aware of risk factor profiles that predispose
patients to serious GI problems. Physicians also need to initiate the appropriate
preventative acid suppressive therapy to minimise the burden of NSAID-associat-
ed GI adverse effects.

NSAIDs are among the world’s most widely when OTC aspirin use is included in estimates,
exposure to low-dose aspirin has been estimated toadministered drugs, with an estimated 30 million
be as high as 12% of the general population.[6]people benefiting from their anti-inflammatory and

analgesic effects each day.[1] Most NSAIDs are pri- Despite their beneficial effects and widespread
marily prescribed for osteoarthritis, rheumatoid ar- use, NSAIDs are associated with significant toxici-
thritis, and other musculoskeletal and soft tissue ties and particularly those affecting the gastrointesti-
conditions.[2] NSAIDs are commonly prescribed to nal (GI) tract. These adverse GI effects pose signifi-
elderly patients, with 35% of all prescriptions ad- cant risks to patients and place a considerable eco-
ministered to individuals >60 years of age.[3] How- nomic burden on healthcare providers. For example,
ever, the use of NSAIDs is increasing in all age the management of NSAID-associated upper GI ad-
groups because of the greater availability of over- verse effects has been estimated to add >45% to the
the-counter (OTC) preparations and the growing use cost of arthritis treatment.[7] In a retrospective cohort
of low-dose aspirin (acetylsalicylic acid) for preven- study involving >75 000 US patients aged ≥65 years
tion of thrombotic conditions such as myocardial it was calculated that the mean annual cost of medi-
infarction or stroke.[4] In a review of UK prescribing cal care of GI disease in non-NSAID users was
practices, approximately 4% of patients were receiv- US$134 per patient, compared with US$191 for
ing a low-dose aspirin prescription.[5] However, patients receiving NSAID treatment (p < 0.001).[8]
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The relative risk (RR) has been estimated to be
2.5–5.5-fold greater for GI-related hospitalisation
and 4-fold greater for death among patients receiv-
ing NSAIDs compared with patients who do not use
NSAIDs.[9] Importantly, the upper GI adverse ef-
fects of NSAIDs can be successfully managed in
many patients.[10]

This review discusses the upper GI adverse ef-
fects of NSAID therapy, associated risk factors and
management options for preventing and/or treating
these adverse effects.

1. Mechanism of Action of NSAIDs

The anti-inflammatory effects of NSAIDs, par-
ticularly aspirin, have been recognised for centuries.
However, it was not until the early 1970s that the
mechanism of action of these drugs was elucidated.
Pioneering work by Vane[11] showed that NSAIDs
inhibit the production of prostaglandins, which are
involved in regulating many physiological process-
es, including inflammation, cytoprotection of the GI

Membrane phospholipids

Arachidonic acid

NSAIDs

Phospholipase A2

Prostaglandin H synthase
(cyclo-oxygenase activity)

Prostaglandin H synthase
(peroxidase activity)

Tissue-specific isomerases

Prostaglandin G2

Prostaglandin H2

Various prostaglandins

Fig. 1. Synthesis of prostaglandins. Arachidonic acid is produced
from membrane phospholipids by the activity of phospholipase A2.
Arachidonic acid is then converted to prostaglandin H2 via the
cyclo-oxygenase (COX) and peroxidase activities of prostaglandin
H synthase. Prostaglandin H2 is further modified in tissues to yield
a variety of prostaglandins. NSAIDs inhibit the COX activity of pros-
taglandin H synthase.

tract,  platelet aggregation and  renin release.[12]

Specifically, NSAIDs act by inhibiting the cyclo-
cytoprotection of the GI tract in animal models,[15,16]

oxygenase (COX) activity of prostaglandin H
COX-1 is likely to be more important in this respect,

synthase, which catalyses a step in the conversion of
since under normal physiological conditions COX-2

the unsaturated fatty acid arachidonic acid to pros-
is expressed at only very low levels in the GI tract.

taglandins (figure 1).[13] Two COX isozymes, en-
The assumption that inducible COX-2 is responsible

coded by separate genes, have been identified.
for the inflammatory effects of prostaglandins,

These enzymes act as homodimers that are located
whereas COX-1 is responsible for ‘housekeeping’

at the intraluminal surface of the nuclear envelope
functions such as GI cytoprotection, led to the devel-

and the endoplasmic reticulum. COX-1 is constitu-
opment of COX-2 selective NSAIDs, also known as

tively expressed in most tissues, but particularly in
‘coxibs’. It was assumed that coxibs would have the

platelets, the GI tract and the kidneys. COX-2 ex-
same anti-inflammatory properties as non-COX se-

pression is constitutive in the kidney and brain, but
lective NSAIDs but with improved GI tolerability.

