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T. INTRODUCTION. Nonsteroidal anti-inflammatory drugs 
e medications which, besides having pain-relieving (analgesic) 
the effect of reducing inflammation. NSAIDs have been associ-
verse gastrointestinal (GI) events such as dyspepsia and upper 
in. OBJECTIVE. The goal of the review is to provide an updated 

sessing the risk of GI complications induced by the most com-
non-selective NSAIDs, by reporting comparative evidence of 
al toxicity between traditional NSAIDs and cyclooxygenase-2 
ibitors. METHODS. A total of 12 published studies were reviewed 
d on the basis of trial design, inclusion and exclusion factors, 
imens, clinical endpoints, outcomes, and date of publication. 
e clinical endpoints of primary focus were gastric or duodenal 
astric outlet obstruction, upper GI bleeding, and gastric or duo-
The studies under review showed that in patients with increased 
 to gastrointestinal adverse events, a lower risk of upper gastro-
eding was observed in users of COX-2 inhibitors compared with 
AIDs. CONCLUSION. Studies indicated that COX-2 inhibitors 
re frequently than were traditional NSAIDs in certain groups of 

 varying cardiac or gastrointestinal risk. As further discussions 
 the safety of COX-2 inhibitors, the same questions will be asked 
lternatives, including NSAIDs and other drugs. In that respect, 
ent of the GI effects is important. 
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BACKGROUND 
 

 Nonsteroidal antiinflammatory drugs (NSAIDs) 
are medications which, as well as having pain-
relieving (analgesic) effects, have the effect of re-
ducing inflammation when used over a period of 
time. NSAIDs have been associated with adverse 
gastrointestinal (GI) events such as dyspepsia 
(heartburn, bloating, or belching) and upper ab-
dominal and epigastric pain were identified as the 
most important GI contributors to reduction in 
quality of life (QOL) [1]. NSAIDs cause damage in 
the upper gastrointestinal tract by impairing the 
ability of the mucosa to resist and respond to in-
jury. Many of these effects of NSAIDs can be at-
tributed to their ability to suppress mucosal pros-
taglandin synthesis [2]. NSAIDs inhibit cyclooxy-
genase, the enzyme responsible for conversion of 
arachidonic acid to prostaglandins [3]. Through 
their non-specific inhibition of the two cyclo-
oxygenase isoenzymes, both aspirin and conven-
tional NSAIDs induce gastro duodenal damage 
[4,5]. 
 Selective inhibitors of cyclooxygenase-2 
(COX-2) are less likely to disrupt mucosal defense 
and do not interfere with platelet aggregation. 
Thus, their use is associated with a reduced inci-
dence of serious GI adverse events; however, a sig-
nificant risk of such events still persists. COX-2 
inhibitors have demonstrated improved GI safety 
over, traditional NSAIDs [6,7]. 
 Studies included in reviews must explore best 
level of evidence. Studies conducted by Bollini et 
al. [8], Hawkey [9], and Gabriel et al. [10] high-
lighted that most of the meta-analyses focused on 
cross sectional and retrospective trials, but such 
designs have been shown to induce overestimated 
results compared with randomized controlled trials 
(RCTs) and/or controlled longitudinal cohort stud-
ies. RCTs provide a more accurate way to control 
for confounding factors and bias, and the odds ra-
tios are less conservative estimates than relative 
risk. The cross sectional and retrospective studies 
however are more generalizable and not restricted 
to a specific category of individuals, and thereby 
favor the external validity. Attempts have been 

