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ABSTRACT - Non-steroidal anti-inflammatory drugs (NSAIDs) are used chronically to reduce pain and
inflammation in patients with arthritic conditions, and also acutely as analgesics by many patients. Both
therapeutic and adverse effects of NSAIDs are due to inhibition of cyclooxygenase (COX) enzyme. NSAIDs are
classified as non-selective and COX-2-selective inhibitors (COXIBS) based on their extent of selectivity for
COX inhibition. However, regardless of their COX selectivity, reports are still appearing on the GI side effect of
NSAIDs particularly on the lower gastrointestinal (GI) tract and the harmful role of their controlled release
formulations. In addition, previously unpublished data stored in the sponsor’s files, question the GI sparing
properties of rofecoxib, a COXIB that has been withdrawn due to cardiovascular (CV) side effects. Presently,
the major side effects of NSAIDs are the GI complications, renal disturbances and CV events. There is a
tendency to believe that all NSAIDs are associated with renal and CV side effects, a belief that is not supported
by solid evidence. Indeed, lower but still therapeutics doses of some NSAIDs may be cardioprotective. In this
review, we briefly discuss the GI toxicity of the NSAIDs and assess their renal and CV adverse effects in more
detail.
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For Readers”) may
comment by clicking on ABSTRACT on the issue’s contents page.
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naproxen, ibuprofen, ketoprofen) (7, 8). Most
patients take therapeutic doses of these drugs for
short durations and, usually, tolerate them well (9).
The gastrointestinal (GI), renal and cardiovascular
(CV) side effects limit NSAIDs use (10). Thus, in
addition to the obvious commercial interest, the
purpose of the development of new drugs has
always been to introduce medications with greater
efficacy but fewer side effects (11). We have
previously discussed the effects of NSAIDs on the
renal system (4). The present article provides an
updated review of NSAIDs’ GI, renal and CV side
effects with more emphasis on what has been
reported since 2009.

Abbreviations
AF
AIN
ARF
APPROVe
ASA
BUN
CLASS
COX
COXIBs
CRF
CV
EP
GFR
GI,
HETE
HF
MEDAL
MI
NSAIDs
OA
OATP
OR
PG
PRECISION
RA
RCT
RPN
RR
SCOT
TXA
VIGOR

Atrial fibrillation
Acute interstation nephritis
Acute renal failure
Adenomatous Polyp Prevention on Vioxx
Acetyl salicylic acid, Aspirin
Blood urea nitrogen
Celecoxib Long Term Arthritis Safety Study
Cyclooxygenase
Cyclooxygenase-2-selective Inhibitors
Chronic renal failure
Cardiovascular
Prostaglandin-E receptor
Glomerular filtration rate
Gastrointestinal
Hydroxy eicosatetraenoic acid
Heart failure
Multinational Etoricoxib and Diclofenac Arthritis
Long-term
Myocardial infarction
Nonsteroidal antiinflammatory drugs
Osteoarthritis
Organic anion transporting polypeptide
Odds ratio
Prostaglandin
Prospective Randomized Evaluation of Celecoxib
Integrated Safety versus Ibuprofen or Naproxen
Rheumatoid arthritis
Randomized Control Trials
Renal papillae necrosis
Relative risk
Standard Care versus Celecoxib Outcome Trial
Thromboxane A
Vioxx Gastrointestinal Outcomes Research

1.1. Classification of NSAIDs
NSAIDs are categorized in different ways such as
classification based on chemical structure (i.e.
Table 1) (12) or based on selective inhibition of
cyclooxygenase enzymes (i.e. Table 2) (13). The
COX-2 selectivity of NSAIDs is reported
differently depending on the method used.
However, in general, NSAIDs are divided into two
major groups: cyclooxygenase (COX) -2-selective
inhibitors (COXIBs) and non-selective NSAIDs.
Many NSAIDs have a chiral structure. Of
those, only naproxen has been available as a single
pharmacologically active enantiomer (Table 1).
Other chiral NSAIDs are available as racemates
with the main antiinflammatory and analgesic
activities attributed to the S enantiomer (14). In
some countries S-ibuprofen is also available. In
humans, the R enantiomer of some of the chiral
NSAIDs is metabolized to the S enantiomer (15). In
some species this enantiomeric inversion can be
bidirectional (16).

INTRODUCTION
Non-steroidal antiinflammatory drugs (NSAIDs)
are one of the most commonly used groups of
drugs. They are a diverse group of compounds that
possess analgesic, antipyretic and antiinflammatory
effects (1). Acetylsalicylic acid (ASA) was the first
NSAIDs introduced to the market in 1899 under the
name of Aspirin (2). Indomethacin and ibuprofen
were the first non-ASA NSAIDs made in 1964 and
1969 respectively (3). Since then, many new
compounds belonging to various classes of organic
acids with similar therapeutic effects have been
developed (2). Many patients, particularly those
with arthritis, are the daily users of NSAIDs (4). It
is estimated that globally approximately seven
billion dollars is spent on NSAIDs per year that
makes upto 2.5% of all the prescription dollars in
the world (5). Among various NSAIDs, diclofenac
is the most commonly used NSAID worldwide (6).
Most NSAIDs are acidic compounds with a
relatively high bioavailability. They are highly
bound to plasma proteins and are metabolized by
the liver (4, 7). Glucuronidation by the kidney
enzyme is also reported for some NSAIDs (e.g.,

1.2 Therapeutic Use of NSAIDs
NSAIDs are used to relieve pain and discomfort
associated with chronic conditions such as
rheumatoid arthritis (RA) (17) and osteoarthritis
(OA) (18). Some of NSAIDs, including ASA, are
also indicated for other conditions such as juvenile
arthritis, psoriatic arthritis, Reiter’s syndrome,
systemic lupus erythematosus, rheumatic fever,
thrombosis, pericarditis, Kawasaki disease, gout,
gouty arthritis, ankylosing spondylitis, patent
ductus arteriosus and dysmenorrhea (19). They are
also used to prevent colon cancer (20) and
Alzheimer’s disease (21) although their latter action
has not been unequivocally confirmed (22).
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Table 1. Chemical classification of NSAIDs
Group
Salicylates
Propionic acid derivatives

Pyranocarboxylic acids
Heteroaryl acetic acid
Alkanones
Indoleacetic, Indeneacetic acids
Oxicams
Pyrroloppyrrole
Fenamates
Diaryheterocycles (COXIBs)

antiinflammatory effects of NSAIDs. An inhibition
of COX-1, the “constitutive” enzyme, on the other
hand, results in altered cell integrity that may cause
GI side effects. In the meantime the ASA-like CV
protection properties of NSAIDs are attributed to
their COX-1 inhibitory action (27).

Example(s)
Acetyl salicylic acid,
sulfasalazine
Ibuprofen*, naproxen*,
ketoprofen*, flurbiprofen,
fenoprofen, Oxaprozin.
Etodolac*
Tolmetin, diclofenac,
ketorolac*
Nabumetone
Indomethacin, sulindac,
etodolac*
Piroxicam, meloxicam
Ketorolac*
Mefenamic acid, meclofenamic
acid
Rofecoxib, celecoxib,
veldecoxib, paracoxib,
etoricoxib, lumaricoxib

Table.2. Ranking of a selected group of NSAIDs
based on their COX-1 or COX-2 selectivity
NSAID

*Chiral molecule Adopted from reference (12) with modifications.

COX-1

Ketorolac
Flurbiprofen
Ketoprofen

1
2
3

Indomethacin

4

Acetylsalicylic acid

5

Naproxen

6

Tolmetin
Ibuprofen

7
7
COX-2

1.3 Mechanism of Action of NSAIDs
The mechanism of action of NSAIDs was first
described in 1971 by Vane and Piper who
demonstrated that NSAIDs actually exert their
effects through inhibition of prostaglandin and
prostanoids biosynthesis by COX enzymes (3).
Prostanoids including prostaglandins (PGs),
prostacyclins and thromboxanes are inflammatory
mediators that are derived from arachidonic acid in
a series of reactions known as arachidonic acid
cascade (23). COX isozymes are the first to convert
arachidonic acid to prostaglandin (PG) G2 (4).
Then, peroxidase metabolizes PGG2 to PGH2 which
is, in turn, converted by tissue-specific isomerases
to primary prostanoids including PGD2, PGE2,
PGF2α, PGI2, and thromboxane A2. Both therapeutic
and adverse effects of NSAIDs are caused through
inhibition of COX enzyme (2) and consequent
blocking of the formation of PG and related
compounds.
Analgesic,
antipyretic,
and
antiinflammatory effects of NSAIDs are attributed
to the reduction in production of PGE2 and PGI2
(24). Two isoforms of COX (COX-1 and COX-2)
have been discovered in 1991 (25-27). Recently a
new variant of COX-1 denoted by COX-3 has been
identified (28). However, its role has not been well
understood (29).
The selectivity of NSAIDs to inhibit the two
COX enzymes is suggested, at least in theory, to
govern their toxic profile (13). An inhibition of
COX-2, the “inducible” enzyme blocks the
conversion of arachidonic acid to inflammatory PGs
that is thought to be the key to the most beneficial

Rofecoxib

1

Etodolac

2

Meloxicam
Celecoxib
Diclofenac

3
4
5

Sulindac

6

Meclofenamate

7

Piroxicam

7

Diflunisal

8

Sodium salicylate

9

Adopted from reference 13 with modifications.

