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Nonsteroidal Anti-Inflammatory Drugs: Adverse Effects and
Their Prevention

Harald E. Vonkeman, MD, PhD,* and
Mart A.F.J. van de Laar, MD, PhD†

Objectives: To discuss nonsteroidal anti-inflammatory drugs (NSAIDs), their history, de-
velopment, mode of action, toxicities, strategies for the prevention of toxicity, and future devel-
opments.
Methods: Medline search for articles published up to 2007, using the keywords acetylsalicylic acid,
aspirin, NSAIDs, cyclooxygenase 2, adverse effects, ulcer, and cardiovascular.
Results: NSAIDs are 1 of the oldest, most successful drugs known to modern medicine. They are
effective for alleviating pain, fever, and inflammation by inhibiting prostaglandin synthesis. Aspi-
rin, by its irreversible inhibition of blood platelet function, is also effective in the prevention of
cardiovascular disease. NSAIDs may cause gastrointestinal ulcers, serious cardiovascular events,
hypertension, acute renal failure, and worsening of preexisting heart failure. These adverse effects
may be prevented by limiting NSAID dosage and duration and by performing individual risk
assessments and treating patients accordingly. Those at risk for gastroduodenal ulcers may be
treated with concomitant proton-pump inhibitors, misoprostol and/or COX-2 selective NSAIDs.
Those at risk for cardiovascular events may be treated with naproxen and a proton-pump inhibitor
or misoprostol, but should best avoid NSAID use altogether.
Conclusions: Physicians should always prescribe the lowest effective dose for the shortest possible
time and must take into account both the gastrointestinal and the cardiovascular risks of individual
patients when prescribing NSAIDs.
© 2010 Elsevier Inc. All rights reserved. Semin Arthritis Rheum 39:294-312
Keywords: NSAIDs, review, history, toxicity, prevention
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onsteroidal anti-inflammatory drugs (NSAIDs)
have been successfully used for the alleviation of
pain, fever, and inflammation for at least 3500

ears and continue to be used daily by millions of patients
orldwide. NSAID use is, however, associated with sev-

ral serious treatment side effects, with considerable asso-
iated morbidity and mortality. Many of these side effects
ay be prevented by careful consideration of the patient’s
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isk factors and by subsequent implementation of preven-
ive strategies.

ETHODS

e searched Medline for English-language articles pub-
ished up to 2007, using the keywords acetylsalicylic acid,
spirin, NSAIDs, cyclooxygenase-2, adverse effects, ulcer,
nd cardiovascular. The abstracts were screened for rele-
ance and the publications relating to aspirin and
SAIDs were obtained. Additional references were iden-

ified from the bibliographies of the retrieved reports and
rom review articles. Further sources of information were
etrieved from the internet.

ESULTS

he Age of Aspirin

he use of nonsteroidal anti-inflammatory substances

redates the dawn of modern medicine. The earliest
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nown references to the medicinal use of myrtle and wil-
ow tree bark, original sources of aspirin-like compounds,
an be traced back to the ancient Egyptians. The applica-
ion of willow tree bark for stiff and painful joints is rec-
mmended in the Ebers papyrus, a comprehensive 110-
age medical text, containing 877 treatises on various
hysical, mental, and spiritual diseases, which is dated to
he reign of Amenhotep I around 1534 BC (1). Hip-
ocrates of Cos (460-377 BC), who had spent several
ears in Egypt studying medicine, also noted that chewing
he bitter leaves of the willow tree reduced pain, and he
ecommended this remedy for women in labor. Subse-
uent ancient Greek physicians recommended willow
ree preparations, especially from the inner bark, for alle-
iating pain, fever, and inflammation (1-4).

Advocates of the Doctrine of Signatures attributed the
ealing force of nature to Divine Providence, which often
laced the cure next to the malady and left clues for its
iscovery (5). Christian metaphysics expanded this early
uropean philosophy in theology. According to the
hristian version, God had so set his mark on Creation

hat by careful observation one could learn the medicinal
ses of a plant from some aspect of its form or place of
rowing. The willow tree grows in damp regions where
ever (possibly malaria) was endemic and the flexibility of
ts “weeping” branches might suggest a further effect in
educing stiffness and inflammation of joints (2). As late
s 1763 AD, the reverend Edward Stone, a vicar from
hipping Norton in Oxfordshire, England, in following

he Doctrine of Signatures, successfully treated fever in 50
atients using “twenty grains (1 g) of powdered willow
ark in a dram of water every four hours” (6). In a letter to
he Earl of Macclesfield, then president of the Royal So-
iety in London, he subsequently presented the first sci-
ntific description of the effects of willow bark. However,
he report was regretfully attributed to the mathematician
dmund Stone, due to a misprint.
The following 100 years brought the industrial revolu-

ion and in its wake the birth of modern pharmaceutical
edicine. In 1828 Johann Andreas Buchner first isolated

alacin from willow bark. It was named after its source
Salix alba; the white willow) and was also discovered in
ther Salicaea, such as poplars and aspens (1,3). In 1838
affaelle Piria treated salacin to yield salicylic acid, which
as also found to occur naturally in some species of Spi-

aea (Spiraea ulmaria; meadowsweet). Salicylic acid was
ound to possess profound medicinal properties and soon
ecame a panacea despite causing severe gastric irritation,
leeding, and diarrhea (2). In 1853 a French chemist
amed Charles Frederic Gerhardt managed to buffer sal-

cylic acid to make it less gastrotoxic, a discovery that
emained obscure for nearly 50 years. In 1857 Hammond
olbe discovered how to synthesize salicylic acid de novo

nd, subsequently, by 1874 salicylic acid was produced on
n industrial scale (1,3).

Meanwhile, in 1863 Friedrich Bayer and Friedrich

eskott had founded a dye manufacturing company in p
uppental-Barmen in Germany. In 1886, the Bayer
ompany started producing phenacetin from dye manu-
acturing byproducts. Phenacetin was the first real anal-
esic to be marketed and Bayer’s pharmaceutical branch
ould eventually become the company’s core business

7). Phenacetin use, however, proved to be associated
ith increased risk of death due to urologic or renal dis-

ase and cancers, and its use was temporarily banned but
s restrictedly allowed at present. In 1948 paracetamol was
iscovered to be phenacetin’s major metabolite (8).
In 1899, a German chemist working for the Bayer

ompany named Felix Hoffmann rediscovered and per-
ected Gerhardt’s formula for acetylating salicylic acid.
fter trying the result on his father who was suffering

rom arthritic pain, Hoffmann convinced Heinrich Dre-
er, head of Bayer’s pharmacological division, to conduct
nimal experiments to establish the drug’s analgesic and
nti-inflammatory properties, properties that were con-
rmed by subsequent tests on patients at the Deaconess
ospital in Halle an der Saale (9). Acetyl salicylicacid, the
orld’s first truly synthetic drug, was patented on March
, 1899 and was called Aspirin: “A” from acetyl, “spir”
rom Spiraea ulmaria, and “in” as a then-typical name
nding for medicines (10).

Heinrich Dreser was initially reluctant to support aspi-
in, preferring to push another of Hoffmann’s discoveries
1). As it happened, 11 days after discovering aspirin in an
ttempt to manufacture codeine, again by acetylation,
offmann produced a potent acetylated synthetic of
orphine, which Bayer called heroin after the “heroic”

eeling it induced in volunteering Bayer employees. Aspi-
in and heroin were initially marketed side by side, heroin
eing the more successful painkiller, and commonly be-

ieved to be the healthier of the 2. Heroin found a large
arket share as a supposedly nonaddictive morphine sub-

titute and as children’s cough remedy. By 1899 Bayer
as producing a ton of heroin yearly, with exports to 23

ountries. Eventually in 1913, heroin’s obvious addictive-
ess and a sharp increase in heroin-related hospitaliza-
ions caused Bayer to end production. Recreational use
owever continued to expand. Supposedly, the term
junky” was coined to describe recreational heroin users
ho financed their addiction by selling scrap (junk)
etal.
As aspirin became ever more popular, Bayer opened a

roduction plant in 1903 in Albany, New York. As a first
xample of mass marketing of a pharmaceutical product,
ayer energetically promoted the drug to more than
0,000 doctors and also introduced the concept of celeb-
ity endorsement by recruiting Caruso and Kafka, the
atter claiming that aspirin “eased the unbearable pain of
eing” (7). Aspirin was relatively expensive at first, being
old as a powdered drug that was available over the
ounter from 1911. Cheaper mass produced aspirin tab-
ets were introduced in 1915.

From 1914 through 1916, pending the 1917 loss of

atent, Bayer introduced aggressive direct to consumer
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arketing to establish the brand name, but United States
ales collapsed when the U.S. entered the First World War
nd Bayer was accused of secretly attempting to poison
he American people. Under the “Trading with the En-
my” Act, Bayer U.S. was sold for $5.31 million to Ster-
ing Products, a company that would ultimately be ac-
uired by Bayer in 1994 (1). In the interim, however, the
.S. trademark was lost after a 1921 U.S. federal court

uled “aspirin” a genericized trademark. Nonetheless, as-
irin continued generating huge revenues. In 1940, the
ales of Bayer aspirin were approximately 100 million
eutsche Mark a year; in 1990 Bayer aspirin sold approx-

mately 800 million, while current estimates approximate
2 billion a year. The Aspirin Foundation states that an-
ual production is approximately 35,000 metric tons,
quivalent to over 100 billion standard aspirin tablets ev-
ry year, and that, since it was patented, a trillion (a mil-
ion billion) tablets have been consumed (11). However,
spirin’s inventor Felix Hoffmann reaped little rewards.
he German patent office had refused to patent aspirin in
900, considering the industrial process to be insuffi-
iently novel. Hoffmann’s contract with Bayer stated that
oyalties would only be paid on patented products, and
herefore, he received none. Conversely, Heinrich Dre-
er’s contract stated payment of royalties on marketed
roducts, allowing him to retire early a rich man (3).
Aspirin’s road to pharmaceutical glory was interrupted

y a 1938 publication in the Lancet by Douthwaite and
intott, who used rigid endoscopy to demonstrate aspi-
in-induced gastric damage in a series of patients (12).
oncern was raised further by subsequent reports on in-

reased bleeding during aspirin use. However, aspirin’s
mergent side effects were soon to be overshadowed by a
uge unexpected benefit; the inhibition of platelet aggre-
ation. In the late 1940s, Lawrence L. Craven, a general
ractitioner from Glendale, California, observed in-
reased bleeding in children who chewed aspirin gum
fter tonsillectomy. Craven inferred aspirin to be an effec-
ive prophylaxis of cardiovascular events and started pre-
cribing an aspirin a day to overweight middle-aged men
ith sedentary lifestyles and also to patients who had re-

overed from previous heart attacks. After supposedly
aving treated nearly 8000 patients and noting not a sin-
le myocardial infarction or stroke among them, Craven
ecommended aspirin as “a safe and effective method of
reventing coronary thrombosis” (13). His recommenda-
ions were largely ignored by the medical profession,
artly because they were published in rather obscure med-
cal journals such as the Mississippi Valley Medical Journal.
n 1968 O’Brian showed aspirin to inhibit human platelet
ggregation (14), and in 1974 systematic data showed
hat aspirin use was associated with a reduction in myo-
ardial infarction and stroke (15). But it was not until the
980s that the U.S. Food and Drug Administration
FDA) would finally endorse Dr. Craven’s recommenda-

ion (1). c
Nobel Mode of Action

hile aspirin’s analgesic, antipyretic, and anti-inflamma-
ory properties had been well recognized by the beginning
f the 20th century, its mode of action remained obscure
ntil the 1970s. Several pieces of the puzzle were still
issing. In 1935 the eminent Swedish physiologist Ulf

on Euler, and independently the British pharmacologist
.W. Goldblatt, had isolated prostaglandin from semi-

al fluid (16,17). Although in actuality produced in the
eminal vesicles, prostaglandin was initially thought to be
prostatic secretion, thus acquiring its name. In 1945,

on Euler met the young biochemist Sune Bergström at a
eeting of the Physiological Society of the Karolinska

nstitute in Stockholm, Sweden, and asked if he might be
nterested in studying some of his lipid extracts of sheep
esicular glands (18). Bergström purified the crude extract
nd in 1957, with his graduate student Bengt Ingemar
amuelsson, was able to isolate small amounts of prosta-
landin E1 and prostaglandin F1�.

