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Abstract
Objective To determine the risk of an adverse upper
gastrointestinal event in patients taking different
cyclo-oxygenase-2 inhibitors compared with non-selective
non-steroidal anti-inflammatory drugs.
Design Nested case-control study.
Setting 367 general practices contributing to the UK
QRESEARCH database, spread throughout every strategic
health authority and each health board in England, Wales, and
Scotland.
Participants Patients aged 25 or more with a first ever
diagnosis of an adverse upper gastrointestinal event (peptic
ulcer or haematemesis) between 1 August 2000 and 31 July
2004 and up to 10 controls per case matched for age, sex,
calendar time, and practice.
Main outcome measures Unadjusted and adjusted odds ratios
for adverse upper gastrointestinal events associated with
celecoxib, rofecoxib, ibuprofen, diclofenac, naproxen, other
selective and non-selective non-steroidal anti-inflammatory
drugs, and aspirin.
Results The incidence of adverse upper gastrointestinal events
was 1.36 per 1000 person years (95% confidence interval 1.34
to 1.39). We identified 9407 incident cases and 88 867 matched
controls. Increased risks of adverse gastrointestinal events were
associated with current use of cyclo-oxygenase-2 inhibitors and
with conventional non-steroidal anti-inflammatory drugs. Risks
were reduced after adjustment for confounders but remained
significantly increased for naproxen (adjusted odds ratio 2.12,
95% confidence interval 1.73 to 2.58), diclofenac (1.96, 1.78 to
2.15), and rofecoxib (1.56, 1.30 to 1.87) but not for current use
of celecoxib (1.11, 0.87 to 1.41). We found clinically important
interactions with current use of ulcer healing drugs that
removed the increased risks for adverse gastrointestinal events
for all groups of non-steroidal anti-inflammatory drugs except
diclofenac, which still had an increased odds ratio (1.49, 1.26 to
1.76).
Conclusion No consistent evidence was found of enhanced
safety against gastrointestinal events with any of the new
cyclo-oxygenase-2 inhibitors compared with non-selective
non-steroidal anti-inflammatory drugs. The use of ulcer healing
drugs reduced the increased risk of adverse gastrointestinal
outcomes with all groups of non-steroidal anti-inflammatory
drugs, but for diclofenac the increased risk remained significant.

Introduction
Non-steroidal anti-inflammatory drugs are among the most
commonly prescribed drugs in England and Wales. They are
widely used for musculoskeletal pain but can cause serious
gastrointestinal side effects, including dyspepsia, peptic ulcera-
tion, and haemorrhage, and even result in death. Cyclo-
oxygenase-2 inhibitors are a selective type of non-steroidal anti-
inflammatory drug licensed in the United Kingdom for
symptomatic relief in osteoarthritis and rheumatoid arthritis.
They were developed to provide pain relief without the gastroin-
testinal side effects associated with traditional non-steroidal anti-
inflammatory drugs, and their use is already recommended in
UK national guidelines.1 The current treatment options include a
traditional non-steroidal anti-inflammatory drug with an ulcer
healing drug or a cyclo-oxygenase-2 inhibitor alone. However,
trial data to support this, especially for elderly people, are
sparse.2

Considerable uncertainty surrounds the long term risks
associated with cyclo-oxygenase-2 inhibitors outside the trial
setting.3–5 Indeed, rofecoxib has been temporarily withdrawn
owing to its adverse cardiovascular profile, and the safety profile
of all cyclo-oxygenase-2 inhibitors is under review. The celecoxib
long term arthritis safety study, which compared celecoxib with
conventional non-steroidal anti-inflammatory drugs, has been
criticised on the grounds of study design, analysis, selective pres-
entation of results,3 increased rates of ulcers after six months of
treatment,3 overall higher rates of extra gastrointestinal adverse
events,4 and lack of data on long term safety.6 Although other
smaller short term trials have shown fewer ulcers under
endoscopy in patients taking cyclo-oxygenase-2 inhibitors,7 it is
not known how these ulcers relate to clinical endpoints.