made to characterize the complex time-effect rela-
tionship between NSAID intake and GI side ef-
fects. The gaps in the available publications reflect 
the need for further large epidemiological studies 
examining these important questions. The need for 
additional research is supported by the widespread 
use of conventional, non-specific NSAIDs, despite 
the better GI safety profile of COX-2 inhibitors or 
the combination of NSAIDs and prostaglandins or 
proton pump inhibitors [11]. 
 NSAIDs are used to relieve some symptoms 
caused by arthritis (rheumatism), such as inflam-
mation, swelling, stiffness, and joint pain. Some of 
these medicines are also used to relieve other kinds 
of pain or to treat other painful conditions, such as 
gout attacks, bursitis, tendonitis, sprains, strains, 
other injuries, or menstrual cramps, Ibuprofen and 
naproxen are also used to reduce fever. Me-
clofenamate is also used to reduce the amount of 
bleeding in some women who have very heavy 
menstrual periods [2]. 
 According to the trends published in Health 
United States 2004, for the year 2001-2002 the 
number of prescription and non prescription 
NSAIDs recorded were almost 22 per 100 popula-
tion in men and 32 per 100 population in women 
for all ages [13]. Since the introduction of COX-2 
inhibitors, their use has become widespread. In 
2001–02, COX-2 inhibitors accounted for 51 per-
cent of the total NSAID visits among adults age 18 
years and over, surpassing traditional NSAIDs. 
This dramatic growth in COX-2 inhibitors is evi-
dent in all adult age groups [13]. 
 The recent controversy surrounding COX-2 
inhibitor use and its association with cardiovascular 
risks [14], is calling for alternative therapies includ-
ing NSAIDs, and emphasizes the need for an up-
date on the current evidence on NSAIDs and their 
risk profiles. 
 The goal of the review is to provide an up-
dated document accurately assessing the risk of GI 
complications induced by the most commonly used 
non-selective NSAIDs by reporting comparative 
evidence of gastrointestinal toxicity between tradi-
tional NSAIDs and COX-2 inhibitors. 
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LITERATURE SEARCH AND INCLUSION 
CRITERIA 

 

 We aimed to identify all relevant randomized 
clinical trials, meta-analysis, cross-sectional analy-
sis, case-control, and cohort studies that compared 
the prevalence of GI toxicities resulting from the 
use of traditional NSAIDs vs. COX-2 inhibitors. 
We searched Medline to collect literature that was 
published between October 2003 and November 
2004. First we combined a search for articles that 
included the MeSH term “cyclooxygenase inhibi-
tors,” focused primarily on the following subhead-
ings: adverse effects, analysis, poisoning, contrain-
dications, diagnostic use, therapeutic use, econom-
ics, and toxicity. Next we performed a search for 
all articles that contained the prefix “gastr” to ex-
tract all studies on gastrological topics. We then 
combined our results from using “cyclooxygenase 
inhibitors” and “gastr” to limit our results to arti-
cles that dealt primarily with both cyclooxygenase 
inhibitors and gastrological topics. Finally, we lim-
ited our yielded results to human studies that were 
written in English and published between the years 
2003 and 2004. The literature search was focused 
on the current years to summarize the updates per-
taining to NSAID use and gastrointestinal toxicity. 
Landmark studies such as the CLASS and VIGOR 
trials have been included in the review. 
 The 148 results obtained from the literature 
search were filtered based on titles and abstracts. 
We selected ten articles based on comparative 
analysis between at least one traditional NSAID 
and one COX-2 inhibitor in regards to gastro toxic-
ity. The CLASS and VIGOR trials were also in-
cluded in our meta-analysis due to their landmark 
status as two of the largest, high impact studies that 
compared gastro toxicity (and other clinical end-
points) between traditional NSAIDs and COX-2 
inhibitors. 
 The twelve total articles were organized based 
on trial design, inclusion and exclusion factors, 
treatment regimens, clinical endpoints, outcomes, 
and date of publication. Gastric or duodenal perfo-
ration, gastric outlet obstruction, upper GI bleed-
ing, and gastric or duodenal ulcers were considered 

the primary endpoints of gastro toxicity in most of 
these studies. Secondary endpoints included but 
were not limited to GI and coronary heart disease 
(CHD) risk factors, hospitalization rate for MI and 
heart failure, heartburn, dyspepsia, abdominal pain, 
nausea, and vomiting. Eight of the twelve studies 
were double-blind randomized clinical trials. Most 
of the articles studied rofecoxib and celecoxib as 
COX-2 inhibitors, and ibuprofen and naproxen as 
traditional NSAIDs. 
 