By 1962, Bergström and Samuelsson had isolated and
etermined the structure of 6 different prostaglandins.
hey showed that the rapidly metabolized prostaglandins

ct locally and are involved in many processes that cause
nflammation after injury or illness, affect constriction
nd relaxation of blood vessels, regulate the constriction
f the uterus, and help to clot blood. Some unusual fea-
ures were found, namely that the same prostaglandins
ay act differently in different tissues, and that prosta-

landins often come in pairs with opposite actions. Berg-
tröm and Samuelsson went on to demonstrate how pros-
aglandins were produced in the body from essential fatty
cids: gamma-linolenic acid, arachidonic acid, and eico-
apentaenoic acid.

Progress was slow as prostaglandins were in limited
upply and their production time consuming. Fortu-
ately, Bergström’s efforts were greatly enhanced by a
enerous mode of international collaboration (19). In the
arly 1960s David van Dorp and Henk Vonkeman work-
ng at Unilever Research Laboratories in The Netherlands
lucidated the biosynthesis of prostaglandins from their
ssential fatty acid precursors, findings that they agreed to
hare and simultaneously published with Bergström in
964 (20,21).
In 1971, Sir John Robert Vane, then at the Royal Col-

ege of Surgeons in London and not yet Sir, showed that
spirin-like compounds act by inhibiting the production
f prostaglandins (22). For this discovery Vane shared the
982 Nobel Prize in Physiology or Medicine with Berg-
tröm and Samuelsson and received his subsequent
nighthood. Essentially, in humans, arachidonic acid is
obilized from cell-membrane glycerophospholipids by

hospholipase A2. The subsequent biotransformation of
rachidonic acid is catalyzed by prostaglandin G2/H2 syn-
hase, resulting in the sequential formation of prostaglan-
in G2 (PGG2) and prostaglandin H2 (PGH2) via the

yclooxygenase (COX) activities of the protein. Addi-
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ional tissue-specific prostaglandin synthases subse-
uently convert PGH2 into other prostaglandins and
hromboxane, each with different functions in different
issues. For example, PGD2 is involved in sleep regulation
nd allergic reactions; PGF2 controls the contraction of
he uterus during birth and menstruation, and thrombox-
ne A2 (TXA2) stimulates the constriction of blood vessels
nd induces platelet aggregation. Prostacyclin (PGI2) di-
ates blood vessels, inhibits platelet aggregation, and may
rotect against damage to the stomach lining; prostaglan-
in E2 (PGE2) is involved in pain, inflammation, and
ever and also protects against damage to the stomach.
ohn Vane and ensuing researchers demonstrated that by
locking the COX enzyme and consequently inhibiting
he biotransformation of arachidonic acid into prosta-
landin H2, aspirin effectuates its analgesic, antipyretic,
nd anti-inflammatory properties while conversely caus-
ng gastric damage and increased bleeding (23,24).

onsteroidal Anti-Inflammatory Drugs

n 1959 John Nicholson from the Boots Company had,
n collaboration with Stuart Adams, synthesized a drug
ith analgesic, antipyretic, and anti-inflammatory prop-

rties similar to aspirin. The drug was named ibuprofen
nd was marketed in 1969 under the brand name Brufen,
espite performing no better than placebo in an initial
linical trial among 18 rheumatoid arthritis patients
25,26). Ibuprofen would, however, prove to be one in a
ong series of very successful nonaspirin NSAIDs. Cur-
ently, approximately 50 different NSAID preparations
re available and, as a class, they are among the most
ommonly prescribed drugs worldwide.

NSAIDs are mainly indicated for mild to moderate
ain of somatic origin. Due to their anti-inflammatory
ffect, NSAIDs may be especially effective in inflamma-
ory diseases such as rheumatoid arthritis. Other indica-
ions include osteoarthritis, soft-tissue injury, renal colic,
ostoperative pain, and dental procedures. The efficacy of
SAIDs may vary by patient and by indication. In case of

nefficacy, substitution by a NSAID from a different
hemical class is a reasonable therapeutic option.

NSAIDs may be grouped as salicylates (with as prom-
nent member aspirin itself), arylalkanoic acids (diclo-
enac, indomethacin, nabumetone, sulindac), 2-aryl-
roprionic acids or profens (ibuprofen, flurbiprofen,
etoprofen, naproxen), N-arylanthranilic acids or fe-
amic acids (mefenamic acid, meclofenamic acid), pyra-
olidine derivates (phenylbutazone), oxicams (piroxicam,
eloxicam), sulfonanilides (nimesulide), and others. As a

roup, NSAIDs are structurally diverse and differ in phar-
acokinetic and pharmacodynamic properties, but ulti-
ately they share the same mode of action. Like aspirin,

onaspirin NSAIDs inhibit the production of prostaglan-
ins by blocking the COX enzyme, causing analgesic,
ntipyretic, and anti-inflammatory benefits, but at a risk

or increased gastric bleeding (27). u
However, aspirin and nonaspirin NSAIDs differ fun-
amentally in the way the COX enzyme is inhibited. As-
irin inhibits COX by noncompetitive and irreversible
cetylation, where an acetyl group is covalently attached
o a serine residue in the active site of the COX enzyme,
endering the COX enzyme permanently inaccessible for
he biotransformation of arachidonic acid into PG H2.
onversely, nonaspirin NSAIDs competitively and re-

ersibly inhibit the COX enzyme during only part of
heir dosage interval. This distinction is exemplified by
heir differential effects on platelet aggregation. Blood
latelets, unlike inflammatory cells, have no cellular
ucleus and are therefore unable to newly synthesize
OX. Aspirin will irreversibly block all COX on blood
latelets, permanently preventing the production of
XA2 and subsequently inhibiting platelet aggregation

or the duration of the platelets’ lifecycle, making aspi-
in a potent cardiovascular protective agent. Con-
ersely, as a result of their competitive reversible bind-
ng of the COX enzyme, nonaspirin NSAIDs do not
rovide significant long-term inhibition of blood
latelet aggregation.

he COX-2 Hypothesis

he suggestion of distinct isoforms of the COX enzyme,
ith differing sensitivities to NSAIDs, had been around

or some time when in 1989 Phillip Needleman identified
second cyclooxygenase isozyme, COX-2 (28). Appar-

ntly, COX-1 was constitutionally present in low abun-
ance in most human tissues, acting as a housekeeping
nzyme by regulating normal physiological processes such
s the maintenance of gastric mucosal integrity, kidney
unction, and platelet aggregation. Conversely, COX-2
as undetectable in most tissues under normal physiolog-

cal circumstances and was selectively upregulated after
xposure to inflammatory mediators or trauma, causing
ubsequent inflammatory responses and mediation of
ain. If this “COX-1 good, COX-2 bad” hypothesis were
rue, then a COX-2-selective NSAID would be an ideal
rug, with analgesic, antipyretic, and anti-inflammatory
enefits without gastric or other side effects.
In the early 1990s, radiograph crystallography clarified

he COX 3-dimensional structure, showing a long narrow
hannel, ending in a hairpin bend (Fig. 1) (29,30). Both
OX isozymes are membrane-associated and internalize

djacent arachidonic acid, which is released when mem-
rane damage occurs. Arachidonic acid is bound high
ithin the COX enzyme and is biotransformed via PG G2

nto PG H2, which is a subsequent substrate for other cell-
nd tissue-specific terminal enzymes, such as PGI2 syn-
hase, which produces prostacyclin, thromboxane syn-
hase, which produces thromboxane, and glutathione S-
ransferase, for the conversion to PG E2.

Most nonaspirin NSAIDs inhibit PG G2/H2 synthase
y blocking both COX-1 and COX-2 isozymes halfway

p their channel by binding an arginine molecule at po-
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ition 120, thereby inhibiting access of arachidonic acid
o the catalytic site and thus ultimately inhibiting the
ynthesis of prostaglandin, PGI2, and thromboxanes.
SAID binding at the arginine 120 site is competitive

nd reversible; the extent and duration of COX inhi-
ition depends on the drug’s half-life and concentra-
ion. COX-1 and COX-2 share the arginine 120 site
ut differ with respect to position 523. In COX-1,
osition 523 is taken up by a bulky isoleucine mole-
ule, while a smaller valine molecule at the same posi-
ion in COX-2 leaves room for a gap, or side-pocket, in
he channel’s wall (31). It was this side-pocket that
rovided the target for COX-2-selective NSAIDs. Spe-
ifically, rather bulky NSAIDs with a rigid side exten-
ion that would bind within the side-pocket would be
ble to access and block COX-2, but not the narrower
OX-1 enzyme. Also, the COX-2-selective covalent
inding within the COX-2 side-pocket would be semi-
rreversible, thus lastingly inhibiting access of arachi-
onic acid to the catalytic site (32). A number of phar-
aceutical companies tested and developed this

ypothesis and by 1995 the first generation of COX-
-selective NSAIDs, celecoxib (Celebrex®) and rofe-
oxib (Vioxx®), entered clinical trials.

