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Objective. Celecoxib has a superior upper-gastrointestinal (GI) safety profile compared with nonselective nonsteroidal
antiinflammatory drugs (NS-NSAIDs). It is unclear whether the utilization of a proton-pump inhibitor (PPI) with
celecoxib confers additional protection in elderly patients. We assessed the association between GI hospitalizations and
use of celecoxib with a PPI versus celecoxib alone, and NS-NSAIDs with a PPI or NS-NSAIDs alone in elderly patients.
Methods. We conducted a population-based retrospective cohort study using the government of Quebec health services
administrative databases. Elderly patients were included at their first dispensing date for celecoxib or an NS-NSAID
between April 1999 and December 2002. Prescriptions were separated into 4 groups: celecoxib, celecoxib plus PPI,
NS-NSAIDs, and NS-NSAIDs plus PPI. Cox regression models with time-dependent exposure were used to compare the
hazard rates of GI hospitalization between the 4 groups adjusting for patient characteristics at baseline.
Results. There were 1,161,508 prescriptions for celecoxib, 360,799 for celecoxib plus PPI, 715,176 for NS-NSAIDs, and
148,470 for NS-NSAIDs plus PPI. The adjusted hazard ratios (HRs; 95% confidence intervals [95% CIs]) were 0.69
(0.52–0.93) for celecoxib plus PPI versus celecoxib, 0.98 (0.67–1.45) for NS-NSAIDs plus PPI versus celecoxib, and 2.18
(1.82–2.61) for NS-NSAIDs versus celecoxib. Subgroup analyses showed that use of a PPI with celecoxib may be beneficial
in patients ages >75 years but was not better than celecoxib alone among those ages 66–74 years (HR 0.98, 95% CI
0.63–1.52).
Conclusion. Addition of a PPI to celecoxib conferred extra protection for patients ages >75 years. PPI did not seem
necessary with celecoxib for patients ages 66–74 years.
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INTRODUCTION

The gastrointestinal (GI) adverse events associated with
nonselective nonsteroidal antiinflammatory drugs (NS-

NSAIDs) are among the most frequent complication of any
drug therapy (1–3). Coprescriptions with a gastroprotec-
tive agent (GPA) are recommended in patients at high risk
for NS-NSAID GI adverse events, including the elderly
(ages �60 years), those with a history of peptic ulcer or GI
bleeding, those with comorbid conditions such as cardiacSupported by a grant from Pfizer Canada, Inc. Dr. Rahme
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disease, or those taking corticosteroids or anticoagulants
(2,4,5). Proton-pump inhibitors (PPIs) have been by far the
most used GPAs in Quebec (6–8).

Clinical trials and observational studies have found that
the selective cyclooxygenase 2 inhibitor celecoxib has sim-
ilar efficacy versus NS-NSAIDs in relieving the symptoms
of osteoarthritis and rheumatoid arthritis but has fewer GI
side effects (9–11). Clinical trials have also shown that
among patients at high risk of bleeding ulcer, the risk of GI
bleeding with celecoxib was similar to that with the com-
bination of an NS-NSAID and a PPI (12,13). These trials
did not include a group of patients taking celecoxib and
PPI. It remains unclear whether the addition of a PPI to
celecoxib would confer additional benefit in terms of pre-
venting the occurrence or recurrence of GI bleeding.

The GI adverse events associated with NS-NSAIDs are a
major concern, especially among elderly patients 65 years
of age or older. We assessed the GI risks and benefits of
celecoxib versus celecoxib plus PPI and versus NS-
NSAIDs or NS-NSAIDs plus PPI treatments. Specifically,
we compared GI hospitalization rates among elderly pa-
tients given celecoxib plus PPI, NS-NSAIDs plus PPI, or
NS-NSAIDs alone (no PPI) with the GI hospitalization
rates of patients given celecoxib alone using province-
wide, government-run health services administrative data-
bases. We also identified patient subgroups where the
addition of a PPI to celecoxib would be beneficial.

MATERIALS AND METHODS

Study design. We conducted a population-based retro-
spective cohort study using health care records of elderly
patients ages �66 years in Quebec, Canada.

Data sources. In Quebec, all persons ages �65 years
(859,026 persons) are eligible for coverage under the Pro-
vincial Health Care Fund administered by the Régie de
l’Assurance Maladie du Québec (RAMQ). The fund covers
the costs of prescription drugs and inpatient and outpa-
tient physician services and other medical services offered
in private clinics or hospitals. Celecoxib was listed on the
Quebec Drug Benefit Program formulary in October, 1999.
Celecoxib, all NS-NSAIDs, and PPIs are available to all
covered patients without any restriction as to their use.
Ibuprofen as well as some GPAs are also available over the
counter.

