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SUMMARY

Background COX-2 and NSAIDS differ in their gastrointestinal (GI) and cardiovascular (CV) toxicity from pharma-
cological, clinical and epidemiologic point of views.
Objective Describe the patterns of use of NSAIDS and COX-2 in The Health Improvement Network (THIN) database in
UK and the PharMetrics database in USA.
Methods We examined the experience of 10 distinct cohorts of new users of diclofenac, naproxen, ibuprofen, piroxicam,
other NSAIDS, meloxicam, celecoxib, etoricoxib, rofecoxib and valdecoxib. The study period was 1 January 1995 through
2004 (31 March in UK and 28 February in USA). We collected information on covariates including history of upper GI
disease, CV disease, hepatic disease, dosage, concomitant medication, and visits to a rheumatologist.
Results We identified 486 076 unique patient-drug pairs in UK and 1 533 239 in USA. In UK population 78 201 (16%) were
COX-2 users and in PharMetrics 324 206 (21%) were COX-2 users. Diclofenac and ibuprofen (NSAIDS), and celecoxib and
rofecoxib (COX-2) were the agents prescribed most frequently. The duration of therapy was longer among celecoxib and
rofecoxib users than among other users. More COX-2 users than NSAIDS users received concomitant gastroprotective agents
(GPA), corticosteroids and anti-platelet therapy, and had a history of thromboembolic events and hypertension. PharMetrics
patients were prescribed higher doses of NSAIDS and COX-2. The use of any single agent for more than 90 days was un-
common, but more frequent in PharMetrics. Switching was uncommon and was generally to a NSAID.
Discussion Our results confirm some previous findings from other authors such as the presence of both GI and CV
channelling to COX-2 agents but refute others, such as the frequency of drug switching between these agents. The typical use
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of COX-2 agents in practice is for shorter duration, and at lower doses, than was employed in randomized clinical trials. This
difference may help clarify the apparent discrepancy with respect to CV toxicity between the results from clinical trials,
which showed a higher CV risk with these drugs, and non-experimental epidemiologic studies, which showed lower or no
increase in risk. Copyright # 2006 John Wiley & Sons, Ltd.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDS)
inhibit prostaglandin synthesis (PG) through the
cyclo-oxygenase (COX-1 and COX-2) pathways.1

COX-2 inhibition is responsible for anti-inflammatory
effects and COX-1 inhibition is responsible for
gastrointestinal (GI) toxicity.2 Drug use varies from
country to country depending on numerous factors,
such as reimbursement policies, marketing practices
and the presence of medication guidelines.
COX-2 inhibitors are supposed to achieve the same

analgesic and anti-inflammatory properties as
NSAIDS with less GI toxicity,3,4 although some
disagree that this objective has been attained.5

NSAIDS vary in GI toxicity, with piroxicam generally
found to have a greater GI risk than other NSAIDS,2,6

although some authors claim that this difference may be
due to comparisons between non-equivalent doses.7

Rofecoxib, a COX-2 inhibitor, was first associated
with an increased risk of acute myocardial infarction
(MI) in the VIGOR study,8 which showed a five-fold
increase in the risk of MI compared with naproxen.
This finding was reinforced in several epidemiologic
studies9–11 and later in the APPROVe trial,12 which led
to the voluntary withdrawal of rofecoxib from the
market on 30 September 2004.13 Increased risk of
cardiovascular (CV) toxicity reported in trials of
parecoxib (the intravenous formulation of valde-
coxib)14 and celecoxib15 have raised the possibility of
a class effect for the COX-2 agents.
This paper compares NSAIDS and COX-2 drug

utilization patterns among privately insured patients in
a large USA claims database with patients covered
by UK national health system. We present in-
formation on the use of NSAIDS and COX-2,
including, dosage, duration of use and comorbidity.
Our findings may help to reconcile the seemingly
differing results regarding cardiotoxicity found in
epidemiologic studies on one hand and clinical trials
on the other.

METHODS

Study population and cohort definitions

Currently, The Health Improvement Network (THIN)
dataset contains records for 308 medical practices
covering more than 3.4 million UK patients of general
practitioners, of whom more than 1.6 million patients
are actively registered with the practices and can
be followed.16 The remaining patients have historical
data but have either left the practice or died. Most of
these contributing practices have recorded several
years of data on their system. For those practices that
previously used VAMP systems, data entries extend as
far back as 1985. THIN data are collected unobtru-
sively from the daily record keeping of general
practices in UK. The data received from THIN are
processed to provide full, coded demographic,
medical and prescription details at the level of each
individual patient. In addition, there is information on
referral to specialists, diagnostics and laboratory
results, some lifestyle characteristics and other
measurements taken within the GP practice. The data
are organized in files by individual practice and
provide a longitudinal medical record for each patient.