may be induced in other tissues by a variety of
ligands (including cytokines and growth factors) 2. Gastrointestinal (GI) Adverse Effects
and particularly at sites of inflammation.[14]

of NSAIDs
Aspirin covalently modifies COX-1, thus block-

ing access of substrates to the catalytic site of the GI adverse effects are particularly common
enzyme.[12] Other NSAIDs act by competing with among NSAID users and have been reported to
arachidonic acid for binding to the COX-1 and/or account for 103 000 GI-related hospitalisations[1]

COX-2 active site. The chemical structure of a spe- and 16 500 deaths per year in the US alone.[17] These
cific  NSAID  determines whether  it binds  to adverse effects often manifest as upper GI symp-
COX-1, COX-2 or both of these isozymes. The toms such as heartburn, nausea, vomiting, abdomi-
COX-1 : COX-2 inhibitory ratio of NSAIDs is im- nal pain or dyspepsia,[18,19] which lead to discontinu-
portant in determining their relative GI toxicity. ation of NSAID therapy in 5–15% of patients.[18]

This is because although both COX-1 and COX-2 There are also well documented links between
appear to be necessary for prostaglandin-mediated NSAID use, GI mucosal injury and associated com-

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (2)
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plications. Approximately half of the patients re- allows healing to proceed.[30] In a rat model, in-
ceiving NSAIDs develop gastric erosions, whilst traperitoneally administered NSAIDs (indometacin
10–30% of long-term NSAID users develop a peptic or naproxen) led to a rapid dissipation of the mucoid
ulcer.[20,21] A study of 235 patients with life-threat- cap covering sites of mucosal damage, with the
ening complications of peptic ulceration found that subsequent appearance of haemorrhagic erosions.[31]

nearly 80% of all ulcer-related deaths occurred in NSAID-induced dissipation of the mucoid cap did
NSAID users.[22] Importantly, there appears to be no not occur in the presence of prostaglandin E2, sug-
correlation between the incidence of upper GI symp- gesting that prostaglandins are important in main-
toms and the presence of endoscopic ulcers.[22-24] taining the stability of the mucoid cap. Therefore,
Larkai et al.[23] performed an endoscopic evaluation inhibition of prostaglandin synthesis by NSAID
of the gastric mucosa in 65 patients and found that therapy is likely to disrupt the defences that protect
only 30% of patients with NSAID-associated ulcers the gastric mucosa against acid damage.
had dyspeptic symptoms. Furthermore, Armstrong In addition, prostaglandin depletion leads to an
and Blower[22] found that in >58% of patients re- increase in gastric acid synthesis and, therefore, a
ceiving NSAIDs who developed a peptic ulcer, the reduction in the pH of the gastric lumen.[32,33] Gas-
first sign of this was a life-threatening complication. tric pH was measured over a 24-hour period in
Therefore, the presence of NSAID-associated muco- ten patients with rheumatoid arthritis who received
sal abnormalities appears to be symptomatically si- either indometacin 150 mg/day or ketoprofen
lent in the majority of patients. 300 mg/day for 1 month.[33] There was a significant

NSAIDs have also been shown to increase the increase in the number of 24-hour pH measurements
risk of lower GI adverse events such as bleeding, during which a pH <3 was observed following
perforation, obstruction, ulceration and symptomat- 1 month of NSAID therapy in these patients
ic diverticular disease.[25-27] NSAIDs may also play a (11 440 pH readings vs 10 339 at baseline;
role in the relapse of inflammatory bowel disease.[28] p < 0.001). The NSAID-associated increase in gas-
However, this review focuses on the upper GI toxic- tric acidity appears to occur rapidly following the
ities associated with NSAID therapy. start of therapy. In a study of 11 healthy volunteers,

indometacin 50mg, taken every 8 hours for
3. Pivotal Role of Gastric Acid in the ten doses, led to a significant increase in acid secre-
Upper GI Adverse Effects of NSAIDs tion from 4.9 mmol to 7.4 mmol/75 minutes

(p < 0.05).[34]Although NSAIDs may have topical effects on
the gastric mucosa, the predominant adverse GI Increased acidity of the gastric lumen appears to
effects induced by NSAIDs are a result of their be associated with an increased risk of mucosal
systemic ability to depress prostaglandin levels and damage. Shiotani et al.[35] investigated NSAID-asso-
consequently alter GI biology. ciated GI mucosal damage endoscopically in