The hospital discharge summary database (Med-Echo)
provides information on hospitalized patients including
discharge diagnosis, comorbid conditions, and dates of
admission and discharge. All Quebec permanent residents
are entirely covered for their hospitalizations and all dates
are captured in the Med-Echo database. The RAMQ and
Med-Echo databases are linkable through a unique patient
identifier. These databases have been used in previous
studies (14,15) and have been shown to be valid for phar-
macoepidemiologic research (16).

We obtained physician and prescription drug claims
from April 1998 to December 2002 as well as demographic
data from the RAMQ database for all persons ages �65
years who were dispensed at least 1 prescription for cele-

coxib or an NS-NSAID between April 1999 and December
2002. Hospitalization records between January 1997 and
December 2002 were obtained for these patients from Med-
Echo.

Inclusion/exclusion criteria. The first dispensing date
for celecoxib or an NS-NSAID between April 1999 and
December 2002 was considered the patient’s index date.
All included patients had a potential of at least 1 year of
RAMQ data and 27 months of Med-Echo data prior to their
index date. Patients who filled prescriptions for both cele-
coxib and an NS-NSAID on the index date were excluded.

Outcome measure. The primary outcome of interest
was the first GI hospitalization defined as a hospitalization
for a perforated or bleeding ulcer of the stomach or duo-
denum. GI hospitalizations were identified using the In-
ternational Classification of Diseases, Ninth Revision diag-
nosis codes (531.x–534.x, 578.0, 578.1, and 578.9). To
ensure high accuracy of coding, only hospitalizations for
patients discharged from acute-care hospitals with one of
these codes recorded as a primary discharge diagnosis
(most responsible cause for hospitalization) were consid-
ered. To further validate the diagnosis, we excluded hos-
pitalizations where the GI diagnosis was considered a hos-
pital complication. Previously, we had conducted an ad
hoc analysis where we reviewed hospital charts of 30
patients from the Montreal General Hospital/McGill Uni-
versity Health Centre (17). These data indicated that 100%
of the GI bleedings recorded as primary diagnoses were
present on admission whereas 85% of all admissions for
GI bleedings had GI bleeding recorded as the primary
diagnosis on the hospital discharge summary.

Followup. All included patients were followed from
their index date until the last drug exposure day, a GI
hospitalization (first occurrence in the study period),
death, or December 31, 2002, whichever occurred first.

Drug exposures. The duration (in days) of dispensed
medications is recorded in the RAMQ database. Prescrip-
tions for NS-NSAIDs or celecoxib dispensed for �3 days
were not considered. We counted GI hospitalizations that
occurred immediately after the end of exposure and up to
a short period later as related to that exposure. We chose
that period to be 25% of the exposure duration and tested
this choice in a sensitivity analysis. Most prescriptions for
NS-NSAIDs and celecoxib in Quebec are dispensed with a
medication supply for �30 days (14,15). Extending the
exposure period by 25% of the number of supplied days
means that GI hospitalizations that occurred during ther-
apy or up to a week immediately following that therapy
would be accounted for.

Exposure episodes were classified into 4 categories
(celecoxib, celecoxib plus PPI, NS-NSAIDs plus PPI, and
NS-NSAIDs) according to the drug(s) prescribed. A pre-
scription for celecoxib (NS-NSAIDs) was classified as cele-
coxib plus PPI (NS-NSAIDs plus PPI) if a PPI was dis-
pensed on the same date as the celecoxib or prior to the
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celecoxib but with supplied days that included the dis-
pensing date of the celecoxib.

Exposure episodes were terminated at the date of a
switch to any other NS-NSAID not considered in this
study (rofecoxib or meloxicam). Only GI hospitalizations
that occurred during the exposure episodes were attrib-
uted to these episodes. GI hospitalizations that occurred
during days supplied for both celecoxib and an NS-NSAID
were attributed to the last drug dispensed. As mentioned,
other NS-NSAIDs were not considered in this analysis.
Because rofecoxib is no longer available on the market, its
inclusion in the analysis was no longer considered rele-
vant. Meloxicam use is not common in Quebec. Among all
NS-NSAID prescriptions, 3.6% were for meloxicam and
the number of GI hospitalizations that occurred during
exposure to meloxicam was 13, precluding any robust

analysis using meloxicam only and meloxicam and PPI
subgroups. All assumptions regarding the definitions of
drug exposure or GI hospitalizations were tested in sensi-
tivity analyses as described below.