PharMetrics data include 43 million US patients
from 73 health care plans.17 In PharMetrics the
computerized information available includes demo-
graphics, details from medical services, diagnoses
from specialists’ referrals and hospital admissions.
Results of laboratory tests are available for a small
subset of the patient population. The database includes
both inpatient and outpatient diagnoses (ICD-9) and
procedures (CPT-4, HCPCS), as well as both standard
and mail order prescription records. Data on
prescription records include the NDC code as well
as days supplied and quantity dispensed. Both health
plan-paid and charged amounts are available for all
services rendered, as well as dates of service for all
claims. Additional data elements include demographic
variables, plan type, payer type, provider specialty,

Copyright # 2006 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2006; 15: 861–872
DOI: 10.1002/pds

862 f. m. arellano ET AL.



and plan enrollments dates. Records in the Phar-
Metrics database are representative of the national
managed care population, based on a variety of patient
and health plan demographic measures that include
geographic region, age, gender, and plan type with the
exception of persons�65 (8% in PharMetrics vs. 13%
in US census). Only health plans submitting data for
all members are included in the database. Data
contributions are also subjected to a series of quality
checks to ensure a standardized format and low error
rates.

We conducted essentially identical analyses in both
databases, with some exceptions described below.
These databases are generally thought to be repre-
sentative of UK and USA populations. We identified
all people 18 years of age or older in the populations
who received at least one prescription for a NSAID or
COX-2 from 1 January 1995 through 31 March 2004
in THIN and through 28 February 2004 in Phar-
Metrics. We assigned an index date to each exposed
person. This was defined as the date of the first
prescription for each individual NSAIDS or COX-2,
provided that it followed a period of at least 6 months
with no evidence of exposure to any NSAIDS or
COX-2. To ensure ample historical exposure data, we
limited each cohort to people continuously enrolled in
the database for at least 1 year before the index date.
We identified 10 cohorts of new users of diclofenac,
naproxen, ibuprofen, piroxicam, other NSAIDS,
meloxicam, celecoxib, etoricoxib, rofecoxib, and
valdecoxib. Etoricoxib is not available in USA; hence
this cohort was compiled in UK only. Each patient was
followed from the drug index date until the end of
enrollment in the database, death, or the end of the
study period. (31 March 2004 in THIN, 28 February
2004 in PharMetrics). Since patients were new to a
drug in this analysis, they could only appear once as
users of a particular drug. They could, however,
appear as new users of multiple drugs for which the
inclusion criteria were satisfied. If so, they would have
separate index dates for each drug, which are the dates
of the first prescription for each.

For the THIN cohorts, the duration of therapy for
each drug was computed by dividing the total amount
prescribed by the dose per day, yielding the days
supplied. In PharMetrics we classified exposure using
the prescription fill date and the days supplied
recorded in the pharmacy database. Using this
information, we created episodes of drug use and
tallied person-time exposed to each agent. The
computation of person-time (or ‘current’ drug
exposure) was based on the continuation of drug
therapy or expected refills. We added the days

supplied to the current prescriptions fill date to
compute a therapy end date. If the same drug was
filled again by the therapy end date, then the drug
exposure episode was considered to continue until no
more information on refills was found. When no
prescriptions were found by the end date of the
‘current’ therapy period, the patient entered ‘recent’
drug therapy time. This period could last up to 30 days
and then the patient entered ‘past’ drug therapy time.
However, if a prescription was filled before the
‘recent’ time ends, a new ‘current’ therapy episode
began. ‘Past’ time extended to the study end date
unless a prescription was filled to start a ‘current’
therapy episode. We defined a chronic user as
someone with 50% or more of follow-up time exposed
to a study drug.

Drug switching and dosage

We defined switching as filling of a subsequent
NSAIDS or COX-2 prescription during the day-
supplied window of an existing NSAIDS or COX-2
prescription, plus a 7-day buffer period (e.g. for an
initial prescription with a 30-day supply, a subsequent
prescription filled for a different agent from day 3–37
after the initial prescription fill date was considered a
switch). We calculated the prescribed daily dose for
each drug by multiplying the number of pills
dispensed times the strength per pill and dividing
by the days supplied. We categorized daily dosages for
each product into ‘low’, ‘normal’ and ‘high’ (Tables
2a and 2b). For each patient we looked at consecutive
prescriptions for a particular drug and dosage changes
were defined as any change in the categories defined
(e.g. a change in a patient’s diclofenac dosing from
25mg/d to 50mg/d would be classified as a dosage
switch from ‘low’ to ‘normal’.

