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Introduction

Introduction
Fuelled by chemistry and increasingly guided by molecular biology, drug discoveries are 

an important pillar of present day medical practice 1, 2 . The discoveries of, for example, 

penicillin, cortisone, streptomycin, and chlorpromazine, are just a few defi nitive moments 

that revolutionised modern medicine 3 . Without the discovery of new drugs, today’s medical 

practice would probably still be in the pre World War II era characterised by a high mortality 

rate due to absence of effective antibiotics, vaccines, and many other drugs 3 , 4 . However, despite 

all positive contributions brought about, every new drug represents a delicate compromise 

between the promise of healing, the risk of possible side effects, and the price 5 .

In response to the drug tragedies with thalidomide and diethylstilbestrol in the 19 6 0s-

1970s 6 ,7, extensive efforts have been made to establish and optimise drug regulation to ensure 

the safety, effi cacy, and quality of the new drugs reaching market approval 8 , 9 . Nowadays, 

new drugs are subjected to extensive clinical testing in randomized clinical trials to ensure 

relative effi cacy of the new drug entering the market. As important progress has been made 

both on the development and safety aspects of new drugs, today’s pharmaceutical market 

place is faced with new challenges, namely a declining rate by which new and innovative 

drugs become available, increasing (development) costs of the new drugs, and to ensure safe 

and proper use of new drug in the post-marketing phase 10 -15 . 

As most Western countries face an aging population with a high prevalence of morbidity, 

there is a growing need for safe and effective new drugs 14 . The increasing demand for 

effective and safe new drugs is matched, however, by a declining number of new drugs 

being introduced on the market every year 14 ,15 . Not only is the overall number falling, so is 

the number of new drugs that are truly innovative. Most of the drugs that leave the clinical 

testing phase and enter the pharmaceutical market place are gradual innovations of existing 

compounds or therapies. 

The declining output of the pharmaceutical pipeline is paralleled with increasing costs for 

developing new drugs 16 ,17. The high costs of new drugs are partly a refl ection of the high-

risk investments preceding drug development and the economic pressure on pharmaceutical 

companies to produce blockbuster drugs (drugs with an annual worldwide sale of $1 billion 

plus) with the accompanying marketing efforts to ensure suffi cient market share 18 . In 20 02, 

the worldwide sales of prescription drugs exceeded $430 billion, of which 85 percent was spend 

in North America, Europe, and Japan 19 . The high development costs of new drugs give rise 

to concerns about the budget impact of new drugs on the consistently rising national health 

expenditures 14 ,15 ,17, 2 0 , 21. As the price of new drugs is in general higher than that of similar 

compound belonging to the same drug class, new drugs place pressure on the sustainability of 

our welfare state, but also on free market healthcare systems such as in the US 21.
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Despite the enormous improvements in drug regulations, there is still a high degree of 

uncertainty at the moment of market introduction about the new agent’s surplus value in 

daily clinical practice 22 , 23 . This uncertainty not only applies to the new drug’s effectiveness, 

but also to its safety profi le when used in large populations 24 -2 6 . Although new drugs are 

nowadays relatively safe when they receive market authorisation several new drugs such as 

among others tolcapone (withdrawn in 19 98) 27, mibefradil (19 98) 28 , cerivastatin (2 0 01) 2 9 , 

and rofecoxib (2 0 04) 30 were withdrawn after being on the market for only a few years. 

When new drugs show erratic market uptake, there may be valid concern about uncertain 

risk-benefi t for patients, suboptimal allocation of fi nancial resources in health care, 

and possible market withdrawal of new drugs that could have been prevented 25 , 2 6 ,31,32 . 

To understand the dynamics of new drug prescribing, insight in the reasons of 

general practitioners (GPs) to adopt new drugs, and the underlying mechanisms, 

is important. GPs play a major role in (long term) drug prescribing and in many 

countries GPs are the cornerstone of primary healthcare, especially in the UK and 

The Netherlands where they function as gatekeepers for hospital care. In addition, 

compared to medical specialists who are often regarded as the early prescribers of new 

drugs, GPs treat a large and diverse patient population that may contribute to a wide 

range of patients being treated for an array of different indications. The phenomenon 

of new drug prescribing is composed of a micro-level component, i.e. the decisions of 

individual GPs in a specifi c doctor-patient encounter, and a macro-level component, 

that is the aggregation of these micro-level decisions into a pattern of diffusion of new 

drugs. Numerous factors, on both micro- and macro-level, infl uence the probability that a 

GP adopts a new drug, making the topic very complex. 

Previous studies on prescribing of new drugs by GPs.

The following section will provide an overview of the literature on prescribing of new 

drugs by GPs. To organise the literature we use a theoretical model in which the encounters 

between individual GPs and patients during their private consultations are the basis of the 

model (Figure 1), as is illustrated by the central part (A) of the model. Notwithstanding the 

possibility that a group of GPs has collectively decided to use a new drug, the actual decision 

to prescribe is taken in a specifi c GP patient encounter. The aggregation of these decisions 

builds the diffusion patterns of new drugs in general practice. This is the outcome of the 

model and represented by right part (B) of the model. Ideally, the decision to prescribe a new 

drug is the outcome of a shared decision making process, based on the scientifi c evidence 

and the medical need of the patient. However, in daily medical practice the context of these 

encounters and the characteristics of both the patient and the GP are important determinants 

of the decision whether a drug will be prescribed and if so, which specifi c drug it will be.
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The diffusion of new drugs is not solely the summation of the outcomes of the 

GP-patient encounters. External infl uences of, among others medical specialists, community 

pharmacists, or pharmaceutical companies, shape the contexts within wich the decisions are 

made. Besides, medical specialists also have a direct infl uence through their own prescribing 

and subsequent repeat prescribing by GPs. The external infl uences are illustrated in the left 

part (C) of Figure 1. 

Figure 1: Theoretical model used to organise the literature on GP prescribing of new drugs.

The decision making process resulting in prescribing of new drugs – part A

Insight in the decision-making process is fundamental to understand new drug prescribing. 

Extensive research has been dedicated to elucidate the decision-making processes of physicians 

when deciding to initiate drug therapy 33 -35 . Unfortunately, it is unknown whether or 

to what extent these models also apply to situations in which new drugs are prescribed. 

When making a decision to prescribe, GPs tend to work with only a restricted number 

of drugs 36 -38 . This personal head-held formulary, or so-called ‘evoked set’, is unique to 

every GP and consists of an idiosyncratic personal list of drugs 33 . Changes in their personal 

repertoire seem to be limited. Taylor and Bond analysed initial prescriptions of 189 British 

GPs over a period of 12 months to describe the types of drugs GPs prescribe and the additions 



16

Chapter 1

and deletions from their repertoire 39 . They noted that most GPs have a personal set of 

about 10 0 -2 0 0 drugs (mean=144 drugs) to cover the wide range of illnesses seen in general 

practice. Newly adopted drugs accounted for only 5.4% of all non-repeat prescriptions, 

which in turn were 62.3% of all prescriptions. Of all newly adopted drugs, only 42% served 

as a substitute for another drug. ‘Newly adopted’ was, however, defi ned as a drug added to 

the GP’s personal repertory during the previous 12 months and therefore not necessarily a 

newly marketed drug. This means that newly marketed drugs accounted for less than 5.4% 

of all non-repeat prescriptions. Apart from the obvious limitations to human information 

processing, the reason for GPs to work with a limited set of drugs to treat a wide range of 

diseases is to gain clinical experiences with the drugs and thereby reduce the uncertainty 

associated with prescribing 38 .