We undertook a population based nested case-control study,
using a new general practice research database to determine the
comparative risk of adverse upper gastrointestinal events in
patients taking different cyclo-oxygenase-2 inhibitors and
conventional non-steroidal anti-inflammatory drugs in primary
care between 2000 and 2004. A separate paper has examined the
risk of myocardial infarction in patients taking non-steroidal
anti-inflammatory drugs.8

Methods
We carried out our study using UK general practices
contributing to the QRESEARCH database (www.qresearch.org).
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This is a new clinical database containing the records of over 7
million patients ever registered with 468 practices over the past
16 years throughout every strategic health authority and each
health board in England, Wales, and Scotland. QRESEARCH is
an aggregated patient level database derived from practices that
use the EMIS computer system. EMIS is the major supplier of
primary care computer systems in the UK and its systems are in
use in two thirds of UK general practices (www.emis-online.com).
Information recorded on the database includes patient
demographics (year of birth, sex, geographical region),
characteristics (height, weight, smoking status), symptoms,
clinical diagnoses, consultations, referrals, and prescribed drugs.
The computer codes used to record clinical diagnoses in UK
general practices are known as Read codes. This hierarchical
clinical coding system is analogous to the coding system of the
international classification of diseases, 10th revision, which is
used in secondary care in the United Kingdom.

The database also contains Townsend scores for each patient
derived from the UK 2001 census, according to the characteris-
tics of the output area associated with the patients’ postcode.
Output areas consist of about 125 households and are nested
within larger administrative areas, known as electoral wards. The
Townsend score is a validated measure of material deprivation9

and is a composite score based on unemployment, overcrowd-
ing, lack of a car, and non-owner occupation. It is strongly related
to morbidity,10 11 use of routine and emergency services,12 13 and
mortality.14 Higher scores indicate greater levels of deprivation.

QRESEARCH has been validated by comparing the rates of
birth, death, consultation, prevalence, and mortality with other
data sources, including the general household survey and the
general practice research database.15 The age-sex structure of the
population has been compared with that reported in the 2001
census and with the attribution dataset for practices in England
and Wales in 2004. We found a good correspondence for all of
these measures (data not shown), although in some instances our
values for prevalence16 are marginally higher than less recent
data. We have also compared practices taking part in regional
research networks on these and other measures and found a
good correspondence.17 Detailed analyses have shown good lev-
els of completeness and consistency.18 Similar databases have
been used for studies investigating risk factors for coronary heart
disease19–22 or effects of conventional non-steroidal anti-
inflammatory drugs.20 In previous studies the diagnosis of acute
myocardial infarction has been confirmed by reviewing hospital
discharge notes21 22 or comparing with paper based records23 and
has been found to be correct in over 90% of cases.

We used the fourth version of the QRESEARCH database
(downloaded 1 August 2004) for this analysis, which contained
468 practices.

Identification of the cohort
We identified a cohort of patients registered on 1 August 2000.
Patients had to have been registered with the practices for the
whole of the preceding 12 months to be included. We only
included practices that had their current EMIS computer system
installed before 1 August 1999 to ensure that there was complete
prescribing and population data for each patient in the cohort.

Our study period ran from 1 August 2000 to 31 July 2004.
We selected this period as both rofecoxib and celecoxib were
available on prescription in the United Kingdom. Patients
entered the risk period on 1 August 2000 and left the risk period
when they developed an adverse upper gastrointestinal event,
died, left the practice, or the study ended.

We identified patients with a first ever adverse upper
gastrointestinal outcome as those with a first ever recorded. Read
codes for peptic ulcer (including those with a perforation or
requiring surgery) or evidence of upper gastrointestinal
haemorrhage during the study period. We included similar Read
codes for gastrointestinal haemorrhage to those published else-
where.24 We categorised these into complicated events (those
involving haemorrhage, perforation, or surgery) and uncompli-
cated events outcomes (codes not shown). Patients were excluded
who had already had a diagnosis of an adverse upper
gastrointestinal event before the study period. We used this
cohort to determine age and sex specific event rates of adverse
upper gastrointestinal outcomes.