Covariates

We evaluated information on covariates as follows
(presence for all covariates was assessed for a period
of 6 months before the index date):

Gastrointestinal (GI) event history. We classified a
patient to have a positive history for GI events if we
found a diagnostic code consistent with upper GI
bleeding, peptic ulcer disease, perforation or at least
two of the following criteria: presence of an upper
GI (UGI) procedure (gastroscopy, UGI radiologic
examination); visit to a GI specialist; dispensing of
a prescription gastro-protective agent (GPA) within
30 days before the index date.
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Thromboembolic (TE) event history. We classified a
patient to have positive history of TE events if we
found a diagnostic code consistent with acute
myocardial infarction (MI), angina, stroke, or receipt
of a cardiovascular (CV) procedure (coronary artery
bypass surgery, coronary angioplasty or coronary
angiography). We also classified a patient with
positive TE history if the database indicated a visit
to a cardiologist and dispensing of low dose
prescription aspirin or other antiplatelet therapy.

Cardio-renal event history. We classified a patient as
having a positive history of cardio-renal events if we
found a diagnostic code consistent with hypertension,
congestive heart failure (CHF) or oedema, or if a
patient met at least two of the following criteria:
presence of a cardiac procedure (cardiac echography);
visit to a cardiologist; dispensing of antihypertensive
medication or agents for the treatment of CHF.

Hepatic disease history. We classified a patient as
having a positive history of hepatic disease if he or
she met one of the following criteria: presence of a
diagnostic code compatible with hepatitis, non-
infectious hepatitis, liver dysfunction, jaundice,
hepatic necrosis; history of liver biopsy; or history
of liver transplantation.

Other data

We created a chronic disease score (CDS) for each
individual18 using criteria proposed by Von Korff
and colleagues, by noting prescriptions filled within
6 months before the index date.We used the CDS as an
indicator of chronic disease severity. We abstracted all
concomitant medication history, defined as prescrip-
tions filled within 30 days before the index date. We
also recorded a history of visits to a rheumatologist.

Data analysis

We quantified drug utilization for each individual
agent stratified by database (THIN and PharMetrics).
These descriptive analyses included distribution by
age, sex and covariates (gastrointestinal disease
history, thromboembolic disease history, hypertension
history, CHF, oedema or hepatic disease history,
chronic NSAIDS or COX-2 use, chronic disease score,
rheumatology visits, and concomitant use of corti-
costeroids, GPA, antiplatelets or anticoagulants). We

also report NSAIDS and COX-2 daily dosage and
duration.

RESULTS

We identified 362 448 unique patients in THIN and
1 426 471 in PharMetrics. As mentioned above, a
patient appears in the data for each drug definition
he or she satisfies. Thus, in THIN, we identified
486 076 unique patient-drug pairs, of which 78 201
(16%) involved COX-2. In PharMetrics we identi-
fied 1 533 239 unique patient–drug pairs, of which
324 206 (21%) were COX-2. These patients received
1 337 114 prescriptions covering 35 642 251 therapy
days in THIN and 3 241 881 prescriptions covering
68 579 829 therapy days in PharMetrics. In THIN the
average number of prescriptions per patient was 4.1
(celecoxib), 4.4 (rofecoxib), 4.4 (meloxicam), 2.0
(valdecoxib), 2.8 (etoricoxib), 2.6 (diclofenac), 2.3
(ibuprofen), 2.4 (naproxen), 2.8 (piroxicam) and 2.6
(other). In PharMetrics the corresponding numbers
were: 3.4 (celecoxib), 3.0 (rofecoxib), 2.3 (melox-
icam), 2.0 (valdecoxib) 1.9 (diclofenac) 1.9 (ibupro-
fen) 1.8 (naproxen) 2.1 (piroxicam) 1.9 (other).

Diclofenac and ibuprofen accounted for 81% of all
NSAIDS use in THIN, whereas ibuprofen and
naproxen accounted for 80% of the NSAIDS use in
PharMetrics. In both populations celecoxib and
rofecoxib constituted most COX-2 use. Rofecoxib
was used more frequently in US population
than celecoxib (53% vs. 37%), whereas the use of
celecoxib (38%) and rofecoxib (36%) was similar in
THIN. The proportion of COX-2 use attributable to
valdecoxib was low but 10 times higher in Phar-
Metrics than in THIN (6% vs. 0.6%). In THIN, 6% of
COX-2 use was attributable to etoricoxib (Tables 1a
and 1b).

A larger proportion of COX-2 users were female,
higher in THIN than in PharMetrics (65% vs. 60%).
THIN users of both NSAIDS and COX-2 were older
than PharMetrics users, but in both populations
COX-2 users were older than NSAIDS users (Tables 1a
and 1b). Celecoxib users were the oldest in both
populations (median age 65.5 years in THIN and 51.0
years in PharMetrics).