The gastric mucosa is protected against the acid 11 healthy volunteers. All subjects had normal-ap-
in the gastric lumen by a mucus layer that contains pearing gastric mucosa (no visible erosions) follow-
bicarbonate, which neutralises acid at the epithelial ing 3 days of placebo. In contrast, after receiving
surface.[29] Prostaglandins are important for main- naproxen 1000 mg/day for 3 days, one subject had
taining the integrity of the mucus-bicarbonate layer, mild damage (haemorrhages only), two had severe
which means that inhibition of prostaglandin syn- damage (three or more areas of gastric erosion) and
thesis by NSAIDs is likely to lead to compromise of three had very severe damage (widespread erosions,
this protective barrier. If small mucosal erosions do development of ulcers or erosions >4mm). Impor-
occur, these are normally repaired by proliferation tantly, there was a significant inverse relationship
of surface epithelial cells, which is a process that is between fasting gastric pH and the severity of
also partly regulated by prostaglandins. A mucoid naproxen-induced damage (figure 2).[35] Similarly,
cap, comprising mucus, fibrin and cell debris, forms indometacin-induced gastric mucosal damage in rats
over regions of superficial mucosal damage and was inversely associated with luminal pH (figure
provides a less acidic (pH 4–6) environment that 3).[36] In this study, mucosal damage was signifi-

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (2)
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to elderly patients because of the higher incidence of
arthritis and musculoskeletal syndromes in this pop-
ulation. In a meta-analysis by Gabriel et al.,[40] the
summary odds ratio for GI complications associated
with non-aspirin NSAID therapy was 5.52 among
patients aged ≥60 years, compared with 1.65 for
patients aged <60 years.

4.2 Choice of NSAID

It is apparent from many studies that individual
NSAIDs are associated with different incidences of
upper GI adverse events. A meta-analysis of
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Fig. 2. The relationship between gastric luminal pH and the severity
of gastric mucosal damage in healthy volunteers after receiving
naproxen 1000mg for 3 days.[35] 17 studies published between 1990 and 2001

demonstrated that aspirin carries an upper GI muco-
cantly greater at a luminal pH of 2 or 4, compared sal injury risk, even when taken at low thrombopro-
with at a luminal pH of 5.5 or 7.0. phylactic doses, or in buffered or enteric formula-

tions.[42] The overall RR of aspirin-associated upperTherefore, NSAIDs have multiple effects on GI
GI complications was 2.2 for cohort and nestedbiology that may act in concert to potentiate the risk
case-control studies, and 3.1 for non-nested, case-for GI mucosal damage. Firstly, the reduction in
control studies. The study also found that althoughprostaglandin levels resulting from COX inhibition
analgesic/anti-inflammatory doses of >300 mg/dayby NSAIDs leads to a compromise in the barrier that
aspirin carried a greater risk than cardiovascularprotects the gastric mucosa from acid damage. Sec-
doses of <300 mg/day, users of low-dose aspirinondly, prostaglandin depletion leads to increased
faced a 2-fold increased risk of upper GI complica-gastric acidity, thus increasing the risk of mucosal
tions with no clear dose-response effect.damage. Increased gastric acidity may also contrib-

ute to the upper GI symptoms associated with Henry et al.[43] performed a meta-analysis of 12
NSAID therapy. The most convincing evidence that studies to compare the RR of serious upper GI
gastric acidity is a contributing factor to NSAID- complications in patients receiving 14 different non-
associated mucosal damage and upper GI symptoms selective NSAIDs (of which 11 were compared with
is found in the results of clinical studies that show ibuprofen). Ibuprofen was associated with the low-
acid-suppression therapies to be effective in the est risk, with other drugs producing a 1.6–9.2-fold
prevention and treatment of these outcomes. The increase in risk relative to ibuprofen (table I). In a
findings of these studies are discussed later in this further meta-analysis, the RR of developing GI
review.

4. Risk Factors for NSAID-Associated
Upper GI Adverse Events

A number of risk factors have been identified that
are associated with the risk of developing upper GI
adverse events during NSAID therapy. These are
discussed briefly in this section.

4.1 Age

Advanced age is a significant risk factor for
developing upper GI adverse events while receiving
NSAID therapy.[37-41] This is of particular impor-
tance, since NSAIDs are more commonly prescribed

2.0 4.0 5.5 7.0
0

1

2

3

4

pH of gastric lumen

G
as

tr
ic

 m
uc

os
al

 a
re

a 
w

ith
 m

ac
ro

sc
op

ic
 

ha
em

or
rh

ag
ic

 le
si

on
s 

(%
)

Fig. 3. The effect of gastric luminal pH on indometacin-induced
mucosal damage in rats.[36]
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Table I. Results of a meta-analysis to compare the risk of developing serious upper gastrointestinal complications while receiving various
non-selective NSAIDs. Ibuprofen was associated with the lowest risk and so was used as a comparator in this analysis (reproduced from
Henry et al.,[43] with permission from the BMJ Publishing Group)