REVIEW OF RESULTS 
 

 The patient population in the articles under 
review ranged from N = 121 to N = 190,409. The 
time intervals that were studied in our articles were 
between 4 weeks and 90 months. 
 A study by Ofman et al. [15] evaluated the 
utilization of NSAIDs and antisecretory agents. 
Commercial claims and encounters database, and 
the medicare supplemental and coordination of 
benefits (COB) Database were used. The study in-
cluded patients aged 18 years or older who had 
continuous enrollment in calendar years 1998 to 
2001 and drug coverage for their entire enrollment 
period. Evidence of antisecretory drug use was de-
fined primarily by the use of proton pump inhibi-
tors, but also included the use of histamine H2-
receptor antagonists and misoprostol. Prophylactic 
proton pump inhibitor use was defined by prescrip-
tion of a proton pump inhibitor within 15 days of 
the index prescription if the patients had no diagno-
sis of ulcer or gastrointestinal hemorrhage within 
the 90 days before the index prescription. For each 
treatment group, they evaluated medical utilization, 
including outpatient visits, hospitalizations, and 
emergency department visits, in the pre- and post-
periods. The study found that COX-2 inhibitors 
were used more frequently than were traditional 
NSAIDs in certain groups of patients with varying 
cardiac or gastrointestinal risk, but did not find that 
their use resulted in reductions in clinical events, 
cotherapy with proton pump inhibitors, or costs. 
 Kivitz et al. [16] focused on the efficacy and 
safety of rofecoxib 12.5 mg versus nabumetone 
1,000 mg in patients with osteoarthritis of the knee. 
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A 6-week, randomized, parallel-group, double-
blind was conducted comparing rofecoxib 12.5 mg 
once a day (n5424), nabumetone 1,000 mg once a 
day (n5410), or placebo (n5208). Rofecoxib 12.5 
mg daily demonstrated better efficacy over 6 weeks 
of treatment and quicker onset of OA efficacy over 
the first 6 days than nabumetone 1,000 mg daily. 
Both therapies were generally well tolerated. 
 Bias et al. [17] assessed the gastrointestinal 
tolerability of the LOX/COX Inhibitor, Licofelone, 
in healthy volunteers. A controlled double blind 
RCT was conducted where volunteers received li-
cofelone 200 mg b.i.d., licofelone 400 mg b.i.d., 
naproxen 500 mg b.i.d., or placebo. Tolerability 
was assessed by pastor/duodenoscopy following 4 
weeks of treatment. Laboratory parameters and the 
incidence of ulcers and adverse events were re-
corded. The results from this trial indicate that li-
cofelone has a potential gastrointestinal safety ad-
vantage over conventional NSAID therapy, as li-
cofelone was associated with significantly superior 
gastric tolerability and a lower incidence of ulcers 
compared with naproxen in healthy volunteers.    
 Lisse et al. [18] compared the gastrointestinal 
tolerability, and effectiveness of rofecoxib versus 
naproxen in the treatment of osteoarthritis. A dou-
ble blind RCT was conducted comparing rofecoxib, 
25 mg/d, naproxen, and 500 mg twice daily. Use of 
routine medications, including aspirin, was permit-
ted. In patients with osteoarthritis treated for 12 
weeks, rofecoxib, 25 mg/d, was as effective as 
naproxen, 500 mg twice daily, but had statistically 
significantly superior GI tolerability and led to less 
use of concomitant GI medications. Benefits of 
rofecoxib in subgroup analyses were consistent 
with findings in the overall sample.  
 A prospective, double blind, randomized con-
trolled trial by Silverstein et al. [19] evaluated the 
gastrointestinal toxicity with celecoxib vs non spe-
cific NSAIDs for osteoarthritis and rheumatoid ar-
thritis.  Patients were randomly assigned to receive 
celecoxib, 400 mg twice per day (2 and 4 times the 
maximum RA and OA dosages, respectively; n = 
3987); ibuprofen, 800 mg 3 times per day (n = 
1985); or diclofenac, 75 mg t.i.d. (N = 1996). 
Symptomatic ulcers consisted of cases that did not 