Patient characteristics at baseline. Patient characteris-
tics determined at the index date included 1) demo-
graphic variables; 2) comorbidity indicator (number of
concurrent medications); 3) concurrent chronic diseases
assessed in the prior year (GI hospitalization in the prior
27 months; diagnoses of ulcer in outpatient clinics, can-
cer, cardiovascular or cerebrovascular disease, chronic
obstructive pulmonary disease, anemia or blood disease,
or musculoskeletal disease; treatment for hypertension
or diabetes mellitus in the prior year; use of aspirin, cor-

Table 1. Patient characteristics at the index date*

Drug exposure category

Celecoxib
(n � 141,575)

Celecoxib plus PPI
(n � 25,982)

NS-NSAIDs
(n � 144,959)

NS-NSAIDs plus PPI
(n � 19,975)

Demographics
Female sex 66.1 69.7 57.8 63.3
Age, mean � SD years 74.7 � 5.9 75.6 � 6.1 73.5 � 5.6 74.5 � 5.8
Age 66–74 years 54.9 48.5 62.4 54.9

Comorbidity indicators, mean � SD
Number of drugs at the index date† 3.0 � 2.4 4.4 � 2.9 2.7 � 2.3 4.0 � 2.8
Number of physician encounters in prior year 16.8 � 18.8 27.2 � 29.9 15.9 � 18.1 27.1 � 29.2

Musculoskeletal disease in prior year 60.7 63.8 54.6 62.3
Osteoarthritis 23.6 25.9 20.2 25.0
Rheumatoid arthritis 2.0 3.3 2.8 5.5
Visited a rheumatologist 4.5 7.6 5.2 11.6

Cardiovascular disease in prior year
Heart failure 9.0 15.1 8.1 13.7
Ischemic heart disease 16.0 26.4 14.4 23.2
Cerebrovascular disease 3.9 6.1 3.3 5.2
Antihypertensive medication 45.8 56.6 42.1 52.3
Antidiabetic agents 12.0 13.7 11.7 13.3
Renal failure 1.1 2.5 1.1 2.5

Other comorbid conditions
Cancer 13.1 15.9 13.5 19.7
Chronic obstructive pulmonary disease 7.2 11.7 6.8 10.7
Anemia or blood disease 4.9 8.9 4.4 8.2

GI events in prior year
GI hospitalization in prior 27 months 0.7 3.7 0.5 2.7
Ulcer diagnostic outside hospital 1.0 3.9 0.9 3.1
Upper GI diagnostic test outside hospital 4.7 15.7 4.2 13.5
Visited a gastroenterologist 6.2 18.2 5.4 16.5
PPI in prior year not overlapping index date 10.0 82.9 7.5 69.4

Medication in prior 90 days that may
potentially increase the risk of GI bleeding

Aspirin 23.6 30.9 20.7 27.4
Anticoagulant 3.8 5.8 2.1 3.5
Corticosteroid 4.2 8.7 4.5 10.4

Use of acetaminophen and NSAIDs in prior
year

Acetaminophen 28.7 43.0 28.5 43.7
NS-NSAIDs 5.8 7.4 39.7 39.1

* Values are the percentage unless otherwise indicated. PPI � proton-pump inhibitor; NS-NSAIDs � nonselective nonsteroidal antiinflammatory
drugs; GI � gastrointestinal.
† Not counting the study drugs.
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ticosteroids, or anticoagulants in the prior 90 days); and 4)
use of NS-NSAIDs or acetaminophen in the prior year.

Statistical analyses. Patient characteristics at baseline
were summarized using proportions or means and SDs as
appropriate. Polychotomous logistic regression models
were used to compare patient characteristics between the 4
exposure groups. The proportion of patients prescribed a
PPI at the index date was also reported. Exposure episodes
were assessed and the total number of days was calculated
for each patient by exposure category.

Multivariable Cox regression models were used to com-
pare hazard rates of GI hospitalizations between exposure
categories adjusting for patient characteristics at the index
date. Exposure was considered as a time-dependent vari-
able in the models. At a given point in time, the model
considered a patient in the risk set corresponding to the
exposure category at that time. Time when patients were
not exposed to any of the study drugs was not included in
the model to facilitate the analysis. Therefore, discontin-
uous time intervals were considered. Discontinuous time
intervals remove the patients from the risk sets for some
time intervals but not from the study (18,19).