Attitudes towards the prescribing of new drugs

Qualitative research has shed light on the factors that GPs report as being important in 

their decision-making process leading to prescribing of new drugs. Prescribing of new 

drugs, especially during the early post-marketing period, always holds of some degree of 

uncertainty. GPs have to substitute the tried and proven, albeit imperfect, old drug by a 

new, which carries within it uncertainties about effectiveness and safety. Some consider new 

drug prescribing even as an act of faith rather than a rational decision 40 .

Most GPs regard themselves as conservative when it comes to new drugs, but important 

differences do exist between GPs with respect to their attitudes towards new drugs, their 

risk management, and the information sources they consult before prescribing. Prosser and 

Walley explored in a qualitative study differences in approach and attitudes towards new 

drugs between heavy and low prescribers in a group of 30 British GPs 41 . They noted that 

low prescribers displayed a more conservative approach by adopting ‘a wait and see’ policy 

until safety and effectiveness is proven. Moreover, low prescribers gradually accumulated 

information from several sources, especially medical specialists. Heavy prescribers also relied 

on specialist prescribing, but expressed less reservation about commercial sources. They 

acknowledged the possible risks of new drugs, but laid more emphasis on their potential 

benefi ts. In addition, heavy prescribers often developed a special interest in a particular 

clinical or therapeutic area in which they were willing and felt comfortable to experiment. 

The trialability of a new drug and subsequent outcomes of the testing phase, plays for both 

groups an important role in the decision to adopt 42 . However, Dybdahl et al. found no 

consistent association between the GP’s level of drug prescribing in a specifi c therapeutic 

group and their adoption of a new drug belonging to that group 43 .

Jacoby et al. identifi ed a wide range of factors by using in-depth semi-structured interviews 

to explore infl uences on decisions of 56 GPs to prescribe eight new drugs 44 . Important 
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internal factors were the GP’s own clinical experience, the level of confi dence in their 

role as a doctor, their level of expertise in a specifi c clinical area, and their attitudes 

towards cost-conscious prescribing. Important external factors were peers, pharmaceutical 

representatives, and scientifi c literature. An interesting fi nding was that low prescribers 

conformed more to group norms, such as practice formularies. They laid more emphasis on 

similarities between prescribing habits of colleagues as a result of more intense, both formal 

and informal, communication. The causal pathway here is, however, unclear.

Characteristics of the innovative GP

In attempts to understand the phenomenon of new drug prescribing, several studies tried 

to profi le the innovators or early prescribers 37, 45 , 4 6 , 47 -52 . The studies identifi ed various 

predisposing characteristics, but these were not always consistently associated with rapid or 

extensive prescribing of new drugs. In a study by Inman and Pearce, male GPs prescribed 

more new drugs than female GPs. In the group that prescribed most heavily, women 

accounted for only 9% 48 . Tamblyn et al. noted that male GPs were more likely than women 

to prescribe any new drug (RR=1.2 0; 95% CI 1.04-1.39), but male GPs did not have a 

higher utilisation rate52 . The authors give some explanations for the higher representation 

of men among early prescribers. For example, the fact that women more often work 

part-time 48 or that men are more confi dent in prescribing new drugs than female GPs 52 . In 

general, psychological literature shows men to be more inclined to take risks than women.

The type of practice is another characteristic that seems to be positively correlated with 

new drug prescribing. Although recently Dybdahl et al. found no differences in time to 

adoption between single-handed and group practices when correcting for practise size 53 , 

other studies did fi nd that GPs working in group practices display a shorter time to their 

fi rst prescription for a new drug than GPs practising single-handed 37, 4 6 , 49 . Williamson 

found that in a group of 140 GPs, 45% of the single-handed compared to 6 0% of the 

group practising GPs adopted a new drug in a period of 2 0 to 40 weeks 37 . Explanations 

for this fi nding may lie in the fact that GPs working in the same partnership show more 

resemblance in attitudes and behaviour than GPs working in different partnerships 46 ,54 . 

Within group practices, GPs can exchange information about new drugs more freely due to 

their close intra-group colleague contact and that may lower the threshold to initiate new 

drug prescribing. Coleman et al. noted that the decision to adopt was a function of the GP’s 

integration in a social network of friendship, discussion, and professional advice 46 . GPs that 

were socially integrated and regarded by colleagues as opinion leaders prescribed new drugs 

faster than GPs who were less often mentioned by colleagues as a discussion partner.

Various other GP characteristics have been positively associated the prescribing of new 

drugs, namely an older age or more years since graduation 48 , a higher practice volume 47,52 , 
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fund holding 51 , medical school 52 , and the country of fi rst medical degree 48 ,52 . Although 

several correlations between GP characteristics and prescribing of new drugs have been 

found, the characteristics explain only a fraction of the variance in prescribing. Besides, not 

all characteristics of GPs show the same consistent correlation in term of direction in the 

different studies. For example, some studies found that older GPs tend to prescribe more 

new drugs 48 , or that young or middle aged GPs tend to do so 46 , whereas other studies found 

no correlation 49 ,52 . The same accounts for a greater list size 49 ,52 . Studies have shown that 

the variation in new drug prescribing depends on personal beliefs of GPs. Both heavy and 

low prescribers regard themselves as conservative towards prescribing of new drugs, but 

clear differences do exist between the two groups 41,55 . So it seems that a combination of 

attitudes makes some GPs more receptive to new drugs. Most GPs will hold a mixture of 

confl icting attitudes and beliefs about new drugs that on the one hand supports cautiousness 

whilst on the other hand the wish to treat patients more successfully 44 .

Infl uences of patients

GPs state that patients are an important factor in the decision to prescribe a new drug. Patients 

may exert their infl uence during a consultation in different ways 56 ,57. It is important to 

distinguish between decisions that are primarily based on the patient’s medical needs and 

those that arise from conceding to patient requests. New drugs are mostly not a GP’s fi rst 

choice, but are used to fi t the drug treatment to the patient context. Suboptimal effectiveness 

of previous treatment and optimising compliance may legitimate prescribing of new drugs 55 . 

Prescribing of new drugs to patients poorly managed on older medication, may however 

result in new drugs being selectively prescribed to more severely ill patients. Therefore, new 

drugs may be channelled into patient populations consisting of more severely ill patients who 

are more susceptible to side effects. Conceding to a patient’s request is also stated by GPs as 

an important reason to prescribe new drugs and leads to uncomfortable situations 38 ,55 ,56 ,58 . 