Case-control analysis
Cases were all patients with an adverse upper gastrointestinal
event identified in the cohort analysis and aged 25 years or more
at diagnosis. To ensure that the prescribing data were complete,
we restricted the cases to patients who had at least three years of
continuous medical history recorded on computer before their
index date.

We matched up to 10 controls for each case. Controls were
patients without any diagnosis of upper gastrointestinal events
who had at least three years of recorded medical history on com-
puter. Controls were matched to cases by age (at diagnosis of
case), calendar time, sex, and practice using incidence density
sampling. Controls were alive and registered with the practice at
the time when their matched case developed an adverse upper
gastrointestinal event. We derived an index date for each control
that corresponded to the date of the adverse upper gastrointesti-
nal event of their matched case.

Assessment of exposure
We used standardised computerised routines to extract and code
data on the medical history and use of prescribed drugs before
the index date for each set of cases and controls. We identified all
prescriptions for selective and non-selective non-steroidal
anti-inflammatory drugs and aspirin issued in the three years
before the index date in cases and controls. Twenty seven differ-
ent non-steroidal anti-inflammatory drugs were in use during
the study period. We grouped the drugs according to usage and
type: celecoxib, rofecoxib, ibuprofen, diclofenac, naproxen, other
cyclo-oxygenase-2 inhibitors (meloxicam, etoricoxib, etodolac,
valdecoxib, and parecoxib), other non-selective non-steroidal
anti-inflammatory drugs (aceclofenac, acemetacin, azapropa-
zone, dexketoprofen, trometamol, diflunisal, fenbufen, fenopro-
fen, flurbiprofen, indomethacin, ketoprofen, lornoxicam,
nabumetone, piroxicam, sulindac, tenoxicam, and tiaprofenic
acid), and aspirin.

We used data from the prescribing cost analysis tool PACT to
validate prescribing data for each group of non-steroidal
anti-inflammatory drugs. This tool comprises a national dataset
and analyses drugs prescribed by general practice in terms of
cost and number of items (volume). At an organisational level,
the tool is used to monitor and control prescribing cost and to
set prescribing budgets. We compared the prescribing rates per
1000 population for non-steroidal anti-inflammatory drugs
from the QRESEARCH database with the national dataset for
2002 and found similar rates and rank order for the
preparations.

Combination preparations such as diclofenac and misopros-
tol (an ulcer healing drug) were analysed according to their indi-
vidual constituents—that is, a patient taking this combination
would be coded as being prescribed diclofenac and also misopr-
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ostol. We included any preparation containing aspirin as a con-
stituent in the aspirin category.

For each drug group we identified the first and last date for
prescriptions and the total number of prescriptions issued
during the three years before the index date. We coded exposure
according to the time since last prescription into three mutually
exclusive groups: drug not prescribed in past three years, drug
prescribed within 90 days (defined as current use), and drug pre-
scribed more than 90 days ago (past use). We categorised the
number of prescriptions as 0, 1 to 3, and more than 3 and tested
for evidence of a trend using the number of prescriptions issued.

Statistical analysis
We used conditional logistic regression for individually matched
case-control studies to derive unadjusted and adjusted odds
ratios and 95% confidence intervals for adverse upper gastro-
intestinal outcomes associated with each of the drug groups. The
multivariate models contained variables related to the timing of
the last prescription or the number of prescriptions for all of the
individual non-steroidal anti-inflammatory drug groups and also
adjusted for possible confounding effects of smoking (smoker,
non-smoker, not recorded), obesity, deprivation (Townsend score
in fifths), ulcer healing drugs, antidepressants (selective serotonin
reuptake inhibitors and tricyclic antidepressants),19 and statins.25

We also adjusted for comorbidity by creating binary variables to
indicate which patients had a computer recorded diagnosis for
each of the following diseases: diabetes, hypertension, ischaemic
heart disease, osteoarthritis, or rheumatoid arthritis. We repeated
this analysis excluding cases and controls who did not have
recorded values for body mass index and smoking status.

We included interaction terms in the multivariate model to
examine interactions between current use of each of the
individual non-steroidal anti-inflammatory drug groups and
current use of ulcer healing drugs. We examined interactions
with current use of aspirin in the same way.