Drug No. of studies Pooled relative risk (95% CI) p-Value (heterogeneity)
Ibuprofen NA 1.0 NA

Fenoprofen 2 1.6 (1.0, 2.5) 0.310

Aspirin (acetylsalicylic acid) 6 1.6 (1.3, 2.0) 0.685

Diclofenac 8 1.8 (1.4, 2.3) 0.778

Sulindac 5 2.1 (1.6, 2.7) 0.685

Diflunisal 2 2.2 (1.2, 4.1) 0.351

Naproxen 10 2.2 (1.7, 2.9) 0.131

Indometacin 11 2.4 (1.9, 3.1) 0.488

Tolmetin 2 3.0 (1.8, 4.9) 0.298

Piroxicam 10 3.8 (2.7, 5.2) 0.087

Ketoprofen 7 4.2 (2.7, 6.4) 0.258

Azapropazone 2 9.2 (4.0, 21.0) 0.832
NA = not applicable.

complications was significantly higher for patients Nevertheless, while the overall incidence of pep-
tic ulcers and ulcer complications are reduced withreceiving the indolic derivative indometacin (RR =
coxibs relative to non-selective NSAIDs, the risk of2.25) than for those receiving naproxen (RR = 1.83),
gastroduodenal injury is not eliminated.[47,48] Addi-diclofenac (RR = 1.73), piroxicam (RR = 1.66),
tionally, although the use of coxibs is associatedtenoxicam (RR = 1.43), meloxicam (RR = 1.24) or
with less severe dyspeptic-type GI symptoms thanibuprofen (RR = 1.19) [all comparisons were rela-
non-selective agents and is better tolerated in thistive to non-users of NSAIDs].[44]

regard, it does not eliminate the risk of adverse
The theory behind the development of coxibs, upper GI symptoms.[55,56] In an analysis of

was that by sparing COX-1, these drugs would have eight randomised, double-blind studies, rofecoxib
equivalent efficacy but a better GI tolerability pro- was associated with an increased incidence of upper
file than non-selective NSAIDs. This hypothesis has GI symptoms compared with placebo.[56]

been partially confirmed for the coxibs rofecoxib More recently developed (‘second-generation’)
and celecoxib in clinical studies that assessed gas- coxibs (etoricoxib, valdecoxib, parecoxib and
troduodenal damage (perforations/ulcers/bleeding) lumiracoxib) appear to have enhanced biochemical
in patients with osteoarthritis or rheumatoid arthri- COX-2 selectivity compared with first-generation
tis.[45-52] In patients with rheumatoid arthritis, treat- coxibs (rofecoxib and celecoxib).[57] The ‘second-
ment with rofecoxib was associated with signifi- generation’ coxibs have been demonstrated to pro-
cantly fewer clinically important upper GI events duce a lower incidence of ulcer complications[58-62]

than treatment with naproxen, a non-selective or discontinuations as a result of dyspepsia[63] than
NSAID.[47] Similarly, in a pooled analysis of non-selective NSAIDs. The enhanced COX-2 selec-
14 randomised, double-blind, controlled trials in tivity of these agents may lead to an improved GI

safety profile over rofecoxib and celecoxib, al-patients with osteoarthritis or rheumatoid arthritis,
though few prospective comparative studies haveand a separate open-label study in patients with
been performed to date. In one study, the risk ofarthritis, the incidence of upper GI ulcer complica-
developing gastroduodenal ulcers with lumiracoxibtions associated with celecoxib was 8-fold lower
was significantly lower than that for ibuprofen, butthan with non-selective NSAIDs.[48] Other studies
similar to that for celecoxib.[64]

have shown that treatment with coxibs is also asso-
ciated with significantly fewer discontinuations as a Therefore, coxibs minimise, but importantly do
result of overall GI adverse events than non-selec- not eliminate, upper GI complications associated
tive NSAIDs.[53,54] with non-selective NSAIDs. However, concerns
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have been expressed regarding the cardiovascular A further class of COX-inhibiting drugs is in
safety of coxibs.[65,66] COX-1 and COX-2 play an development. This class, which includes the agent
important role in the maintenance of cardiovascular licofelone, inhibits COX-1 and COX-2, in addition
haemostasis. COX-1-derived thromboxane A2 to 5-lipoxygenase (5-LOX). The 5-LOX pathway
(TxA2) promotes platelet aggregation, vasoconstric- acts on arachidonic acid to produce proinflammato-
tion and smooth muscle cell proliferation.[67] In con- ry leukotrienes. Therefore, dual inhibition of both
trast, COX-2-derived prostacyclin inhibits platelet COX and 5-LOX simultaneously blocks two impor-
aggregation and smooth muscle cell proliferation, tant inflammatory pathways. Licofelone 200mg or
and promotes vasodilation.[68] Therefore, by inhib- 400mg twice daily was assessed against placebo and
iting prostacyclin synthesis while having no effect naproxen 500mg twice daily in a 4-week study in
on TxA2synthesis, coxibs may shift the balance of 121 healthy volunteers.[74] Endoscopic data from
cardiovascular haemostasis towards a prothrombotic this trial showed that subjects given licofelone or
or proatherogenic state. A review by Mukherjee et placebo did not develop any ulcers, whereas ulcers
al.[69] found that annual myocardial infarction rates developed in 20% of subjects who were given
in patients taking coxibs were significantly higher naproxen.[74] Two separate studies in patients with
than in those taking placebo. Furthermore, Bombar- osteoarthritis confirmed this favourable tolerability
dier et al.[47] investigated adverse events in 8076 pa- profile.[75] The efficacy of licofelone in the treatment
tients who received rofecoxib or naproxen. The inci- of osteoarthritis was shown to be equivalent to
dence of myocardial infarction was found to be 4- naproxen in a long-term study conducted over
fold higher in the coxibs group.[47] 52 weeks.[75] Licofelone is currently in phase III