Dosage & duration of use

Dosage and duration of first use differed between
THIN and PharMetrics. Tables 2a and 2b show the
percentage of patients exposed to each drug during
continuous use, stratified by dosage. The duration of
therapy was longer in THIN than PharMetrics,
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particularly among COX-2 and especially among
users of celecoxib and rofecoxib. However, we found a
higher prevalence of long-term users in PharMetrics
than in THIN. The continuous use of any single agent
was more frequent in PharMetrics than in THIN,
regardless of the cut-off time used. (Tables 2a and 2b).
In PharMetrics most celecoxib, valdecoxib and
meloxicam users received these drugs for 31–60 days
per year, while most patients on all other drugs
received therapy for �30 days, with piroxicam
positioned somewhere between these two groups. In
THIN, duration of rofecoxib and etoricoxib differed
little from that of NSAIDS. In PharMetrics, ibuprofen
had a shorter duration of therapy than any other agent
(12-day median duration). There was little difference
in use among COX-2 agents with the majority of use
being at 31–60 days.
In general, patients included in PharMetrics were

prescribed higher dosages than those in THIN
throughout the whole spectrum of NSAIDS and

COX-2 (Tables 2a and 2b). In PharMetrics, 71% of the
celecoxib episodes used 200mg/day and 26% 400mg/
day, whereas in THIN the proportion of 200mg/day
and 400mg/day use was 88% and 3%, respectively. In
UK population, most of the rofecoxib episodes
involved 12.5mg/day (57%), and only 4% involved
50mg/day. In PharMetrics 71% of the episodes
involved 25mg/day and 23% received 50mg/day. In
THIN, 76% of the episodes for ibuprofen were for
1200mg/day, whereas 94% in PharMetrics were for
1600mg/day. In THIN 18% of the single-therapy
episodes for etoricoxib were for 120mg/day.

Covariates

Tables 3a and 3b summarize the covariate data. The
use of GPA as concomitant medication was more
frequent among COX-2 than among NSAIDS users in
both populations (20% vs. 6% in THIN) and 12% vs.
5% in PharMetrics). Overall, COX-2 users were

Table 2a. Duration of continuous first use per drug and strength. THIN. Percentage of patients

Duration (Days)

Drug Strength (mg) �30
%

31–60
%

61–90
%

91–180
%

¼181
%

Total
%

Total N 446 748

Celecoxib 100 26.0 52.0 15.0 5.0 2.0 9.0 2691
200 16.5 71.0 8.0 3.5 1.0 88.0 25 740
400 30.0 58.0 7.0 4.0 1.0 3.0 932

Diclofenac 50 63.0 34.5 2.0 0.5 0.0 16.0 30 045
100 53.0 43.0 30.0 1.0 0 16.0 29 668
150 86.5 12.0 1.5 0 0 68.0 127 845

Etoricoxib 60 70.0 18.0 7.0 4.0 1.0 53.0 2570
90 71.0 19.0 5.5 3.5 1.0 29.5 1446
120 86.0 11.0 2.0 1.0 0 17.5 865

Ibuprofen <1000 82.0 14.0 2.5 1.5 0 12.0 17 613
1000 100 0 0 0 0 0 21
1200 84.0 150 1.0 0 0 76.0 107 507
1600 88.0 11.0 1.0 0 0 12.0 16 467

Meloxicam 7.5 27.0 60.0 8.0 4.0 1.0 64.0 9577
15 28.0 61.0 7.0 4.0 1.0 36.0 5385

Naproxen <550 62.5 34.5 2.0 1.0 0 31.0 10 485
550 86.0 12.5 1.0 0.5 0 14.0 4806
1000 79.0 18.0 2.0 1.0 0 54.0 18 537
1100 0 0 0 0 0 0 0

>1100 84.0 14.0 2.0 0 0 1.0 322

Piroxicam 10 52.5 40.0 6.0 1.5 0 4.0 210
20 55.0 40.0 4.0 1.0 0 93.0 4847
40 65.0 33.0 1.0 0.5 0.5 3.0 174

Rofecoxib 12.5 66.0 20.0 6.5 6.0 1.5 57.0 16 193
25 71.0 18.0 6.0 4.0 1.0 39.0 11 019
50 87.0 10.0 2.0 1.0 0 4.0 1062

Valdecoxib 10 39.0 53.0 5.0 3.0 0 54.0 390
20 46.5 43.0 7.0 3.5 0 39.0 278
40 75.5 13.0 9.5 2.0 0 7.0 53
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almost two times more likely to have a history of TE
events compared with NSAIDS users in both
populations, although the prevalence was higher in
THIN (14% vs. 6%) than in PharMetrics (6% vs. 3%).
Similarly, a positive cardio-renal history was more
common among COX-2 users than NSAIDS users in
both populations (37% vs.20% in THIN; 33% vs.21%
in PharMetrics). Specifically, a previous history of
hypertension was more prevalent in COX-2 users than
in NSAIDS users (30% vs. 15% in THIN; 30.5% vs.
20% in PharMetrics), as was a history of congestive
heart failure (CHF; 3.5% vs. 1% in THIN; 5% vs. 3%
in PharMetrics). Overall, the CDS was lower for
NSAIDS than COX-2 users in both databases.