We repeated the analyses, first including only complicated
cases and their matched controls and then uncomplicated cases
and their matched controls, and we compared the results. All the
analyses were carried out using STATA (version 8.2). We selected
a P value of < 0.01 (two tailed) as statistically significant.

Results
Over the four year study period 10 892 patients had a first ever
diagnosis of an adverse upper gastrointestinal event from a total
of 7 993 371 person years of observation. The overall incidence
rate of upper gastrointestinal events for all ages was 1.36 per
1000 person years (95% confidence interval 1.34 to 1.39). The
incidence rates were higher in men than in women and
increased steeply with age (figure), with the highest rates in
patients aged 90 to 94 (6.96 per 1000 person years, 6.30 to 7.69).
The incidence rate for patients aged 65 or more was 4.03 per
1000 person years.

Baseline characteristics
We identified 9407 cases aged 25 or more with at least three
years of recorded medical data, and we matched 88 867 controls
by age, sex, practice, and calendar time. Table 1 shows the base-
line characteristics of cases and controls. Of the 9407 cases, 4176
(44.4%) had an uncomplicated event and 5231 (55.6%) had a
complicated event (haemorrhage, perforation, or surgery). Cases
and controls were well matched for age and sex. A higher
percentage of cases were obese, smoked, had pre-existing
comorbidities (ischaemic heart disease, diabetes, hypertension,

osteoarthritis, rheumatoid arthritis), and had used antidepres-
sants, statins, and ulcer healing drugs.

Use of cyclo-oxygenase-2 and conventional non-steroidal
anti-inflammatory drugs
Of the 9407 cases, 4253 (45.2%) had been prescribed a
non-steroidal anti-inflammatory drug in the previous three years
compared with 29 615 (33.3% of 88 867) of controls (unadjusted
odds ratio 1.69, 1.62 to 1.77, P < 0.001). Of the 9407 cases, 931
(9.9%) had been prescribed a cyclo-oxygenase-2 inhibitor in the
previous three years compared with 4978 (5.6%) of the 88 867
controls (1.89, 1.75 to 2.04, P < 0.001).

Timing of last prescription
Table 2 shows the odds ratios for adverse upper gastrointestinal
events by time since last prescription. The unadjusted analysis
showed an increase in risk associated with every type of
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Table 1 Characteristics of cases with adverse upper gastrointestinal event
and matched controls (up to 10 per case matched on age, calendar year,
sex, and practice). Values are numbers (percentages) unless stated
otherwise

Characteristic Cases (n=9407) Controls (n=88 867)

Women 4436 (47.2) 42 166 (47.4)

Men 4971 (52.8) 46 701 (52.6)

Median age at index date (interquartile range) 68 (53-79) 67 (52-78)

Median No of months of data before index
date (interquartile range)

87 (63 to 117) 87 (63 to 117)

Median Townsend score associated with
output area (interquartile range)*

−0.64 (−2.82-2.58) −1.04 (−3.03-2.17)

Body mass index (kg/m2):

<30 5662 (60.2) 51 554 (58.0)

30 1456 (15.5) 12 241 (13.8)

Not recorded 2289 (24.3) 25 072 (28.2)

Smoking status:

Non-smoker 5585 (59.4) 54 432 (61.3)

Smoker 2497 (26.5) 17 015 (19.1)

Not recorded 1325 (14.1) 17 420 (19.6)

Morbidity before index date:

Ischaemic heart disease 1691 (18.0) 10 054 (11.3)

Diabetes 885 (9.4) 5708 (6.4)

Hypertension 2959 (31.5) 23 904 (26.9)

Osteoarthritis 1636 (17.4) 11 385 (12.8)

Rheumatoid arthritis 242 (2.6) 1144 (1.3)

Drugs in three years before index date:

Statins 1297 (13.8) 8697 (9.8)

Triyclic antidepressants 1649 (17.5) 9017 (10.1)

Selective serotonin reuptake inhibitors 1419 (15.1) 6959 (7.8)

Ulcer healing drugs 4310 (45.8) 15 091 (17.0)

*Odds ratio compares risk in most deprived fifth compared with most affluent fifth.
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non-steroidal anti-inflammatory drug for patients currently pre-
scribed the drug (within 90 days) or prescribed it more than 90
days ago compared with those not prescribed it in the previous
three years.