Patient pressure may particularly be powerful for drugs intended to treat a problem that falls 

in the grey zone of the medical and social defi nitions of health; or so-called lifestyle drugs, 

such as sildenafi l and orlistat 55 . Trying to maintain a good doctor-patient relation, time 

constraints, poor management with current therapy, acknowledgement of the patient’s right 

to be involved in decision making process, and avoiding confl icts are important motives to 

concede to patient requests 58 .

Aggregation of new drug prescribing to patterns of diffusion – part B

As described above there is a wide variability between GPs attitudes towards new drugs 

and the subsequent prescribing of these drugs. The decision to prescribe is hard to predict 

on basis of a small number of characteristics of GPs. However, all individual decisions 

made by GPs to incorporate a new drug in their evoked-set, are translated into diffusion 

patterns of the new drug in general practice. Rogers defi ned ‘diffusion’ as the process by 
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which an innovation is communicated through certain channels over time among members 

of a social network 42 . Based on their time to adopt an innovation, people are classifi ed 

as belonging to one of the fi ve adopter categories, namely innovators, early adopters, 

early majority, late majority and laggards. Plotting the cumulative number of adopters 

over time results in a typical S-shape adoption curve. When it comes to understanding 

the safety and economical aspects associated with rapid prescribing of new drugs, much 

attention has been paid to profi le the innovators and early adaptors. Several studies focussed 

on the magnitude of new drug prescribing and quantifi ed new drug prescribing by 

GPs 37, 48 , 49 ,51,52 ,59 . An interesting fi nding of these studies is that a minority of the physicians 

is heavily engaged in rapid prescribing of new drugs and account for a disproportionate 

share of all early prescriptions 48 ,52 . This is in concordance with Roger’s classifi cation of 

adopters.

Inman and Pearce studied among 28,402 British GPs the prescribing pattern of 27 newly 

marketed drugs six months after market introduction, between September 19 84 and June 

19 91 48 . In total, 543,788 prescriptions were analysed. The main outcome variable was the 

number of new drugs prescribed by a GP during the study period. They noted that 10% 

of the GPs that prescribed most heavily accounted for 42% of the total prescribing, while 

1% of very high prescribers accounted for 10%. A study by Tamblyn et al. reported similar 

results 52 . Tamblyn et al. conducted a study among 1,842 Canadian GPs and medical 

specialists to estimate the initial utilisation rate of 2 0 new drugs and to fi nd associations 

between characteristics of the physicians and prescribing of new drugs. All drugs were 

introduced between 19 89 and 19 94 and the follow-up was limited to fi rst six months after 

introduction. The main outcome variable was the prescribing rate per physician, which 

was defi ned as the number of patients receiving a new drug out of the total number of 

patients receiving a drug from the same therapeutic drug class. The study noted that the 2 0 

new drugs were prescribed by 1.3%-22.3% of the physicians. There was an eight to 17-

fold difference in utilisation rates between the prescribers. Jones et al. analysed prescribing 

data for proton pump inhibitors (PPIs) of 53 British GPs over the period January 19 95 to 

December 19 97 51 . The aim of the study was to compare the prescribing of different PPIs 

among GPs and to explore how their PPI use changed after the introduction of a cheaper 

compound. They observed an 87-fold difference in prescribing between the heaviest and 

lowest prescriber of the new PPI.

Although the studies identify a select group that is heavily inclined to prescribe new drugs, 

the labelling of a GP as an innovator is very much drug dependent 49 ,53 . Steffensen et al. 

studied the diffusion of fi ve new drugs in Danish general practice over the period 19 93 to 

19 9 6 by analysing prescribing data of 95 single-handed GPs 49 . The main outcome variable 

was the time to adoption, which was defi ned as the period from reimbursement to the GP’s 
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third prescription. The third prescription was used to reduce the risk of misclassifi cation 

by including repeat prescribing of specialist-initiated prescriptions. The adoption time was 

asymmetrically distributed among the GPs and dependent on the new drug. The adoption 

curve of sumatriptan, a drug used for the treatment of migraine, showed a steep initial phase 

with 8 0% of the GPs prescribing the new drug within 21 weeks after its release. However, 

the adoption time for the antibiotic clarithromycin differed from that of sumatriptan. 

Only about 2 0% of the GPs prescribed clarithromycin after 32 weeks following market 

introduction. A study by Jones et al. showed similar results. The study used prescribing 

data, combined with questionnaires, of 56 British GPs to estimate the uptake of eight new 

drugs that were launched between May 19 94 and January 19 9 6. The results showed that 

GPs were inconsistent in their uptake. GPs who were early and heavy prescribers of one 

drug could be low prescribers of another drug 50 . This means that early adopters of one 

drug were not by defi nition early adopters of another drug. Instead, it was found that being 

a late adopter is a more consistent characteristic than being an early adopter and therefore 

adoption is both GP and drug dependent. The study also showed that the classical S-shaped 

adoption curve, which is often found for innovations, did not apply to prescribing of new 

drugs. This may indicate that a GP is not easily categorised as an innovator, early prescriber, 

early majority, late majority, or laggard based solely on the analysis of their prescribing 

behaviour and, in addition, that the decision to adopt is heavily dependent on the new drug 

in question. 

External factors infl uencing the decision to prescribe new drugs – part C

Although in theory numerous factors infl uence the GP’s decision to adopt new drugs, the 

following section is limited to only three important factors, namely medical specialists, 

the pharmaceutical industry (in particular pharmaceutical representatives), and community 

pharmacists.

Infl uences of medical specialists

The interface between general practice and specialist care is important in the adoption of 

new drugs by GPs 6 0 - 6 6 . Several mechanisms are involved through which the infl uences of 

medical specialists reach GPs. The most direct manner is the specialist’s own prescribing of 

new drugs that may be repeated by GPs and creates a ‘learning by demonstration’ effect. 

Besides the direct infl uence, medical specialists also serve as an important information 

source and provide a legitimation function for the uptake of new drugs. 

When it comes to information sources used by GPs three domains have been reported to be 

important: (1) the information, i.e. what is disseminated (2) the source credibility, i.e. who is 

the communicator and (3) the clinical experience of the recipient 55 . The information conveyed 

by medical specialists is limited and follows a trickle down model mainly through discharge 
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letters. Active discussions or information exchange about new drugs seems to be limited 50 ,55 . 

This may partly be explained by the fact that discharge letters form a passive information source 

that reaches the GP without requiring any action of the recipient 6 0 , 67 - 6 9 . The credibility of 

medical specialists as an information source is rated high by GPs. The infl uence of medical 

specialists is mostly visible in the second phase of the adoption process, during which GPs 

decide to start prescribing 6 9 . Compared to pharmaceutical representatives, who often fulfi ll 

an alerting function, medical specialists are mainly used as legitimation for prescribing new 

drugs. Prosser et al. interviewed 10 7 British GPs to identify factors infl uencing the GP’s 

decision to prescribe new drugs 55 . They noted that for 10% of the GPs, medical specialists 

were their fi rst source of information about the new drug, mainly by discharge letters, but 

for 33% of the GPs pharmaceutical representatives fulfi lled this role. 