Switching

In both databases most prescriptions were for single
therapy (88–91% in PharMetrics and 59–84% in
THIN). When switching occurred, most patients were
switched to NSAIDS even if the original treatment
was a COX-2. In THIN, 10% of COX-2 prescriptions

were switched to another COX-2 and 15% to an
NSAIDS. Ten per cent of NSAIDS prescriptions were
switched to a COX-2 and 20% to another NSAIDS. In
PharMetrics, 2% of COX-2 prescriptions switched to
another COX-2 and 6% to an NSAIDS. Six per cent of
NSAIDS prescriptions switched to another NSAIDS
and 3% to a COX-2.

DISCUSSION

The first COX-2 agent was introduced worldwide in
1999. There is a good correlation between the
prevalence of chronic musculoskeletal disorders and
the prevalence of NSAIDS use in a population,19 and
the use of NSAIDS increases with age.20,21 The results
of epidemiologic studies describing real-life use and
clinical trials illustrating the experience of selected
population using pre-defined regimens may be seen to
be not only compatible but also complementary. The
results from our study indicate that prescribing and
utilization patterns in real-world clinical practice may
account for the discrepancy seen between clinical trial

Table 2b. Duration of continuous first use per drug and strength. PharMetrics. Percentage of patients

Duration (Days)

Drug Strength (mg) �30
%

31–60
%

61–90
%

91–180
%

¼181
%

Total
%

Total N 1 367 727

Celecoxib 100 28.5 42.0 9.0 11.0 9.5 3.0 4115
200 20.0 49.5 10.0 11.0 9.5 71.0 84 491
400 36.0 41.0 8.0 9.0 6.0 26.0 30 848

Diclofenac 50 44.0 41.0 6.0 5.0 4.0 4.0 2103
100 43.0 42.0 7.0 5.0 3.0 22.0 11 566
150 55.0 34.0 5.0 4.0 2.0 74.0 38 809

Ibuprofen <1000 67.5 25.0 3.0 3.5 1.0 2.0 13 139
1000 80.5 17.0 1.5 1.0 0 0 1140
1200 66.0 28.0 3.0 2.0 1.0 4.0 19 398
1600 81.0 16.0 2.0 1.0 0 94.0 515 965

Meloxicam 7.5 22.0 55.0 9.0 8.0 6.0 53.0 7396
15 33.0 48.0 7.0 6.5 3.5 47.0 6560

Naproxen <550 49.0 37.0 6.0 5.0 3.0 4.5 19 105
550 60.0 33.0 4.0 2.0 1.0 8.0 33 009

1000 52.0 40.0 4.0 2.0 1.0 62.0 262 269
1100 66.5 29.5 2.5 1.0 0.5 14.0 57 384

>1100 86.5 11.0 1.5 1.0 0 11.5 48 425

Piroxicam 10 51.0 33.0 7.5 5.5 3.0 4.5 979
20 27.0 55.0 8.0 6.5 3.5 93.5 19 834
40 67.0 25.0 4.0 3.0 1.0 2.0 396

Rofecoxib 12.5 22 47.5 9 11 10.5 6.0 9954
25 22.0 51.0 9.5 9.5 8.0 71.0 120 777
50 59.0 29.0 5.0 4.0 3.0 23.0 40 008

Valdecoxib 10 23.0 53.0 10.0 9.0 5.0 37.0 7414
20 34.0 47.0 8.0 7.0 4.0 52.0 10 375
40 73.0 20.5 3.0 2.5 1.0 11.0 2268
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Table 3a. Covariates (THIN). Percentage of patients

Celecoxib Rofecoxib Meloxicam Valdecoxib Etoricoxib Diclofenac Ibuprofen Naproxen Piroxicam Other

Total number of
patients

29 363 28 274 14 962 721 4881 187 558 141 608 34 150 5231 39 328

GI history 0.7 0.7 0.4 0.6 0.7 0.2 0.2 0.2 0.2 0.2
TE any prior history 14.1 13.9 12.3 13.0 12.9 6.0 7.0 6.5 9.2 6.0
Cardio-Renal history 38.0 36.5 34.1 36.9 37.1 18.7 21.0 20.8 25.2 19.2

Hypertension 30.0 28.2 26.8 28.3 29.6 15.3 17.1 16.7 19.4 15.2
CHF 3.6 3.6 3.1 3.7 3.4 1.2 1.5 1.4 2.4 1.6
Oedema 11.8 11.6 10.1 14.3 12.1 4.2 4.9 5.1 7.4 4.8

