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SUMMARY 
Background The cyclooxygenase-2 (COX-2) inhibitor rofecoxib was registered in 1999. 
By 2000, the first reports were published indicating that the agent was possibly associated 
with an increased risk of myocardial infarction. Since then a surge of data supporting this 
association has become available. To interpret these data it is essential to ascertain the 
cardiovascular risk profile of users of rofecoxib relative to other non-steroidal anti-
inflammatory drug (NSAID) recipients. 
Objective To assess differences in cardiovascular risk between starters of rofecoxib 
versus starters of any other NSAID. 
Setting Data sampled from a representative research network of Dutch general 
practitioners (GPs) in 2001. 
Design New users (starters) of rofecoxib were compared to starters of any other NSAID, 
unmatched and matched on age, gender, and indication nested in the cohort of the second 
Dutch National Survey of General Practice. 
Results A total of 40.4% of patients starting on rofecoxib had cardiovascular co-
morbidity. Patients starting on rofecoxib were twice more likely to have a history of 
gastrointestinal (GI) morbidity, compared to patients starting on other NSAIDs 
(ORadj=2.09; 95%CI=1.65–2.66). These patients were also more likely to have 
cardiovascular co-morbidity (OR=1.90; 95%CI=1.60–2.24) compared to recipients of 
rofecoxib with no GI co-morbidity. Cardiovascular morbidity was present at the time of 
rofecoxib exposure in over 61% of carriers of a composite risk profile including age 60 
years or older, GI comorbidity and diagnosis of rheumatoid arthritis and osteoarthritis. 
Conclusions In general, a typical recipient of an NSAID is aged and carrier of a serious 
cardiovascular risk profile. Selective prescribing of rofecoxib to provide claimed 
gastroprotection, indirectly and unintentionally resulted in prescribing rofecoxib in a 
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population with high frequencies of cardiovascular morbidities. Copyright © 2005 John 
Wiley & Sons, Ltd. 

 

INTRODUCTION 
The risk-benefit balance of new drugs is of great importance to ensure public health. To 
safeguard this, new drugs are subjected to licensing procedures by drug regulatory agencies. 
These organizations evaluate the scientific evidence for new products handed over by the 
manufacturer and can subsequently authorize market approval. However, the postmarketing 
clinical application of the drug is shaped by several factors, such as the dissemination of new 
scientific evidence about safety and efficacy and the subsequent reaction of doctors and patients. 
In 1999, rofecoxib, a non-steroidal anti-inflammatory drug (NSAID) that selectively inhibits 
cyclooxygenase-2 (COX-2) was introduced as the first representative of the COX-2 inhibitors. 
The idea that the COX-2 causes the anti- inflammatory effects and COX-1 the gastrointestinal 
(GI) side effects led to the development of drugs selectively blocking COX-2.1,2 Since the results 
of the Vioxx Gastrointestinal Outcomes Research (VIGOR) study were published on 23rd 
November 2000, the cardiovascular safety profile of rofecoxib has been questioned. 3 The 
VIGOR-study showed a gastroprotective effect of rofecoxib over naproxen, but also a fivefold 
higher incidence of myocardial infarction in the rofecoxib group. This finding fuelled the 
ongoing discussion about the trade-off between the cardiovascular risk and GI protective effects 
of COX-2 inhibitors.3–6 Meanwhile, the GI safety was the spearhead of the marketing campaigns, 
resulting in an estimated 80 million users worldwide and US $2.5 billion in sales in 2003.7 On 
30 September 2004, rofecoxib was withdrawn from the market after the APPROVe-study had 
shown a twofold increased risk of myocardial infarctions and strokes in rofecoxib patients 
compared to placebo.8 In the aftermath of the withdrawal of rofecoxib, a passionate debate has 
been held about the regulatory and clinical consequences.7,8  

A fundamental question underlying the full understanding of this safety issue is the a priori 
cardiovascular risk of patients starting with the drug, particularly in the context of a trade-off 
between GI and cardiovascular risk factors.5 

METHODS 

Data sources 
We used prescribing data of general practitioners (GPs) who participated in the second Dutch 
national survey of general practice (DNSGP-2).9 NIVEL (The Netherlands Institute for Health 
Services Research) conducted the DNSGP-2 among 195 GPs, practicing in 104 practices, and 
385 461 patients in 2001. The GPs were considered representative for all Dutch GPs (n=7217). 
No statistically significant differences for age, gender, region of residence and urbanization were 
found. The patients captured by the 104 practices are a good representation of the Dutch 
population on age, gender, and type of health insurance.9 All eligible patients were approached 
to co-operate in a census to determine among other things their socio-demographic 
characteristics, including their self-reported health. Computerized clinical and prescribing data, 
including ICPC-coded (International Classification of Primary Care) diagnoses,10 were obtained. 
The DNSGP-2 was conducted 9 months after the introduction of rofecoxib in The Netherlands. 