A change in the balance between COX-1 and
COX-2 activities in the body has been suggested to
influence, at least in part, the adverse effects
including GI complications, reduced renal output,
bleeding disorder and cardiogenic events (30). In
addition, investigators have proposed possible
physiochemical properties (i.e., ionization constant,
pKa, solubility, partition coefficients) determining
the distribution of these drugs in the body tissues, to
be the reason for the differential toxic effects of
these NSAIDs (31, 32).
In humans, both COX-1 and COX-2 are
expressed in many tissues despite the initial thought
that COX-2 was generally absent in normal tissues
but induced only by inflammatory stimuli (33, 34).
COX-2 is also involved in development of kidneys
(35).
Recently, an ion channel hypothesis has been
postulated suggestive of a Ca++ induced K+
channels to be the target of most NSAIDs for their
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side effects. The differential ability of the NSAIDs
to affect these ion channels is thought to be the key
to the differential nature of their pharmacological
actions as well as their adverse effects such as their
cardiotoxicity (39). Similarly, a pH-dependent iontrapping property of an NSAID in acidotic tissues
may affect its GI toxicity, its selectivity and
efficacy under inflammatory conditions (40, 41).
Some authors have suggested a role for the
drug transporters in determining the differential
safety and efficacy profile of NSAIDs. One such
hypothesis is the differential effect of COXIBs on
the organic anion transporting polypeptide 2A1
(OATP2A1), a prostaglandin transporter found
principally in the GI tract. These transporters may
have a role in determining the GI tract safety profile
of NSAIDs as they are inhibited to a varying degree
by these drugs (42).
Most side effects of NSAIDs are associated
with inflammation, a condition that, they ironically
are intended to reverse. For example, the GI side
effects of NSAIDs are associated with excessive
expression of inducible nitric oxide and other
reactive molecules (43) that are implicated in
inflammatory conditions. These chemicals are
involved in various CV conditions caused by
NSAIDs (44).
There is controversy as to whether the CV
risks associated with NSAIDS can be assumed for
the entire class of NSAIDs (29). Some investigators
have suggested that toxic NSAIDs, e.g., rofecoxib,
increase the susceptibility of the cardiomyocytes
membrane to oxidative damage (45). Others have
applied a metabolomics approach and have
suggested a many fold increase in the plasma of
mice treated with rofecoxib of an arachidonic acid
metabolite, 20-hydroxyeicosatetraenoic acid (20HETE) (46). We have not been able to reproduce
this experiment using rats in our laboratory.
Checking the issue from epidemiologic viewpoint, a
recent meta-analysis has suggested that the
magnitude of the risk of CV event can be predicted
by monitoring the atherothrombotic vascular events
in NSAIDs users (47).
Initially only celecoxib, meloxicam and
rofecoxib were recognized as the first generation of
COXIBs with the latter being the most selective
one. However, it is now known that some
traditional NSAIDs such as etodolac, diclofenac
and sulindac also possess high COX-2/COX-1
inhibitory properties (Table 2) (13).

2. LITERATURE SEARCH STRATEGY
This work was not intended to be a systematic
review; hence, our search was not exhaustive. To
avoid redundancy, we only highlight representative
studies with the aim of bringing to the reader’s
attention the main learning from the vast literature
available on the issue. We carried out a
comprehensive search on Medline. We used Ovid
and PubMed mesh database and looked for studies
reporting the GI, renal and CV outcomes in
NSAIDs user.
2.1. Literature Limitations
The literature is crowded with contradicting reports
on the subject rendering a reasonable conclusion
difficult. There are mainly three types of reports:
Randomized control trials (RCT), epidemiological
analysis and reviews including meta-analysis. The
RCT studies, although most robust, may suffer from
methodological limitations such as patients
heterogeneity, questionable and imprecise clinical
metrics, and industry bias; e.g., unpublished data
kept in the Company’s files. In addition, RCT
studies may be criticized for their control
conditions; i.e., not including the “real world”
patients.
The epidemiological studies, typically,
analyze data collected from the real world patients.
They can be retrospective or prospective in design.
Nevertheless, data collection by various centers
may introduce great variability in the outcomes and
also include patient heterogeneity depending on the
inclusion/exclusion criteria. It is not uncommon to
find studies that patient’s condition is ignored as a
variant (e.g., 48). In addition, most studies are not
placebo-controlled and, instead, compare the side
effect of the test drug with another drug that is
presumed to be safe or used as reference (e.g.,
celecoxib vs other NSAIDs, 49). Subsequent studies
to test the drug against placebo, therefore, may
challenge the safety of the “safe” drug (e.g.,
celecoxib) (50).
The meta-analysis and systematic reviews are
as reliable as the source of information; i.e., RCT
and epidemiological data. A mere meta-analysis
approach will not improve the quality of data
collected by the sources. Meta-analyses are also
prone to heterogeneity of patients which is a
consequence of the assumptions used for each study
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to include and/or exclude data. Lack of access to
unpublished data kept in the sponsor’s records is
another source of bias for meta-analysis. A common
source of variability in results that is shared by all
three approaches is the inclusion/exclusion criteria
and the statistical methods used. The same set of
data can be interpreted differently when a different
statistical approach is taken or a subgroup is
excluded.
Other complicating factor that appear as an
obstacle in drawing conclusions based on some
reviews and epidemiological studies include the
omission of the size of the dose, the pharmaceutical
dosage form and the inclusion of all members of the
NSAIDs class in the same group. For example,
some studies have made observations on a single
NSAID and have generalized it to the entire class
(e.g., 51). This is while there are clear indications
that all these factors play important roles in the side
effects of NSAIDs.

that are often noticed by the patient, the lower GI
side effects of NSAIDs are not readily detectable,
hence, limited efforts toward their control are made
(43). This harmful effect of NSAIDs may result in
serious conditions (58) that range from lesions to
stricture of the lumen called the diaphragm disease
(59). All NSAIDs may casus the distal GI side
effect although with varying intensity (60, 61).
Even the low dose ASA regimens are not excluded
from this side effect (62-63). It is important to note
that the risk of distal GI toxicity of NSAIDs appear
to increase with formulations that are designed to
release in the intestine; e.g., enteric coated and
sustained release (64, 65). Indeed, based on some
data generated using animal models, it appears that
the use of the latter formulations may shift the GI
side effect of NSAIDs from the readily detectable
upper segments to the less accessible lower part of
the tract (65) unless the drug is void of potent local
effects (66). One may ascribe some benefits to the
enteric coated NSAIDs, i.e., less gastric irritation,
but the use of sustained-release formulation of these
drugs are without any therapeutic rationale.

3. ADVERSE EFFECTS OF NSAIDS
NSAIDs have a range of adverse effects mainly
affecting the GI, renal and CV systems (10).
However, the majority of the patients taking
therapeutic doses of these NSAIDs and for shorter
duration usually tolerate them well (9). However,
with longer duration of treatment and in the
presence of comorbidities higher risk may emerge.
Overall, the treatment with NSAIDs is complex as
it involves a decision based of risk:benefit ratio
according to the patient’s current condition.
3.1. Gastrointestinal Side Effects
3.1.1. Minor GI Side Effects
The most common side effect of NSAIDs is
reported to be mild events such as dyspepsia,
heartburn and nausea (52). Most of these GI
adverse effects are limited to the upper GI tract.
They are readily noticeable by the patient, and are
readily diagnosed at the clinic. The effectiveness of
various gastro-duodenal-protective approaches to
control upper GI side effects of NSAIDs has been
reported (53-57).

3.1.3 Treatment and Prevention Strategies
Several factors including a history of GI damage,
age over 60 years, high exposure to NSAIDs, and/or
drug interactions with corticosteroids or
anticoagulants increase the risk of developing GI
side effects (67). Concomitant use of mucosal
protective agents (e.g., rebamipide or misoprostol)
(53, 68, 69), H2 receptor antagonists (e.g., ranitidine
and famotidine) (70), or proton pump inhibitors
(e.g., omeprazole) (71) can be utilized to reduce the
gastric or intestinal damages induced by NSAIDs.
These treatments, except for misoprostol (72) and,
perhaps, rebamipide (68, 69), however, are mainly
directed toward the side effects that are detected in
the upper GI tract and their effectiveness in
protecting the lower segments of the tract is not
proven. Metronidazole due, perhaps, to its freeradical scavenging property, appear to protect the
GI tract against the NSAIDs induced damages (43).
However, such a treatment does not seem
reasonable due to the risk of bacterial resistance.
Nevertheless, it is suggested that protective
strategies to be considered when NSAIDs are being
prescribed regardless of the length of treatment
(73).
Topical NSAIDs have become popular
among OA patients. A review of the available

3.1.2 Serious GI Side Effects
The upper GI complication of NSAIDs are wellknown, however, the less frequent but potentially
more serious toxic effect of NSAIDs which occurs
in the more distal segments of the GI tract is often
ignored. In contrast to the upper GI complications
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clinical trials suggests that head-to-head
comparisons of topical and oral NSAIDs produce
similar efficacy with less GI side effects in patients
receiving topical NSAIDs as compared with those
using oral formulations (74, 75). In addition to the
documented skin irritation (74), the CV and renal
safety profile of topical NSAIDs remains to be
assessed. However, the lower systemic exposure
that is expected from topical usage may result in a
better overall safety profile for them.

use of GI protective drugs, particularly,
misoprostol, appear to minimize the GI side effects.
There is no rationale for the use of modified release
formulations of NSAIDs that may cause side effect
in the lower GI. Topical NSAIDs can be considered
as preferred medications for conditions such as OA.
3.2 Renal Side Effects
It is estimated that 1-5% of NSAIDs users may
develop renal adverse effects (4). Both acute (ARF)
and chronic (CRF) renal failure can be caused by
NSAIDs (80). Various forms of renal failures
caused by NSAIDs have been observed including
acute deterioration of renal function, renal papillary
necrosis, acute interstitial nephritis, hyperkalemia
and sodium and fluid retention (81, 82). Acute form
of these side effects are dose/duration-dependent
and usually reversible. However, sometimes they
result in chronic renal failure. Indeed, it appears that
a history of acute renal failure renders the patient
more prone to the chronic version of the
complication (9).
All major prostanoids including PGD2, PGE2,
PGF2α, PGI2, and thromboxane A2 are synthesized
in the kidney (36). Both PGE2 and PGI2 are
important in renal function (37). PGE2 which is
located in nephrons, the renal medullary interstitial
cells and the collecting tubules, is a vasodilator and
plays a major role in excretion of salt and water by
the kidney. PGE2 binds to a form of G-proteincoupled receptor known as the prostaglandin-E (EP)
receptor (38). Four forms of EP receptors have been
identified, EP1-4 (23). PGI2 exerts its effect by
binding to EP receptor and functions as a
vasodilator in the kidney (36).
Any change in the renal function may
influence CV system, hence, NSAIDs effect on the
former may, in part, explain the complications seen
in the latter (83) (84).
It is impossible to rank NSAIDs based on
their renal side effect because comparative data are
scarce if not nonexistent. Nevertheless, no NSAID
can be assumed to be free of renal failure, at least,
the acute type. It is important to emphasize that
other analgesics such as acetaminophen are also
associated with renal failure (4).