Hepatic history 0.6 0.6 0.5 0.4 0.6 0.4 0.3 0.3 0.3 0.4
Rheumatology
specialty

1.1 1.3 1.4 0.3 0.9 1.0 0.8 1.3 1.1 1.0

Concomitant
Corticosteroid

6.1 6.5 6.2 6.1 6.3 3.0 3.2 3.2 4.5 3.5

Concomitant GPA 20.8 21.1 17.1 23.4 20.5 6.1 5.8 6.8 11.0 7.7
Concomitant
Antiplatelets

11.6 10.5 8.7 15.1 11.3 3.7 4.8 4.1 6.7 3.7

Concomitant
Anticoagulants

0.9 0.8 0.5 0 0.8 0.2 0.3 0.2 0.3 0.3

Chronic user
of drug

27.0 24.5 17.2 52.7 34.7 7.4 4.8 6.6 9.7 6.8

Chronic Disease
Score17

0 35.8 37.4 43.9 32.6 35.3 65.8 63.0 62.7 52.2 61.6
1 16.4 16.9 15.5 18.7 16.0 10.2 9.9 11.0 13.4 12.3
2 11.1 11.0 11.3 10.4 11.5 9.9 10.9 10.3 11.2 10.4
3 8.6 8.4 7.5 7.8 7.3 3.9 4.5 4.5 5.8 4.5
4 4.7 5.0 4.2 4.2 4.7 2.0 2.3 2.0 3.4 2.2
5 6.5 5.8 5.5 6.7 6.1 2.9 3.4 3.2 4.4 2.9
6 5.5 5.1 4.5 6.7 5.9 1.9 2.1 2.2 3.2 2.2
7þ 11.3 10.4 7.6 13.0 13.3 3.4 3.9 4.0 6.3 3.9

Table 3b. Covariates (PharMetrics). Percentage of patients

Celecoxib Rofecoxib Meloxicam Valdecoxib Diclofenac Ibuprofen Naproxen Piroxicam Other

Total number of patients 119 454 170 739 13 956 20 057 52 478 549 642 420 192 21 209 165 512
GI history 3.4 4.8 2.9 3.0 1.6 1.5 1.6 1.8 2.0
TE any prior history 6.9 5.9 6.4 6.1 3.4 2.9 3.2 3.6 4.4
Cardio-renal history 35.2 30.8 35.7 33.9 23.6 19.2 21.5 25.9 27.2

Hypertension 32.8 28.7 33.4 31.4 21.8 17.8 20.0 23.9 25.4
CHF 5.9 5.0 5.4 4.9 2.8 2.4 2.6 3.1 4.1
Oedema 3.0 2.3 3.0 3.1 1.9 1.2 1.5 2.1 2.0

Hepatic history 4.5 4.4 4.2 4.6 3.2 3.1 3.1 3.3 3.6
Rheumatology specialty 7.3 6.1 8.8 6.1 5.7 2.2 3.3 6.2 5.2
Concomitant corticosteroids 4.2 4.0 4.1 3.7 3.4 2.6 2.7 3.5 4.0
Concomitant GPA 12.4 11.2 11.1 11.2 6.0 4.3 4.9 5.6 6.3
Concomitant anti-platelets 0.8 0.8 0.8 0.8 0.3 0.2 0.3 0.3 0.5
Concomitant anti-coagulants 1.5 1.1 0.5 0.9 0.2 0.2 0.2 0.2 0.5
Chronic user of drug 25.1 23.1 25.6 33.0 14.6 6.4 10.4 17.4 8.8
Chronic Disease Score17

0 19.7 22.3 20.9 24.8 29.6 36.4 32.9 27.9 27.5
1 15.50 16.0 16.5 17.6 18.0 17.1 17.7 17.5 16.9
2 13.1 13.4 12.9 13.4 14.4 14.4 14.4 14.4 13.5
3 10.0 10.1 9.6 9.4 9.6 9.0 9.5 10.3 9.6
4 8.1 7.8 7.6 7.2 7.3 6.6 7.0 7.7 7.6
5 7.4 7.0 7.4 7.0 5.9 4.9 5.3 6.1 6.3
6 7.0 6.3 6.9 6.0 4.9 3.7 4.1 5.1 5.3
7þ 19.1 17.1 18.3 14.6 10.4 7.9 9.1 11.1 0.9
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and epidemiological data with respect to the detection
of a CV risk associated with COX-2 use.