Study design 
We compared patients starting on rofecoxib with patients starting on any other NSAID. The date 
of the first prescription in the study period for either rofecoxib or another NSAID was defined as 
the index date. Starting was defined as a prescription for rofecoxib or another NSAID and no 
prescription for the same type of drug the 6 months before the index date. In The Netherlands, 
medicines are dispensed for a maximum of 3 months. Due to differences in age, gender, and 
diagnosis between the group of patients starting on rofecoxib or any other NSAID, the 
comparison was conducted unmatched as well as matched on age, gender, and indication. 
Rofecoxib initial licensed indication was the treatment of osteoarthritis. In December 2001, a 
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label extension for the treatment of rheumatoid arthritis was granted, followed by the approval 
for the treatment of acute pain and primary dysmenorhea in January 2002. 

In order to assess the patient’s cardiovascular and GI co-morbidity, a time window of 6 months 
around the index date was used. Cardiovascular co-morbidity was defined as receiving a 
prescription with a diagnosis from ICPC chapter ‘K’ (Circulatory), except ‘K95’ (hemorrhoids) 
and ‘K96’ (varicose veins of leg) or a drug with an ATC-code starting with ‘C’ (Cardiovascular 
system). GI co-morbidity was estimated by using ICPC-codes ‘D02’ (Abdominal pain 
epigastric), ‘D03’ (Heartburn), ‘D84’ (Oesophagus disease), ‘D85’ (Duodenal ulcer), ‘D86’ 
(Peptic ulcer other), ‘D87’ (Stomach function disorder), and ‘D90’ (Hiatus hernia) and the 
ATCcode ‘A02’ (Drugs for acid related disorders). 

RESULTS 
A total of 2770 patients received rofecoxib during the study period, of whom 1655 (59.7%) 
patients could be defined as newly starting on rofecoxib. Of these patients 1505 (90.9%) started 
on a daily dose of 25 mg, 120 patients started on 12.5 mg (7.3%), and 30 patients (1.8%) started 
on a daily dose of 50 mg or more. Only 15.3% of the patients starting on rofecoxib received it 
for the in 2001 licensed indications osteoarthritis and rheumatoid arthritis. A total of 31 403 
patients were defined as new starters on any other NSAID. Most patients started on diclofenac 
(44.1%), ibuprofen (24.5%), or naproxen (20.2%), which are the three most frequently 
prescribed NSAIDs in The Netherlands. 

The characteristics of all patients newly starting on rofecoxib or any other NSAID are shown in 
Table 1. Clear differences were noted between starters on rofecoxib and all other starters on any 
other NSAID. GI (ORadj=2.00; 95%CI=1.73–2.30) and cardiovascular co-morbidity 
(ORadj=1.19; 95%CI=1.04– 1.36) were more common among patients starting on rofecoxib. 
Furthermore, rofecoxib was more often prescribed to older (mean age 60.9 vs. 46.6 years) and 
female (ORadj=1.43; 95%CI=1.26–1.62) patients, who reported their own health as bad (ORadj

 

compared to good=1.93; 95%CI=1.52–2.44). Osteoarthritis and rheumatoid arthritis were 
diagnosed more frequently in patients starting on rofecoxib (ORadj=4.39; 95%CI=3.64–5.27) 
than in starters on any other NSAID. 

 [ TABLE 1 ] 
 

The discrepancies in GI and cardiovascular comorbidity between starters on rofecoxib and any 
other NSAID might be caused due to differences in age, gender, and indications. However, 
pairwise comparison using a conditional logistic regression model revealed significant 
differences in GI comorbidity and self-reported health. Table 2 shows the characteristics of 
starters on rofecoxib or other NSAIDs, matched on age, gender, and indication. Patients starting 
on rofecoxib were twice as likely to have GI complaints, compared to patients starting on other 
NSAIDs (ORadj=2.09; 95%CI=1.65–2.66). Cardiovascular co-morbidity was univariately 
associated with starting on rofecoxib (OR=1.34;95%CI= 1.15–1.56), but after adjusting for the 
other covariates the association became weaker (ORadj=1.22; 95%CI=0.99–1.49). Still 40.3% of 
the patients starting on rofecoxib had cardiovascular co-morbidity. 