3.1.4. Traditional NSAIDs versus COXIBs
Celecoxib has been shown to be associated with
minimal GI complications (76). Also, a metaanalysis of nine randomized clinical trials
comparing celecoxib with non-selective NSAIDs
found less GI side effects associated with the
former (51). Unfortunately, some authors (e.g., 51),
who studied one COXIB, extrapolate their finding
to the entire class. For example it is important to
learn that a revisit of the unpublished data made
available as part of litigation on the GI side effects
of rofecoxib has failed to confirm a GI safety
advantage for the drug over the traditional NSAIDs
(77). The authors state that “it is widely believed
and cited that rofecoxib use is associated with
approximately a 50% reduction in significant GI
complications such as bleeding.” Indeed, a review
of data collected since the withdrawal of rofecoxib
suggests no decrease in incidence of GI side effects
for the latter as compared with other NSAIDs (78).
The existence of unpublished data that suggests
results contrary to the published reports is a clear
indicative of industry bias and may be more
common than this very publicized and litigious
case. Based on only the published data, celecoxib
still causes GI intolerance in aged patients albeit
lower than other NSAIDs (17% vs 21-30%) (79).
3.1.5. Summary of GI Side Effects
Overall, all NSAIDs may cause GI side effects with
celecoxib potentially associated with less risk as
compared with other tested NSAIDs. Detailed
studies focused on other potentially safe NSAIDs
such as etodolac and meloxicam are lacking. It is
unclear whether the relatively safer risk of
celecoxib is due to its COX-2 inhibitory selectivity
since rofecoxib does not appear to be safer that
other NSAIDs. Detailed RCT studies are lacking for
other NSAIDs with favorable COX-2 selectivity
and potentially safer GI safety. The concomitant

3.2.1. Glomerular Filtration
Glomerular filtration rate (GFR) is a reflection of
damages to the renal system. Accordingly, both
ARF and CRF secondary to NSAIDs are associated
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with reductions in GFR. For example, a lower value
of GFR in the infants treated with ibuprofen for
patent ductus arteriosus has been observed. The
effect of ibuprofen is contributed to an induction of
preglomerular arteriole vasoconstriction. (85).
Blann et al. (87) have reported an association
between resistance to the ASA effect of the platelets
and GFR in patients who were taking 75 mg/day
ASA. They noticed that ASA resistance was twice
prevalent in patients with the greatest renal disease
than those with the highest renal function. The
authors speculated that either insufficient
functioning of ASA contributed to dysfunction of
the renal vasculature or there was an increase in the
platelet turnover in the patients with renal disease.
Even after administration to the patients
diagnosed with prostate cancer of high doses (400
mg twice daily for six months), celecoxib appears
to have no significant effect on GFR as compared
with pre-treatment value (78.1 ± 22 mL/min versus
76 ± 19 mL/min) (86). The work of Anavekar et al.
revealed an inverse relationship between the value
of GFR and risk of CV adverse events in elderly
with prior myocardial infarction (MI) (84).
Knowledge of reduced GFR does not reveal
the nature of renal failure. However, Wei et al (88)
measured GFR of NSAIDs users and studied the
outcome of this information on prescription habits
of the caregivers. They noticed a significant drop in
NSAIDs prescription in response to their action. On
the other hand, analysis of the data collected as a
part of a Veterans Health Administration safety
database, has shown that, despite the availability of
GFR values, patients with CRF continued to receive
NSAIDs even in GFR ranges where these drugs are
contraindicated (89).

that the patient with normal renal function develop
ARF secondary to taking NSAIDs (91) but those
with a history of hypertension, heart failure, or
diabetes have higher chance of developing these
complications (92). ARF has been observed in a
decompensated elderly patient on 25 mg/day
diclofenac for 3 years (93). Concomitant
administration of aminoglycosides, angiotensinconverting enzyme inhibitors, angiotensin receptor
blockers and diuretics increase the risk of
developing ARF (91). A study of the French
Pharmacovigilance database has revealed that one
of the most frequently reported drug interaction is
between angiotensin receptor blockers or diuretics
and NSAIDs that results in ARF (94). This suggests
that this potentially serious drug interaction is often
ignored.
NSAIDs-induced ARF is widely reported in
the published literature. For example, in a study
evaluating preventive effect of naproxen against
atrial fibrillation after coronary artery bypass graft
(naproxen, 275 mg twice daily for seven days, n =
82 vs placebo, n = 79), naproxen caused higher
incidence of ARF as compared with placebo (7.3%
vs. 1.3%, p = 0.06) (95). In another study, ibuprofen
induced ARF in 15% of infants treated for patent
ductus arteriosus. Ibuprofen treated infant also
demonstrated lower excretion of PGE2 in the urine
compared to control group (P < 0.001) (36).
Recently, a case of ARF induced by nimesulide in a
6-year old boy has been reported (96). The patient
was presented with fever, vomiting and anuria with
elevated serum potassium, BUN, and creatinine.
Several days after discontinuation of nimesulide the
values retuned to healthy values.
3.2.3. Renal Papillary Necrosis

3.2.2. Acute Renal Failure
Renal papillary necrosis is a destruction of some
parts or all renal papillae (RPN) (4). NSAIDs may
induce RPN by abruption of the blood flow to
papillae and intensifying hypoxia present in
papillae. Some cases of RPN have also been
reported for several traditional NSAIDs and
celecoxib. For example, a case of RPN induced by
ibuprofen is reported by Broadis and coinvestigators. The patient (a 2-year old boy) who
received ibuprofen for fever was presented with
nausea and vomiting and high levels of creatinine
and urea in the blood. Papillary necrosis was
controlled after inserting double J stents (97).

ARF is a general term used to describe a rapid and
sustained abruption of the renal function causing
accumulation of waste products (e.g., urea,
creatinine) (90). This side effect is typically dose
and duration-dependent and reversible. Physical
examination, laboratory data (e.g., an increase in
serum creatinine), ultrasonographic and radiological
tests can be utilized to diagnose ARF (67).
The use of NSAIDs can cause ARF by
inhibiting production of PGs and consequently
reducing the blood flow to the kidneys (67) and/or
induction of interstitial nephritis (82). It is unlikely
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ng/kg/h. Hence, the effect of indomethacin on
sodium excretion was explained by inhibition of
PGs. Similarly, Balas et al. reported a case of
periorbital edema induced by both ibuprofen and
naproxen used on separate occasions (105).
In contrast, in another study, the % fractional
sodium excretion was not affected by celecoxib
(106). The study consisted of 12 normotensive
subjects taking placebo or celecoxib (200 mg per
day). Each volunteer randomly completed two 17day low salt or high salt diets with a one-month
wash-out period. The % fractional sodium excretion
for the placebo group in low salt and high salt
periods were 0.05 ± 0.01 and 1.02 ± 0.06,
respectively. The corresponding values for
celecoxib group were reported to be 0.06 ± 0.03 and
1.11 ± 0.24, respectively. The lack of a renal effect
caused by celecoxib was offered as an explanation
for the observed lack of a significant change in the
plasma or urinary PGE2 after treatment with
celecoxib.
In our lab, through a set of animal studies, we
have observed that the electrolyte retention property
of NSAIDs is not dependent upon their COX
selectivity (31) but is influenced by their tendency
to accumulate in the kidney tissues (32). Meloxicam
and celecoxib have approximately the same degree
of COX selectivity but only the latter causes
electrolyte retention. Interestingly, relative to the
plasma concentration, celecoxib demonstrates much
more accumulation in the kidneys than meloxicam.
Hyperkalemia which may be secondary to
potassium retention can be diagnosed with an initial
serum potassium concentration of ≥ 6 mEq/L in
outpatient setting or within the first 48 h of
hospitalization (107). It is well known that
aldosterone increases the potassium excretion.
Since PGI2 stimulates the juxtaglomerular cells in
the kidney to release renin (108) and consequently
aldosterone (109), an inhibition of PGI2 production
by NSAIDs may result in hyperkalemia (108).
Regardless of the COX-2 selectivity, NSAIDs
have been associated with hyperkalemia (110, 111).
However, the results of a retrospective study
including 1985 patients indicates that those under
therapy with COXIBs were in higher risk of
hyperkalemia than those on non-selective NSAIDs
(OR, 2.56; 95% CI, 1.03-6.36) (112). They noticed
no significant difference in electrocardiogram
abnormality
between
the
two
groups.
Unfortunately, the authors did not identify the