SAID-Induced Gastroduodenal Toxicity

SAIDs are effective analgesic, antipyretic, and anti-in-
ammatory drugs, especially in arthritic diseases. How-
ver, their use is limited by serious side effects, most com-
on of which is gastroduodenal toxicity. The spectrum of
SAID-related gastroduodenal toxicity may be catego-

ized into 3 groups: (i) subjective symptoms like heart-

igure 1 Left: schematic representation of the inhibition of
OX-1 (large grey figure) by a nonselective NSAID (central
lack figure). The entrance channel to COX-1 is blocked by
he NSAID. Binding and transformation of arachidonic acid
bottom grey figure) within COX-1 is prevented. Middle:
nhibition of COX-2 by a nonselective NSAID (central black
gure). Right: inhibition of COX-2 by COX-2 selective NSAID
central black figure). The COX-2 side pocket allows specific
inding of the COX-2 selective NSAID’s rigid side extension.
he entrance channel to COX-2 is blocked. The bulkier COX-
-selective NSAID will not fit into the narrower COX-1 en-
rance channel, allowing uninhibited access of arachidonic
cid into COX-1. Adapted from Hawkey CJ. (31). (Color
ersion of figure is available online.)
urn, dyspepsia, nausea, and abdominal pain are most
ommon, occurring in 15 to 40% of NSAID users and
ausing 10% to change or discontinue their NSAID use;
ii) superficial gastroduodenal mucosal lesions such as ero-
ions and asymptomatic ulcers, occurring in 5 to 20% of
SAID users, which may heal spontaneously; (iii) serious

astroduodenal ulcers with life-threatening complications
ike perforation, symptomatic ulcers, and bleeding (per-
oration, ulcer, bleeding; PUB) occur in 1 to 2% of
hronic NSAID users, with an associated mortality rate of
0 to 15% (33-35).
Although topical gastroduodenal injury may occur,

ostabsorptive inhibition of gastrointestinal COX proba-
ly plays a more central role in the pathogenesis of
SAID-associated gastroduodenal ulcers. By inhibiting

astric COX-1, NSAIDs may reduce mucosal blood flow,
ausing local ischemic injury. NSAIDs may also impair
pecific prostaglandin-dependent defenses, which protect
he gastric mucosa, such as the thick bicarbonate-contain-
ng mucous layer lining the interior of the stomach, which
uffers luminal gastric acid and thus protects the stomach
all. When these defenses have been weakened by NSAID

nhibition of gastrointestinal COX-1, a second wave of in-
ury caused by luminal gastric acid may facilitate deeper ul-
eration, bleeding, and even perforation of the stomach wall
36). Strategies aimed at preventing NSAID gastropathy ei-
her help to maintain the integrity of the stomach wall and
ucous lining, such as the use of COX-2-selective NSAIDs

nd the concomitant administration of prostaglandin ana-
ogues, or alternatively inhibit the secretion of gastric acid,
uch as concomitant histamine H2-receptor antagonists or
roton-pump inhibitors (PPI).

Multiple studies have identified additional risk factors for
he development of NSAID ulcers (37,38). Assessment of
hese risk factors is recommended for identifying patients
ho should be considered for ulcer prophylaxis (37). Risk

actors include the following: a prior history of gastrointesti-
al events (increases risk 4- to 5-fold), patient’s age over 60
ears (risk, 5- to 6-fold), high dosage of NSAID (risk, 10-
old), concomitant use of corticosteroids (risk, 4- to 5-fold),
nticoagulants (risk, 10- to 15-fold), aspirin, platelet inhibi-
ors, and serotonin reuptake inhibitors (risk, 12- to 15-fold),

Table 1 The Five Most Important Risk Factors for the
Development of NSAID Ulcers, as Identified by a
Committee Appointed by the American College of
Gastroenterology

Additional Risk Factors for the Development of
NSAID Ulcers

Prior history of gastrointestinal events Risk 4- to 5-fold
Patient’s age over 60 years Risk 5- to 6-fold
High dosage of NSAID Risk 10-fold
Concomitant use of corticosteroids Risk 4- to 5-fold
Concomitant anticoagulants Risk 10- to 15-

fold

Assessment of these risk factors is recommended for identifying
patients who should be considered for ulcer prophylaxis.

Adapted from ref. 37.



i
s
t
m
t
a
p
n
(

T

I
“
R
t
e
I
s
c
l
I
d
m
(
c
w
H
a
t
2

N
l
s
r
t
m
u
p
s
h
t
m
h
n
h
w
f
N
c
l
g

N
u
d

a
w
u
m
t
(
e
r
e
h
p

n
o
t
s
m
e
p
u
p
c
2

p
p
e
w
2
5
c
i
p
f
b
p

N
d
a
p
m
i
c
r
w
(
t
f
u

N
a
t
t
4

H.E. Vonkeman and M.A.F.J. van de Laar 299
nfection with Helicobacter pylori, and comorbid conditions
uch as diabetes mellitus, heart failure, and rheumatoid ar-
hritis (Table 1) (37,38). Several studies have ranked com-
only prescribed NSAIDs for their relative gastrointestinal

oxicity. The order in which NSAIDs are ranked differs
mong studies. In 1 study the risk for gastrointestinal com-
lications appeared highest with indomethacin, followed by
aproxen, diclofenac, piroxicam, ibuprofen, and meloxicam
39). The risk is also related to the duration of treatment.

he Role of Helicobacter pylori Infection

n the early 1980s, at a time that prevailing dogma stated
no acid, no ulcer,” the Australian pathologist John
obin Warren observed the presence of proliferating bac-

eria on the gastric mucosa from mucosal biopsies and
stablished its close relationship to active chronic gastritis.
n 1982 a young gastroenterology fellow, Barry Marshall,
uccessfully collaborated with Warren and cultured and
lassified the gastric pathogen as an S-shaped campy-
obacter-like organism, now known as H. pylori (40,41).
n fulfilling Koch’s third and fourth postulates, Marshall
emonstrated that the bacteria could colonize normal
ucosa and could induce gastritis by ingested H. pylori

42) and developed acute gastritis, which was endoscopi-
ally and histologically confirmed 10 days later, after
hich he easily treated himself. The further association of
. pylori with peptic ulceration, and possibly with gastric

denocarcinoma, was first suggested by Marshall (40). For
heir discovery Warren and Marshall were awarded the
005 Nobel Prize in Physiology or Medicine.
The interaction between H. pylori and the use of
SAIDs in the development of gastroduodenal ulcers is

ess clear. H. pylori infection and NSAID use may repre-
ent independent but synergistic risk factors (43,44). A
ecent meta-analysis of 21 studies that evaluated the rela-
ionship between H. pylori and NSAIDs in the develop-
ent of gastroduodenal ulcers found that the risk for

ncomplicated ulcers was 4 times as high in H. pylori-
ositive compared with H. pylori-negative patients, irre-
pective of NSAID use (odds ratio, 4.03), and 3 times as
igh in NSAID users compared with nonusers, irrespec-
ive of H. pylori status (odds ratio, 3.10) (44). Further-
ore, the risk of uncomplicated ulcers was almost twice as

igh among H. pylori-positive compared with H. pylori-
egative NSAID users (odds ratio, 1.81), and 17.5 times
igher among H. pylori-positive NSAID users compared
ith H. pylori-negative nonusers. Possible explanations

or the increased risk of ulcers in H. pylori-positive
SAID users are deterioration of the mucosal barrier

aused by inflammation, increased acid secretion, a higher
evel of apoptosis in the infected mucosa, and decreased
astric adaptation to NSAIDs (45).

Whether eradication of H. pylori before, or during,
SAID treatment can reduce the risk of gastroduodenal

lcers has yet to be determined. Several studies have ad-

ressed these issues but results are inconsistent (46-50). In p
study by Francis Chan, 100 H. pylori-positive patients
ithout previous exposure to NSAIDs and no preexisting
lcers on endoscopy were randomized to naproxen 750
g per day for 8 weeks or to a 1-week course of triple

herapy for H. pylori, followed by naproxen treatment
46). H. pylori eradication was successful in 89% in the
radication group, and 0% in the naproxen group. At
epeated endoscopy after 8 weeks, 7% in the H. pylori
radication group and 26% in the naproxen-only group
ad ulcers (P � 0.01). In the eradication group, 2 of the 3
atients with ulcers had failure of H. pylori eradication.
In a second study by the same authors, 100 NSAID-

aïve patients with a positive urea breath test, dyspepsia,
r an ulcer history were randomized to omeprazole triple
herapy or omeprazole with placebo for 1 week, and sub-
equent diclofenac slow release 100 mg per day for 6
onths, followed by endoscopy (47). H. pylori had been

radicated in 90% in the eradication group, and 6% in the
lacebo group. The 6-month probability of endoscopic
lcers was 12% in the eradication group and 34% in the
lacebo group (P � 0.009). The 6-month probability of
omplicated ulcers was 4% in the eradication group and
7% in the placebo group (P � 0.003).
In a third study, 660 H. pylori-positive patients without

revious or current ulcers received diclofenac 50 mg twice
er day for 5 weeks and were randomized to 1 of 4 strat-
gies; triple therapy for 1 week followed by placebo for 4
eeks, triple therapy for 1 week followed by omeprazole
0 mg per day for 4 weeks, omeprazole 20 mg per day for
weeks, or placebo for 5 weeks (48). At repeated endos-

opy, all 3 active therapies were equally effective in reduc-
ng the occurrence of NSAID ulcers as compared with
lacebo (P � 0.05). In this study, lack of significant dif-
erence between the active therapy groups might have
een due to the overall low incidence of ulcers (6% in the
lacebo group) and the short study duration.
In a study by Chris Hawkey, 285 H. pylori-positive
SAID users with current or previous ulcers or with

yspepsia were randomized to omeprazole triple ther-
py or omeprazole with placebo for 1 week (49). All
atients were subsequently treated with omeprazole 20
g daily for another 3 weeks, at which time ulcer heal-

ng was endoscopically confirmed. NSAID use was
ontinued throughout the study and endoscopy was
epeated at 3 and 6 months. Patients in both groups
ere equally likely to remain ulcer free at 6 months