A backward selection was used to select the final model.
Exposure categories were forced in the model and other
variables that were significant at the 10% level were kept
in the model. The category celecoxib plus PPI (NS-NSAIDs
plus PPI) was further dichotomized into 2 mutually exclu-
sive subcategories: those in which the PPI and celecoxib
(NS-NSAIDs) were dispensed at the same date and those in
which the PPI was dispensed previous to the celecoxib
prescription. We compared the hazard rates of GI hospi-
talizations between these subcategories to justify their
combination.

Propensity score adjustment has been proposed to con-
trol for selection bias (20). A patient propensity score is his
or her probability of receiving one treatment rather than
the other (20). Propensity scores were calculated based on
the polychotomous logistic regression model and the Cox
regression model was repeated adjusting for these scores.

Effect modification by GI risk factors (old age, aspirin
use, prior GI ulcers, and use of anticoagulant or cortico-
steroids) (2) was tested in the main model using inter-

action terms. Subgroup analyses were conducted where
interactions were statistically significant. All statistical ana-
lyses were performed using SAS software, version 8.2
(SAS Institute, Cary, NC).

Sensitivity analyses. Five sensitivity analyses were
conducted. Because a patient who incurred a symptomatic
ulcer with one medication may have switched to another
medication before the ulcer bled, the GI hospitalization
may have been wrongly attributed to the switched medi-
cation in the main analysis. To address this potential mis-
classification bias, in a first sensitivity analysis a GI hos-
pitalization experienced by a patient during overlapping
days supplied for celecoxib and NS-NSAIDs was attrib-
uted to the drug dispensed first. To further address this
potential misclassification bias, in a second sensitivity
analysis, the followup of patients who switched medica-
tions was terminated at the switch date. In a third sensi-
tivity analysis, the definition of the exposure category
celecoxib (NS-NSAID) plus PPI was modified to include
prescriptions of celecoxib (NS-NSAID) that overlapped
with any prescription of a PPI whether supplied before or
after the celecoxib (NS-NSAID) prescription. Finally, be-
cause the grace period that extended exposure episodes by
25% of the supplied days was considered, the data were
re-analyzed considering a grace period of 14 days (9,21,22)
or no grace period at all.

RESULTS

Patient characteristics at the index date. Patient char-
acteristics at the index date are shown in Table 1. Of the
332,491 patients included in the study, 141,575 were re-
ceiving celecoxib only (no PPI) at the index date, 25,982
were receiving celecoxib plus PPI, 144,959 were receiving
NS-NSAIDs only, and 19,975 were receiving NS-NSAIDs
plus PPI. Logistic regression models showed that patients
receiving celecoxib and/or PPI had more comorbid condi-
tions (determined by the number of concomitant drugs),
prior GI events, aspirin use, anticoagulant use, or cortico-
steroid use compared with patients receiving NSAIDs
(Table 2).

Table 2. Logistic regression model to identify the choice of treatment at the index date versus NS-NSAIDs only*

Celecoxib Celecoxib plus PPI NS-NSAIDs plus PPI

Female sex 1.50 (1.48–1.53) 1.66 (1.60–1.71) 1.18 (1.15–1.22)
Age (by 1 additional year) 1.04 (1.03–1.04) 1.05 (1.04–1.05) 1.02 (1.02–1.02)
Number of drugs at the index date (by 1 additional drug) 1.04 (1.03–1.04) 1.22 (1.21–1.23) 1.18 (1.17–1.19)
Cancer 0.94 (0.92–0.96) 1.06 (1.02–1.10) 1.41 (1.36–1.48)
Anemia or blood disease 1.03 (0.99–1.07) 1.40 (1.32–1.48) 1.38 (1.30–1.46)
GI hospitalization in prior 27 months 1.20 (1.08–1.34) 3.96 (3.55–4.42) 3.04 (2.70–3.42)
Ulcer diagnosis outside hospital 1.26 (1.16–1.37) 3.86 (3.51–4.24) 2.77 (2.50–3.07)
Aspirin in prior 90 days 1.07 (1.04–1.09) 1.16 (1.13–1.20) 1.08 (1.05–1.12)
Anticoagulant in prior 90 days 1.54 (1.47–1.62) 1.47 (1.37–1.58) 1.04 (0.95–1.14)
Corticosteroid in prior 90 days 1.06 (1.02–1.11) 1.71 (1.62–1.81) 1.85 (1.75–1.95)
Acetaminophen in prior year 1.06 (1.04–1.08) 1.42 (1.38–1.47) 1.42 (1.38–1.47)
NS-NSAIDs in prior year 0.09 (0.09–0.09) 0.10 (0.10–0.11) 0.86 (0.83–0.88)