Another important mechanism by which medical specialists infl uence drug uptake by 

GPs is the referral of patients to specialist care and the subsequent repeat prescribing of 

medication initiated by specialists. The perception of the infl uence of specialists on their 

prescribing varies among GPs, but the actual infl uence may be greater than GPs are aware 

of 63 , 65 . Furthermore, the infl uence of medical specialists on their prescribing behaviour 

is not always appreciated by all GPs. The high costs associated with new drugs are partly 

credited to repeating prescriptions that are specialist initiated. Avery et al. showed that 

of 162 British GP practices those with high cost growth prescribed signifi cantly more 

expensive and specialist initiated drugs than practices with low cost growth 7 0 . Robertson 

et al. interviewed 35 Australian GPs about their perceived infl uence of medical specialists 

on their prescribing habits. They noted that medical specialists infl uence GP prescribing in 

several ways but the infl uence is not uniform across all areas. The infl uence was greater in 

less common diseases, for conditions that required specialist intervention, and in diffi cult 

to manage patients 63 , 65 . Interventions by specialists resulted in changes in the selection of 

drugs used within a therapeutic group, uptake of new drugs, and sometimes modifi cation 

of established prescribing habits. There are distinct differences between low and heavy 

prescribers in the way they evaluate the prescribing of medical specialists. Low prescribers 

often use medical specialists as a prescribing guide, whereas the specialist endorsement is not 

a requisite for heavy prescribers to develop a favourable risk-benefi t assessment 41 .

Several studies have looked at the specialist’s direct infl uence on GP prescribing, mainly 

by analysing repeat prescribing. Studies focussing in particular on the effect of new drug 

prescribing are limited. Two studies looked to some extent at the infl uence of specialist 

on new drug prescribing by GPs 63 ,71 . Other studies focussed on particular drug classes 

or patient groups 61, 62 , 6 8 ,72 ,73 ,74 ,. In general, the infl uence of specialist prescribing on the 

GP’s prescribing behaviour is considerable, both in volume and in costs. Consequently, the 

prescribing behaviour of GPs can be regarded as a derivative of the prescribing behaviour of 
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medical specialists. Two studies found that around 66% of all prescriptions signed by GPs 

were hospital initiated 61,73 . 

Robertson et al. studied the infl uence of specialists by analysing prescribing data of 88 

Australian GPs 63 . The aim was to estimate the effect and whether specialists had a greater 

impact on prescribing of new drugs. In total, 4,362 prescriptions were analysed. The 

infl uence of medical specialists was drug class dependent. Eighty-fi ve percent of the proton 

pump inhibitors was initiated by medical specialists, whereas this was only the case in 8% 

of the prescriptions for diuretics. However, this difference was not observed for newly 

introduced drugs compared to established drugs. The more recently introduced angiotensin 

II antagonists and atorvastatin were not more likely to have been specialist initiated than 

prescriptions for established ACE-inhibitors and statins. This seems to be in line with 

fi ndings of a study by Tamblyn et al. who found no associations between the referral rates 

of GPs to specialists and the number of new drugs prescribed or the likelihood to prescribe 

any new drug 52 .

 

Infl uences of the pharmaceutical industry

One of the earliest studies on new drug prescribing by GPs is the study by Coleman et al. 

from 19 66 on the diffusion of the new antibiotic tetracycline in a population of American 

GPs 46 . Coleman et al. concluded that the GP’s social integration in a network of friendship, 

advice and discussion played an important role in the adoption of the new drug. However, 

the study lacked to include marketing efforts in the model. A later study by Winick failed 

to repeat similar fi ndings 45 and a recent reanalysis of Coleman’s data, but with the inclusion 

marketing efforts, showed that the GP’s time to adoption could as well have been the result 

of exposure to pharmaceutical marketing 75 .

The literature pertaining to the prescribing of new drugs by GPs undoubtedly identifi es 

pharmaceutical representatives as one of the key infl uences on their decision to adopt 

new drugs. Qualitative research has elucidated many reasons of GPs to accept visits 

by pharmaceutical representatives and the mechanism by which they are infl uenced. 

The GP’s decision to accept visits is shaped by a mixture of reasons that are imbedded 

in their personal beliefs and social norms. The reason mostly mentioned by GPs to see 

pharmaceutical representative is the wish to stay up to date with new products and medical 

innovation 55 , 6 9 ,7 6 ,77,78 ,7 9 . The success of pharmaceutical representatives is dependent on 

several factors. Firstly, the increasing workload and the wealth of information available limit 

GPs to independently gather relevant information. Secondly, inaccessibility or tardiness 

of independent information sources contributes to the popularity of pharmaceutical 

representatives 78 . Other reasons often mentioned by GPs are an escape from the daily routine 

of seeing patients, or out of courtesy, or habit. However, not all GPs see pharmaceutical 
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representatives. Their decision not to do so mainly lies in a strong belief that pharmaceutical 

representatives provide commercially biased information. These beliefs are also expressed 

by GPs that do receive visits, but for them other reasons may still be in favour of receiving 

pharmaceutical representatives 78 . Another reason often mentioned for not seeing 

representatives is the social norm within practices.

The GP’s perception of the information provided by pharmaceutical representatives 

varies but is often contradictory to their action. In general, GPs acknowledge that the 

information provided to them is biased and infl uences their prescribing, but they regard 

themselves capable of ‘separating the wheat from the chaff ’. Pharmaceutical representatives 

exert their infl uence in the awareness stage of the adoption process. Professional sources, 

such as medical specialists and scientifi c journals, are mentioned more often when the 

decision to prescribe is actually being considered 67, 6 9 ,7 6 , 8 0 . GPs value professional sources 

higher than commercial sources, but this opinion is not always refl ected in practice 81. 

A study by Prosser and Wally identifi ed a difference between heavy and low prescribers of 

new drugs in their use of pharmaceutical representatives 41. Not only did heavy prescribers 

mention pharmaceutical representatives in 46% of the decisions to initiate new drug 

prescribing as important, compared to only 10% of the low prescribers, they also failed 

to gather additional information. Peay and Peay showed that a small group of physicians 

is heavily infl uenced by commercial sources. They identifi ed a subgroup of about 15% 

of the doctors that relied exclusively on commercially based information sources for new 

drugs 6 9 . In a later article in which the adoption of temazepam was analysed, they concluded 

that the adoption was related to commercial sources rather than to a doctor’s professional 

involvement 76 . This is in line with fi ndings of a study by Jones et al. that looked at infl uences 

on new drug prescribing by GPs and medical specialists. The study concluded that drug 

company material was often the only information source used by GPs before prescribing 50 .

Besides ensuring that the content of the information connects to the information needs of 

GPs, pharmaceutical representatives also put a lot of effort in the format of the information 

by building and maintaining personal relationships with GPs. Face-to-face contact ensures 

that GPs remember information about new drugs better than when offered to them in 

writing. By investing in personal relationships, pharmaceutical representatives hope to 

position themselves as professional information sources rather than sales people 77 .