meet the definition of an ulcer complication but did 
have endoscopic or x-ray evidence of a gastric or 
duodenal ulcer as judged by the committee. All 
patients with symptomatic ulcers or ulcer complica-
tions were withdrawn from the study and included 
in the analysis as having had a study end point. The 
study suggested that fewer celecoxib-treated pa-
tients than NSAID-treated patients experienced 
chronic GI blood loss, GI intolerance, hepatotoxic-
ity, or renal toxicity. Celecoxib, at dosages greater 
than those indicated clinically, was associated with 
a lower incidence of symptomatic ulcers and ulcer 
complications combined, as well as other clinically 
important toxic effects, compared with NSAIDs at 
standard dosages. The decrease in upper GI toxicity 
was strongest among patients not taking aspirin 
concomitantly. 
 Bombardier et al. [20] compared upper gastro-
intestinal toxicity of rofecoxib and naproxen in pa-
tients with rheumatoid arthritis.  A double blind 
randomized controlled trial included patients with 
rheumatoid arthritis who were at least 50 years old 
(or at least 40 years old and receiving long-term 
glucocorticoid therapy) and who were expected to 
require NSAIDs for at least one year. Three to 14 
days after discontinuing NSAIDs, eligible patients 
were randomly assigned to receive either 50 mg of 
rofecoxib once daily or 500 mg of naproxen t.i.d. 
After randomization, the patients returned to the 
clinic at six weeks and at four months and every 
four months thereafter until the end of the study. 
Patients were contacted by telephone at week 10 
and every four months thereafter. Compliance was 
assessed by pill counts at clinic visits and by ques-
tioning of patients during the scheduled telephone 
calls. Serum was obtained from all patients for 
Helicobacter pylori testing. The study concluded 
that in patients with rheumatoid arthritis, treatment 
with rofecoxib is associated with significantly 
fewer clinically important upper gastrointestinal 
events than treatment with naproxen. 
 A recent retrospective, observational study by 
Goldstein et al. [21] focused on the incidence of 
outpatient physician claims for upper gastrointesti-
nal symptoms among new users of celecoxib, ibu-
profen, and naproxen in an insured population. In-
cidence and risk of outpatient medical claims for 
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UGI symptoms among new users of celecoxib ver-
sus ibuprofen, and naproxen were determined using 
person-time analysis. Celecoxib use was associated 
with a significantly decreased risk of outpatient 
physician claims for UGI symptoms compared with 
commonly used prescription nonspecific nonster-
oidal anti-inflammatory drugs. 
 A case–control study by Norgard et al. [22] 
assessed risk of upper gastrointestinal bleeding in 
high-risk patients, with previous gastrointestinal 
diseases. The study identified incident cases with 
upper gastrointestinal bleeding and randomly se-
lected controls, respectively. All cases and controls 
had previous gastrointestinal diseases. Data on drug 
exposure were obtained from the countywide Pre-
scription Database to examine the risk of upper 
gastrointestinal bleeding in high-risk patients who 
filled prescriptions for COX-2 inhibitors or other 
non-steroidal anti-inflammatory drugs. The study 
showed that in patients with increased susceptibil-
ity to gastrointestinal adverse events, a lower risk 
of upper gastrointestinal bleeding was observed in 
users of COX- 2 inhibitors compared with users of 
other non-aspirin, non-steroidal anti-inflammatory 
drugs. 
 Mamdani et al. [23] evaluated the gastrointes-
tinal bleeding after the introduction of COX-2 in-
hibitors, conducting a population based cross sec-
tional time series analysis. The study’s time frame 
was divided into 15 intervals of six months from 
September 1, 1994 to February 28, 2002. As sup-
plementary analyses, they examined changes in the 
use of gastroprotective agents, oral corticosteroids, 
prescription aspirin, and warfarin, since these fac-
tors may be strongly related to upper gastrointesti-
nal hemorrhage. They used time series analysis 
involving autoregressive integrated moving average 
models to evaluate changes over time. The study 
concluded that a   rise in NSAID use was accompa-
nied by a 10% increase in hospitalization rates for 
upper gastrointestinal hemorrhage. However, they 
could not evaluate whether the potential improve-
ment in population level pain relief offsets the in-
crease in hospitalizations for upper gastrointestinal 
hemorrhage. 
 Schnitzer et al. [24] compared lumiracoxib 