Our results suggest that COX-2 users presented
both GI and CV risk factors more frequently and
stayed on the drugs longer than NSAID users. We
found switching between NSAID and COX-2 to be an
infrequent event. We found that approximately 25%
of the users of either NSAID or COX-2 inhibitors
in our study used COX-2 inhibitors rather than
NSAID. This proportion was lower than the 60–65%
found in some studies of US populations.22,23

Comparability among studies, however, may be
affected by the different time windows used. Our
findings support both GI22,24,25 and CV22,23 channel-
ling towards COX-2 use (channelling may be defined
as the preferential prescription to sicker patients of
drugs perceived to be safer). In both US and UK
populations, as in other studies, patients receiving
COX-2 stayed on the drugs longer than patients
prescribed NSAIDS, a finding described as longer
persistency.24 However, this effect was more marked
in THIN. This finding may be due to better
effectiveness or better GI tolerability of COX-2
agents, different indications between NSAID and
COX-2 users, channelling (i.e. patients receiving
COX-2 may be less prone to toxicities that may lead
to discontinuation), or the fact that NSAIDS are
available over-the-counter and some NSAIDS
exposure is missed. Evidence of potential channelling
is supported by the fact that patients on COX-2 were
older (especially in THIN) and the duration of therapy
increased with age, especially for COX-2. Likewise,
the prevalence of chronic disease was more frequent
among COX-2 users than NSAIDS users based both
on the proportion of chronic users and the results of the
CDS (Tables 3a and 3b). A higher CDS score
correlates with the presence of chronic disease.18

Although the CDS score has been validated for a
period of 12 months and we used it for a 6-month
period we think this should not influence any
inferences from the results. The indication for use
of GPA (to prevent or treat GI events) could not be
ascertained from either database.

Some literature indicates that switching is frequent
among NSAIDS users. Ofman et al.23 describe that
47% of COX-2 users in their study had previously used
NSAIDS. We found switching to be infrequent in both
databases and the majority of prescriptions for both
NSAIDS and COX-2 users were for single therapy. In
addition, when patients switched, most changed
therapy to an NSAIDS even if they had initially been
prescribed a COX-2 agent. This result was unexpected
because whatever the initial indication for the COX-2

was, it would usually still be present at the time of the
second prescription.
Our findings that the use of COX-2 tended to be

shorter, more variable, and at lower doses in clinical
practice than in some clinical trials11,15 provides a
basis for reconciling the apparent discrepancies
between these trials, which showed an increased risk
of CVendpoints for both rofecoxib and celecoxib, and
the findings from most non-experimental epidemio-
logic studies, which showed an increased risk with
rofecoxib but not for celecoxib. In the non-
experimental studies the increased risk with rofecoxib
use was especially apparent at doses of 50mg/
day.9–11,26–30 Indeed, some of these studies did not
find an increased risk with 25mg/day9 or at all.27,31,32

In a recent trial, celecoxib use at 400–800mg/day was
reported to increase the risk of a combination of CV
endpoints, including MI, compared to placebo, but
only after approximately 12 months of continuous
exposure.15 Given that celecoxib use rarely extended
beyond 90 days in actual practice, it is not surprising
that the overall epidemiologic evidence to date shows
little or no increase in risk for celecoxib,33 although
some studies showed a small increase.29,30

Drazen used the apparent discrepancy between the
trial results and the non-experimental epidemiologic
results for celecoxib to assert the superiority of trials,
because they are subject to less ‘inherent confound-
ing’.34 No details of the duration of therapy among
rofecoxib users, who developedMI in VIGOR,7 where
rofecoxib was used at 50mg/day, are available. The
use of �50mg/day in our study was uncommon in
THIN but not in PharMetrics (23% of single therapy
episodes used 50mg/day and 41% of these did so for
more than 30 days). Assuming that rofecoxib at
�50mg/day increases the risk of MI by a factor of 2,
our results indicate that unlike celecoxib, substantial
numbers of rofecoxib users would receive a dose and
duration of exposure that may be sufficient to increase
their risk of MI enough to be detected in an
epidemiologic study conducted among rofecoxib
users treated in routine clinical practice with dosages
>25mg/day.
Continuous use of NSAIDS or COX-2 for �1 year

for pain indications is exceptional. For example,
rofecoxib use for�1 year in our study was �2% of all
rofecoxib users). In APPROVe, rofecoxib was used at
25mg/day and did not increase the risk of MI and
other TE events over placebo until after approximately
18 months of continuous use.12 Our results show that
in clinical practice, patients are not treated continu-
ously with any agent including rofecoxib for that long.
Therefore, based on the results of APPROVe, most
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patients treated continuously with rofecoxib at 25mg/
day would not be on the drug long enough to be at risk,
which would not allow epidemiologic studies to detect
an increased risk associated with rofecoxib used at this
dosage. Some epidemiologic studies did detect a small
increase in risk with 25mg/day,10,11,26–30, suggesting
that some patients included in these studies were at
higher baseline CV risk status than the patients in
APPROVe and could develop TE events earlier.
Continuous use of celecoxib for at least 12 months