* Values are the hazard ratio (95% confidence interval). See Table 1 for definitions.
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Drug exposure. Patients filled 1,161,508 celecoxib pre-
scriptions with a total of 82,371 patient-years of exposure.
These patients also filled 360,799 celecoxib plus PPI pre-
scriptions (24,535 patient-years), 715,176 NS-NSAID pre-
scriptions (46,192 patient-years), and 148,470 NS-NSAIDs
plus PPI prescriptions (9,616 patient-years) (Table 3). Ap-
proximately 58% of prescriptions from either celecoxib or
NS-NSAIDs were dispensed on the same date as the PPI.
On average, patients in both of these groups had both
treatments for 98.5% of the days.

Gastrointestinal hospitalization. The crude rates of GI
hospitalization for each exposure category are also shown
in Table 3. The unadjusted GI hospitalization rates were
similar between the celecoxib, celecoxib plus PPI, and
NS-NSAIDs plus PPI groups but were approximately twice
as high in the NS-NSAIDs group. A time-dependent Cox
regression model demonstrated that the adjusted hazard
rates of GI hospitalizations were similar within the cele-
coxib plus PPI group whether the PPI was dispensed on
the same date or dispensed previously (hazard ratio [HR]
1.12, 95% confidence interval [95% CI] 0.71–1.78). The
adjusted rates were also similar within the NS-NSAIDs
plus PPI group whether the PPI was dispensed at the same
date or dispensed previously (HR 0.77, 95% CI 0.37–1.60).
These categories were therefore combined in the final
model. The results of the time-dependent multivariable
Cox regression model, comparing the adjusted GI hospi-
talization hazard rates between the 4 exposure categories,
are displayed in Table 4. GI hospitalization occurrence
increased with age for every 5-year increase (HR 1.42, 95%
CI 1.33–1.52). The hazard rate of GI hospitalization was
approximately 4 times higher among patients who were
hospitalized for GI bleeding in the prior year versus those
who were not (HR 3.90, 95% CI 2.73–5.57); the hazard rate
was also higher among patients diagnosed with GI bleed-
ing in an outpatient clinic in the prior year versus those
who were not (HR 1.80, 95% CI 1.16–2.80). Patients with
prior anemia or blood disease diagnoses had a higher rate
of GI hospitalization compared with those who did not
(HR 1.78, 95% CI 1.41–2.25), as did patients with anti-
coagulant therapy in the prior 90 days (HR 2.77, 95% CI
2.09–3.67) and those who used aspirin in the prior 90 days
(HR 1.57, 95% CI 1.33–1.85). Women were less likely than

men to have a GI hospitalization (HR 0.73, 95% CI 0.62–
0.85). Table 4 also shows that in the cohort, compared with
celecoxib alone, celecoxib plus PPI was associated with a
lower rate of GI hospitalization (HR 0.69, 95% CI 0.52–
0.93) whereas celecoxib alone was associated with a rate of
GI hospitalizations similar to that of NS-NSAIDs plus PPI
(HR 0.98, 95% CI 0.67–1.45). The hazard rate in patients
given NS-NSAIDs alone was twice as high as that in pa-
tients given celecoxib alone (HR 2.18, 95% CI 1.82–2.61)
or NS-NSAIDs plus PPI (HR 2.21, 95% CI 1.51–3.24)
(Table 4). Similar HRs were observed when we adjusted
for propensity score levels: HR 0.66 (95% CI 0.51–0.86) for
celecoxib plus PPI versus celecoxib alone; HR 0.96 (95%
CI 0.66–1.38) for NS-NSAIDs plus PPI versus celecoxib
alone; and HR 2.16 (95% CI 1.81–2.59) for NS-NSAIDs
alone versus celecoxib alone.