with naproxen and ibuprofen in the reduction of 
ulcer complications. The study incorporated a 52-
week, international, multi-center, randomized in-
vestigation using parallel group methodology and a 
double-dummy technique. Men and women aged 
50 years or older with a clinical diagnosis of os-
teoarthritis of the hip, knee, or hand who fulfilled 
American College of Rheumatology preliminary 
classification criteria 25–27 or osteoarthritis of the 
cervical or lumbar spine (confirmed by radiogra-
phy, with absence of radicular symptoms) were 
enrolled. They randomly allocated patients treat-
ment with lumiracoxib 400 mg once daily (two or 
four times the recommended chronic dose for os-
teoarthritis), naproxen 500 mg twice daily (maxi-
mum therapeutic dose), or ibuprofen 800 mg t.i.d. 
(maximum therapeutic dose) for 52 weeks. The 
primary endpoint of TARGET was difference in 
time-to-event distribution of definite or probable 
upper gastrointestinal ulcer complications (clini-
cally significant bleeding, perforation, or obstruc-
tion from erosive or ulcer disease). Lumiracoxib 
showed a three to four-fold reduction in ulcer com-
plications compared with NSAIDs without an in-
crease in the rate of serious cardiovascular events, 
suggesting that lumiracoxib is an appropriate 
treatment for patients with osteoarthritis. 
 Pavelka et al. [25] compared valdecoxib and 
diclofenac in the management of rheumatoid arthri-
tis with a lower incidence of gastroduodenal ulcers. 
Patients, at least 18 yr old, who had been diagnosed 
with adult-onset RA of at least 6 months’ duration 
satisfying the American College of Rheumatology 
criteria, and who required continuous treatment 
with anti-inflammatory drugs to control arthritis 
symptoms, were eligible for entry into the study. At 
baseline, patients were required to have a Func-
tional Capacity Classification of I–III and a Global 
Assessment of Arthritis rated as fair, poor or very 
poor. Acetylsalicylic acid (ASA) 325 mg/day was 
allowed if the dosing regimen was stable for at 
least 30 days prior to the first dose of study medica-
tion. They evaluated the arthritis efficacy and GI 
safety of valdecoxib 20 and 40 mg q.d. compared 
with diclofenac 75 mg SR b.i.d. in treating the 
signs and symptoms of RA. Efficacy and safety 
assessments were performed at baseline and at
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weeks 2, 6, 8, 12, 18 and 26 or at early termination. 
All patients underwent an endoscopic examination 
of the mucosa of the stomach and duodenum at 
week 26 or at early termination. The endoscopy 
was performed no more than 2 days after the last 
dose of study medication. The study concluded that 
single daily doses of valdecoxib 20 and 40 mg pro-
vided efficacy comparable to that of diclofenac, 
with a superior upper GI safety profile in the long-
term treatment of RA patients. 
 Kivitz et al. [26] evaluated reduced incidence 
of gastroduodenal ulcers associated with lumira-
coxib compared with ibuprofen in patients with 
rheumatoid arthritis. A total of 893 patients with 
rheumatoid arthritis were randomized to lumira-
coxib 400 mg once daily, lumiracoxib 800 mg once 
daily, ibuprofen 800 mg three times daily or cele-
coxib 200 mg twice daily for 13 weeks, in a double 
blind randomized controlled clinical trial. Lumira-
coxib demonstrated gastroduodenal safety superior 
to ibuprofen and similar to celecoxib in patients 
with rheumatoid arthritis. 
 The summary of the reviewed articles has 
been presented in a tabular format in TABLE1. 
 

DISCUSSION 
 In making treatment decisions, physicians and 
health workers must take into account relevant 
RCTs and systematic reviews. There is a concern 
among clinicians that external validity is often 
poor, particularly in pharmaceutical industry trials, 
a perception that has led to under use of effective 
treatments. [27] Lack of external validity is the 
most frequent criticism by clinicians of the RCTs. 
This criticism does not invalidate the results of the 
trials but emphasizes the importance of patient 
preference, placebo effects, and the doctor-patient 
relationship outside trials.   
 The articles under review predominantly 
looked at comparison of the NSAIDs and the COX-
2 inhibitors and compared the two with regards to 
the gastroprotective capability.The clinical end-
points of primary focus were gastric or duodenal 
perforation, gastric outlet obstruction, upper GI 
bleeding, and gastric or duodenal ulcers. The stud-