3.2.4. Nephrotic Syndrome with Acute
Interstitial Nephritis
Inflammation in the spaces between kidney tubules
is the underlying mechanism of developing acute
interstitial nephritis (AIN) (4). Hypersensitivity to
drugs, sepsis, and glomerular diseases can cause
AIN (91). The incidence of AIN is rare. It occurs
days after exposure and is reversible. Nephrotic
syndrome is presented with edema, oliguria, and
foamy urine (4). Hematuria and proteinuria can be
observed as well. Due to inhibition of
cyclooxygenase, an increase in production of other
arachidonic cascade products (e.g., leukotrienes)
can be responsible for induction of nephrotic
syndrome by NSAIDs. A case of nephrotic
syndrome induced by meloxicam is reported in a
patient who had previous history of the syndrome
after receiving diclofenac (98). The similarity in
structure of diclofenac and meloxicam was
speculated to be behind the hypersensitivity.
Administration of an NSAID with a chemical
structure different from those used before did no
cause the syndrome in this patient.
3.2.5. Electrolyte and Fluid Retention
Sodium retention that occurs in 25% of patients
exposed to NSAIDs (99) causes edema and weight
gain (100). NSAID-induced sodium retention may
be the result of increases in the expression of the
Na-K-2Cl co-transporter (101) which plays a role in
excretion of sodium and maintaining the GFR (81).
All NSAIDs have been reported to cause peripheral
edema (102, 103). It has been suggested that the
acute sodium retention by NSAIDs in healthy
elderly subjects is mediated by the inhibition of
COX-2, whereas, depression of GFR is due to
inhibition of COX-1 (102, 103).
A significant number of studies have
discussed the effect of both non-selective NSAIDs
and COXIBs on sodium balance (4). For example,
in a study of 12 children with monosymptomatic
nocturnal enuresis and nocturnal polyuria and 11
controls, a single dose of indomethacin was given
to both groups under standardized fluid and sodium
intake (104). Compared to the baseline values,
indomethacin caused significant decreases in the
nocturnal sodium, urea and osmotic excretion in
both groups. These were accompanied by reduced
PGE2 excretion from 0.13 ± 0.01 to 0.06 ± 0.01
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tested NSAIDs as they pooled all data together.
In a nested case-control study, including
18,326 patients diagnosed with hyperkalemia and
355,106 controls, no difference has been observed
among patients taking none, one or two NSAIDs
together (107). Though, certain NSAIDs made
patient more prone to development of
hyperkalemia. In that study, the use of rofecoxib,
celecoxib, diclofenac or indomethacin was
associated with the highest risk of hyperkalemia.
However, the incidence was not correlated with
COX-2 selectivity.
In a retrospective study, Katekao et al. (113)
divided a cohort of congestive heart failure patients
into users and nonusers of NSAID. They found that
the cause of the disease in the users group to be
acute coronary syndrome contrary to the previous
reports suggestive of salt and water retention. No
significant difference was noticed between the two
groups with regard to mortality.

against this suggestion is that at the steady-state
conditions,
i.e.,
under
pseudo-equilibrium
throughout the body, the presence of a given
NSAID in the site of action, albeit low for a drug
with short half-life, may be sufficient to inhibit
intercellular PG depending on its intrinsic potency
for the reaction. On the contrary, a drug with long
half-life, e.g., meloxicam, may possess less
tendency to accumulate in the kidney cells due to its
physicochemical properties, hence, potentially
causing less renal effect (32). Indeed, there is no
experimental data to confirm the influence of halflife on CRF caused by NSAIDs.
It is evident that chronic use of any NSAID
can cause CRF in some patients despite the data
suggestive of safety if the population mean is
considered (e.g., 115).
3.2.7. Hypertension Caused by Electrolyte
Retention
It is generally believed that NSAIDs increase blood
pressure, especially in hypertensive patients (117).
They can increase blood pressure by several
mechanisms including retention of salt and fluid
(118-120).
In a meta-analysis of 114 clinical trials,
Zhang et al. evaluated peripheral edema,
hypertension, renal dysfunction, and arrhythmia in
subjects who took rofecoxib, parecoxib, etoricoxib,
valdecoxib/parecoxib, etoricoxib, or lumiracoxib as
compared to controls. Rofecoxib demonstrated a
significant risk (RR) for renal side effects and
arrhythmia as compared with placebo with RR for
peripheral edema, hypertension, renal dysfunction,
and arrhythmia of 1.43 (95% CI, 1.23-1.66), 1.55
(95% CI, 1.29-1.85), 2.31 (95% CI, 1.05-5.07) and
2.90 (95% CI, 1.07-7.88), respectively. Rofecoxib’s
side effects intensified with the elevations of the
dose and duration of the use. Other NSAIDs were
not significantly associated with the risk although
some trends were evident. Interestingly, as
compared to controls, celecoxib was associated
with a lower risk of hypertension (RR, 0.83; 95%
CI, 0.71-0.97) and renal dysfunction (RR, 0.61;
95% CI, 0.40-0.94) (121). They, therefore,
concluded that there was no COX-2 class effect
event. This is in agreement with the result of a
study in the rat that reported lack of correlation
between COX-2 selectivity and electrolyte retention
(31). In contrast, another meta-analysis of 51
randomized clinical trials concluded that COXIBs

3.2.6. Chronic Renal Failure
Chronic renal or kidney failure occurs when an
assault, disease or toxins, damage the kidneys
resulting in inadequate removal of fluids and
wastes. Although rare, NSAIDs cause CRF
secondary to interstitial nephritis or papillary
necrosis. CRF can be an end-stage disease. The risk
of CRF is increased in patients who have
experienced ARF.
The literature on the NSAID-induced CRF is
controversial (114). However, Nderiti et al. have
recently published a systematic review evaluating
the data available on the CRF caused by NSAIDs
(115). Their inclusion criteria included NSAID use
over 6 months, n≥50, age≥45 and GFR<15-59
mL/min/1.73 m2. They used 7 reports that complied
with their criteria from which 3 had data suitable
for meta-analysis. They found that regular doses of
NSAIDs did not significantly elevate the risk of
CRF (pooled RR ratio, 0.96; 95%CI, 0.86-1.07).
High doses, however, significantly increased the
risk of CRF (pooled RR, 1.26; 95% CI, 1.06-1.50).
They concluded that it was unnecessary to avoid
low therapeutic doses of NSAIDs in patients with
moderate to severe CRF but suggested the lowest
effective dose of NSAIDs should be prescribed.
Based on retrospective studies, some authors
(e.g., 116) have suggested that NSAIDs with long
half-life may demonstrate a greater risk of CRF due
to their sustained inhibition of PG. The argument
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induced hypertension more that the non-selective
NSAIDs (122).

3.3.1. Composite Cardiac Outcome; COXIBS vs
Other NSAIDs
Rofecoxib was introduced to the market shortly
after the first COXIB, celecoxib. Although the
superiority of these two drugs over other NSAIDs
was only their presumed less GI side effects, the
aggressive direct-to-public advertisement gave the
impression of a greater efficacy in treating arthritis,
or even a new approach to the treatment of the
disease. Hence, in some regions, they quickly
became the most prescribed NSAIDs. However,
early clinical trials such as Vioxx Gastrointestinal
Outcomes Research (VIGOR) comparing rofecoxib
50 mg/day with naproxen 1000 mg/day in 8076 RA
patients, with no ASA use revealed a 5 fold increase
in CV risks for patients taking rofecoxib (130).
Additionally, the Adenomatous Polyp Prevention
on Vioxx (APPROVe) trial, comparing 25 mg /day
rofecoxib (n = 1287) dose with placebo (n=1299) in
2586 colorectal adenoma patients after 18 months
of treatment also reported a greater risk of MI
infarctions
and
ischemic
cerebrovascular,
congestive heart failure, and cardiac failure events
for rofecoxib (131). The COX-2 selectivity and/or
the lack of sufficient COX-1 inhibitory effect were
raised as the reason for the unfortunate observations
since the focus of the earlier reports was rofecoxib
which was known to be the most selective COX-2
inhibitor. However, in contrast, the Celecoxib Long
Term Arthritis Safety Study (CLASS) that
compared a relatively high dose of another selective
COX-2 inhibitor, celecoxib (400 mg, twice daily)
with ibuprofen 800 mg (three times a day) and
diclofenac 75 mg (twice daily) in 8059 patients with
OA and RA, detected no significant differences
between the examined NSAIDs in the CV incidence
irrespective of ASA use (49).
Another review, although sketchy, suggests
no significant difference in CV outcomes when
rofecoxib 12.5 mg/day, nabumetone 1000 mg/day
were compared with placebo for 6 weeks in OA
patients when low dose ASA were concomitantly
used (132). Adding to the already existed
confusion, the authors concluded that selective
COX-2 inhibitors use without ASA was associated
with higher CV risk as compared to the non-ASA
users (132). This implied that the lack of sufficient
COX-1 inhibitory effect of rofecoxib can be
compensated, at least in part, by the addition of
ASA. The CLASS study (49), where celecoxib was