Table 3. Prescriptions and unadjusted GI hospitalization rates in followup*

Drug exposure

Celecoxib Celecoxib plus PPI NS-NSAIDs NS-NSAIDs plus PPI

Number of prescriptions 1,161,508 360,799 715,176 148,470
Total drug exposure duration, years 82,371 24,535 46,192 9,616
Number (%) of prescriptions with a medication switch 29,533 (2.5) 8,635 (2.4) 22,881 (3.2) 6,430 (4.3)
Number of GI hospitalizations (rate per 1,000 patient-years) 302 (3.7) 77 (3.1) 301 (6.5) 33 (3.4)
Number of GI hospitalizations (rate per 1,000 patient-years)

among patients with no prior GI risk factors
49 (1.5) 15 (1.9) 70 (3.4) 11 (3.0)

Number of GI hospitalizations (rate per 1,000 patient-years)
among patients with prior GI risk factors

253 (5.1) 62 (3.7) 231 (9.1) 22 (3.7)

* GI risk factors: age �75 years, aspirin use in the prior 90 days, anticoagulant or corticosteroid use in the prior 90 days, GI hospitalizations in the prior
27 months, prior diagnoses with ulcer of the duodenum or stomach in outpatient clinics. See Table 1 for definitions.

Table 4. Cox regression model with time-dependent
exposure to determine the association between drug

exposure and gastrointestinal hospitalization*

Variable
Hazard ratio

(95% CI)†

Celecoxib 1 (reference)
Celecoxib plus PPI 0.69 (0.52–0.93)
NS-NSAIDs 2.18 (1.82–2.61)
NS-NSAIDs plus PPI 0.98 (0.67–1.45)
Female sex 0.73 (0.62–0.85)
Age (per additional 5 years) 1.42 (1.33–1.52)
Anticoagulant use in prior 90 days 2.77 (2.09–3.67)
Corticosteroid use in prior 90 days 1.27 (0.98–1.65)
Aspirin use in prior 90 days 1.57 (1.33–1.85)
Anemia or blood disease 1.78 (1.41–2.25)
GI hospitalization in prior 27 months 3.90 (2.73–5.57)
Diagnosis with ulcer in outpatient

clinics
1.80 (1.16–2.80)

NS-NSAIDs vs. NS-NSAIDs plus PPI 2.21 (1.56–3.24)

* 95% CI � 95% confidence interval; see Table 1 for additional
definitions.
† The model was adjusted for other patient characteristics at the
index date: number of medications at the index date; medication in
prior year for diabetes, hypertension, and cardiovascular diseases;
prescriptions in prior year for acetaminophen, NS-NSAIDs, and PPI
(prior but not concurrent); diagnoses with cancer and cerebrovas-
cular disease.
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Subgroup analyses. Interaction between the studied
medications and age, aspirin use, and other GI risk factors
was tested in the main model. An interaction of age and
other GI risk factors with NS-NSAID use was found, but no
interaction with aspirin was detected. Therefore, subgroup
analyses were conduced separating patients by age and
presence of other GI risk factors (Tables 5 and 6). In all
subgroups examined by this study, the rate of GI hospital-
ization was at least 1.9 times higher in patients given
NS-NSAIDs compared with patients given celecoxib. Cele-
coxib plus PPI was not superior to celecoxib alone in
patients with no GI risk factors (HR 1.26, 95% CI 0.74–
2.15). PPI appeared to add some GI benefit to celecoxib
alone for patients ages �75 years (HR 0.56, 95% CI 0.38–
0.81). Celecoxib plus PPI appeared superior to NS-NSAIDs
plus PPI for patients ages �75 years.

Analyses of sensitivity. Results of sensitivity analyses
were similar to those of the primary analysis when out-
comes that occurred before the end of a prescription were
attributed to that prescription even for patients who
switched medication before the end of the prescription,
and when exposure episodes and patient followup were
stopped at the date of a medication switch if a switch
occurred (data not shown). Results were also similar when
we considered a grace period of 14 days or no grace period
at all (data not shown). When the category celecoxib (NS-
NSAID) plus PPI included prescriptions of celecoxib (NS-
NSAID) that overlapped with any prescription of a PPI
whether supplied before or after the celecoxib prescrip-
tion, results were not substantially different from those of
the main analysis: HR 0.78 (95% CI 0.59–1.03) for cele-
coxib plus PPI versus celecoxib alone, HR 1.27 (95% CI
0.92–1.79) for NS-NSAIDs plus PPI versus celecoxib, and

HR 2.10 (95% CI 1.75–2.54) for NS-NSAIDs alone versus
celecoxib.