ies under review showed that in patients with in-
creased susceptibility to gastrointestinal adverse 
events, a lower risk of upper gastrointestinal bleed-
ing was observed in users of COX-2 inhibitors 
compared with users of other non-aspirin, non-
steroidal anti-inflammatory drugs. The common 
COX-2 inhibitors used were celecoxib, rofecoxib, 
and valdecoxib. The studies also indicated that 
COX-2 inhibitors were used more frequently than 
were traditional NSAIDs in certain groups of pa-
tients with varying cardiac or gastrointestinal risk  
 Upper gastrointestinal bleeding is a potentially 
fatal condition at times due to loss of large volumes 
of blood. GI bleeds attributable to NSAID use ac-
count for 103,000 hospitalizations and 16,500 
deaths each year [28,29]. NSAIDs are widely used; 
over 100 million prescriptions for NSAIDs are 
written annually in the United States [30,31]. All 
patients taking NSAIDs have an increased risk of 
developing GI complications. The literature identi-
fies a number of predisposing risks. The most im-
portant include a history of ulcer or GI complica-
tions, and older age, history of peptic ulcers, alco-
hol, steroids [32,33]. Concurrent illness has also 
been reported to increase the risk of GI events [32]. 
All non selective NSAIDs are associated with an 
increased risk of GI events. The confidence inter-
vals for the individual NSAID risks overlap, and 
hence it is difficult to rank the risks attributable to 
specific NSAIDs. In addition, there are significant 
economic implications to the GI events associated 
with NSAIDs. For example, the GI medications 
accounted for most of the GI related costs in a 
study conducted on rheumatoid and osteoarthritis 
patients at a Massachusetts health maintenance or-
ganization setting [34]. 
 The interventions focusing on reduction in non 
selective NSAIDs related upper gastrointestinal 
diseases include educational methods aimed at re-
ducing prescribing, co-prescription of mucosal pro-
tective drugs, and the use of paracetamol as an al-
ternative analgesic [35,36]. 
 A study by Henry et al. [37] which summa-
rized the adjusted relative risks seen with the dif-
ferent non selective NSAIDs with regards to gas-
trointestinal events. The meta-analysis showed that 
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differences existed between the NSAID drugs. The 
study suggested that ibuprofen, was associated with 
the lowest relative risk of severe gastrointestinal 
toxicity of the 12 NSAIDs compared followed by 
diclofenac. The highest risk was associated with 
ketoprofen, tolmentin, and azapropazone [37]. The 
study also looked at the risk associated with dose. 
A pool of 5 studies provided data on relative risk 
stratified by does of individual drugs. The meta-
analysis yielded positive dose-response relations 
for ibuprofen, naproxen, and indomethacin [37]. 
 The nuisance symptoms such as heartburn, 
nausea, and abdominal pain do impact the quality 
of life of the patient and hence is an important con-
sideration. Dyspepsia (heartburn, bloating, or 
belching) and upper abdominal/epigastric pain 
were identified as the most important GI contribu-
tors to reduction in QOL, and the simultaneous 
presence of both these symptoms was associated 
with lower QOL [38]. Dyspepsia and upper ab-
dominal/epigastric pain are more strongly related to 
QOL measures than other GI symptoms, and are 
common among arthritis patients. A meta-analysis 
to evaluate the quality of life effects was conducted 
on a group of eight randomized, double blind, trials 
of rofecoxib. The side effects in the rofecoxib 
group were significantly lower than the nonselec-
tive NSAIDs (ibuprofen, diclofenac, or nabume-
tone) [39]. 
 Selective COX-2 inhibitors have been the drug 
of choice comparing their gastrointestinal safety 
profile to the NSAIDs. With the recent concerns 
relating to the association of COX-2 inhibitors with 
cardiovascular events the decision making on the 
part of the clinician has been complicated. The 
Graham study had recommended that COX-2 use is 
associated with a higher cardiovascular risk 
whereas the study by Shaya et al. found no in-
creased risk cardiovascular events between COX-2 
inhibitors and non-naproxen NSAIDs [40]. With 
more information needed on the risk/benefit of the 
COX-2 inhibitors, NSAIDs will regain its domi-
nance in the fight against pain. The management of 
the gastrointestinal effects will be of prime impor-
tance. 
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