3.2.8. Summary of NSAIDs Renal Effects
The use of all NSAIDs has been associated with
dose-dependent renal side effects with various
etiologies. Many of the side effects are short-term
and reversible upon NSAID withdrawal. Chronic
use of NSAIDs, although relatively free of renal
side effects in average patient, in some, particularly
those with other risk factors and/or on other drugs
such as diuretics and angiotensin inhibitors, may
result in end-stage chronic renal disease. However,
for the majority of patients, renal side effects of
NSAIDs are rare particularly if they avoid high
therapeutic doses.
3.3. Cardiovascular and Cerebrovascular Effects
of NSAIDs
Historically, GI side effects of NSAIDs were the
main limitation of their use. Since the emergence of
COXIBs and the subsequent withdrawal of
rofecoxib (29), however, the CV complications
have been highlighted as another major stumbling
block against the use of NSAIDs. Nevertheless,
both CV and renal side effects have been associated
with NSAIDs since their introduction. A
confounding factor in identifying the latter side
effects of NSAIDs has been the CV complications
that have been known to be associated with the very
disease that these drugs are indicated for; i.e., both
the inflammatory conditions and NSAIDs may
result in CV complications. Forman et al. (48) have
suggested that the frequency of nonnarcotic
analgesic use (including all NSAIDs and
acetaminophen) is independently associated with a
moderate increase in the risk of hypertension. This
has been disputed by those who suggested that the
authors had not considered, as a covariate, the
underlying reason for the use of analgesics and
antiinflammatory drugs (123, 124). Inflammatory
conditions, such as arthritis, adversely influence the
CV system so that patients with arthritis
are afflicted with CV conditions to a significantly
greater extent than the general population (125128).
Furthermore
a
decrease
in
the
pharmacological effect of some drugs, particularly
those to treat CV complications, is also observed in
inflammation. This adds another risk factor for
increased CV outcomes in the patients under
treatment with NSAIDs for their arthritis (129).
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found to be relatively without CV side effects, ASA
use was not found to influence CV or renal side
effect of the drug of interest.
Moreover, Mukherjee el at., suggested that
both celecoxib and rofecoxib may increase the CV
risk (133). They speculated that the reason behind
the different observations between VIGOR and
CLASS studies may be the different comparators
used in the trials; naproxen and ibuprofen,
respectively. In VIGOR trial naproxen decreased
the CV risk, increasing the relative risk of
rofecoxib. In the CLASS trail, on the other hand,
the comparator was ibuprofen or diclofenac with
relatively high risk ratio rendering the difference
between them and celecoxib insignificant. Other
plausible reasons for the differences between the
two outcomes include the shorter duration of
exposure for the former (132, 134).
Similar studies have been done on other
NSAIDs. A RCT consisting of 23,504 patients with
OA or RA (Multinational Etoricoxib and
Diclofenac
Arthritis
Long-term,
MEDAL)
compared the effects of etoricoxib vs diclofenac.
Etoricoxib is another COXIB from Merck & Co.
currently approved in more than 70 countries
including the European Union but not in the US and
Canada, where the regulatory agencies have
required additional safety and efficacy. This study
suggests the hazard ratio for CV events for
etoricoxib as compared to diclofenac to be 0.96
(95% CI, 0.81- 1.15) indicating no difference
between the two NSAIDs (135). This does not
imply a safe CV profile for the drug but merely
suggests no significant differences between
etoricoxib and diclofenac. In the latter study, the
concomitant use of low dose ASA yielded similar
results.
Recently, McGettigan and Henry reviewed
the published evidence regarding CV risk profiles
of NSAIDs in high, medium and low income
countries (6). The results showed that NSAIDs like
rofecoxib, etoricoxib, and diclofenac had
consistently higher CV risks (RRs) as compared to
naproxen. It is important to note that diclofenac is
listed as an essential drug in 74 countries and is still
capturing a market share of 14.7–58.7% of total
NSAIDs prescription (6). As compared to naproxen,
meloxicam and indomethacin demonstrated a
moderate elevation of RR while etodolac did not
increase RR significantly. Celecoxib and ibuprofen
have been reported to have elevated RR risk in high

doses used for clinical trials, but not in low doses as
mostly used in clinical practice (6).
In a cohort study of 107,092 Danish
individuals with chronic heart failure, the hazards
ratios for death were observed to be 1.31 (1.251.37) for ibuprofen, 2.08 (1.95-2.21) for diclofenac,
1.22 (1.07-1.39) for naproxen, 1.70 (1.58-1.82) for
rofecoxib, 1.75 (1.63-1.88) for celecoxib, and 1.28
(1.21-1.35) for other NSAIDs (136). The authors
noted a relationship between the dose of drug and
the CV toxicity. The adverse events were explained
by thromboembolic function of certain NSAIDs
(based on their selectivity for COX-2), renal
dysfunction and hypertension caused by NSAIDs,
possible changes in myocardium due to COX-2
inhibition demonstrated in animal models, and/or
preexisting physiological changes because of heart
failure.
Overall, it appears that, based on the
composite CV side effects, the notion of selective
COX-2 inhibition as the reason behind the NSAIDs
CV risk can be ruled out. However, it’s certain that
rofecoxib causes serious CV complications
particularly if it is taken without low dose ASA.
The CV effect of other NSAIDs are still
controversial, hence, cannot be unequivocally ruled
out.
3.3.2. Effect of Duration of Treatment
There is no convincing evidence that a brief
exposure to NSAIDs (e.g., used for relief of postsurgery pain) elevates CV risk. Indeed, a few days
treatment with meloxicam, ketorolac or celecoxib
are suggested to be free of increased risk of MI
(137) or heart failure (138). Liu et al. (137) found
no association of perioperative use of NSAIDs and
postoperative MI infarction after total joint
replacement.
Moreover, Mukherjee el at., have suggested
another plausible reason for the differences seen
between celecoxib (CLASS) and rofecoxib
(VIGOR) with regard to their CV risks, the shorter
duration of exposure to the former COXIB (133). A
subsequent study reported that the risk of atrial
fibrillation was higher among the patients who took
NSAIDs for longer than one year (139). This is
while another report suggested a greater risk of
arterial fibrillation in the new users of non-selective
NSAIDs, but not for COXIB (140). Similarly, a
population based case-control study suggests a high
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risk of arterial fibrillation for new users of NSAIDs
regardless of their COX selectivity (141).
Moreover, a small increase in MI has been reported
for ibuprofen only when new users were considered
in statistical analysis (142).
Based on the forgoing discussion, the effect
of duration of NSAIDs use is unclear. There may be
a tolerance developed by continued use of some
NSAID resulting in a relatively lower CV risk over
time. Whether the early CV side effects and those
following long time use manifest themselves
through different mechanisms remains to be
addressed.

researchers that, indeed, higher dose are associated
with greater risks of CV complications. This is a
good news since the safer dose ranges of NSAIDs
are still in the therapeutic range. However, it is
important to note that patients often increase their
prescribed doses based on their conditions with or
without their caregiver’s recommendation. The dose
dependency of drugs such as ibuprofen ranging
from cardioprotective to cardiotoxic also has
important therapeutic value particularly for patients
in less risk of GI complications. Similarly, the
possible cardioprotective effect of low dose
naproxen is worthy of serious consideration.

3.3.3. Dose-Dependency of CV Side Effects
In a cohort study of patients with chronic heart
failure, the hazards ratios for CV toxicity increased
by NSAIDs use regardless of COX selectivity in a
dose-dependent fashion (136). Another report (143)
that has received criticisms (144-146) suggests
ibuprofen increases the risk of CV toxicity at high
doses due, presumably, to the lack of
antithrombotic effect of high doses. Low doses of
ibuprofen may even have cardioprotective effects as
suggested by Fosbol et al. (147). The protective
effect of ibuprofen in low doses (≤ 1,200 mg/day;
RR, 0.78; 95% CI, 0.73-0.084) is stated to be due,
perhaps, to the antithrombotic or ASA-like effect of
the compound (147). This reflects the importance of
considering the dose in these types of studies.
While the overall use of ibuprofen is neutral, the
low doses are protective and high doses (≥1,200
mg/day) slightly but significantly increase the risk
ratio. Naproxen also appears to be cardioprotective
in low doses but neutral in high doses (147).
Likewise, higher doses of diclofenac, celecoxib,
and rofecoxib were correlated with higher risk of
MI or death (143).
According to a more recent review, celecoxib
and ibuprofen have elevated CV risks in high doses
used for clinical trials, but not in low doses as
mostly used in clinical practice (148). Another
study (142) suggests that the use of NSAIDs
including rofecoxib is associated with only a small
elevation of acute MI risk. The magnitude of the
CV risk, however, increased by higher doses for all
tested NSAIDs except for diclofenac. In the elderly,
it appears that the first time MI risk increases with
the use of rofecoxib in a dose-dependent manner
(149).
There seems to be consensus among the