DISCUSSION

This study was designed to compare the rates of GI hospi-
talizations associated with celecoxib, celecoxib plus PPI,
NS-NSAIDs, and NS-NSAIDs plus PPI and to identify pa-
tient subgroups in which celecoxib or celecoxib plus PPI
would be clearly GI safer than NS-NSAID plus PPI among
the Quebec population ages 65 years or older. We found
that overall, the risk of GI hospitalizations was at least 2
times higher with NS-NSAIDs compared with celecoxib.
This result was consistent among all patient subgroups
except in those younger than 75 years of age and those
taking aspirin, in which the increase was nonsignificant.
The increased risk of GI hospitalization with NS-NSAIDs
versus celecoxib was highest among patients with prior
ulcers, who had more than a 3-fold increase in risk. The
addition of a PPI to celecoxib decreased the rate of GI
hospitalization by 31% compared with celecoxib alone.
The rate of GI hospitalization was similar in patients given
celecoxib alone and in those given NS-NSAIDs plus PPI. In
particular, PPI added to celecoxib was found to be benefi-
cial for patients ages �75 years. PPI added to celecoxib did
not confer any additional protection in patients ages
66–74 years. The low absolute number of events in pa-
tients 66–74 years of age who had prior GI events or
anticoagulant therapy precluded robust analyses in this
subgroup.

In sensitivity analyses, varying the definitions of drug
exposure did not affect the results. Terminating followup
at the first medication switch or not considering a fixed

Table 5. Unadjusted GI hospitalization rates (per 1,000 patient-years) by age and other GI risk factors*

Celecoxib Celecoxib plus PPI NS-NSAIDs NS-NSAIDs plus PPI

Age 66–74 years 111 (2.4) 35 (2.7) 116 (4.2) 13 (2.3)
Age �75 years 191 (5.0) 42 (3.6) 185 (9.8) 20 (5.0)
No other GI risk factor 243 (3.3) 51 (2.5) 234 (5.5) 26 (3.4)
Other GI risk factor 59 (7.2) 26 (5.7) 67 (17.9) 7 (4.3)

* Values are the number (per 1,000 patient years). Other GI risk factors: GI hospitalization in the prior 27 months, prior diagnoses with ulcer of the
stomach or duodenum, or use of an anticoagulant or corticosteroid medication in prior 90 days. See Table 1 for definitions.

Table 6. Cox regression models to determine the association between drug exposure and GI hospitalization among subgroups
of patients with GI risk factors*

Hazard ratio (95% CI)†

Celecoxib plus PPI vs.
celecoxib

NS-NSAIDs vs.
celecoxib

NS-NSAIDs plus PPI vs.
celecoxib

Age �75 years 0.98 (0.63–1.52) 1.94 (1.46–2.58) 0.96 (0.52–1.76)
Age �75 years 0.56 (0.38–0.81) 2.38 (1.89–3.00) 1.00 (0.61–1.64)
No other GI risk factors‡ 0.72 (0.50–1.03) 1.98 (1.62–2.43) 1.19 (0.76–1.84)
Other GI risk factors‡ 0.75 (0.46–1.21) 3.12 (2.12–4.58) 0.66 (0.30–1.44)

* 95% CI � 95% confidence interval; see Table 1 for additional definitions.
† The models were adjusted for patient characteristics at the index date.
‡ Other GI risk factors: GI hospitalization in the prior 27 months, prior diagnoses with ulcer of the stomach or duodenum, or use of an anticoagulant
or corticosteroid medication in prior 90 days.
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grace period of 14 days or no grace period at all also
resulted in findings similar to those of the main analysis.
Counting any celecoxib (NS-NSAID) prescription that
overlapped with any PPI prescription among the celecoxib
(NS-NSAID) plus PPI category increased the rate of GI
hospitalizations associated with this category but did not
substantially alter the results.

The high rates in this study of GI hospitalization in
patients taking NS-NSAIDs compared with those taking
celecoxib corroborate findings from other studies that cele-
coxib is GI safer than NS-NSAIDs in elderly patients (9–
11). A previous clinical trial found that the risk of GI
bleeding associated with celecoxib was similar to that of
NS-NSAIDs plus PPI among patients with prior bleeding
(12). Our study found similar results in general.