56% on placebo and 53% on triple therapy), and time
o treatment failure also did not differ. Unexpectedly,
ewer baseline gastric ulcers healed among patients who
nderwent H. pylori eradication.
In a study by de Leest, 347 H. pylori-positive long-term
SAID users were randomized to omeprazole triple ther-

py or placebo for 1 week (50). NSAID use was continued
hroughout the study and 48% were on concomitant gas-
roprotective medication. At endoscopy after 3 months,
% in the H. pylori eradication group and 5% in the

lacebo group had ulcers (P � 0.65). During 12 months
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300 NSAIDs, the balance of risks
ollow-up, no symptomatic ulcers or ulcer complications
ccurred. In this study, lack of significant difference be-
ween the active therapy and placebo groups might again
ave been due to the overall low incidence of ulcers.
The role of H. pylori seems to be different in NSAID-

aïve patients than in those on long-term NSAID treat-
ent. In NSAID-naïve patients, H. pylori increases the

isk for ulcers, whereas in long-term NSAID users, ulcers
ccur irrespective of H. pylori status. Epidemiological
tudies have shown that the risk for ulcers is substantially
ncreased during the first months of NSAID therapy. Pos-
ibly this excess risk occurs in a susceptible subgroup of H.
ylori-positive patients (47). These susceptible H. pylori-
ositive patients will likely discontinue their NSAID use,
reating a residual population of those who can tolerate
ong-term NSAID treatment irrespective of their H. pylori
tatus. Consequently, eradication of H. pylori does not
ffect the ulcer risk in patients who are already on long-
erm NSAIDs. However, H. pylori eradication before
SAID therapy might lower the ulcer risk in NSAID-

aïve patients.
Current recommendations regarding H. pylori testing

nd treatment in patients requiring NSAIDs are that pa-
ients with a history of gastroduodenal ulcers should be
ested for H. pylori before starting NSAID or aspirin ther-
py, and if present, H. pylori should be eradicated. In
symptomatic patients with no ulcer history and not cur-
ently taking NSAIDs, physicians may consider H. pylori
esting before starting long-term NSAID therapy. It is
ossible that successful H. pylori eradication in such indi-
iduals will reduce the risk of NSAID-related ulcer com-
lications. This “test-and-treat” approach may be most
ffective in populations with high prevalence of H. pylori
nfection.

revention of NSAID Gastroduodenal Toxicity

hen reviewing the evidence for gastroprotective strate-
ies in NSAID users, one has to make several distinctions.
irst, efficacy may be proven for the prevention of
ubjective symptoms, for endoscopic ulcers, or for se-
ious NSAID ulcer complications such as PUB. The
revention of subjective symptoms, such as dyspepsia
nd abdominal pain, is very relevant to clinical practice
s it affects up to 40% of NSAID users and may influ-
nce adherence to NSAID therapy (51). However, in
SAID users the occurrence of subjective symptoms is

oorly correlated with the development of gastroduo-
enal ulcers. Most NSAID users with subjective symp-
oms show no endoscopic gastroduodenal damage,
hile up to 58% of patients who present with life-

hreatening NSAID ulcer complications did not have
rodromal symptoms (52). Nonetheless, endoscopy is
ecommended in NSAID-using patients presenting
ith subjective symptoms like heartburn, dyspepsia,

nd abdominal pain.

Many gastroprotective strategies have proven efficacy s
or the prevention of endoscopic ulcers. However, most
ndoscopic ulcers cause neither symptoms nor complica-
ions and may heal spontaneously, even during continued
SAID use. The clinically relevant target for gastropro-

ective strategies is therefore the prevention of serious
SAID ulcer complications (PUBs), as these are associ-

ted with significant morbidity, mortality, and costs (53).
onversely, one may argue that an endoscopic ulcer is an

ntermediate in the causal chain from NSAID use to
UBs. In that case, the prevention of endoscopic ulcers
ay be viewed as a pseudo-outcome for the prevention of
UBs. However, none of the preventive strategies entirely
liminates the risk for endoscopic ulcers and one may
ostulate that it is exactly these remaining ulcers that may
erforate and bleed. In that case, extrapolation of the
revention of endoscopic ulcers to the prevention of
UBs may be a fallacy. Efficacy for the prevention of
erious NSAID ulcer complications has only been directly
roven for a few strategies, as PUBs are relatively rare,
aking the necessary studies very large and expensive.
A second distinction to be made is the difference be-

ween primary and secondary prevention of NSAID ul-
ers. Primary prevention concerns the prevention of
SAID ulcers in all patients starting on NSAID therapy,

r in those on NSAID therapy who have not had previous
SAID ulcers. Secondary prevention concerns the pre-

ention of recurrent NSAID ulcers in those with a (re-
ent) history of NSAID ulcers. Some of the studies prov-
ng the efficacy of gastroprotective strategies in preventing
UBs have been secondary prevention studies. Patients
ith a history of NSAID ulcers are by definition high-risk
atients. Extrapolation of results from secondary preven-
ion studies to the primary prevention of NSAID ulcers
ay overestimate efficacy and underestimate costs.

rimary Prevention of NSAID Ulcers

SAID-induced depletion of local endogenous gastrocy-
oprotective prostaglandins may be reversed by coadmin-
stration of prostaglandin E analogues such as misopros-
ol. Concomitant use of misoprostol has been shown to
ecrease the risk for both endoscopic NSAID ulcers and
erious NSAID ulcer complications. In 1 large study,
843 elderly NSAID-using rheumatoid arthritis patients
ere randomized to misoprostol 200 �g 4 times daily or
lacebo for 6 months (36). Serious NSAID ulcer compli-
ations (perforation, gastric outlet obstruction, bleeding)
ere reduced by 40% (odds ratio, 0.598; 95% CI, 0.364

o 0.982; P � 0.049; absolute risk reduction, 0.57%;
umber needed to treat, 175) among patients receiving
isoprostol compared with those receiving placebo.
owever, during the first month of treatment more pa-

ients receiving misoprostol (20%) than placebo (15%)
ithdrew from the study, primarily because of diarrhea

nd abdominal discomfort.
Other studies have demonstrated that the efficacy and
ide effects of misoprostol are dose dependent. In 1 study,
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200 long-term NSAID users were randomized to 1 of 4
egimens; placebo 4 times daily, 200 �g misoprostol twice
aily, and placebo twice daily, 200 �g misoprostol 3 times
aily and placebo once daily, and 200 �g misoprostol 4
imes daily, with upper gastrointestinal endoscopy for ul-
ers at 4, 8, and 12 weeks (54). The incidence of gastric
lcers was 15.7% with placebo, 8.1% with 400 �g miso-
rostol, 3.9% with 600 �g, and 4% with 800 �g. The

ncidence of duodenal ulcers was 7.5% with placebo,
.6% with 400 �g misoprostol, 3.3% with 600 �g, and
.4% with 800 �g. Withdrawal due to adverse events was
0% with 800 �g of misoprostol compared with 12%
ith 400 or 600 �g.
In a 2002 Cochrane systematic review, all doses of mi-

oprostol significantly reduced the risk of endoscopic
SAID ulcers (55). Misoprostol 800 �g/d was superior

o 400 �g/d for the prevention of endoscopic gastric ul-
ers, while a dose–response relationship was not seen for
uodenal ulcers. Misoprostol caused diarrhea at all doses,
lthough significantly more at 800 �g/d than 400 �g/d.

isoprostol 800 �g/d significantly reduced the risk of
SAID ulcer complications, such as perforation, bleed-

ng, or obstruction (55).
NSAID-induced gastroduodenal damage partly de-

ends on a low intraluminal gastric pH, and elevation of
he intragastric pH reduces the risk of gastroduodenal
lcers. The production of gastric acid can be inhibited
ith PPIs and histamine H2-receptor antagonists

H2RAs). PPIs are significantly more effective than
2RAs in achieving and sustaining an intragastric pH

bove 4.0 (56). Several studies have evaluated the efficacy
f concomitant use of PPIs on reducing the risk of
SAID ulcers. Concomitant PPIs have been shown to

revent endoscopic NSAID ulcers (55,57,58). PPIs are
etter tolerated but have lower efficacy than high-dose
isoprostol (57,59).
In one study, 537 long-term NSAID users were ran-

omized to placebo, misoprostol 800 �g/d, lansoprazole
5 mg/d, or lansoprazole 30 mg/d, with upper gastroin-
estinal endoscopy for ulcers at 12 weeks (57). The inci-
ence of endoscopic ulcers was 49% with placebo, 20%
ith lansoprazole 15 mg, 18% with lansoprazole 30 mg,

nd 7% with misoprostol. However, if withdrawals were
lassified like ulcers as treatment failures, misoprostol and
ansoprazole had equal efficacy.

One study directly compared the pharmacodynamic
fficacies of different PPIs in controlling intragastric acid-
ty in NSAID users (60). The mean percentage of time
uring a 24-hour pH monitoring period that the gastric
H was �4.0 was significantly greater with esomeprazole
74%) compared with lansoprazole (67%) and pantopra-
ole (61%). However, there have been few studies directly
omparing the efficacies of different PPIs in reducing the
isk of NSAID ulcers. In 1 study, 595 NSAID-using rheu-
atoid arthritis patients were randomized for pantopra-

ole 20 mg once daily, pantoprazole 40 mg once daily, or

meprazole 20 mg once daily (61). At 6 months, inci- f
ence of endoscopic ulcers was 10% with pantoprazole 20
g, 7% with pantoprazole 40 mg, and 11% with ome-

razole 20 mg.
There have been no studies demonstrating the efficacy

f PPIs in the primary prevention of serious NSAID ulcer
omplications.

Several studies have evaluated the efficacy of concomi-
ant use of H2RAs on reducing the risk of NSAID ulcers.
tandard doses of H2RAs are not effective for the preven-
ion of gastric NSAID ulcers, although they may prevent
uodenal ulcers (55,62). High doses of H2RAs may pre-
ent both gastric and duodenal endoscopic NSAID ulcers
55,63). In 1 study, 285 long-term NSAID users with
heumatoid arthritis or osteoarthritis were randomized
or famotidine 40 mg twice daily, famotidine 20 mg twice
aily, or placebo (63). At 24 weeks, the incidence of en-
oscopic gastric ulcers was 8% with famotidine 80 mg,
3% with famotidine 40 mg, and 20% with placebo, and
he incidence of duodenal ulcers was 2%, 4%, and 13%,
espectively.