3.3.4. Risk of Cardiac Death, All-Cause
Mortality
In the elderly, the issue of death due to NSAIDs use
is controversial. In a nested case-control study
conducted on the Australian veterans, Mangoni el
at., reported a reduction in all-cause mortality
reported for all NSAIDs regardless of their COX
selectivity (OR 0.87, 95% CI 0.85, 0.90). The risk
of death was also inversely associated with the
number of prescription supplies (138). On the other
hand, in a ten-year cohort study, Kerr et al.
measured all-cause mortality outcome in the users
of NSAIDs also in the Australian veteran
population. They reported an elevated risk of death
due to CV complications in the users of NSAIDs
regardless of their COX selectivity (150). As
compared to the non-NSAID treatments, they
noticed the highest hazard ratio for all non-selective
NSAIDs (1.76; 95% CI, 1.59 - 1.94) followed by
rofecoxib (1.58; 95% CL, 1.39 - 1.79), meloxicam
(1.49; 95% CI, 1.25 - 1.78), diclofenac (1.44; 95%
CI, 1.28 - 1.62) and celecoxib (1.39; 1.25 - 1.55).
The authors cast doubt on the meloxicam data due
to “insufficient longitudinal” observation and
suggested continuing monitoring. The substantially
smaller number of patients on the drug may be
another explanation; for the COXIBs, population
size was the highest for celecoxib and smallest for
meloxicam. It is unclear if the longer duration of
follow up used for the non-selective NSAIDs (133
days) as compared with the COXIBs (60 days) had
influenced the greater risk for the former. Kerr et al.
attributed the difference between their data and the
earlier ones to a wider definition of NSAID
exposure and a case-control design assessing risk
using a conditional logistic regression approach
used by Mangoni et al. Individuals were eligible for
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inclusion by Kerr et al. if they had been on the same
NSAID for 60-133 days depending on the drug; a
gap in supply of the study drug greater than 30 days
excluded the patient. On the other hand, Mangoni et
al. (138) who stratified their cohort according to the
extent of use, allowed gaps; e.g., used 30 days-2
years; used once or twice within the last 30 days,
used more than twice within the last 30 days.
Fosbol et al. estimated the risk of CV death
associated with NSAIDs as composite event of
coronary death, MI and stroke in a Danish
Nationwide cohort that consisted of 4,416,807
individuals aged 10 years or older. The use of
diclofenac (OR 1.91, 95% CI 1.62-2.42) and
rofecoxib (OR 1.66, 95%CI 1.06-2.59) was
associated with higher risk of CV death. There was
a trend towards higher stroke risk with ibuprofen
use (OR 1.29, 95% CI 1.02-1.63) but naproxen was
void of any risk (OR 0.84; 95%CI, 0.50 to 1.42)
(143). In addition, ibuprofen increased the risk of
CV toxicity at high doses. According to the authors,
this could be due to the lack of antithrombotic
effect at high doses. Higher doses of diclofenac,
celecoxib, and rofecoxib were correlated with
higher risk of death/MI. Of note, the study has
received several criticisms for its methodology and
conclusion (144-146).
The possibility of death caused by NSAIDs in
young and apparently healthy subject has been
studied by Fosbol et al. (147) who presented the
most striking data on the harmful effect of short
periods (9–34 days) and often low doses of NSAIDs
in a large Danish population of 10 years and older
individuals with median age of around 40 years.
They studied death and MI within a nine-year
follow-up period. The authors reported a dosedependent increase in the risk ratios (RR; 95%
confidence limits) as compared to non-NSAID
users with a RR of 1.01 (0.96–1.07) for ibuprofen,
1.63 (1.52–1.76) for diclofenac, 0.97 (0.83–1.12)
for naproxen, 2.13 (1.89–2.41) for rofecoxib, and
2.01 (1.78–2.27) for celecoxib. They found no
significant difference in risk associated with the
first few days of treatment compared with the rest
of the treatment interval. Most of the events
happened later than 10 days into the treatment
period. In the population of one million NSAIDs
users studied by the Fosbol et al., 63 excess deaths
per year were reported. The authors concluded that
the absolute risk of NSAID-related death and CV
events is, however, low, thus, in these types of

studies, a high number of patients is needed to
assess any statistical significance. However, they
admitted that their study was only observational by
nature since the reason for NSAIDs prescriptions
were not available. It is interesting that the authors
who had adjusted their data for various covariates
did not do so for the underlying reason for taking
NSAIDs. Ignoring the effect of the inflammatory
conditions on the CV system may introduce great
errors in the interpretation of data (125).
Even more interesting than Fosbol et al.’s
observation (147) is the report of Goodson et al.
that, through a population based study consisting of
923 inflammatory polyarthritis patients from the
UK Norflok Arthritis Register (NOAR), suggest no
increase in the risk of death for the users of
NSAIDs and instead an inverse association between
all-cause mortality and CV mortality. They
speculate that the use of NSAIDs in patients with
chronic inflammation may influence the eicosanoid
pathway toward a net beneficial effect on the CV
system (151). In support of Goodson et al. data that
dealt with patients with chronic inflammation (151),
a very recent report (152) suggests a lower overall
NSAID related CV risk in RA patients (RR, 1.22;
95% CI 1.09 to 1.37) as compared with non-RA
subjects (RR, 1.51; 95% CI 1.36 to 1.66, p<0.01).
They also concluded that among 9 NSAIDs tested
only rofecoxib and diclofenac were associated with
increased CV risk (152). Similarly, in a cohort of
colorectal cancer patients, Zell et al. reported a
decrease in mortality with the prolonged use of
NSAIDs (153). Apparently, the difference in the
finding of these studies can be explained by
difference in study design and lack of control on
exposure and shorter duration.
The heterogeneity in patient population and
study design and small number of events make any
unequivocal conclusion regarding the risk of death
and NSAIDs use impossible. In many of these
studies, particularly those with historic data, the
influence of chronic inflammation which NSAIDs
are intended for, is ignored. This is important since
inflammation is by itself a risk factor of CV
complications and death; NSAIDs control
inflammation, thereby, theoretically should reduce
the cause for increase CV risk as some clinical
observations suggest (95). It is generally believed
that certainly rofecoxib and probably diclofenac use
are associated with CV events. There is no
consensus, however, to extrapolate the observation
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made on the above NSAIDs to the entire class of
compounds.

3.30; 95% CI, 1.41 - 7.68; p = 0.01). Although
celecoxib did not increase the risk of acute MI (RR,
1.44; 95% CI, 0.57 - 3.69; p = 0.44), it significantly
elevated the risk of stroke (RR, 2.43; 95% CI, 1.05 5.58; p = 0.04). The use of all NSAIDs caused
hemorrhages, however, it was more severe in
celecoxib and rofecoxib groups (164).
Varas-Lorenzo et al. conducted a cohort
study including 365,658 subjects aged 40-85 in
Canada (142). The use of celecoxib, rofecoxib,
diclofenac, naproxen, ibuprofen, or indomethacin
was associated with a small elevation of acute MI
risk (5.1/1000 person/year). The magnitude of the
risk increased for ibuprofen only when new users
were considered in the statistical analysis. Except
for diclofenac, the high doses of other drugs were
associated with higher risk of CV toxicity.
A cohort study of Australian veterans and
dependents (n = 85,807 and age = 75-79 years)
examined the number of deaths in celecoxib,
rofecoxib, meloxicam, diclofenac, and nonselective NSAIDs groups compared to mortality in
a reference group (150). Adjusted hazard ratios for
celecoxib, diclofenac, meloxicam, rofecoxib, and
non-selective NSAIDs were reported to be 1.39
(1.25-1.55), 1.44 (1.28-1.62), 1.49 (1.25-1.78), 1.58
(1.39-1.79), and 1.76 (1.59 - 1.94), respectively.
Accordingly, there was a small increase in CV
toxicity for both selective and non-selective
NSAIDs.
It has been intuitively believed that the CV
risk associated with NSAIDs is greater with their
long term use (18 months) as it has been observed
in the APPROVe trial (131) until recently, when a
cohort study from Europe reported that even a short
term use of NSAIDs by patients with a history of
MI increases the risk of death and MI (165).
However, the study has received much criticism on
its design and the analysis approach.
The history of previous MI on the CV risk of
NSAIDs has been investigated. A group of
researchers have reported (149), in the elderly
currently on rofecoxib and with no history of MI,
evidence of an increased risk of acute MI which
was further elevated at higher doses. These authors
detected no increased risk with celecoxib or other
NSAIDs. Interestingly, according to these
investigators, ASA use reduces the risk associated
with low-dose but not high-dose rofecoxib. Later,
the same group (166) noticed that patients with and
without previous MI were at increased risk of MI