The former studies on the infl uence of pharmaceutical representatives identifi ed factors on 

the micro-level on which the individual decisions to prescribe new drugs are made. Other 

studies measured the infl uence of pharmaceutical representatives or medical advertising on 

the macro-level 82 . Jones et al. monitored the advertisements of nine new drugs during a 

period of 30 months in 12 British journals to relate the level of advertising to prescribing 
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data of 50 GPs 82 . The study showed a seasonal variation in advertising with its peak between 

May and October and an overall complex but no constant pattern. Furthermore, no relation 

was found between the advertising intensity and prescribing of new drugs by GPs. This 

lack of association between advertising and increased prescribing of new drugs was iterated 

in a study by Tamblyn et al. 52 . The number of detail minutes and number of advertising 

pages, obtained by IMS Health, was used to assess the marketing intensity of new drugs. 

The number of detail minutes and advertisement pages varied considerable between the 

new drugs, but no apparent association was found between the marketing intensity and new 

drug prescribing by GPs.

Infl uences of community pharmacists

The role of community pharmacists has changed from a traditional drug orientated role to 

a more patient orientated 83 - 88 . While still maintaining their role of dispensing medicines 

to patients, pharmacists are engaging more in management of prescribed medication, long-

term and common ailments and advice and support to other health professionals 8 9 - 91 . As 

the pharmacist’s role is changing to providing pharmaceutical care, so must their ability to 

infl uence drug prescribing by GPs 83 . Carroll reviewed the literature on the infl uences of 

American community pharmacists on prescribing of GPs 92 . He concludes that pharmacists 

routinely intervene to improve clinical problems and to provide a more affordable therapy 

for patients. In the majority of the interventions, physicians accept the suggestions. This 

is in line with studies from other countries where pharmacists have shown to contribute 

to optimisation of GP prescribing behaviour 8 9 , 93 . However, none of these studies report 

on any infl uences on new drug prescribing. From qualitative studies on reasons of GPs 

to initiate new drug prescribing, pharmacists are only scarcely mentioned as a source of 

information about drugs 55 . In a study among 17 British GPs on costs and variation in their 

prescribing, the role of community pharmacists was both valued and dismissed by GPs. 

One important condition for appreciation of the pharmacist’s role is the development of 

professional partnerships. GPs acknowledged the expertise of community pharmacists in 

detecting prescribing errors, but the pharmacist’s potential was rarely exploited 38 . Given 

the evidence that pharmacists do infl uence GP prescribing behaviour, it is likely that this 

infl uence is also aimed at new drugs. 
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Objective of this thesis
The main objective of this thesis is to detect and elucidate patterns by which new drugs 

are prescribed by GPs and to profi le GPs inclined to adopt new drugs rapidly. In addition, 

the studies in this thesis focus on the external infl uences, in particular medical specialists, 

community pharmacists, and the pharmaceutical industry, shaping the GP’s decision to 

prescribe new drugs. To understand the dynamics of new drug prescribing, we choose fi ve 

drugs that were introduced on the Dutch market in the years 19 9 9 untill 2 0 03 as study  

case drugs. Figure 1 shows the Dutch registration dates of these new drugs in comparison 

to the drugs from the same therapeutic drug class. 

Figure 1:  Dutch market introductions of the new drugs Crestor®, Nexium®, Seretide®, Spiriva®, and 

Vioxx®.
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The rationale for choosing these fi ve drugs as study cases is that they form a representation 

of drugs on the scales of innovativeness and known safety profi le at introduction 

(Figure 2). In addition, all fi ve drugs showed rapid market penetration and were therefore in 

suffi cient numbers prescribed in general practice. In The Netherlands, SFK (Foundation for 

Pharmaceutical Statistics) reported in 2 0 02 that the drugs that were introduced during the 

preceding three years contributed to 5% of the total national drug expenditure, but more 

interestingly, over two third was credited to only ten new drugs 94 , 95 . In 2 0 02, the top 3 

drugs with the highest expenditure on all drugs was occupied by Seretide® (salmeterol/

fl uticasone), Vioxx® (rofecoxib), and Nexium® (esomeprozole) 94 . In 2 0 04, the list was lead 

by Spiriva® (tiotropium) with Crestor® (rosuvastatin) in third place 95 .

The study case drugs

Esomeprazole was the latest representative of the proton pump inhibitors, an effective 

group of drugs for the treatment of gastro-oesophageal refl ux disease. Being its chemically 

pure form, esomeprazole became omeprazole’s successor. Omeprazole (Losec®/Prilosec®) 

with annual sales of $6 billion was once the top-selling drug in the world, but was 

scheduled to go off patent in 2 0 02. With its minimal clinical surplus value over the 

existing products, we used esomeprazole as an example of a me-too product 9 6 , 9 7 . 

Me-too drugs are drugs that are chemically very similar to existing drugs and largely exert 

the same pharmacological action, but are in general more expensive than the original 

compounds in the same therapeutic drug class.

Rosuvastatin is the sixth and latest representative of the HMG-CoA reductase inhibitors, 

also known as statins, which are effective drugs in the treatment of hypercholesterolemia. In 

2 0 02, one of the statins, namely cerivastatin (Lipobay®), was withdrawn from the market 

due to concerns about its hepatic toxicity 2 9 . Even before rosuvastatin was granted market 

approval, concerns were already raised about the new agent’s safety profi le 9 8 -103 .

Rofecoxib was the fi rst representative of the new cyclo-oxygenase-2 (COX-2) inhibitors. 

COX-2 inhibitors are pharmacological selective versions of the long-existing and widely 

used nonsteroidal anti-infl ammatory drugs (NSAIDs), such as ibuprofen, diclofenac, and 

naproxen, which long-term use is often limited due to their gastro-intestinal side effects 104 . 

With their improved gastrointestinal safety profi le COX-2 inhibitors were considered as an 

innovation in the treatment of pain and infl ammation 104 ,105 . However, soon after rofecoxib 

market introduction concerns about its cardiovascular safety profi le arose that eventually led 

to the worldwide withdrawal of rofecoxib in October 2 0 04 30 ,10 6 ,10 7,10 8 ,10 9 .
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Figure 2:  The innovativeness and safety profi le at market introduction of the fi ve study case drugs.

+

+_

Nexium®=esomeprazole, Seretide®=salmeterol/fl uticasone, Vioxx®=rofecoxib, Crestor®=rosuvastine, 

Spiriva®=tiotropium.

Seretide® was not a new chemical entity but was the fi rst product combining two existing 

drugs for the treatment of asthma and chronic obstructive pulmonary disease (COPD), 

namely salmeterol and fl uticasone, in one single dosage form. In that sense, Seretide® can 

be regarded as an innovation in the treatment of asthma and COPD, since it implies simpler 

dose frequencies. Tiotropium was the successor of ipratropium (Atrovent®), a drug for the 

treatment of asthma and COPD, but belonging to another drug class than Seretide®. Since 

the recommended dose frequency was reduced from four times daily for ipratropium to once 

daily in the case of tiotropium, the new drug made a valuable contribution to the treatment 

of asthma/COPD. Both Seretide® and Spiriva® are examples of stepwise innovation leading 

to better versions of existing products 110 .