trials, but the data available indicate that with itsIt was initially unclear whether the difference in
proven efficacy and favourable GI safety profile itcardiovascular events was due to an increased risk
could offer significant advantages over current anti-with rofecoxib or a cardioprotective activity of
inflammatory therapies. Other drugs in the samenaproxen. However, recent data obtained from stud-
class are also currently undergoing early phaseies of patients with colorectal adenoma showed that
clinical trials.both rofecoxib and celecoxib are associated with

increased risk of cardiovascular events compared
4.3 Dose of NSAIDwith placebo.[70,71] Furthermore, parecoxib and

valdecoxib increased the risk of cardiovascular
In the meta-analysis by Henry et al.,[43] a positive

events following use in patients who had undergone
correlation was found between the dose of

coronary artery bypass graft surgery.[72]
ibuprofen, naproxen and indometacin, and the RR of

Unfavourable cardiovascular risk data have led to GI complications. Although, overall, ibuprofen was
an urgent re-evaluation of the use of coxibs in found to have the lowest risk of GI complications
clinical practice, which may result in many patients among the 14 non-selective NSAIDs considered in
currently receiving these agents being switched to this analysis, no advantage was observed with dos-
non-selective NSAID therapy. Further studies are ages of ibuprofen >1600 mg/day.
required to determine the relative cardiovascular
safety of other coxibs to determine whether the 4.4 Duration of NSAID Therapy
increased risks are found for all drugs in the class. In
the meantime, the US FDA requests that manufac- The risk of developing GI adverse events while
turers of all marketed prescription NSAIDs revise receiving NSAIDs appears to increase with the dura-
product labelling to include a boxed warning high- tion of therapy.[38] In an endoscopic study of patients
lighting the potential for increased risk of cardiovas- with rheumatoid arthritis or osteoarthritis who had
cular events.[73] The FDA is also specifically encour- been receiving NSAIDs for between <1 and
aging physicians to limit use of coxibs to the lowest ≥15 years, a significant correlation was found be-
dose for the shortest duration possible.[73] Rofecoxib tween the prevalence of gastroduodenal ulcers and
has been removed from the US market and sales of the duration of NSAID use (p = 0.019).[37] Gas-
valdecoxib have been suspended. troduodenal ulcers were found in 13.8% of patients
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who had been receiving NSAIDs for <1 year, com- have indicated that prostaglandin-independent
pared with 25.9% of patients who had received mechanisms are likely to account for enhanced sus-
NSAIDs for ≥1 year. ceptibility to ulceration in H. pylori-positive pa-

tients.[80] In fact, H. pylori seemed to stimulate syn-
4.5 Previous History of Peptic Ulcer Disease or thesis of prostaglandin E2 by promoting mucosal
GI Bleeding inflammatory cell infiltration.

A previous history of peptic ulcer disease or GI 4.8 Other Factors
bleeding is a significant risk factor for developing

Other factors that have been suggested to beGI adverse events while receiving NSAIDs.[40,76] In
associated with a higher likelihood of developing GIa registry-based cohort study, Hallas et al.[76] found
adverse events while receiving NSAIDs include un-a 5-fold higher risk of upper GI bleeding in patients
derlying rheumatic disease, cardiovascular disease,taking NSAIDs who had a history of peptic ulcer,
smoking and alcohol consumption.[81]compared with patients who had no history of peptic

ulcer.
5. Options for the Management of
NSAID-Associated Upper GI4.6 Concurrent Corticosteroid or
Adverse EventsAnticoagulant Use