The odds ratios were adjusted for each other non-steroidal
anti-inflammatory drug group, smoking status, comorbidity,
deprivation, use of selective serotonin reuptake inhibitors,
tricyclic antidepressants, statins, aspirin, and ulcer healing drugs.

Once adjustments were made for these potential confound-
ing variables, the highest odds ratio was associated with current
use of naproxen (2.12, 1.73 to 2.58), followed by current use of
diclofenac (1.96, 1.78 to 2.15), other cyclo-oxygenase-2 inhibitors
(1.75, 1.41 to 2.15), other non-selective non-steroidal anti-
inflammatory drugs (1.67, 1.43 to 1.94), aspirin (1.60, 1.49 to
1.72), rofecoxib (1.56, 1.30 to 1.87), and ibuprofen (1.42, 1.27 to
1.59) each compared with no prescription for the drug in the
previous three years. We found no significantly increased risk for
current use of celecoxib (1.11, 0.87 to 1.41), but the number of
patients taking celecoxib was low.

Previous use of diclofenac and aspirin was associated with
significantly increased odds ratios, but we found no associations
with previous use of the other drug groups.

Results were similar when restricted to cases and controls
with body mass index and smoking status recorded and also
when restricted to patients aged 65 or more.

Interactions with ulcer healing drugs
We found significant interactions (P < 0.001) between ulcer heal-
ing drugs and each type of non-steroidal anti-inflammatory drug
except for celecoxib, which was associated with the lowest risk of
adverse gastrointestinal events (table 3). All the interaction ratios
were less than 1.0, indicating that the risk of adverse gastro-
intestinal events associated with taking non-steroidal anti-
inflammatory drugs is lower in patients also taking ulcer healing
drugs than in patients not taking ulcer healing drugs (table 3).

Current use of all non-steroidal anti-inflammatory drugs was
associated with significantly increased risks of adverse gastro-
intestinal outcomes in patients not currently taking ulcer healing
drugs. For example, the adjusted odds ratio for current use of
naproxen was 2.73 (2.20 to 3.38), for rofecoxib was 2.33 (1.87 to
2.90), and for diclofenac was 2.17 (1.95 to 2.42).

In patients prescribed ulcer healing drugs within the past 90
days, current use of all non-steroidal anti-inflammatory drug
groups showed no significantly increased risk of gastrointestinal
outcomes, except for diclofenac, which was associated with a sig-
nificantly increased adjusted odds ratio (1.49, 1.26 to 1.76),
although this was significantly lower (P < 0.001) than the
adjusted odds ratio for patients taking diclofenac but not taking
ulcer healing drugs.

The adjusted odds ratio with diclofenac in patients taking
proton pump inhibitors was 1.56 (1.28 to 1.90) and in patients

Table 2 Odds ratio for adverse gastrointestinal event according to timing of last prescription during three years before index date

Drug and time of last prescription
No (%) of cases

(n=9407)
No (%) of controls (n=88

867) Unadjusted odds ratio (95% CI) Adjusted odds ratio* (95% CI) P value

Celecoxib:

No prescription in past 3 years 9147 (97.2) 87 457 (98.4) 1.00 1.00

>90 days before index date 156 (1.7) 880 (1.0) 1.70 (1.42 to 2.02) 0.97 (0.80 to 1.18) 0.76

≤90 days before index date 104 (1.1) 530 (0.6) 1.87 (1.50 to 2.31) 1.11 (0.87 to 1.41) 0.39

Rofecoxib:

No prescription in past 3 years 8939 (95.0) 86 633 (97.5) 1.00 1.00

>90 days before index date 263 (2.8) 1449 (1.6) 1.79 (1.56 to 2.06) 1.04 (0.89 to 1.21) 0.65

≤90 days before index date 205 (2.2) 785 (0.9) 2.54 (2.17 to 2.98) 1.56 (1.30 to 1.87) <0.001

Other selective non-steroidal
anti-inflammatory drugs:

No prescription in past 3 years 9054 (96.2) 86 942 (97.8) 1.00 1.00

>90 days before index date 205 (2.2) 1367 (1.5) 1.46 (1.26 to 1.70) 0.90 (0.76 to 1.06) 0.21

≤90 days before index date 148 (1.6) 558 (0.6) 2.58 (2.14 to 3.11) 1.75 (1.41 to 2.15) <0.001

Ibuprofen:

no prescription in past 3 years 7332 (77.9) 73 432 (82.6) 1.00 1.00

>90 days before index date 1598 (17.0) 12 476 (14.0) 1.29 (1.22 to 1.37) 1.04 (0.97 to 1.11) 0.30

≤90 days before index date 477 (5.1) 2959 (3.3) 1.63 (1.47 to 1.80) 1.42 (1.27 to 1.59) <0.001

Diclofenac:

No prescription in past 3 years 7208 (76.6) 74902 (84.3) 1.00 1.00

>90 days before index date 1429 (15.2) 10 737 (12.1) 1.43 (1.35 to 1.52) 1.10 (1.03 to 1.18) 0.01

≤90 days before index date 770 (8.2) 3228 (3.6) 2.55 (2.34 to 2.77) 1.96 (1.78 to 2.15) <0.001

Naproxen:

No prescription in past 3 years 8889 (94.5) 85 796 (96.5) 1.00 1.00

>90 days before index date 364 (3.9) 2433 (2.7) 1.50 (1.33 to 1.68) 1.12 (0.99 to 1.27) 0.08

≤90 days before index date 154 (1.6) 638 (0.7) 2.45 (2.05 to 2.94) 2.12 (1.73 to 2.58) <0.001

Other non-selective non-steroidal
anti-inflammatory drugs:

No prescription in past 3 years 8540 (90.8) 83 826 (94.3) 1.00 1.00

>90 days before index date 585 (6.2) 3835 (4.3) 1.52 (1.39 to 1.67) 1.10 (0.99 to 1.22) 0.07

≤90 days before index date 282 (3.0) 1206 (1.4) 2.29 (2.00 to 2.62) 1.67 (1.43 to 1.94) <0.001

Aspirin:

No prescription in past 3 years 6406 (68.1) 71 328 (80.3) 1.00 1.00

>90 days before index date 771 (8.2) 4314 (4.9) 2.12 (1.95 to 2.31) 1.64 (1.49 to 1.81) <0.001

≤90 days before index date 2230 (23.7) 13 225 (14.9) 2.03 (1.92 to 2.15) 1.60 (1.49 to 1.72) <0.001

*Adjusted simultaneously for each other non-steroidal anti-inflammatory drug, ischaemic heart disease, diabetes, hypertension, statins, ulcer healing drugs, tricyclics, selective serotonin reuptake
inhibitors, osteoarthritis, rheumatoid arthritis, smoking, obesity, and deprivation.
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taking misoprostol was 1.34 (0.99 to 1.81), both compared with
no current use of diclofenac. These two odds ratios were not sig-
nificantly different from each other (P = 0.41).

Interactions with aspirin
We found a significant interaction between rofecoxib and aspirin
and between other non-selective non-steroidal anti-
inflammatory drugs and aspirin. The adjusted odds ratio for cur-
rent use of rofecoxib in patients currently taking aspirin was 2.98
(2.24 to 3.99) and in those not currently taking aspirin it was 1.22
(0.97 to 1.54).

In patients who were not currently taking aspirin the
adjusted odds ratio for current use of other non-selective
non-steroidal anti-inflammatory drugs was 1.96 (1.66 to 2.33),
whereas in patients taking aspirin the adjusted odds ratio for
current use of other non-selective non-steroidal anti-
inflammatory drugs was 1.07 (0.79 to 1.45).

Number of prescriptions issued
We determined the odds ratios associated with adverse upper
gastrointestinal events according to the number of prescriptions
issued. Apart from celecoxib, we found significant trends
(P < 0.01) for all drugs, with greater number of prescriptions
associated with higher risks of adverse outcomes.