Analyses were conducted using a large, population-
based, well-validated medical database. Use of the RAMQ
database provides the advantages of large sample size,
generalizability, and broad inclusion of patients with mul-
tiple GI risk factors who are typically excluded from clin-
ical trials. Nevertheless, this study has limitations. First,
differences may exist between patients prescribed cele-
coxib and those prescribed celecoxib plus PPI, NS-
NSAIDs, or NS-NSAIDs plus PPI on variables that were not
available in the database, such as diet, obesity, and alcohol
consumption. Patients with these conditions are expected
to be channeled to the celecoxib plus PPI group as opposed
to the celecoxib, NS-NSAIDs plus PPI, or NS-NSAID
groups (23). Although our models adjusted for measurable
GI risk factors, available statistical models are limited in
their ability to fully adjust for channeling bias. Therefore,
residual channeling bias may have persisted despite the
adjustment. This would imply that the benefit from cele-
coxib versus NS-NSAID use among patients already pre-
scribed a PPI could be higher than that found by our study.

Second, patients may not have been taking their medi-
cation as prescribed, which could have biased the results
in any direction. However, clinical trials have shown that
patients given NS-NSAIDs are more likely to discontinue
or switch therapy because of adverse events compared
with patients given celecoxib (9). It is reasonable to think
that this was the case in our study. Therefore, the GI
hospitalization HR comparing patients given NS-NSAIDs
or NS-NSAIDs plus PPI with those given celecoxib may
have been higher than that reported. Moreover, to capture
more NS-NSAID users, our study included patients who
received NS-NSAIDs in the 6 months before the introduc-
tion of celecoxib to the Quebec market. It was demon-
strated that in the early months following the introduction
of celecoxib to the market, a large number of patients
receiving NS-NSAIDs switched to celecoxib (24). This fact
also could have attenuated the effect of NS-NSAIDs, bias-
ing the results toward a smaller HR between NS-NSAID
and celecoxib users. When followup was terminated at the
date of a switch, the hazard rate with NS-NSAIDs seemed
to have increased while that with celecoxib decreased.

Third, we considered patients given a PPI prior to the
celecoxib (NS-NSAIDs) prescription but with supplied
days that overlapped the dispensing date of that prescrip-
tion among those receiving celecoxib plus PPI (NS-
NSAIDs plus PPI). It is not clear whether these patients

would have continued taking the PPI with the celecoxib
(or NS-NSAIDs) prescription. This fact could have in-
creased the GI hospitalization rates attributed to the cele-
coxib plus PPI and NS-NSAIDs plus PPI groups and could
have biased the HR toward a null result.

Fourth, a person who received aspirin in the 90 days
prior to the index date was classified as an aspirin user. In
Quebec, aspirin is mainly prescribed on a continuous basis
for the prevention of cardiovascular events as indicated by
the daily dose prescribed (17). Indeed, after examining the
data, we found that among patients classified as aspirin
users, 96% filled prescriptions for aspirin in the followup
with a mean � SD total duration of 645 � 402 days and a
median total duration of 630 days (interquartile range
270–1,014 days).

A fifth limitation is that data on over-the-counter medi-
cation purchases are not available from RAMQ, so non-
prescription use of NS-NSAIDs, aspirin, or GPAs could
not be assessed. Over-the-counter use of NS-NSAIDs is
relatively high among the general Quebec population;
during the study period 17.0%, 2.2%, and 1.1% of elderly
persons who consumed NS-NSAIDs, aspirin, and GPAs,
respectively, acquired these medications over-the-counter
(D. Santé Québec: personal communication). However,
because patients were included in this study cohort only
if they had a prescription for an NS-NSAID or a celecoxib,
they had strong financial incentives to obtain NS-NSAIDs
via prescription rather than by over-the-counter purchase,
which is not reimbursed by the provincial drug plan. Fur-
thermore, any over-the-counter use of NS-NSAIDs during a
celecoxib prescription would be predicted to increase the
GI risk in the celecoxib cohort and subsequently reduce
any observed difference in GI hospitalization rate between
the celecoxib and NS-NSAID categories.

In summary, our results suggest that for patients requir-
ing antiinflammatory therapy, celecoxib alone is as GI safe
as NS-NSAIDs combined with a PPI. The addition of a PPI
to celecoxib may be beneficial compared with celecoxib
alone in patients ages �75 years. PPI did not seem neces-
sary with celecoxib for patients ages 66–74 years. The
small absolute number of events in patients ages �75
years, those with prior GI risk factors, and those with
aspirin who were given NS-NSAIDs plus PPI precluded
reliable comparisons between the celecoxib plus PPI and
NS-NSAIDs plus PPI exposure categories among patients
in these subgroups.
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