Although the most obvious method of controllingConcurrent use of either corticosteroids or anti-
NSAID-associated GI toxicity is discontinuation ofcoagulants is associated with a significant increase
NSAID therapy, this is rarely possible or tolerated inin the risk of GI symptoms during NSAID ther-
patients with chronic diseases such as osteoarthritisapy.[40,77,78] Piper et al.[77] evaluated 1415 patients
or rheumatoid arthritis because of the chronicallyhospitalised with gastric ulcer, duodenal ulcer or GI
painful nature of the underlying disease. Althoughhaemorrhage and found that patients who were con-
NSAID-associated upper GI toxicities, and the con-comitant users of corticosteroids and NSAIDs were
sequent reduction in quality of life, cause many15 times more likely to develop peptic ulcer disease.
patients to discontinue NSAID therapy, this mayThis increased risk was not observed in patients
lead to deterioration in the arthritic condition andreceiving corticosteroids alone. In a retrospective
increased pain. Therefore, in at-risk patients, thera-cohort study, the RR of haemorrhagic peptic ulcer
peutic options are required that allow continueddisease was 12.7 in patients receiving concurrent
NSAID therapy by preventing or treating NSAID-NSAIDs and anticoagulants, compared with those
related upper GI toxicity. Three classes of drug havereceiving neither of these drugs.[78]

shown efficacy in this treatment setting: pros-
taglandin analogues, histamine H2 receptor antago-4.7 Infection with Helicobacter pylori
nists and proton pump inhibitors (PPIs).

The relationship between Helicobacter pylori in-
fection and the use of NSAIDs in the pathogenesis 5.1 Prostaglandin Analogues
of peptic ulcer disease is controversial. A recent

The upper GI toxicity of NSAIDs is related tometa-analysis of 463 trials has shown that, com-
their inhibition of prostaglandin synthesis. There-pared with H. pylori-negative, non-NSAID users,
fore, it would be expected that coadministration ofH. pylori-positive NSAID users were >60 times
prostaglandins or prostaglandin analogues wouldmore likely to develop peptic ulceration.[79] The
reduce the upper GI adverse effects of NSAIDs.authors also found that H. pylori and NSAID use

5.1.1 Prevention of Ulcerssignificantly increased the risk of ulcer bleeding by
1.79-fold and 4.85-fold, respectively, and when the Misoprostol is an analogue of prostaglandin E1,
two factors were combined the RR increased to which reduces the incidence of NSAID-associated
6.13. The results of a study investigating the influ- gastric and duodenal ulcers.[82-84] In the MUCOSA
ence of H. pylori colonisation on gastric mucosal (Misoprostol Ulcer Complications Outcome Safety
eicosanoid synthesis in patients taking NSAIDs Assessment) study, 8843 patients with rheumatoid
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5.2.2 Healing of Ulcersarthritis who were receiving NSAID therapy were
The effect of ranitidine on the healing of NSAID-randomised to receive misoprostol 200µg four times

associated ulcers was investigated among 190 pa-daily or placebo for 6 months.[82] In this study,
tients with confirmed peptic ulcers who weremisoprostol produced a 40% reduction in ulcer com-
randomised to continue or cease NSAID therapy; allplications compared with placebo (odds ratio 0.598;
patients received ranitidine.[90] After 8 weeks of95% CI 0.364, 0.982; p = 0.049). However, mis-
treatment, gastric ulcers had healed in 95% of pa-oprostol use is associated with adverse effects, par-
tients who had stopped NSAID therapy, comparedticularly diarrhoea and dyspepsia, that limit patient
with 63% in the patients who continued NSAIDacceptance of the drug. In the MUCOSA study, 20%
therapy (p = 0.001). For duodenal ulcers, the healingof patients receiving misoprostol withdrew within
rates were 100% and 84% in patients who hadthe first month of treatment, of which 10% of total
ceased or continued NSAIDs, respectively (p =withdrawals were due to diarrhoea (compared with
0.006). Famotidine 40mg twice daily has also been4% of patients receiving placebo, p < 0.001) and 5%
shown to be effective for the healing and mainte-were due to dyspepsia (compared with 4% receiving
nance of NSAID-associated gastroduodenal ul-placebo, p > 0.20).[82]

cers.[91] After 12 weeks of treatment, gastroduodenal
healing rates associated with famotidine were 100%5.1.2 Conclusions
and 89% for 16 patients who had ceased NSAIDsMisoprostol is effective in the prevention of
and 88 patients who continued NSAIDs, respective-NSAID-induced gastroduodenal ulcers and ulcer
ly. The rate of relapse over the next 6 months forcomplications, but is poorly tolerated.
NSAID users with healed ulcers randomised to
famotidine was 26% compared with 53.5% for those5.2 Histamine H2 Receptor Antagonists
randomised to placebo (p < 0.05).