Complicated versus uncomplicated outcomes
Table 4 shows the adjusted odds ratios from separate analyses of
uncomplicated and complicated adverse upper gastrointestinal
events. The odds ratios for current use of different drugs tended
to be higher for complicated events, with the exception of
naproxen, other cyclo-oxygenase-2 inhibitors, and other
non-selective non-steroidal anti-inflammatory drugs, where the
odds ratios were slightly lower.

Analysis by time period
We examined the four year study period in two parts. In the first
two years of the study (1 August 2000 to 31 July 2002) the
adjusted odds ratio for current use of rofecoxib compared with
non-use was 1.76 (1.32 to 2.34). For the second period (1 August
2002 to 31 July 2004) the adjusted odds ratio was 1.67 (1.33 to
2.11; test for interaction P = 0.80).

Discussion
Overall we found no strong evidence of enhanced gastrointesti-
nal safety with any of the new cyclo-oxygenase-2 inhibitors com-
pared with non-selective non-steroidal anti-inflammatory drugs.
Ulcer healing drugs were associated with a reduction in risk of
adverse events for cyclo-oxygenase-2 inhibitors as a whole, which
suggests that there is some risk to protect against and that these
drugs may not be as safe as originally thought. Given that
enhanced gastrointestinal safety has been one of the main justi-
fications for these drugs, this finding is important.

We found significant interactions between current use of
each of the non-steroidal anti-inflammatory drug groups and
ulcer healing drugs, with the exception of celecoxib, for which
the absolute number of patients taking this drug was low. The
risk of adverse gastrointestinal outcomes in patients taking
cyclo-oxygenase-2 inhibitors and conventional non-steroidal
anti-inflammatory drugs was substantially reduced by concur-
rent use of ulcer healing drugs but for diclofenac the increased
risk persisted. Our study design did not allow us to determine
why the risk of adverse events for diclofenac persisted in the
presence of ulcer healing drugs, and this may represent a chance
finding. The risk associated with diclofenac in conjunction with
proton pump inhibitors was similar to the risk associated with
diclofenac in conjunction with misoprostol.

This is an observational study and may be subject to residual
confounding that cannot be fully corrected for. The overall
increased risks of gastrointestinal events associated with
diclofenac and naproxen were, however, expected, and the over-
all rank order compares well with previous research.26 Our odds
ratios tended to be lower than those found previously, which is
likely to reflect increased simultaneous use of ulcer healing
drugs, as shown by our analysis of interactions.

A consistent finding was of no increased risk of adverse gas-
trointestinal outcomes associated with celecoxib, although
celecoxib use was lower than for the other non-steroidal
anti-inflammatory drugs so confidence intervals were wider and
hence the results more difficult to interpret. In contrast we were
concerned to find an increased risk among patients taking
rofecoxib since a lower risk of adverse gastrointestinal outcomes
was one of the main justifications for its use. We found no
evidence that this risk declined with time as it was similar in the
first two years and the last two years of the study period.
Although rofecoxib has recently been withdrawn, our analysis
provides no evidence of enhanced gastrointestinal safety for the
other cyclo-oxygenase-2 inhibitors, for which current usage of
individual agents is still low.

Methodology
We considered possible causes of bias and confounding in our
analysis. We considered whether indication bias (channelling)24

might be an explanation for our results—that is, patients who
were perceived to be at a higher risk of an adverse upper
gastrointestinal event were more likely to be prescribed one of
the new cyclo-oxygenase-2 inhibitors than patients at lower risk.
As our analysis included adjustment for many potential
confounders, including comorbidity, concurrent drug use, and
deprivation, we would expect this to have minimised the effect of
any such bias. We also found no reduction in risk over time
despite the increasing use of rofecoxib.