3.3.5. Risk of Myocardial Infarction
Amongst the CV conditions associated with
NSAIDs, MI is the most studied, due, perhaps, to
being more lethal and most common. Most studies
have reported the risk associated with all NSAIDs
with varying intensity, dose and duration (148). The
mechanism of the CV effect of NSAIDs is unclear
but, at electrophysiology level, Grimaldi-Bensouda
et al. have found that the MI risk modification
associated with NSAID is limited to non-ST
elevation (154).
Initially, only the COXIBs were highlighted
as the NSAIDs associated with an increased risk of
MI, until, Kaiser Permanente trials (155) raised the
questions over CV risk for all NSAIDs. Subsequent
reports (142, 156, 157) challenged the previous
belief. For example, retrospective cohort studies
suggest an increased risk for CV outcome even with
non-selective NSAIDs such as diclofenac and
ibuprofen (142, 156, 157). Others also reported no
cardioprotective effects for any tested NSAID
contrary to what previously noticed for naproxen
and indomethacin (158-160).
A recent meta-analysis of the major
randomized controlled trials on the effect of
NSAIDS has concluded that, except for naproxen,
NSAIDs used commonly in clinical practice are
associated with increased risk of acute MI at high
doses or in the patients previously diagnosed with
coronary heart disease. For diclofenac and
rofecoxib, the risk is elevated for both low and high
doses (161). This is in agreement with another
previously reported meta-analysis that concluded
that although uncertainty remains, a little evidence
exists to suggest if any of the investigated drugs are
safe in CV terms but apparently naproxen seemed
least harmful (162).
In a case control study, Solomon et al
.compared the risk of MI associated with celecoxib
and rofecoxib in a group of patients who received
no NSAIDs using the Medicare database. The use
of rofecoxib was associated with higher risk (RR,
1.24; 95% CI, 1.05-1.46) as compared with that of
celecoxib and no NSAID (163).
A 2-year follow-up of individuals age 18 or
older revealed no increased risk of MI with nonselective NSAIDs. The use of rofecoxib was
associated with higher incidents of acute MI (RR,
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with a non-significant trend for a greater risk among
those with a previous event (RR, 1.23; 95% CI,
1.05 - 1.45 vs. RR, 1.59; 95% CI, 1.15 - 2.18; p =
0.14). They also reported that, celecoxib was
associated with a significant increased risk only in
people with previous MI (RR 1.40; 95% CI, 1.06 1.84 vs. RR, 1.03: 95% CI, 0.88 - 1.20; p = 0.04).
Likewise, Lonas et al. who conducted an
observational study of 3,293 patients taking
NSAIDs for OA (the LOGICA study) observed a
high risk of CV (167). A high risk of CV toxicity
was noticeable among patients with previous MI
after short and long term NSAID therapy (165).
A dose-related death due or re-infarction has
been reported in the Danish population who used
NSAIDs (168). The authors concluded that all doses
of celecoxib and rofecoxib but only high doses of
non-selective NSAIDs dosages increase mortality in
patients with previous MI. They suggested that
these drugs should, therefore, be used with
particular caution in these patients. This is when
another study reports that there is “no difference
between acute MI occurrences in the elderly
patients taking rofecoxib or celecoxib at
recommended doses for chronic indications versus
those taking ibuprofen/diclofenac. However, the
risk of acute MI was higher among patients using
higher doses of rofecoxib (>25 mg/day) compared
to patients using higher doses of celecoxib (>200
mg/day)” (169).
Warner et al. (170) compared etodolac with
naproxen in a historical cohort analysis consisting
of 38,258 US veterans. They also included
celecoxib and rofecoxib as positive controls. The
outcome was very interesting since it may
rejuvenate interest in etodolac, an old drug with a
favorable COX-2/COX-1 inhibitory property (Table
2), and a general belief of positive safety profile. As
compared to naproxen, the increased risk of acute
MI was not significant for etodolac (OR, 1.32; p =
0.27) but was so for celecoxib and rofecoxib. The
authors’ conclusion on the safety of etodolac that
confirms another report (6), of course, is on the
assumption that naproxen does not increase the risk
of MI. However, to back their claim, they
demonstrated that neither naproxen nor etodolac
were independent predictors of MI.
It is likely that some NSAIDs may increase
the risk of MI particularly in high doses and with
more certainty in patients with history of previous
attack. Rofecoxib appears the most toxic of all

tested NSAIDs while naproxen and etodolac may
be the safest.
3.3.6. Risk of Cardiogenic Stroke
The effect of NSAIDs on the risk of stroke has been
evaluated by several investigators. A retrospective
cohort study of subjects aged 50 to 84 years old
showed an increase in the risk of stroke among
those who took rofecoxib or valdecoxib but not in
those on several non-selective NSAIDs (diclofenac,
ibuprofen, naproxen, and indomethacin) (160). In
contrast, another retrospective cohort study of
162,065 Australian veterans found that, except for
ibuprofen,
both
non-selective
(naproxen,
indomethacin,
piroxicam,
meloxicam,
and
diclofenac) and COXIBs (celecoxib and rofecoxib)
increased the risk of stroke (171). Another
retrospective nested case control study carried out
on the Australian veteran population suggests no
increased risk of stroke in non-selective NSAIDs
users (138). In a meta-analysis of 31 trails
comparing NSAIDs with placebo, ibuprofen was
associated with the highest risk of stroke (3.36;
95% CI, 1.00-11.6) followed by diclofenac (2.86;
95% CI, 1.09-8.36), etoricoxib (4.07; 95% CI, 1.2315.7) and diclofenac high dose (3.98; 95% CI,
1.48-12.7) (162) .Yet in another study pooled RR of
stroke was higher for rofecoxib (1.64; 95% CI,
1.15-2.33) and diclofenac (1.27; 95% CI, 1.08-1.48)
but not for naproxen, celecoxib, ibuprofen (172).
Another study suggests a 1.88 times increased risk
of stroke (95% CI, 1.70–2.08) in general population
using NSAIDs (171).
No clear conclusion can be made regarding
the possibility of an increased risk of stroke in the
users of NSAIDs as the literature, that is all based
on historical evaluations, is highly controversial.
Heterogeneity on the tested population and
differences in the methodologies may explain the
controversy.
3.3.7. Risk of Thromboembolic Event
The outcome of the most of the clinical trials
suggests a positive association between the use of
NSAIDs and increased thromboembolic events
regardless of their COX-2 selectivity (173, 174).
The mechanism behind this effect of NSAIDs
which has been known for decades is their ability to
interfere with the prostacyclin pathway. For
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example, Ross et al. who conducted a placebo
control meta-analysis of rofecoxib clinical trials
consisting of 2586 patients have suggested a higher
risk of thromboembolic event in the users of
rofecoxib (RR, 2.18; 95% CI, 0.93-5.81) (175).
However, meloxicam is reported to have a
favorable thromboembolic profile (176) over other
NSAIDs including celecoxib (177).
Layton et al. have compared the
thromboembolic risk associated with the use of
celecoxib (178) and rofecoxib (178) with
meloxicam using retrospective data. They noticed a
small increase in the rate of cerebrovascular
thromboembolic events in users of celecoxib
compared to meloxicam but not in the rate of CV
thromboembolic or peripheral venous thrombotic
events (178). They also reported a small relative
increase in the rate of cerebrovascular
thromboembolic events and a relative reduction in
peripheral venous thrombotic events in the users of
rofecoxib as compared with meloxicam. They,
however, noticed no difference in the incidence of
CV thromboembolic events between the users of
rofecoxib and meloxicam (178).
Most NSAIDs disrupt the thrombotic state by
creating an imbalance between the TXA2 and
antithrombotic prostaglandins. This side effect is
expected regardless of COX-2 selectivity. In a
recent meta-analysis, Kearney et al. (179) have
reviewed the clinical trials for vascular events
resulted from the use of NSAIDs. They reported a
42% relative increase in serious vascular events in
the COXIB user as compared with placebo. The
risk was consistent among the tested NSAIDs.

piroxicam, meloxicam, naproxen, fenoprofen,
flurbiprofen,
tenoxicam,
mefenamic
acid,
meclofenamic acid, flufenamic acid and tolfenamic
acid) or COXIBs (celecoxib and rofecoxib) and the
risk of AF (140). Investigators reported a high risk
of AF for new users of non-selective but not for
patients who took COXIBs. It is worthy of noting
that the authors included etodolac among the nonselective NSAIDs.
In contrast, a population based case-control
study suggested an increased risk of AF for new
users of NSAIDs regardless of their COX
selectivity (141). The study included 32,602
patients diagnosed with AF and 325,918 matching
controls.
Since there may be a relationship between
inflammation and AF, Hobach et al. (95)
hypothesized that the use of the antiinflammatory
naproxen in post-operative patients may reduce the
incidence of AF. They, therefore, carried out a
randomized, double-blind, placebo-controlled study
in 161 Brazilian patients undergone coronary artery
bypass graft. They were administered 275 mg oral
doses of naproxen or placebo every 12 h for 120 h
commencing immediately after surgery. The use of
naproxen failed to reduce the incidence of AF but
decreased its duration in a limited sample of the
patients. The outcome of this study is not
unequivocal since, as the authors pointed out, the
data were analyzed with limited statistical power. In
addition, the inflammatory states of the patients
were not tested to see if the intervention had
controlled the expression of inflammatory
mediators. Moreover, the patients in both groups
were
already
on
drugs
with
known
antiinflammatory effects such as HMG-CoA
reductase inhibitors (180, 181) and ACE inhibitors
(182-184), hence, the plausible additional effect of
naproxen could have been masked.
It appears that NSAIDs increase the incidence
of AF despite their antiinflammatory properties.
However, more studies are needed to address the
controversy in the published studies. The focus of
the future investigations should be the effect of the
dose, the duration of treatment and the history of
CV complications on the NSAIDs therapy outcome.

3.3.8. Risk of Atrial Fibrillation
Multiple studies indicate an elevated risk of atrial
fibrillation (AF) associated with the use of NSAIDs
(95, 140, 141). A recent well-done review has shed
light onto many aspects of this issue (44). We,
therefore, will highlight only a few key studies.
A nested case-control study of patients aged
40-89 years revealed an association between current
use of NSAIDs and the development of AF (RR,
1.44; 95% CI, 1.08-1.91) (139). The risk was higher
among the patients who took NSAIDs for more than
one year. Similarly, a larger cohort study consisting
of 7,280 Taiwanese patients diagnosed with AF and
72,800 controls evaluated the exposure of patients
to non-selective (ketorolac, ketoprofen, ibuprofen,
etodolac, diclofenac, indomethacin, sulindac,

3.3.9. Risk of Elevated Blood Pressure and
Hypertension
The effect of NSAIDs on the kidneys and
consequently their role on the excretion of
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electrolytes and water retention has been discussed
above. The NSAIDs induced electrolyte imbalance,
coupled with NSAIDs inhibitory effect on the
production of vasodilator prostacyclin (PGI2) (185),
results in increased blood pressure, hypertension
and consequently, CV complications. Several
placebo control clinical trials have shown that
NSAIDs regardless of their COX selectivity are
associated with increased CV risk through such
mechanisms. Yu, et al. (186) have shown that a
blockage of vascular COX-2 results in a lower PGIM in the urine predisposing the animal to both
hypertension and thrombosis. Moreover, blockade
of vascular COX-2 is linked to a lower endothelial
NO synthase suppression of PGI2 which is likely to
augment the already compromised blood pressure
homeostasis. Another study has suggested the
hardening of arteries as the mechanism for
increased peripheral resistance caused by NSAIDs
that results in hypertension and serious CV event
(186).
Epidemiological studies are generally in
agreement with the above mentioned reports, albeit,
there is a controversy on the ranking of these drugs
to increase blood pressure. For example, as
compared with acetaminophen, first prescription of
NSAIDs moderately increases systolic blood
pressure by 2 mm Hg in hypertensive patients with
a great data variability (95% CI, 0.7 - 3.3).
However, NSAIDs fail to influence blood pressure
in patients who are concurrently taking diuretics or
those who use combinations of two or more
antihypertensive medications. Compared to
naproxen, ibuprofen is associated with a 2.5 mmHg
increased systolic blood pressure (95% CI, 0.5 4.6). In addition, ibuprofen is associated with a
clinically important increased systolic blood
pressure with a risk factor of 1.47 (95% CI, 1.09 1.96). Compared to ibuprofen or naproxen,
celecoxib is not associated with a clinically
important increase in systolic blood pressure (187).
Krum et al. reported that etoricoxib is
associated with higher systolic (p < 0.0001) and
diastolic blood pressure (p < 0.0001 to p = 0.0015)
compared to diclofenac (188). Likewise, naproxen
is also reported to cause elevation of blood pressure
in a randomised control trial of 916 patients (189).
Others have concluded that all selective and nonselective NSAIDs have the ability to disrupt the
blood pressure homeostasis with varying degree
(120).