Histamine, acting via the H2 receptor, is an im-
5.2.3 Treatment of Upper GI Symptomsportant effector in gastric acid secretion. The key
H2 receptor antagonists have also shown activityrole that gastric acid plays in NSAID-induced ulcer

against upper GI symptoms in NSAID users. In ancomplications provides a rationale for using an-
open-label study, patients with NSAID-related dys-tisecretory therapies in treating or preventing these
peptic symptoms and/or peptic ulcer disease re-adverse effects. Ranitidine and famotidine are H2
ceived ranitidine 150mg twice daily or placebo for 4receptor antagonists that have been studied as poten-
weeks, with continued NSAID therapy.[92] Amongtial cotherapy for patients receiving NSAIDs.
patients who had dyspeptic symptoms but not peptic
ulcer disease, these symptoms were resolved in 26%5.2.1 Prevention of Ulcers
of patients receiving ranitidine, compared with 6%In two placebo-controlled studies, ranitidine
of patients receiving placebo (p < 0.02).150mg twice daily provided significant protection

against the development of NSAID-associated duo-
5.2.4 Conclusionsdenal ulcers but not gastric ulcers.[85,86] NSAID-

associated gastric ulcers occur more frequently than At standard doses, H2 receptor antagonists are
duodenal ulcers[37,87] and the relative lack of efficacy effective at preventing duodenal ulcers but not the
of standard ranitidine doses in preventing gastric more commonly occurring gastric ulcers, possibly
ulcers may be a result of poor acid suppression. At a because they do not adequately suppress acid secre-
standard dosage of ranitidine, the median pH in the tion. For healing of gastroduodenal ulcers, these
stomach over 24 hours is rarely >3.[88] Therefore, drugs appear to be more effective in patients who
higher doses of H2 receptor antagonists have been have ceased NSAID therapy. It is likely that in the
studied in this setting. In a 6-month study, famo- long term, efficacy of cotherapies in the prevention
tidine 40mg twice daily significantly reduced the and treatment of NSAID-associated upper GI toxici-
cumulative incidence of gastric and duodenal ulcers, ties will depend on sustained control of intragastric
compared with placebo.[89] pH. However, it has been demonstrated that the
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effect of ranitidine on acid suppression is reduced tive proportion of patients without ulcers at 6
following long-term therapy.[93] months was 94.8% for esomeprazole 20mg, 95.4%

for esomeprazole 40mg and 83.0% for placebo (p <
5.3 Proton Pump Inhibitors 0.0001 for both esomeprazole doses vs placebo). In

a retrospective analysis, the number needed to treat
PPIs provide more effective gastric acid control to prevent a gastric or duodenal ulcer occurring

than H2 receptor antagonists.[88] PPIs would, there- within 6 months in one patient was calculated as
fore, be expected to be effective cotherapies for nine and eight for esomeprazole 20mg and 40mg,
preventing NSAID-associated upper GI toxicity. respectively.[99]

5.3.1 Prevention of Ulcers
5.3.2 Healing of UlcersIn a 6-month study, 169 patients were randomis-

ed to receive either omeprazole 20mg or placebo, in Two large, randomised studies involving
addition to continued NSAID therapy.[94] The 1476 patients with NSAID-associated ulceration
probability of remaining free of gastroduodenal ul- showed that the PPI omeprazole can achieve superi-
cers, multiple gastroduodenal erosions and moder- or healing when compared with prostaglandin ana-
ate or severe dyspeptic symptoms was significantly logues and H2 receptor antagonists.[95,96] The larger
higher in the omeprazole group (0.78) than the pla- of these studies[95] randomly assigned 935 patients
cebo group (0.53; p = 0.004). At the end of the with an ulcer and on continuous NSAID therapy to
study, 14 patients (16.5%) in the placebo group had either omeprazole 20mg or 40mg once daily or
gastroduodenal ulcers, compared with 3 patients misoprostol 200µg four times daily for 4 weeks, or
(3.6%) in the omeprazole group. Other studies have in the absence of healing, 8 weeks. Successfully
shown that omeprazole 20mg is superior to both healed patients were then randomly reassigned to
misoprostol[95] and ranitidine[96] in the prevention of receive 6 months’ maintenance therapy with one of
gastroduodenal ulceration. A further study assessed the two acid suppressive agents. The authors found
the efficacy of lansoprazole 15mg and 30mg and that the rate of ulcer healing was significantly higher
misoprostol 200µg four times daily versus placebo in the omeprazole group than in the misoprostol
in the prevention of NSAID-associated ulcers. After group. In addition, a greater proportion of patients
4, 8 and 12 weeks of treatment, the percentage of on omeprazole maintenance therapy remained in
ulcer-free patients was significantly higher in the remission than in the misoprostol group. Identical
misoprostol and lansoprazole groups than in the inclusion criteria were used for the second study,[96]

placebo group.[97] There was no significant differ- but in this study patients received either omeprazole
ence between the active treatments in this study. 20mg or 40mg once daily or ranitidine 150mg twice