Several studies have directly compared the effects of
oncomitant misoprostol and H2RAs on the risk of
SAID ulcers. Misoprostol 400 to 800 �g/d was shown

o be more effective than ranitidine 150 mg twice daily in
reventing endoscopic NSAID ulcers (64,65). Further-
ore, in direct comparison PPIs have also been shown to

e more effective than H2RAs in preventing endoscopic
SAID ulcers (66).
There have been no studies demonstrating the efficacy

f H2RAs in the primary prevention of serious NSAID
lcer complications.
With the discovery of the 2 COX isoenzymes, COX-1

nd COX-2, it was hypothesized that the continuous pro-
uction of local gastroprotective prostaglandins is mainly
OX-1 dependent, while the inducible production of in-
ammatory prostaglandins is mainly COX-2 dependent.
ost traditional NSAIDs were found to be nonselective

nhibitors of both COX isoforms (67). An ideal NSAID
ould selectively inhibit the inducible COX-2 isoform,

hereby reducing inflammation and pain, without acting
n the constitutive COX-1 isoform, thereby minimizing
oxicity. On the basis of this hypothesis, several COX-2-
elective NSAIDs were developed in the 1990s. Celecoxib
Celebrex®), rofecoxib (Vioxx®), and valdecoxib (Bex-
ra®) received FDA approval for use in rheumatoid arthri-
is and osteoarthritis, while celecoxib and rofecoxib were
lso approved for use in acute pain. Two other COX-2
elective NSAIDs, etoricoxib (Arcoxia®) and lumircoxib
Prexige®), received European approval for use in rheu-
atoid arthritis, osteoarthritis, and acute gout or osteoar-

hritis, respectively.
COX-2-selective NSAIDs demonstrate comparable

nalgesia and anti-inflammatory effects to nonselective
SAIDs in patients with rheumatoid arthritis and osteo-

rthritis (67-71). At their defined therapeutic doses,
OX-2-selective NSAIDs show at least a 200- to 300-
old selectivity for inhibition of COX-2 over COX-1
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302 NSAIDs, the balance of risks
67). Many studies have evaluated the efficacy of COX-
-selective NSAIDs on reducing the risk of NSAID ul-
ers. In 2000, 2 pivotal outcome studies, the Celecoxib
ong-term Arthritis Safety Study (CLASS) and VIoxx
astrointestinal Outcome Research study (VIGOR),
emonstrated that COX-2-selective NSAIDs decrease the
isk for both endoscopic NSAID ulcers and serious
SAID ulcer complications when compared with nonse-

ective NSAIDs (72,73).
In the CLASS study, 8059 rheumatoid arthritis and

steoarthritis patients were randomized to celecoxib
00 mg twice daily (2 and 4 times the maximal dose
pproved for rheumatoid arthritis and osteoarthritis,
espectively), ibuprofen 800 mg 3 times daily, or di-
lofenac 75 mg twice daily (72). Prophylactic aspirin
se was permitted. At 6 months, the annualized inci-
ence rates of NSAID ulcer complications alone and
ombined with symptomatic ulcers for celecoxib versus
SAIDs were 0.76% versus 1.45% (P � 0.09) and

.08% versus 3.54% (P � 0.02), respectively. For pa-
ients not taking aspirin, the annualized incidence rates
ere 0.44% versus 1.27% (P � 0.04) and 1.40% ver-

us 2.91% (P � 0.02), respectively. For patients taking
spirin, there were no significant differences (72).
owever, at the primary study endpoint at 12 months

here was no statistically significant reduction in
SAID ulcers or ulcer complications among patients

aking celecoxib. These final results of the CLASS
tudy were never officially published.

In the VIGOR study, 8076 rheumatoid arthritis pa-
ients were randomized for rofecoxib 50 mg daily (twice
he maximal dose approved for long-term use) or
aproxen 500 mg twice daily (73). During a median fol-

ow-up of 9.0 months, 2.1 gastrointestinal events per 100
atient-years (gastroduodenal perforation, obstruction,
leeding, and symptomatic ulcers) occurred with rofe-
oxib, as compared with 4.5 per 100 patient-years with
aproxen (relative risk, 0.5; 95% CI, 0.3 to 0.6; P �
.001). The rates of complicated events (perforation, ob-
truction, and severe bleeding) were 0.6 per 100 patient-
ears and 1.4 per 100 patient-years, respectively (relative
isk, 0.4; 95% CI, 0.2 to 0.8; P � 0.005). However, the
ncidence of myocardial infarction was higher in the ro-
ecoxib group than in the naproxen group (0.4% versus
.1%). Overall toxicity was higher with rofecoxib than
ith naproxen (73).
The Multinational Etoricoxib and Diclofenac Arthritis

ong-term program was a pooled intent-to-treat analysis
f 3 randomized comparisons of etoricoxib (60 or 90 mg
aily) and diclofenac (150 mg daily) in 34,701 rheuma-
oid arthritis or osteoarthritis patients (74). Overall, gas-
rointestinal events were significantly less common with
toricoxib than with diclofenac (hazard ratio, 0.69; 95%
I, 0.57 to 0.83; P � 0.0001). This was due to a signif-

cant decrease in uncomplicated ulcers with etoricoxib
hazard ratio, 0.57; 95% CI, 0.45 to 0.74; P � 0.0001),

ut there was no difference in perforation, obstruction, or w
leeding (hazard ratio, 0.91; 95% CI, 0.67 to 1.24; P �
.561). PPIs were used concomitantly for at least 75% of
he study period by 40% of the patients and low-dose
spirin by 33%, but treatment effects did not differ sig-
ificantly in these subgroups (74).
In the Therapeutic Arthritis Research and Gastrointes-

inal Event Trial, 18,325 osteoarthritis patients were ran-
omized to lumiracoxib 400 mg once daily, naproxen 500
g twice daily, or ibuprofen 800 mg 3 times daily for 52
eeks (75). In the patients not taking aspirin, the cumu-

ative incidence of serious NSAID ulcer complications
bleeding, perforation, or obstruction) was significantly
ower with lumiracoxib than with naproxen or ibuprofen
hazard ratio, 0.21; 95% CI, 0.12 to 0.37). However,
here was no significant difference in the patients concur-
ently taking aspirin. Furthermore, there were more myo-
ardial infarctions with lumiracoxib, especially as com-
ared with naproxen (0.38% versus 0.21%), although the
ifferences were not statistically significant (75).
Several tentative conclusions may be drawn from these

nd other studies. First, the use of COX-2-selective
SAIDs significantly reduces the risk of NSAID ulcers

nd of serious NSAID ulcer complications. However,
ong-term efficacy remains debatable. Second, concurrent
se of low-dose aspirin for primary or secondary preven-
ion of cardiovascular or cerebrovascular disease negates
he gastroprotective effect of COX-2-selective NSAIDs.
his observation may be directly related to effect of aspi-

in, which irreversibly blocks COX-1 in the gastrointesti-
al tract (76). Third, the use of COX-2-selective NSAIDs

ncreases the risk of myocardial infarction, as compared
ith the nonselective NSAID naproxen.

reatment of NSAID Ulcers

he development of upper gastrointestinal ulcer disease
n a patient on NSAID therapy should result in prompt
iscontinuation of the drug, followed by the initiation of
edical therapy to promote ulcer healing. Treatment op-

ions include gastric acid suppressants such as PPIs or
2RAs, and possibly cytoprotective drugs such as sucral-

ate and misoprostol. The patient’s H. pylori status should
lso be assessed, and if present, H. pylori should be eradi-
ated (37).

In certain patients discontinuation of NSAID therapy
ay not be possible. Several studies have evaluated the

fficacy of the medical therapy for ulcer healing during
ontinued NSAID therapy. Ulcer healing may occur
ore rapidly with PPIs than with H2RAs, misoprostol, or

ucralfate (77-79). In 1 study, 541 patients with NSAID
lcers or multiple gastroduodenal erosions who required
ontinuous NSAID therapy were randomized for treat-
ent with omeprazole 20 mg daily, omeprazole 40 mg

aily, or ranitidine 150 mg twice daily (77). At 8 weeks,
he rates of endoscopic ulcer healing were 80% with ome-
razole 20 mg, 79% with omeprazole 40 mg, and 63%

ith ranitidine 300 mg.
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In a second study, 935 patients with NSAID ulcers or
ultiple erosions who required continuous NSAID ther-

py were randomized for treatment with omeprazole 20
g daily, omeprazole 40 mg daily, or misoprostol 200 �g
times daily (78). At 8 weeks, endoscopic healing rates
ere comparable in all 3 groups, with successful treat-
ent in 76% with omeprazole 20 mg, 75% with omepra-

ole 40 mg, and 71% with misoprostol.
In a third study, 98 patients with NSAID ulcers who

equired continuous NSAID therapy were randomized
or treatment with omeprazole 20 mg daily or sucralfate
g twice daily (79). At 8 weeks, the rates of gastric ulcer
ealing were 87% with omeprazole versus 52% with su-
ralfate, while the rates of duodenal ulcer healing were
5% versus 73%.

econdary Prevention of NSAID Ulcers

he aim of secondary prevention strategies is the preven-
ion of recurrent NSAID ulcers in patients with a (recent)
istory of gastroduodenal ulcers who require continued
SAID therapy. A prior history of gastroduodenal ulcers

s a strong predictor for the occurrence of NSAID ulcers,
nd careful assessment of alternative treatment options
hould be undertaken before NSAID therapy is reiniti-
ted or continued.

Several studies have compared the efficacy of the
oncomitant use of PPIs, H2RAs, and misoprostol on
educing the risk of recurrent endoscopic NSAID ul-
ers (77,78,80). In the previously mentioned study on
SAID ulcer healing with omeprazole 20 mg, omepra-

ole 40 mg, or ranitidine 300 mg, the 432 patients in
hom initial treatment had been successful were then

andomized for 6 months of maintenance therapy with
ither omeprazole 20 mg daily or ranitidine 150 mg
wice daily (77). The proportion of patients who re-
ained in remission at 6 months was significantly

igher with omeprazole (72%) than with ranitidine
59%).

Likewise, in the study on NSAID ulcer healing with
meprazole 20 mg, omeprazole 40 mg, or misoprostol
00 �g, the 732 patients in whom initial treatment had
een successful were then randomized for 6 months of
aintenance therapy with either omeprazole 20 mg daily,
isoprostol 200 �g twice daily, or placebo (78). The

roportion of patients who remained in remission at 6
onths was significantly higher with omeprazole (61%)

han with misoprostol (48%) or placebo (27%). Halving
he misoprostol dosage for the maintenance phase may
ave biased the study in favor of omeprazole. However,
meprazole was still better tolerated than misoprostol.