and use at dosages �400mg/day (the dosage and
exposure duration consistent with increased risk for
CVevents in the Adenoma Prevention with Celecoxib
(APC) trial14) was uncommon in our study (3% of
PharMetrics and 0.1% of THIN prescriptions for
celecoxib were for durations �1 year). Thus, patients
included in epidemiologic studies of celecoxib, using
data derived from clinical practice, would not have
been exposed to doses and duration sufficient to detect
an increased risk of MI.
The results from our study indicate that prescribing

and utilization patterns in real-world clinical practice
may account for the discrepancy between clinical trial
and epidemiological data with respect to the detection
of a CV risk associated with COX-2 use. Therefore
the results of epidemiologic studies and clinical trials
may be seen to be not only compatible but also
complementary.
CHF is considered the most important public health

issue in CV medicine.35 NSAIDS trigger CHF36 and
cause 19% of hospital admissions for CHF.37 This
effect is closely linked to the capacity of these drugs to
induce hypertension38 and increase SBP due to salt
and water retention.39 In our studies between 15% and
33% of patients had a history of hypertension and
between 1% and 6% of CHF. Given the prevalence of
both CHF and osteoarthritis among the elderly,40 it is
important to clarify the relative toxicity of NSAIDS
and COX-2 in patients with CHF. In APPROVe, the
hazard ratio of rofecoxib over placebowas 2.0 (95%CI
1.7–2.4) for hypertension and 4.6 (95%CI 1.5–18.8)
for the combined endpoint CHF, pulmonary oedema
and cardiac failure.12 The Kaplan–Meier curves for
the cumulative incidence of the combined endpoint
separated at approximately 5 months as opposed to 18
months for TE events. In the APC trial,15 the incidence
of heart failure was similar in placebo treated patients
(0.3%) to that in celecoxib treated patients (0.4%),
although it was higher in patients receiving 800mg/
day (0.6%) than in those receiving 400mg/day (0.1%).
Recently, an epidemiologic study showed a higher risk
of hospital admission for CHF in users of rofecoxib
and non-selective NSAIDS, but not celecoxib, relative

to non-NSAIDS controls.41 Celecoxib, however, as
well as selective and non-selective NSAIDS, were
associated with an increased use of antihypertensive or
CHF treatment.42 Another study found that rofecoxib
and celecoxib users had equivalent risk of initiating
antihypertensive therapy.43

The main advantage of our study is its size,
involving almost 1.8 million patients and almost 4.6
million prescriptions. Although patient characteristics
varied between databases, the methods used for the
analyses in both populations were essentially iden-
tical. Some of the differences in patient characteristics
between the databases affect comparisons across
databases. In USA, many patients enroll in Medicare
after their 65th birthday (and disenroll from health
plans that contribute data to PharMetrics). This fact
may partially explain the finding that US population
contains younger patients than THIN. Since elderly
patients account for a considerable proportion of the
NSAIDS and COX-2 use, it is possible that the actual
prevalence of use in USA is higher than we detected
using PharMetrics, a database consisting of employ-
ment-based health care plans. We repeated the
analyses standardizing to a common age–sex distri-
bution, using the age and sex distribution of the
PharMetrics population as the standard. The weights
for the age categories 18–34, 35–54, 55–74 and 75þ
respectively, were 10.3%, 22.1%, 8.9% and 0.8% for
males, and 16.3%, 29.1%, 11.2% and 1.3% for
females. Standardization introduced no important
changes except for the proportion of COX-2 users
in THIN, which went from 16% in the crude data to
12% after standardization.

Several EU countries suggested or imposed
restrictions, such as those issued by the National
Institute for Clinical Excellence (NICE) in UK,44 on
the use of COX-2 drugs. Elderly people are at higher
risk of both CV and GI events, and COX-2 users are
older than NSAIDS users. Therefore, following
guidelines such as National Institute for Clinical
Excellence (NICE), last released in 2001 restricting
the use of COX-2 to patients at higher risk of GI events
may have had the paradoxical effect of exposing
patients at higher risk of CV events preferentially to
COX-2 agents.45

In summary, the patterns of utilization of NSAIDS
and COX-2 agents in US and UK populations were
relatively similar, except for higher dosages and
longer, continuous duration of therapy in USA.
Switching of drugs was uncommon. We found that
the typical use of COX-2 agents in practice is for
shorter duration, and at lower doses, than was
employed in trials, a difference that may help clarify

Copyright # 2006 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2006; 15: 861–872
DOI: 10.1002/pds

870 f. m. arellano ET AL.



the apparent discrepancy between the results from
clinical trials and non-experimental epidemiologic
studies that examined the CV toxicity of COX-2
agents. Drug utilization studies provide real-life use
data that may help answer some questions that remain
elusive when clinical trial safety data are examined in
isolation.
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