Outline of the thesis
This thesis presents eight studies on the dynamiscs of new drug prescribing in general 

practice. Two studies describe the prescribing and dispensing data that form the basis of 

the subsequent studies on new drug prescribing. The studies featured in this thesis are the 

results of the UNICA-project (Utrecht University and NIVEL primary CAre), a novel and 

fruitful collaboration between the Utrecht University and NIVEL (Netherlands Institute 

for Health Services Research).
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The thesis starts with Chapter 2 covering the data platform that is used in the studies on 

GP prescribing of new drugs of Chapter 3 and 4 . Chapter 2.1 determines the success rate 

of linking records from the dispensing database of SFK (Foundation for Pharmaceutical 

Statistics) to the prescribing database of the second Dutch national survey of general practice 

conducted by NIVEL in 2 0 01. In Chapter 2.2, we assessed whether GP prescribing records 

provide accurate data on patients’ actual drug exposure. 

Chapter 3 consists of four studies on new drug prescribing. Chapter 3.1 aims to profi le the 

early prescribers of new drugs. The other three studies in Chapter 3 examine two important 

external infl uences, namely medical specialists and community pharmacists. The central 

questions addressed in this chapter are: 1) Is early new drug prescribing concentrated in GPs 

with distinct characteristics? 2) Is new drug prescribing a trait of GPs? Or in other words, 

is there a universal early adopter? 3) To what extent is new drug prescribing infl uenced 

by medical specialists? 4) Do community pharmacists, through their participating in 

pharmacotherapy audit meetings (in Dutch known as FTO) with GPs, infl uence new 

drug prescribing? Chapter 4 contains four case studies on prescribing of two new drugs, 

namely rofecoxib and rosuvastatin. These case studies provide clear examples of how new 

drugs are prescribed in general practice and illustrate how risk assessment plays a role while 

prescribing new drugs. Finally, in Chapter 5 the results and conclusions of all studies are 

integrally discussed.

 



Chapter 2

D A T A  U S E D  I N  T H E  U N I C A  P R O J E C T

2.1  Linking pharmacy dispensing data to prescribing data of general practitioners.

2.2   Discrepancies between prescribing and dispensing of medicines in general 

practice.
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Abstract
Background: Databases are frequently used for pharmacoepidemiological research. 

However, most of these databases consist either of prescribing, dispensing or administrative 

data and therefore lack insight in the interaction between the several health professionals 

around the patient.

Objective: To determine the succes rate of linking pharmacy dispensing records to GP 

prescribing data.

Methods: To determine the success rate of linking records from the dispensing database 

of SFK (Foundation for Pharmaceutical Statistics) to the prescribing database of the second 

Dutch national survey of general practice, conducted by NIVEL (Netherlands Institute for 

Health Services Research), a deterministic record linkage approach was used with patient 

and prescription characteristics as matching variables between the two databases.

Results: The catchment area included 123 community pharmacies, 9 0 GP practices and 

170,0 0 0 unique patients. Overall, 110,102 (64 .8%) unique patients were linked using the 

matching variables patient’s gender, year of birth, the 4-digit part of the postal code, date 

of dispensing/prescribing and ATC-code. The fi nal database contained of the 110,102 

patients both the prescribing data from 83 GP practices and the dispensing data of 112 

community pharmacies. 

Conclusions: This study shows that linkage of dispensing to prescribing data is feasible 

with a combination of patient characteristics, such as gender, year of birth and postal 

code, and prescription characteristics like prescription date and ATC-code. We obtained 

a linkage proportion of 64 .8% resulting in complete prescribing and dispensing history of 

110,102 patients. This offers an opportunity to gain insight in the mechanisms and factors 

infl uencing drug utilisation in general practice.

 

Chapter 2 .1
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Introduction
To enhance the quality and effi ciency of observational research in daily clinical practice, 

linkage of different databases is often desirable to gain more insight in the underlying 

mechanisms by which medicines are utilised in large populations. Linkage of dispensing 

data from community pharmacies to hospital admission data, for example, has proven to be 

benefi cial in detecting serious drug-induced side effects 1,2 . Although important fi ndings 

have been published, most of the databases used so far consist of either prescribing data of 

general practitioners (GPs), pharmacy records or administrative data from health insurance 

companies 3,4 . The origin of the databases defi nes the vantage point of the researcher and 

may therefore limit the usability the data. For example, prescribing data of GPs alone 

are not suffi cient to compile a clear overview of all drugs prescribed in general practice. 

Prescriptions of hospital specialists are usually not archived in GP prescribing databases and, 

unless repeated by GPs, result in blind spots. Furthermore, community pharmacists also 

have an infl uence on the drugs prescribed, resulting in differences between prescribing and 

dispensing 5 .

In The Netherlands, several organisations are involved in routine collection of medical 

records, such as prescribing data of GPs 6,7 and dispensing data from community pharmacies 8 . 

In 2 0 0 0, NIVEL (Netherlands Institute for Health Services Research) launched the second 

Dutch national survey of general practice (DNSGP-2) to obtain up-to-date and national 

representative data on the Dutch general practice. The rationale and design of the DNSGP-2 

is presented in detail elsewhere 9,10 . The DNSGP-2 resulted among other things in a dataset 

comprising over two million prescriptions, prescribed by 101 GP practices to 262,817 

patients in the period October 2 0 0 0 to January 2 0 02. For each prescription information 

was available on the prescription date, quantity prescribed, duration of use, product code, 

ATC-code 11, and ICPC -coded diagnose 12 . GPs were asked to fi ll in a thorough questionnaire 

on several topics, including their attitude towards new drugs, the number of visits by 

pharmaceutical representatives, the use of information sources on pharmacotherapy, and use 

of guidelines. Patients provided information about ten socio-demographic characteristics, 

including among other things age, gender, type of insurance, self-perceived health, and 

highest level of education. The DNSGP-2 provided a unique opportunity to link detailed 

information on both GPs and patients to dispensing data from community pharmacies to 

obtain a complete overview of the Dutch primary care.

Pharmacy dispensing data are collected in The Netherlands by SFK (Foundation for 

Pharmaceutical Statistics) 8 . Since 19 9 0, SFK has been collecting dispensing data from a 

growing number of community pharmacies. In 2 0 04, the catchment area consisted of 1,540 

community pharmacies that represent 9 0% of the total number of Dutch pharmacies. The 

panel of pharmacies serves 13.5 million people and together dispense medicines, medical aid 

Data used in the UNICA project
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and bandages about 130 million times per year 8 . Both the DNSGP-2 and the SFK database 

display important –and partly overlapping– parts of Dutch primary care.

As in most other healthcare systems, information is increasingly stored in electronic form 

and made available for scientifi c research. Combining the different databases makes it 

possible to eliminate shortcomings of individual databases and could result in opportunities 

greater than those presently thought of. Primary non-compliance, generic substitution, and 

interventions by pharmacists are just a few topics that could be addressed 13-15 . Therefore, 

the objective of this study was to determine the success rate of linking patient records from 

the SFK dispensing database to the prescribing database of the DNSGP-2. Combining the 

information from both data sources offers an opportunity to gain more insight into the 

factors infl uencing drug exposure in patients.