These 2 studies allow some interesting additional ob-
ervations. First, during continued NSAID use following
uccessful initial treatment, the rate of recurrent endo-
copic ulcers was very high at 73% in 6 months with
lacebo. Second, although the efficacy of omeprazole 20

g daily was significantly better than ranitidine 150 mg o
wice daily or misoprostol 200 �g twice daily, the rate of
ecurrent endoscopic ulcers was still high at 28% and
9% in 6 months.
In 2 similarly designed studies, Verification of Esome-

razole for NSAID Ulcers and Symptoms (VENUS)
United States) and Prevention of Latent Ulceration
reatment Options (PLUTO) (multinational), 844 and
85 NSAID users, including COX-2-selective NSAIDs,
ere randomized to esomeprazole 20 mg, esomeprazole
0 mg, or placebo for 6 months (80). Patients were 60
ears or older and/or had documented ulcers in the pre-
ious 5 years (VENUS 20%, PLUTO 36%), but no ulcer
omplications in the 6 months before study entry, no
ndoscopic ulcers at baseline, and were H. pylori negative.
t 6 months, the estimated proportions developing endo-

copic ulcers were 20% and 12% with placebo, 5% and
% with esomeprazole 20 mg, and 5% and 4% with
someprazole 40 mg, for VENUS and PLUTO, respec-
ively. In these studies, ulcer rates for COX-2 selective
SAID users would have been expected to be lower than

or nonselective NSAID users. Interestingly, however, the
ooled ulcer rates for the 400 COX-2-selective NSAID
sers and 978 nonselective NSAID users were similar,
6.5% and 17% with placebo, 1% and 7% with esome-
razole 20 mg, and 4% and 5% with esomeprazole 40 mg.
atients using COX-2-selective NSAIDs did not have a
igher risk for developing NSAID ulcers than those using
onselective NSAIDs. The COX-2-selective and nonse-

ective groups had similar proportions of patients with an
lcer history (34 and 33%); mean age was slightly higher

n the COX-2 selective group (mean, 66.6 and 64.2
ears), but there were fewer low-dose aspirin users in the
OX-2-selective group (3% and 12%) (80).
Several studies have compared the efficacy of either a

OX-2-selective NSAID or the combination of a nonse-
ective NSAID with a PPI for the secondary prevention of

SAID ulcer complications (81-83). In 1 study, 287 H.
ylori-negative arthritis patients who had presented with
SAID ulcer bleeding were randomized after endoscop-

cally confirmed ulcer healing to celecoxib 200 mg twice
aily plus placebo or diclofenac 75 mg twice daily plus
meprazole 20 mg (81). The probability of endoscopi-
ally confirmed recurrent ulcer bleeding during a
-month follow-up was 4.9% with celecoxib and 6.4%
ith diclofenac plus omeprazole. Therefore, among high-

isk patients with a recent history of ulcer bleeding, treat-
ent with celecoxib was as effective as treatment with

iclofenac plus omeprazole for the prevention of recur-
ent bleeding, but neither strategy completely eliminated
he risk (81).

In an extension to the previous study, 222 (86%) of the
atients without recurrent bleeding within the study pe-
iod agreed to undergo follow-up endoscopy at their last
tudy visit (82). The probability of recurrent endoscopic
lcers in 6 months was 19% with celecoxib and 26% with
iclofenac plus omeprazole. With a combined endpoint

f bleeding and endoscopic ulcers, 24% with celecoxib
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304 NSAIDs, the balance of risks
nd 32% with diclofenac plus omeprazole had recurrent
lcers. Therefore, among high-risk patients with a recent
istory of ulcer bleeding, neither celecoxib nor diclofenac
lus omeprazole adequately prevented ulcer recurrence
81,82).

In a similar study, 224 H. pylori-negative patients who
ad presented with NSAID ulcer bleeding were random-

zed after endoscopically confirmed ulcer healing to cele-
oxib 200 mg once daily or naproxen 250 mg 3 times
aily plus lansoprazole 30 mg once daily (83). The cumu-

ative incidence of recurrent ulcer complications at 24
eeks was 3.7% with celecoxib and 6.3% with naproxen
lus lansoprazole.
One study compared the efficacy of either H. pylori

radication or concomitant PPI treatment for the second-
ry prevention of NSAID ulcer bleeding (84). This study
nrolled 400 H. pylori-positive patients, 150 with
SAIDs, and 250 with low-dose aspirin for cardiovascu-

ar prophylaxis, who had presented with ulcer bleeding.
nly the data for the 150 NSAID users will be presented

ere. After endoscopically confirmed ulcer healing with
meprazole 20 mg daily for 8 weeks or longer, patients
ere given naproxen 500 mg twice daily and then ran-
omized to omeprazole 20 mg daily for 6 months or 1
eek of H. pylori eradication therapy followed by placebo

or 6 months. The probability of recurrent NSAID ulcer
leeding during the 6-month follow-up period was 19%
or patients receiving eradication therapy and 4% for
hose treated with omeprazole (84).

Another study evaluated the efficacy of combination
reatment with a COX-2-selective NSAID and a PPI for
he secondary prevention of NSAID ulcer complications
n patients at very high risk for ulcer bleeding (85). In this
tudy, 441 H. pylori-negative arthritis patients who had
resented with NSAID ulcer bleeding were treated with
elecoxib 200 mg twice daily after endoscopically con-
rmed ulcer healing and were randomized for additional
someprazole 20 mg twice daily or placebo. The 13-
onth cumulative incidence of recurrent ulcer bleeding
as 0% with celecoxib and esomeprazole combination

herapy and 9% with celecoxib monotherapy (85). There-
ore, patients at very high risk for recurrent ulcer bleeding
ho need continued NSAID treatment might benefit

rom combination treatment with a COX-2-selective
SAID and a PPI.

econdary Prevention of Aspirin Ulcers

spirin 75 to 325 mg daily has proven efficacy in the
econdary prevention, and in selected patients primary
revention, of cardiovascular disease. However, patients
sing low-dose aspirin have a small increase in the risk of
ajor gastrointestinal bleeding. A meta-analysis of ad-

erse events of low-dose aspirin in 22 randomized pla-
ebo-controlled trials found a relative risk of 2.07 for
ajor gastrointestinal bleeding with aspirin, with an ab-
olute annual increase of 0.12% (86). With this low ab-
olute risk increase, the number needed to treat with as-
irin to cause 1 major gastrointestinal bleeding is 833.
herefore, strategies for the prevention of gastrointestinal
leeding should be targeted at high-risk patients. How-
ver, the general increase in use of aspirin, and particularly
he increasing use of aspirin for primary prevention of
ardiovascular disease, may now make it a bigger cause of
lcer bleeding than NSAIDs.
Different strategies have been evaluated for the preven-

ion of recurrent gastrointestinal bleeding in patients who
ontinue aspirin therapy (84,87,88). In 1 study, 123 H.
ylori-positive patients who had developed bleeding ul-
ers with low-dose aspirin were treated with H. pylori
radication therapy and then randomized to lansoprazole
0 mg daily or placebo in addition to aspirin 100 mg daily
87). At 12 months follow-up, the rate of recurrent ulcer
omplications was 1.6% with lansoprazole and 14.8%
ith placebo.
In another study, 320 H. pylori-negative patients who

resented with ulcer bleeding with low-dose aspirin were
andomized after endoscopically confirmed ulcer healing
o aspirin 80 mg daily plus esomeprazole 20 mg daily or
lopidogrel 75 mg daily plus placebo (88). Clopidogrel
ad previously been recommended as an alternative in
atients with major gastrointestinal complications with
spirin. At 12 months follow-up, the rate of recurrent
lcer bleeding was 0.7% with aspirin plus esomeprazole
nd 8.6% with clopidogrel.

One previously mentioned study compared the efficacy
f either H. pylori eradication or concomitant PPI treat-
ent for the secondary prevention of aspirin ulcer bleed-

ng (84). This study enrolled 400 H. pylori-positive pa-
ients, 250 with low-dose aspirin and 150 with NSAIDs,
ho had presented with ulcer bleeding. Only the data for

he 250 aspirin users will be presented here. After endo-
copically confirmed ulcer healing with omeprazole 20
g daily for 8 weeks or longer, patients were given aspirin

0 mg daily and then randomized to omeprazole 20 mg
aily for 6 months or 1 week of H. pylori eradication
herapy followed by placebo for 6 months. The probabil-
ty of recurrent ulcer bleeding during the 6-month fol-
ow-up period was 1.9% for patients receiving eradication
herapy and 0.9% for those treated with omeprazole (84).

ossible NSAID Prevention of Colon Cancer

large body of evidence has shown that aspirin and
SAIDs may inhibit colorectal carcinogenesis (89). The

vidence derives from animal models, epidemiological
tudies, intervention trials with NSAIDs in patients with
amilial polyposis, and randomized controlled trials with
spirin and COX-2-selective NSAIDs (90). Aspirin and
SAIDs may inhibit colorectal carcinogenesis by increas-

ng the rate of apoptosis in colon cancer cells, inhibiting
umor angiogenesis, inhibiting cell proliferation and tu-
or growth, and decreasing metastatic potential.

A systematic review of controlled and observational
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tudies examining the use of aspirin for the primary pre-
ention of colorectal cancer found that regular use of as-
irin was associated with a significantly reduced incidence
f colonic adenomas in randomized controlled trials (rel-
tive risk, 0.82), case-control studies (relative risk, 0.87),
nd cohort studies (relative risk, 0.72) (91). In cohort
tudies, regular use of aspirin was associated with relative
isk reductions of 22% for incidence of colorectal cancer.
enefits from chemoprevention were more evident when
spirin was used at a high dose and for periods longer than
0 years (91).
A systematic review of controlled and observational

tudies examining the use of nonselective and COX-2-
elective NSAIDs for primary prevention of colorectal
ancer found that nonselective NSAIDs were associated
ith a significantly reduced incidence of colorectal ade-
omas in cohort studies (relative risk, 0.64) and case-
ontrol studies (relative risk, 0.54) (92). COX-2-selective
SAIDs were also associated with a significantly reduced

ncidence of colorectal adenomas in randomized con-
rolled trials (relative risk, 0.72). Nonselective NSAIDs
ere associated with a significant reduction in colorectal

ancer in cohort studies (relative risk, 0.61) and in case-
ontrol studies (relative risk, 0.70) (92).

SAID-Induced Cardiovascular Toxicity

ithin the endovascular lumen COX-1 and COX-2 ap-
ear to play important roles in thrombogenesis (93). Ac-
ivated blood platelets produce COX-1-dependent
hromboxane TXA2, which acts as a prothrombotic plate-
et agonist and vasoconstrictor. Nearby endothelial and
mooth muscle cells produce COX-2-dependent prosta-
landin I2 (PGI2), especially after cell damage has oc-
urred (94). PGI2 is an antithrombotic platelet inhibitor
nd vasodilator and thus modulates the interaction be-
ween activated platelets and the endovascular wall.
OX-2-selective NSAIDs may, by their irreversible cova-

ent binding of COX-2, strongly impair the synthesis of
ntithrombotic prostacyclin while lacking COX-1-inhib-
ting effects, thus tipping the scales of homoeostasis in
avor of thrombogenesis and vasoconstriction (94). As
heir effect is temporary and reversible, only continuous
igh dosage of nonselective NSAIDs will considerably

nhibit COX-1 and COX-2. Under normal circum-
tances, nonselective NSAIDs would not greatly influence
he endovascular homeostasis. However, cell damage, ath-
rosclerotic plaques, and laminar shear forces selectively
p-regulate the expression of COX-2 by endothelial cells

n an attempt to maintain homoeostasis (95). Therefore,
n clinical syndromes associated with platelet activation,
OX inhibition by any NSAID, but especially by COX-
-selective NSAIDs, could be expected to increase the risk
or cardiovascular events (94).