Elliott (190) addresses the fact that
methodology in recording and reporting blood
pressure data may result in different interpretations
but agrees that NSAIDs do increase blood pressure.
The reviewer shows a significant correlation
between blood pressures and CV events and, for
more definite and reliable conclusions, he looks
forward to the finding of an ongoing trial, the
‘Prospective Randomized Evaluation of Celecoxib
Integrated Safety versus Ibuprofen or Naproxen’
(PRECISION).
In many studies the possibility of a combined
or linking renal and CV side effects, i.e., a
cardiorenal comorbidity, is ignored. Whelton et al.
(191) conducted a 6-week, randomized, parallelgroup, double-blind trial comparing celecoxib with
rofecoxib in 810 OA patients. They noticed edema
in the users of rofecoxib approximately twice as
many as in the celecoxib-treated patients (9.5% vs.
4.9%; p, 0.014). Increased systolic blood pressure
was observed in 17% of the rofecoxib and 11% of
the celecoxib (p, 0.032) users. There was no
significant difference between the two groups in
elevation of diastolic blood pressure (increased in
2.3% of rofecoxib- compared with 1.5% of
celecoxib-treated patients, p, 0.44). After 6 weeks
of treatment, the change from baseline in systolic
blood pressure (mm Hg) was +2.6 for rofecoxib and
-0.5 for celecoxib (P, 0.007). Another recent study
by Hegazy et al. (83) has reported a safer
cardiorenal profile for celecoxib than for ibuprofen
in elderly population with OA and RA manifested
as lower incidences of hypertension and edema for
the latter drug.
In general, blood pressure of patients on
NSAIDs needs to be monitored as the possibility of
a few mm Hg increases by this entire class of drugs
exists, if not in the population mean, in some
individual patients.
4.

CONCLUSION

NSAIDs are used by a substantial number of people
diagnosed with arthritis and other related diseases
to reduce inflammation and pain associated with
these conditions (4). They are potent drugs and, as
such, are expected to be associated with various
side effects that include GI, renal and CV
implications. These side effects may be relatively
rare but can be serious. Although some NSAIDs
appear to be more toxic than others, their ranking
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merely based on their mechanism of action, e.g.,
selectivity in COX-2 inhibitory, seems futile since
rofecoxib with a very high COX-2 selectivity
appears to be as harmful to the GI tract as the
conventional competitors (77).
Overall, considering the increased incident of
CV and renal complications associated with
inflammatory conditions (125), even a slight risk of
aggravating these adverse effects may result in
serious outcomes particularly in high risk patients.
The damage to the kidney includes a reduction in
GFR and tubular injury. CV events such as MI
and/or death associated with several NSAIDs are
reported by many investigators. In addition,
cerebrovascular events and ARF have been linked
to use of NSAIDs.
The reports covering the side effects of
NSAIDs consist of a limited number of clinical
trials but many retrospective epidemiological
studies. Often, they do not agree with one another
but the consensus is that NSAIDs do cause serious
side effects albeit with a low prevalence. Some
studies are of low value as 1) they pool data
collected for various drugs, hence as such, the mean
data may mask properties of a given drug. 2) They
generalize observations based on data generated
using one or few drugs. It has become clear that the
observation made on certain drugs, e.g., rofecoxib,
cannot be extrapolated to all selective COX-2
inhibitors, e.g., celecoxib, meloxicam or etodolac.
This hold true for the conventional NSAIDs as well.
3) No information on the dose and formulation is
included. The side effects of NSAIDs are dosedependent so that the information obtained based on
data collected using high doses do not necessarily
reflect the properties of low doses. In addition,
modified release formulations have their own
specific side effect profile that may not be
necessarily similar to the immediate release forms.
4) Many clinical and epidemiological studies suffer
from heterogeneity in both patients and
methodology, and some ignore the effect of the
pathophysiological condition of the included
patients.
Nevertheless, there are some NSAIDs that
appear to be less toxic than others. They include
naproxen and celecoxib (143, 176, 192). Etodolac
and meloxicam may also be included in the list
although, due to scarcity of data, a clear conclusion
cannot be made. Among the available NSAIDs,
diclofenac seems to be associated with the highest

CV complication (143, 192) and, perhaps, should be
avoided although it is found in the essential list of
many countries.
Low therapeutic doses of NSAIDs appear to
be safe to be used by patients who do not have renal
and/or CV co-morbidities. Indeed, there is a
possibility of cardio-protection for low doses of
some NSAIDs such as ibuprofen and naproxen.
Monitoring of patients particularly those with comorbidities is essential. Nevertheless, under any
condition, the potential for causing GI damages,
including those that are often ignored and occur in
the lower parts of the tract, has to be considered
regardless of the mechanism of action, dose, and
pharmaceutical formulation of these NSAIDs. The
use of GI protective drugs such as misoprostol
along with NSAIDs by patients at risk of GI
complications is advisable (201). The pH
controlling drugs appear to be effective in
protecting the upper GI but their beneficial effect on
the lower GI is not proven. Enteric coated,
including low dose ASA, and controlled-release
NSAIDs are associated with side effects in the
lower GI tract.
Many patients can benefit from non-NSAID
analgesics
such
as
acetaminophen
and
antiinflammatories such as glucosamine which have
favorable safety profiles. Toxic doses of
acetaminophen result in serious hepatic disorders
but even high therapeutic doses of the drug are free
of major side effects. The clinical benefit of
glucosamine is controversial mainly due to the use
of low quality products and under-dosing (193).
Nevertheless, many patients are satisfied with the
outcome of glucosamine therapy.
Topical NSAIDs are other alternative
medications for some patients. Due to the lower
systemic exposure, i.e., lower absorption into the
systemic circulation, as compared to the oral doses,
they are expected to cause less serious side effects.
The possibility of skin rashes due to topical
application of NSAIDs, however, should be kept in
mind.
It is important to realize that many inferences
made on the safety of drugs are based on the
comparison of the means of two or more clinical or
epidemiological observations. We, typically,
conclude safety when the mean of the observation
made in those using the drug is not significantly
different from those on placebo. This, by no means,
implies that no patient taking the drug will
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experience side effects. It is, therefore, of prime
importance to consider individualizing the
therapeutic plan and monitoring based on the
condition of the patient.

Naproxen (PRECISION) trial (199) and The
Standard care versus Celecoxib Outcome Trial
(SCOT) trial (200). They are expected to improve
our understanding of the safety of NSAIDs.

5. ANTICIPATED ADVANCES IN THE
KNOWLEDGE OF THE FIELD
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There are many efforts ongoing to produce better
antiinflammatory drugs and also to find ways to
render antiinflammatory treatments safer and more
efficacious. We include a few examples. To
minimize the CV effects of selective COX-2
inhibitors, investigators have suggested targeting
the TXA2 receptor to balance the undesired CV
effects of NSAIDs (194)
Research and development activities,
including clinical trials, are still ongoing on the
very much anticipated nitric oxide donating
NSAID. By the virtue of donating NO, these drugs
are speculated to reduce the CV and GI side effect
of NSAIDs (195).
Knights et al. have suggested that the in vitro
data used to find selectivity of COX for NSAIDs is
debatable and explanations for the CV toxicity
based on an imbalance of COX-2-derived PGI2 and
COX-1-derived thromboxane A2 cannot be
plausible (196). They have recommended more
standardized in vitro kinetics studies determining
inhibitor constant and rate constant to define true
selectivity of NSAIDs toward inhibition of COX.
We add that the scope of the search for safe
antiinflammatory drugs should be broadened to the
molecular level and cover various receptors
involved in the side effects and also to explore
pharmacokinetic and drug delivery potentials. In
addition, to predict various side effects of NSAIDs,
identification of readily measured biomarkers is of
therapeutic interest.
Pharmacogenetics appears to have a role in
the CV complications of NSAIDs (197). St.
Germaine et al. have associated the susceptibility to
NSAIDs’
CV
complications
to
genetic
polymorphism (198). They have identified the
prostaglandin-endoperoxide synthase–1 and Creactive protein genes as the candidates for a
possible gene-drug interaction influencing the acute
coronary risk associated with NSAID use.
Two large scale clinical trials are ongoing,
The Prospective Randomized Evaluation of
Celecoxib Integrated Safety versus Ibuprofen Or
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