Two identically-designed, placebo-controlled daily. The authors found that the rate of healing for
studies comprising a total of 1429 patients were all lesion types was higher with omeprazole than
carried out to determine the efficacy of es-

with ranitidine. In addition, following maintenance
omeprazole 20mg or 40mg in the prevention of

therapy, the estimated proportion of omeprazole pa-gastroduodenal ulcers in patients on long-term
tients in remission was 72%, compared with 59% forNSAID therapy.[98] Patients recruited to these stud-
ranitidine.ies were required to be at increased risk of develop-

Similar studies have also been conducted thating NSAID-associated ulcers, either because of ad-
compared lansoprazole with ranitidine and mis-vanced age (≥60 years) or because of a history of
oprostol for the healing of ulcers. A large multicen-ulcers in the previous 5 years. Both doses of es-
tre trial assessed lansoprazole 15mg and 30mg onceomeprazole were significantly more effective than
daily and ranitidine 150mg twice daily for the heal-placebo at preventing gastroduodenal ulcers; this
ing of ulcers in patients continuing to takewas true for the overall population and also for
NSAIDs.[100] After 8 weeks the percentage of healedsubsets of this population that were taking either
patients was significantly higher in both lan-non-selective NSAIDs or coxibs. For patients taking
soprazole groups compared with ranitidine.any kind of NSAID, the life table estimated cumula-

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (2)



Acid Control Aids for Preventing GI Adverse Effects of NSAIDs 129

5.3.3 Treatment of Upper GI Symptoms ment, that all patients who have had previous proven
Two identically-designed studies have demon- peptic ulceration should have prophylactic co-ther-

strated that cotherapy with a PPI provides effective apy while taking NSAIDs, and that all patients with
symptom relief and improved health-related quality two risk factors other than past history should have
of life in ulcer-free patients with NSAID-associated prophylactic co-therapy if they use non-selective
upper GI symptoms.[101,102] These studies are the NSAIDs”.[103] The statement concludes that “it is the
first with the primary objective of studying upper GI level of acid suppression achieved, rather than a
symptoms in users of NSAIDs, including coxibs, class-specific action that underlies the effectiveness
who are without a current or previously diagnosed of PPIs, and for patients with NSAID-associated
ulcer and without a history of gastroesophageal re- dyspepsia, ulcer complications should be treated
flux disease (GERD). Patients who were ulcer free with a PPI because this provides ulcer protection as
with a chronic condition requiring continuous daily well as symptom relief”.[103]

NSAIDs and consequently suffering from moderate-
to-severe upper GI symptoms of pain, burning or 6. Conclusion
discomfort in the upper abdomen were randomised

The usefulness of NSAID therapy is compro-to esomeprazole 40mg, esomeprazole 20mg or pla-
mised by adverse GI and cardiovascular effects.cebo once daily for 4 weeks. The authors found that
Given the association between gastric acid andboth doses of esomeprazole were significantly more
NSAID-associated upper GI adverse effects, effec-effective than placebo in relieving upper GI symp-
tive acid control with concomitant therapy may betoms, which was the primary endpoint of the studies.
necessary. PPIs provide effective acid suppressionAdditionally, in the study by Hawkey et al.,[101]

and can, therefore, substantially reduce morbidityhealth-related quality of life and symptom assess-
and mortality in NSAID users. Physicians should bements were made using the Quality of Life in Reflux
aware of the risk factors for upper GI adverse effectsand Dyspepsia (QOLRAD) instrument, the Gastro-
in patients taking NSAIDs, and the efficacy andintestinal Symptom Rating Scale (GSRS) and the
tolerability profiles of treatments. This will allowShort Form-36 (SF-36). The authors found that the
preventative acid suppressive therapy to be initiatedstudy population scored significantly lower on all
in appropriate patients.dimensions of the SF-36 than reference populations

of healthy individuals or patients with GERD. Es-
Acknowledgementsomeprazole significantly improved health-related

quality of life and upper GI symptoms on QOLRAD
Both authors are employees of AstraZeneca. AstraZeneca

and GSRS dimensions, respectively, and both doses manufactures the proton pump inhibitors omeprazole and
of esomeprazole produced greater improvements esomeprazole. We thank Cathy Saunders from Adis Commu-

nications, who provided medical writing support on behalf ofcompared with placebo in the QOLRAD dimensions
AstraZeneca.‘vitality’ and ‘physical/social functioning’.
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