Methods
Data collection 

All GPs who participated in the DNSGP-2 listed the pharmacies where most of their 

patients fi lled their prescriptions. All pharmacists from the identifi ed pharmacies were 

invited by letter to participate and followed-up with a telephone call 1-2 weeks later. To 

maximise the likelihood of tracing all patients, we also contacted the pharmacies in the 

adjoining postal code areas. From the pharmacies that agreed to participate, the dispensing 

data were collected from SFK. The collected dispensing data covered the period January 

19 9 9 untill December 2 0 03, whereas the prescribing data were mainly from the year 

2 0 01. Since not all patient of the same GP visit the same pharmacy and not all pharmacies 

agreed to participate, we estimated the total number of eligible patients to be 170,0 0 0. 

The estimation was based on the GP practice size, number of participating pharmacies and 

calculated by using estimations made by pharmacists of the proportion of a particular GP 

practice population that fi lls prescriptions at their pharmacy.

Matching procedure

We used a deterministic linkage method to match patient records from both data sources 

by using patient identifi ers year of birth, gender and 4-digit postal code. The combination 

of these three characteristics, however, is not unique enough to identify patients within 

a GP practice of approximately 2,30 0 patients, let alone in a Dutch pharmacy listing on 

average 9,0 0 0 patients 8 . Therefore, we used prescriptions characteristics as identifi ers, 

namely the Anatomical Therapeutic Classifi cation code (ATC-code) 16 and prescribing 

date. The identifi ers are listed in Figure 1. The records from the prescription database of the 

DNSGP-2 were defi ned as enquiry records (i.e. those from which is searched), whereas the 

pharmacy records were defi ned as the fi le records (i.e. those that have to be retrieved). For 

Chapter 2 .1
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each enquiry record, all fi le records were compared with respect to characteristics that are 

present in or logically related to both types of records.

The linkage procedure consisted of several subsequent steps. Firstly, patients were blocked 

on a combination of gender, year of birth and the 4-digit numbers of their postal code. 

Subsequently, the prescriptions of the patients recorded in both databases were compared 

within the blocks. Prescriptions were matched on date, ATC-code, and specifi city of ATC-

code. Up to 10 prescriptions per patient were used for matching. A successful match of 

patients’ records was defi ned as a positive match on gender, year of birth, postal code and a 

minimum of 50% of enquiry prescriptions found.

Figure 1: Structure of the matching process.

Patient fi le

Practice ID
Date of birth
Gender
Type of insurance
Postal code
...

Practice ID
Patient ID
Prescription date
ATC-code drug
ICPC-diagnosis
Prescribed units
...

Medication fi le

Pharmacy ID
Patient ID
Coded AGB GP
Year of birth
Gender
Postal code
Insurance company

Patient fi le

Pharmacy ID
Patient ID
Dispensing date
ATC-code drug
Dispensed units
...

Medication fi le

Gender
Year of birth
Postal code
Up to 10 ATC-codes
Prescription date

Gender
Year of birth
Postal code
Up to 10 ATC-codes
Dispensing date ± 4 days

GP prescribing database of the DNSGP-2 Pharmacy dispensing database of SFK

By using prescriptions as patient identifi ers, several aspects have to be taken into account. 

Firstly, medication is not always fi lled on the same day it is prescribed. Certainly nowadays, 

patients frequently request a refi ll prescription by phone and pick it up at the pharmacy the 

next day 17 . This results in a lag period of a few days between prescribing and dispensing. 

We defi ned a lag-time of four days as realistic. This means that patients’ records could still be 

linked when there was a four day difference between the prescribing and dispensing date.

Data used in the UNICA project
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Secondly, the ATC-code of the dispensed drug does not have to be identical to the seven 

characters to the prescribed drug. Differences in ATC-code may be caused by interventions 

of community pharmacists to optimise pharmacotherapy or prevent possible adverse drug 

reactions 18,14 . To allow interventions of pharmacists, matching occurred in two stages. 

Patients were fi rst matched using the complete ATC-code. When successfully linked, the 

patients’ records were deleted from the enquiry and fi le database. The remaining patient 

records were matched using the fi rst three characters of the ATC-code.

Thirdly, some drugs are prescribed more often than others. To benefi t from this frequency 

of prescribing we categorised drugs in the enquiry database in three groups, namely drugs 

that were prescribed less than 5,0 0 0 times, between 5,0 0 0 and 10,0 0 0 times, and more 

than 10,0 0 0 times. Patient records were fi rst matched by using drugs that were prescribed 

the least, followed by drugs that are more common. To safeguard patient privacy the study 

was conducted under strict privacy regulation of the DNSGP-2 10 .

Results
Among the 101 GP practices in the DNSGP-2, 11 were dispensing practices and were 

excluded. The analysis was based on 233,303 patients who received 1,841,271 prescriptions 

and were listed in 9 0 GP practices. Of the 2 03 community pharmacies approached, 123 

(6 0.6%) pharmacies dispensed medication to patients of the particular GP and agreed to 

participate in the study. Of the 8 0 pharmacies that decided not to participate, 71 pharmacies 

responded never to dispense medication to patients of the DNSGP-2 GPs and nine 

pharmacies refused to participate in our study. This resulted in 89 GP practices of which 

both prescribing and dispensing data were available for matching. Taking into account 

the number of patients per GP practice, coverage of GP practices by pharmacies, and the 

registration period of both databases, we estimated that 170,0 0 0 patients could in theory 

be traced in the pharmacy records. Figure 2 shows the sampling procedure and subsequent 

outcome of the different steps in the matching procedure. 

Blocking patients on gender, year of birth, and postal code, matching on full 7-character 

ATC-code resulted in 9 8,775 (58.1%) uniquely identifi ed patients. The remaining 71,225 

patients not linked initially, were matched using the 3-character ATC-code of the medicines 

prescribed. Subsequently, 11,327 (6.7%) more patients were matched. In total, medical 

records of 110,102 (64 .8%) patients from 83 GP practices were linked. Of these patients, 

virtually complete prescribing and dispensing histories were available. The prescribing data 

encompassed for most of the patients the year 2 0 01, whereas the dispensing data covered 

the years 19 9 9 -2 0 03. 
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The 110,102 linked patients fi lled 4,816,247 prescriptions of both GPs and medical 

specialists during the period 19 9 9-20 03, with an average of 43.7 (SD=68.6) prescriptions 

per patient. Of these patients, 58.0% were female, 68.5% publicly insured, and the mean age 

was 42.2 (SD=21.8) years. Table 1 displays the characteristics of the DNSGP-2, SFK, and 

linked database. In the three databases, women were equally represented, ranging from 57.4% 

in the DNSGP-2 to 55.8% in SFK data. The average age of the patients in the linked-database 

was 42.2 years and higher than the average age in the DNSGP-2 database (39.1 years) and 

the SFK-database (38.4 years). The number of prescriptions per patient in the SFK and linked 

database was higher than in the DNSGP-2 due to the longer registration period of the fi rst 

two databases. After correction for the registration period, the number of prescriptions per 

patient per month was 0.68 for the DNSGP-2, 0.63 for the SFK, and 0.91 for the linked 

database. The higher number of prescriptions per patient in the linked database is the sum of 

prescriptions of GPs and medical specialists, whereas the DNSGP-2 only collected prescriptions 

of GPs. Furthermore, the higher number of prescriptions per patient was also the result of the 

fact that only patients with prescriptions could be linked. The characteristics of included GP 

practices in the linked-database were also comparable to the original sample of the DNSGP-2 

with respect to type of offi ce, situated in deprived areas, and degree of urbanisation. 