On 30 September 2004, Merck Sharp and Dohme
emoved its COX-2-selective NSAID rofecoxib (Vioxx®)

rom the market because of a raised risk for cardiovascular (
vents, especially myocardial infarctions. Overnight, di-
ect-to-consumer advertising was replaced by direct-to-
itigant advertising. The VIGOR study had already
hown that rofecoxib, compared with naproxen, carried
n increased risk for thrombotic cardiovascular events
73). In this study, the incidence of myocardial infarction
as 0.4% with rofecoxib 50 mg and 0.1% with naproxen
000 mg, but these results were heavily debated.
The expectancy of a lower incidence of gastrointestinal

ide effects and a superior therapeutic index with COX-
-selective NSAIDs had led to studies assessing their effi-
acy for the prevention of adenomatous polyps in patients
ho had undergone endoscopic polypectomy. Although

hese studies showed COX-2-selective NSAIDs to be ef-
ective for the prevention of colorectal neoplasia, they also
onfirmed the suspected increase in cardiovascular risk. In
he Adenomatous Polyp PRevention On Vioxx study, the
8-month rates of thrombotic events were 1.5 per 100
atient-years with rofecoxib and 0.78 per 100 patient-
ears with placebo (relative risk, 1.92), prompting the
ithdrawal of rofecoxib (96). Likewise, in the Adenoma
revention with Celecoxib study, which was terminated
arly by the National Institutes of Health, the risk for
aving major cardiovascular events was increased 2.3-fold
ith celecoxib 400 mg and 3.4-fold with celecoxib 800
g, compared with placebo (97).
In a study assessing the safety of parecoxib and valde-

oxib after cardiac surgery, 1671 patients were random-
zed to intravenous parecoxib or placebo for 3 days after
oronary artery bypass grafting, followed by oral valde-
oxib or placebo for 10 days (98). All patients also re-
eived low-dose aspirin and were followed for up to 30
ays. Cardiovascular events occurred in 0.5% with pla-
ebo only, 1.1% with placebo followed by valdecoxib (rel-
tive risk, 2.0), and 2.0% with parecoxib followed by
aldecoxib (relative risk, 3.7).

In the Therapeutic Arthritis Research and Gastrointes-
inal Event Trial, 18,325 osteoarthritis patients were ran-
omly assigned to lumiracoxib 400 mg once daily,
aproxen 500 mg twice daily, or ibuprofen 800 mg 3
imes daily and followed for 1 year (99). Patients with
rior myocardial infarction, stroke, coronary bypass graft-
ng, angioplasty or stenting, angina, or significant heart
ailure were excluded. The rates of cardiovascular events
ere not significantly different for lumiracoxib and non-

elective NSAIDs (0.86 and 0.75 per 100 patient-years;
azard ratio, 1.14; 95% CI, 0.78 to 1.66). Compared
ith naproxen, the relative risk for lumiracoxib was in-

reased but did not reach statistical significance (hazard
atio, 1.5; 95% CI, 0.9 to 2.4) (99).

The Multinational Etoricoxib and Diclofenac Arthritis
ong-term program evaluated the cardiovascular safety of
toricoxib in a prespecified analysis of 3 separate trials
omparing etoricoxib with diclofenac in 24,913 osteoar-
hritis patients and 9787 rheumatoid arthritis patients
100). After 18 months, 320 patients with etoricoxib

1.24 per 100 patient-years) and 323 with diclofenac
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306 NSAIDs, the balance of risks
1.30 per 100 patient-years) had thrombotic cardiovascu-
ar events (hazard ratio, 0.95; 95% CI, 0.81 to 1.11)
100). However, interpretation of these results is prob-
ematic since diclofenac itself is strongly associated with
n increased risk of cardiovascular outcomes (101).

One meta-analysis assessed the effects of COX-2-selec-
ive and nonselective NSAIDs on the risk of vascular
vents in published and unpublished tabular data from
38 randomized trials that included a comparison of a
OX-2-selective NSAID versus placebo or a COX-2-se-

ective NSAID versus a nonselective NSAID, of at least 4
eeks’ duration (102). Selective COX-2 inhibitors were

ssociated with a moderate increase in the risk of serious
ascular events compared with placebo (rate ratio, 1.42),
hich was chiefly attributable to an increased risk of myo-

ardial infarction (rate ratio, 1.86). High-dose regimens
f nonselective NSAIDs were associated with a similar
ncrease in risk of vascular events compared with placebo
rate ratio, 1.51 for ibuprofen, 1.63 for diclofenac), with
he exception of high-dose naproxen (rate ratio, 0.92)
102).

A systematic review and meta-analysis assessed the risks
f serious cardiovascular events with individual COX-2-
elective and nonselective NSAIDs in 17 case-control
tudies and 6 cohort studies (101). Rofecoxib was associ-
ted with a significant dose-related relative risk of serious
ardiovascular events during the first month of treatment
relative risk, 1.33 with 25 mg or less daily; relative risk,
.19 with more than 25 mg daily). Celecoxib was not
ssociated with an elevated risk (relative risk, 1.06).
mong the nonselective NSAIDs, diclofenac had the
ighest risk (relative risk, 1.40). Other nonselective
SAIDs that had relative risks close to 1 include ibupro-

en (relative risk, 1.07) and piroxicam (relative risk, 1.06).
he risk appeared lowest for naproxen (relative risk, 0.97)

101).
One meta-analysis assessed the comparative risk of
yocardial infarctions with COX-2-selective and nonse-

ective NSAIDs in case-control studies, cohort studies,
nd randomized controlled trials in colonic adenomas
nd arthritis (103). Fourteen case-control studies with
4,673 myocardial infarction patients and 368,968 con-
rols showed no significant association of NSAIDs with
yocardial infarctions in a random effects model and a

mall risk in a fixed effects model (odds ratio, 1.32). Six
ohort studies with 387,983 patient-years and 1120,812
ontrol-years showed no significant risk of myocardial
nfarctions with NSAIDs, except for rofecoxib (relative
isk, 1.25). Four randomized controlled trials of NSAIDs
n colonic adenomas with 6000 patients showed increased
isks of myocardial infarctions with NSAIDs (relative
isk, 2.68). Fourteen randomized controlled trials in ar-
hritis with 45,425 patients showed more myocardial in-
arctions with COX-2-selective NSAIDs (odds ratio, 1.6),
ut fewer serious upper gastrointestinal events (odds ra-
io, 0.40) (103).
Based on a review of available data from long-term d
lacebo- and active-controlled clinical trials of NSAIDs,
he FDA has concluded that an increased risk of serious
dverse cardiovascular events may be a class effect for all
SAIDs, COX-2-selective and nonselective alike (ex-

luding aspirin). The FDA has subsequently requested
hat the package insert for all NSAIDs be revised to in-
lude a boxed warning highlighting the potential in-
reased risk of cardiovascular events and the well-de-
cribed risk of serious, and potentially life-threatening,
astrointestinal bleeding. The FDA has also requested
hat the package insert for all NSAIDs include a contra-
ndication for use in patients immediately postoperative
rom coronary artery bypass graft surgery (104).

SAID Interference with Aspirin

he beneficial effect of aspirin may be attenuated by con-
omitant administration of NSAIDs such as ibuprofen or
aproxen (105,106). In 1 study, patients were treated
ith ibuprofen 2 hours before or 2 hours after aspirin

105). Serum thromboxane B2 levels and platelet aggre-
ation were maximally inhibited with aspirin before ibu-
rofen. In contrast, inhibition of serum thromboxane B2
ormation and platelet aggregation by aspirin was pre-
ented with a single daily dose of ibuprofen before aspirin,
s well as when multiple daily doses of ibuprofen were
iven. The concomitant administration of rofecoxib,
cetaminophen, or diclofenac before or after aspirin did
ot affect the pharmacodynamics of aspirin (105). Similar
ffects have been described with naproxen. In 1 study, a
ingle dose of naproxen 2 hours before aspirin interfered
ith the antiplatelet effect of aspirin (106).
Nonselective NSAIDs compete with aspirin for a com-
on binding site on COX-1. The presence of a nonselec-

ive NSAID at this site prevents aspirin from binding and
rreversibly acetylating a serine residue on COX-1
107,108). This pharmacodynamic interaction is not seen
ith COX-2-selective NSAIDs. Aspirin causes an irre-
ersible and nearly complete blockade of COX at low
oses, while the blockade caused by ibuprofen at thera-
eutic doses is reversible and much less complete, declin-
ng rapidly between doses (109). The inhibitory effect of
aproxen on platelet function is greater than that of ibu-
rofen and its half-life is significantly longer.
These findings may have strong clinical relevance in

atients with cardiovascular disease. Concomitant use of
spirin and ibuprofen or naproxen should be avoided, or
t least the NSAID should be administered 2 hours after
spirin.

SAID-Induced Exacerbation of Heart Failure

SAID use is not associated with a first occurrence of
eart failure but may exacerbate preexisting disease
110,111). In patients with preexisting heart failure,
SAID use may induce systemic vasoconstriction, caus-

ng an increase in afterload with further reduction in car-

iac contractility and cardiac output (107). Advanced
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eart failure is associated with increased secretions of an-
idiuretic hormone, angiotensin II, and norepinephrine.
he ensuing renal ischemia may lead to water retention

nd hyponatremia, resulting in further worsening of heart
ailure and increased risk for acute renal failure.

In the prospective Rotterdam cohort study, 7277 sub-
ects over 55 years of age were followed up from the in-
erview date until a diagnosis of incident heart failure,
eath, or end of the follow-up period (110). During fol-

ow-up, 345 participants had incident heart failure. Cur-
ent use of NSAIDs was associated with a relative risk of
ncident heart failure of 1.1 (95% CI, 0.7 to 1.7). How-
ver, in NSAID users with prevalent heart failure the ad-
usted relative risk of a relapse was 9.9 (95% CI, 1.7 to
7.0). Another study found a similar 10-fold increased
isk of exacerbating heart failure in elderly patients with
ecent NSAID use (111). In this study, the risk was re-
ated to the dose of NSAID consumed within the week
efore hospitalization for heart failure.
One population-based retrospective cohort study com-

ared the rates of hospital admission for heart failure in
8,882 elderly patients who were newly dispensed COX-
-selective or nonselective NSAIDs and 100,000 ran-
omly selected non-NSAID using controls (112). The
rude rate of hospitalization for heart failure was 0.9 per
00 patient-years for the controls, 1.3 per 100 patient-
ears with celecoxib (adjusted rate ratio compared with
ontrols 1.0), 1.6 per 100 patient-years with nonselective
SAIDs (rate ratio, 1.4), and 2.4 per 100 patient-years
ith rofecoxib (rate ratio, 1.8).

SAID-Induced Hypertension

atients with hypertension may have increased activation
f the renin-angiotensin and sympathetic nervous system,
ith subsequent release of vasodilator prostaglandins

rom the kidney, which act locally to lessen the degree of
enal ischemia (113). When this compensatory response
s inhibited by NSAIDs, the increase in renal and systemic
ascular resistance can cause an elevation in blood pres-
ure averaging 3 to 6 mm Hg (114). This effect may be
ost pronounced in patients who are salt-sensitive and

ngesting a relatively high salt diet and appears to be small-
st in patients taking calcium channel blockers.