 

 [ TABLE 2 ] 

[ TABLE 3 ] 
 
Among all matched patients, cardiovascular comorbiditywas higher among those with GI co-

morbidity, compared to patients with no GI co-morbidity (OR=1.90; 95%CI=1.60–2.24). The 
clinical profile of a typical rofecoxib user (withGI co-morbidity and age >60) results in 
prescribing these drugs to patients with cardiovascular co-morbidity. The percentage of patients 
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with cardiovascular co-morbidity increased to 61.0% when rofecoxib or any other NSAID is 
prescribed to patients older than 60 years with GI morbidity (Table 3). 

DISCUSSION 
The primary objective of this study was to assess differences in cardiovascular and GI co-

morbidity between patients starting on rofecoxib versus starters on any other NSAID. Our 
findings show that Dutch GPs prescribed rofecoxib in 2001 more often to patients with GI co-
morbidity, as expected based on the claimed differential GI risk of the COX-2 inhibitors, also 
leading to a surplus of cardiovascular morbidity in this patients.  

For newdrugs entering crowded markets, such as the market for anti-inflammatory and pain 
medication, it is essential to display a real or at least a perceived advantage over its direct 
competitors to gain a viable market share.11 The higher percentage of GI comorbidity among 
starters on rofecoxib was expected and in line with other studies.12–14 Cutts et al. found in a study 
among 72 Australian GPs that in 30.6% of the patient’s GI side effects from conventional 
NSAIDs were a reason for prescribing rofecoxib. In 23.8% of the cases, GPs had the perception 
of rofecoxib as a safer alternative for conventional NSAIDs.12 

The legitimate reasons for prescribing rofecoxib to patients susceptible to GI adverse effects, 
namely older patients with GI co-morbidity, and morbidities like osteoarthritis and rheumatoid 
arthritis, consequently fuelled prescribing of rofecoxib to patients with cardiovascular co-
morbidity. Therefore, the trade-off between GI and cardiovascular safety is affected even when 
only considering gastroprotection.  

In a recent meta-analysis, Ju¨ni et al.4 argued that already at the end of 2000 enough evidence 
was available to conclude that rofecoxib caused an increased risk of myocardial infarction. 
Some of the studies used by Ju¨ni et al. in the meta-analysis were never published so it is 
unlikely that GPs in 2001 had a complete picture of the risk-benefit ratio of rofecoxib.  

However, in 2000 the results of the VIGOR study noted a fivefold higher incidence of 
myocardial infarction for rofecoxib compared to naproxen.3 The differences in cardiovascular 
risk were attributed to the cardioprotective effects of naproxen rather than to cardiotoxic 
properties of rofecoxib. The discussion about the tradeoff between gastroprotection and 
cardiotoxicity was further encouraged by other studies15 iterating the protective effect of 
naproxen, while others advocated the opposite.16 Our findings show that the percentage of 
patients with cardiovascular co-morbidity among those starting on rofecoxib was higher than in 
patients starting on any other NSAID. Perhaps due to conflicting reports about the 
cardiovascular safety of rofecoxib, and therefore the absence of unequivocal evidence in 2001, 
cardiovascular safety was not reflected in the decision to prescribe rofecoxib. The finding that 
only 15.3% of the patients received rofecoxib for approved and licensed indications strengthens 
this notion.  

Several studies have shown that rofecoxib is channeled towards patients with high-risk of GI 
hemorrhage17,18 and congestive heart failure.19 What this study shows is that the channeling of 
rofecoxib into patients with cardiovascular co-morbidity is partly the result of a focus on GI 
safety and the clustering of cardiovascular co-morbidity in patients with GI comorbidity.  

The results of this study need to be interpreted in light of its limitations. For this study, we used 
prescribing data of GPs. Although representative for all Dutch GPs and the patient population, 
prescriptions of hospital specialists were not captured in the data. Some of the patients starting 
on rofecoxib or another NSAID may have received a prescription of a hospital specialist before 
the index date. This may have led to misclassification by defining patients as starters.  

However, GPs adopted rofecoxib instantly and by 2001 rofecoxib alone contributed for 14.5% 
to the total volume of for NSAIDs prescribed in The Netherlands.20 

In conclusion, as expected GI co-morbidity was more common among patients starting on 
rofecoxib. Selective prescribing of rofecoxib to provide gastroprotection, indirectly and 
unintentionally resulted in the channeling of rofecoxib in more severely ill patients with 
cardiovascular risk factors relevant to take into account when weighing the pros and contras of 
COX-2 inhibitors against other NSAIDs. 
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KEY POINTS 
• Aiming to provide GI safety resulted in prescribing of rofecoxib to patient with high 

cardiovascular risk. 
• GPs should be aware of indirect effects of selective prescribing of new drugs. 
• Unintentional channelling is an important mechanism by which new drugs are prescribed to 

high risk patients. 
 

TABLES 
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