Routinely collected data from aggregated general practice
databases has been used successfully to evaluate risks and
benefits of treatments in the population.27 28 This method has the
advantages of longitudinal data, large sample size, and access to
representative populations. In addition, the exposure data are

Table 3 Risk of adverse upper gastrointestinal events associated with
non-steroidal anti-inflammatory drugs according to use of ulcer healing
drugs. Values are adjusted odds ratios* unless stated otherwise

Drug prescribed ≤90
days before index
date†

Not prescribed
ulcer healing
drugs in past

90 days

Prescribed
ulcer healing
drugs in past

90 days
Interaction ratio‡

(95% CI)
P value for
interaction

Celecoxib 1.44 1.06 0.73 (0.46 to 1.16) 0.18

Rofecoxib 2.33 1.06 0.45 (0.32 to 0.65) <0.001

Other selective
non-steroidal
anti-inflammatory
drugs

2.40 1.29 0.54 (0.36 to 0.81) <0.001

Ibuprofen 1.65 0.90 0.55 (0.43 to 0.70) <0.001

Diclofenac 2.17 1.49 0.69 (0.56 to 0.84) <0.001

Naproxen 2.73 0.83 0.31 (0.19 to 0.49) <0.001

Other non selective
non-steroidal
anti-inflammatory
drugs

2.03 1.16 0.57 (0.42 to 0.77) <0.001

Aspirin 1.87 0.81 0.43 (0.38 to 0.49) <0.001

*Adjusted for each other non-steroidal anti-inflammatory drug, ischaemic heart disease,
diabetes, hypertension, statins, trycyclics, selective serotonin reuptake inhibitors,
osteoarthritis, rheumatoid arthritis, smoking, obesity, and deprivation.
†Compared with no prescription for drug ≤90 days before index date.
‡Ratio of odds ratios for current use of non-steroidal anti-inflammatory drug in those
prescribed ulcer healing drugs compared with those not prescribed ulcer healing drugs in 90
days before index date.
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collected before the outcome, so eliminating recall bias; the qual-
ity of the electronic record now surpasses the conventional paper
based system.29

Our cases and controls were well matched on age, sex, and
practice, making this an appropriate environment to assess the
effects of different non-steroidal anti-inflammatory drugs on risk
of adverse upper gastrointestinal events. This approach allowed
us to examine timing and duration and also to investigate inter-
actions with aspirin and ulcer healing drugs. Misclassification of
exposure status is unlikely as more than 99% of repeat prescrip-
tions from general practice are recorded on computer, and cur-
rently most of these drugs are not available without prescription.
The exceptions are ibuprofen and aspirin, which are available
without a prescription. Hence some patients taking ibuprofen
“over the counter” might have been misclassified as not taking
ibuprofen; likewise for aspirin. Similarly, some patients may have
taken over the counter proton pump inhibitors. This is likely to
be a small proportion in patients aged over 65 as they are
entitled to free prescriptions in the United Kingdom and so tend
to have these prescribed. In an analysis comparing the risks asso-
ciated with ibuprofen and aspirin in patients aged less than 65
and 65 or more, results were similar in the two age groups. Also
such misclassification, if present and if non-differential, would
have had the effect of biasing the odds ratio towards one, making
the exposure seem less protective or less harmful than it really
is.30 Although we have adjusted for several confounding
variables, residual confounding may result from misclassification
of those variables and confounding by unmeasured variables.

As part of the data validation for this study we compared
incidence rates for upper gastrointestinal events with published
data. As in previous studies, incidence rates rose steeply with age
and were higher in men than in women.31 32 Our incidence rates,
however, were higher overall, which is likely to reflect our
outcome that included all new diagnoses of peptic ulceration or
gastrointestinal haemorrhage whether or not they resulted in
hospital admission (many patients are managed in primary care
or as outpatients).
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What is already known on this topic

Traditional non-steroidal anti-inflammatory drugs
are associated with serious gastrointestinal side
effects

Long term population based safety data on new
cyclo-oxygenase-2 inhibitors are lacking

Evidence on the clinical effectiveness of ulcer
healing drugs used in combinations with
non-selective non-steroidal anti-inflammatory
drugs and cyclo-oxygenase-2 inhibitors is lacking

What this study adds

No consistent evidence was found of enhanced
safety against gastrointestinal events with any of
the new cyclo-oxygenase-2 inhibitors compared
with non-selective non-steroidal anti-inflammatory
drugs

The use of ulcer healing drugs reduced the
increased risk of adverse gastrointestinal outcomes
with all groups of non-steroidal anti-inflammatory
drugs except diclofenac, for which the increased
risk remained significant
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