In the Nurses’ Health Study II, a prospective study of
ver 80,000 women of 31 to 50 years of age without an
nitial history of hypertension, the relative risk for the
evelopment of hypertension after 2 years of follow-up
as 1.86 with NSAIDs compared with non-NSAIDs, ex-

ept with aspirin (115).
In a meta-analysis of 19 randomized trials with COX-

-selective NSAIDs involving 45,451 participants in
hom blood pressure data were available, the rate of in-

ident hypertension was 2.63 with rofecoxib compared
ith placebo (114). The weighted mean increase in blood

ressure was 5.66 mm Hg with rofecoxib and 2.6 mm Hg q
ith celecoxib. However, celecoxib was associated with a
.99 mm Hg increase in diastolic blood pressure (114).

SAID-Induced Acute Renal Failure

n normal subjects the basal rate of renal prostaglandin
ynthesis is relatively low and does not play a major role in
he regulation of renal hemodynamics (116). The release
f renal PGI2 and PGE2 is increased by glomerular dis-
ase, renal insufficiency, and hypercalcemia and by in-
reases in the vasoconstrictors angiotensin II and norepi-
ephrine in states of effective volume depletion, such as
eart failure, cirrhosis, and true volume depletion (117).
n these situations, renal vasodilator prostaglandins main-
ain renal blood flow and glomerular filtration rates by
elaxing preglomerular resistance and antagonizing the
asoconstrictor effects of angiotensin II and norepineph-
ine. Under such conditions NSAID inhibition of pros-
aglandin synthesis may cause reversible renal ischemia, a
ecline in glomerular hydraulic pressure and glomerular
ltration rate, and acute renal failure (116).
Acute renal failure may occur with any COX-2-selec-

ive or nonselective NSAID. In 1 nested case-control
tudy, hospitalization for acute renal failure was correlated
ith initiation of NSAID use among 121,722 patients
lder than 65 years of age (118). The risk of acute renal
ailure was highest within 30 days of starting treatment
nd receded thereafter. The relative risk for acute renal
ailure was comparable among rofecoxib (relative risk,
.31; 95% CI, 1.73 to 3.08), naproxen (relative risk, 2.42;
5% CI, 1.52 to 3.85), and nonselective, nonnaproxen
SAIDs (relative risk, 2.30; 95% CI, 1.60 to 3.32) but
as slightly lower with celecoxib (relative risk, 1.54; 95%
I, 1.14 to 2.09). In another study, 60 elderly patients

eceiving a low-salt diet were randomized to rofecoxib
2.5 mg daily, rofecoxib 25 mg daily, indomethacin 50
g 3 times daily, or placebo for 5 days (119). Compared
ith placebo, glomerular filtration rate was significantly

owered with rofecoxib 12.5 mg (8.4 mL/min lower),
ith rofecoxib 25 mg (7.8 mL/min lower), and with in-
omethacin 150 mg (6.0 mL/min lower).
NSAID use is also associated with acute interstitial ne-

hritis, membranous nephropathy, and nephrotic syn-
rome due to minimal change disease. The underlying
athophysiologic mechanisms are not known. Affected
atients typically present with hematuria, pyuria, white
ell casts, proteinuria, and acute renal insufficiency. Spon-
aneous recovery usually occurs within weeks to months
fter therapy is discontinued (120). Subsequent adminis-
ration of NSAIDs should be avoided as relapse may occur
ith rechallenge.

uture Developments

ost cells routinely make prostaglandins through the ac-
ion of COX-1 on arachidonic acid. Arachidonic acid is
onverted to the endoperoxide PGH2, which is subse-

uently converted by additional prostaglandin synthases
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308 NSAIDs, the balance of risks
nto other prostaglandins, such as PGD2, involved in
leep regulation and allergic reactions; PGF2, involved in
terus contraction; PGI2, involved in dilation of blood
essels, platelet inhibition, and stomach protection;
GE2, involved in pain, inflammation, and fever, and in
tomach protection; and thromboxane, TXA2, involved
n constriction of blood vessels and platelet aggregation.

When tissue injury occurs, a chemical signal instructs
acrophages and inflammatory cells to increase the activ-

ty of COX-2, which subsequently increases the conver-
ion of PGH2 to PGE2 by PGE2 synthases (PGES). Aspi-
in and nonselective NSAIDs act by blocking both COX
soforms, COX-1 and COX-2, early in the prostaglandin
ynthesis pathway, consequently inhibiting the entire syn-
hesis of prostaglandins downstream of PGH2. Inflamma-
ory PGE2 synthesis was found to be mainly COX-2 de-
endent, while gastroprotective PGE2 synthesis was
ound to be mainly COX-1 dependent, prompting the
evelopment of the COX-2-selective NSAIDs. However,
OX-2-selective NSAIDs still interact early in the pros-

aglandin synthesis pathway and inadvertently inhibit
ther COX-2-dependent prostaglandins, such as the car-
ioprotective PGI2, with the consequential elevated risk
or cardiovascular events.

More specific targets for anti-inflammatory action
ould have to be sought downstream from the COX en-

ymes in the prostaglandin synthesis pathway (121). Re-
ent discoveries have found different forms of PGES
122). A cytosolic form of PGES couples preferentially
ith COX-1 to convert PGH2 into gastroprotective
GE2, while 1 of 2 membrane-bound forms of PGES
mPGES-1) couples with COX-2 to convert PGH2 into
nflammatory PGE2. Several agents, still under develop-

ent, specifically block mPGES-1. Inhibiting mPGES-1
ut not the enzymes that make normal levels of prosta-
landins may thus control inflammatory PGE2 levels,
roviding analgesic, antipyretic, and anti-inflammatory
enefits, without concurrent cardiovascular or gastroin-
estinal harms. Alternative strategies being developed for
hird-generation NSAIDs involve drugs that would bind
o PGE2 receptors, directly blocking them from function-

Table 2 Prescribing NSAIDs According to the Risk for Gastr

Guideline for Prescribing NSAIDs According to the Ri

Low GI risk
(no risk factors)

Low CV risk Nonselective NSAID
High CV risk Naproxen � PPI

GI risk factors include history of ulcers, age over 60 years, high
platelet inhibitors, and serotonin reuptake inhibitors, Helicobacter
pump inhibitor (PPI) may also be read as misoprostol 400 to 800 �
physician. Patients with a high CV risk should receive prophylactic
preferred NSAID. Naproxen should be taken 2 hours after aspirin.
ng (121).
ISCUSSION

n summary, NSAIDs are among the oldest, most successful
rugs known to modern medicine. NSAIDs are effective for
lleviating pain, fever, and inflammation, by inhibiting pros-
aglandin synthesis. Aspirin, by its irreversible inhibition of
lood platelet function, is also effective in the secondary pre-
ention and, in selected patients, primary prevention of car-
iovascular disease. In addition, NSAIDs may also inhibit
olorectal carcinogenesis.

NSAIDs are mainly indicated for mild to moderate pain
f somatic origin and may be especially effective in inflam-
atory diseases such as rheumatoid arthritis. The efficacy of
SAIDs may vary by patient and by indication. In case of

nefficacy, substitution by a NSAID from a different chem-
cal class is a reasonable therapeutic option.

NSAID use is associated with several serious treatment
ide effects, with considerable associated morbidity and
ortality. NSAIDs may cause gastrointestinal ulcers,
hich may be complicated by ulcer bleeding, perforation,

nd obstruction. COX-2-selective NSAIDs and high-
ose nonselective NSAIDs may cause serious cardiovas-
ular events, especially myocardial infarction, with the
ossible exception of naproxen. NSAIDs use is also asso-
iated with the development of hypertension, acute renal
ailure, and worsening of preexisting heart failure.

Concurrent use of low-dose aspirin for primary or sec-
ndary prevention of cardiovascular disease may negate
he gastroprotective effect of COX-2-selective NSAIDs.
onversely, the beneficial effect of aspirin may be atten-
ated by concomitant use of nonselective NSAIDs, such
s ibuprofen or naproxen.

Physicians must take into account both the gastrointes-
inal and the cardiovascular risks of individual patients
hen prescribing NSAIDs. Interestingly, in a study

mong Canadian osteoarthritis patients, most patients
ere willing to accept some additional risk of ulcer bleed-

ng and heart attacks or stroke to gain pain relief but were
enerally willing to accept a greater additional risk of ulcer
leeding than of heart attacks or stroke (123).
As a central dictum in NSAID treatment, physicians

hould always prescribe the lowest effective dose for the
hortest possible time.

tinal (GI) and Cardiovascular (CV) Events

Gastrointestinal (GI) and Cardiovascular (CV) Events

oderate GI risk
or 2 risk factors)

High GI risk
(more than 2 risk factors)

X-2/NSAID � PPI COX-2 � PPI
proxen � PPI No NSAIDs

of NSAID, concomitant corticosteroids, anticoagulants, aspirin,
diabetes mellitus, heart failure, and rheumatoid arthritis. Proton
luation of CV risk is according to the judgment of the prescribing
se aspirin. If additional NSAID therapy is required, naproxen is the
: COX-2 selective NSAID. Adapted from ref. 124.
ointes
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Patients with a history of gastroduodenal ulcers should
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e tested for H. pylori before starting NSAID or aspirin
herapy, and if present, H. pylori should be eradicated. In
symptomatic patients with no ulcer history and not cur-
ently taking NSAIDs, physicians may consider H. pylori
esting before starting long-term NSAID therapy. This
test-and-treat” approach may be most effective in popu-
ations with high prevalence of H. pylori infection.

In patients with a low cardiovascular risk, NSAIDs can
e prescribed according to the risk for gastrointestinal
vents (Table 2) (124). Patients with a low gastrointesti-
al risk may be treated with a nonselective NSAID. Pa-
ients with a moderate gastrointestinal risk (1 or 2 gastro-
ntestinal risk factors) may be treated with a nonselective

SAID plus a PPI or misoprostol 800 �g, or with a
OX-2-selective NSAID. In patients with a high gastro-

ntestinal risk (more than 2 gastrointestinal risk factors or
rior ulcer complications) alternative treatment options
hould be explored. If NSAID therapy is required in these
atients, a combination of a COX-2-selective NSAID
ith a PPI twice daily should be considered.
Patients with a high cardiovascular risk should receive

rophylactic low-dose aspirin. If additional NSAID therapy
s required, naproxen is the preferred NSAID, in combina-
ion with a PPI or misoprostol 800 �g, irrespective of the
resence of additional gastrointestinal risk factors (Table 2)
124). Naproxen should be taken 2 hours after aspirin. Pa-
ients with both a high cardiovascular risk and a high gastro-
ntestinal risk should avoid NSAID therapy.
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