Data used in the UNICA project

9 0 GP practices
233,303 Patients

123 Pharmacies
332 ,7 0 7 Patients
8 0 GP practices

170,0 0 0 Patients 
89 GP practises

+ Full ATC-code
1. Gender
2 . Year of birth
3. Postal code

+ 3 Characters 
of ATC-code

9 8,775 Patients

11,327 Patients

110,102 Patients

from 83 GP practices 

+

DNSGP-2 SFK Eligible for matching

Blocking on:

+

Figure 2: Sampling procedure and outcome of matching. 
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Discussion
The primary objective of this study was to determine the success rate of linking dispensing 

data of community pharmacies to prescribing data of general practitioners. The completeness, 

quality and validity of patient characteristics play a vital role in record linkage processes 19,2 0 . 

If patient characteristics are not valid, or change over time, this could negatively infl uence 

the matching. Although gender and year of birth do not change over time, they are still 

susceptible to registration errors 21 . However, we assumed that pharmacies and GPs register 

the patient’s date of birth accurately because it is often used to retrieve the patient’s history 

from the computer systems. With respect to the completeness of the dispensing data, 

Herings defi ned fi ve scenarios leading to incompleteness, namely: (1) patients are not a 

member of the catchment area, but incidentally fi ll a prescription in the catchment area 

Table 1: Characteristics of patients and GP practices in the enquiry, fi le, and fi nal database.
Database DNSGP-2 SFK

Type Enquiry records File records Linked dataset

Time period Oct 2 0 0 0 – Jan 19 9 9 – Jan 19 9 9 – 

  Jun 2 0 02 Dec 2 0 03 Dec 2 0 03 

% Female 57.8% 55.8% 58.0% p=0.01

% Publicly insured 67.5% - * 68.5% p<0.01

Mean age (SD) 39 .1 years (22 .7) 38.4 years (22 .7) 42 .2 years (21.8) p<0.01

Mean number of Rx/patient (SD) 7.9 (11.9) 28.9 (59.6) 43.7 (68.6) p<0.01

Nr. of Rx/patients/month 0.68 0.63 0.91 

Nr. of patients 233,303 332 ,7 0 7 110,102 

    

Nr. of Rx 1,841,271 10,049,944 4 ,816,247 

Pharmacies - ¶ 123 112 

GP practice N=9 0 
§ N=89 N=83 

 Solo 49 (54 .4%) 46 (53.5%) 43 (51.8%) p=0.10

 Duo 18 (2 0.0%) 17 (19.8%) 17 (2 0.5%) 

 Group 14 (15.6%) 14 (16.3%) 14 (16.9%) 

Healthcare centre 9 (10.0%) 9 (10.5%) 9 (10.8%) 

Deprived area 8 (8.9%) 8 (8.3%) 8 (9.6%) 

Degree of urbanisation    

 Not urbanised 9 (10.0%) 9 (10.5%) 9 (12 .0%) p=0.21

 Hardly urbanised  17 (18.9%) 16 (18.6%) 14 (16.9%) 

 Averaged urbanised 19 (21.1%) 19 (22 .1%) 19 (22 .9%) 

 Strongly urbanised 24 (2 6.7%) 22 (25.6%) 21 (24 .1%) 

 Extremely urbanised 21 (23.3%) 2 0 (23.3%) 2 0 (24 .1%) 

* Not used in the linkage process.
¶  Not available in the DNSGP-2 .

§  Only non-dispensing GP practices included. In total 101 GP-practices collected prescribing data during the 

DNSGP-2 .
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(non-residents); (2) a patient number is not uniquely assigned to one patient (non-unique 

assignment); (3) a patient has more than one patient number in the register (internal multi-

unique assignment); (4) a patient is registered in more than one pharmacy register (external 

multi-unique assignment); (5) a patient living in the catchment area fi lls a prescription 

outside the catchment area (non-eligible) 3 .

In the linkage method we used, linkage of non-residents was unlikely. Although these 

patients fi lled a prescription in the catchment area, they most likely did not receive a 

prescription from a GP working in the catchment area. Non-unique assignment is also 

very unlikely in Dutch pharmacy and GP computer systems, as no system allows multiple 

assignment of a patient ID. Internal multiple assignment of a patient to more than one 

number due to entry errors of e.g. date of birth, gender or postal code, is limited. Herings 

found in a sample of 2,0 0 0 patients that 1.4% of the patients were multiple coded in a 

pharmacy. Finally, dispensing data can also be incomplete when patients fi ll prescriptions 

outside the catchment area and thereby become non-eligible. Herings et al. estimated the 

completeness of drug dispensing histories in Dutch pharmacies 3 . They noted that more 

than 9 9% of all patients had complete drug dispensing histories in cities where pharmacists 

maintained one central patient register.

The factor that had the most negative infl uence on the number of patients that could be 

matched were the different registration periods of the pharmacies. Most of the GP practices 

registered during 12 month (mean=12; SD=1.6) over the period October 2 0 0 0 untill 

January 2 0 02 while participating in the DNSGP-2, but not all pharmacies registered the 

same complete 12 months. Missing months may be an important reason why patient records 

could not be linked. If a drug was prescribed during a period in which no pharmacy data 

were available, this would lower the probability of linking. Another important factor that 

negatively infl uenced our matching process, are the pharmacies that refused to participate 

in the study. It is often diffi cult to trace patients back to a pharmacy, especially in larger 

cities where patients of a GP may visit different pharmacies. Part of the patients may go 

to one pharmacy, while the other part goes to another pharmacy. This means that if one 

pharmacy does not participate in the study a part of the patient records cannot be linked. 

In a sensitivity analysis, we noted that in isolated villages the proportion of linked patients 

was higher. However, the lack of coverage of the GP practice by community pharmacies 

probably resulted only in a reduction of the number of patients that could be linked. We 

do not think this negatively affected the completeness of dispensing histories, because the 

majority of patients normally visit only one pharmacy in The Netherlands. 

The fi nal linkage percentage of 64 .8% is dependent on several factors. One of the most 

important is the estimation of the catchment population. We estimated the total number of 

Data used in the UNICA project
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eligible patients to be 170,0 0 0, based on the number of patients per GP practice, coverage 

of the GP practice polulations by pharmacies, and the registration period of both databases. 

The coverage of GP practices by pharmacies was calculated by using estimates made by 

pharmacists of the proportion of a particular GP practice population that fi lls prescriptions 

at their pharmacy. These estimates show considerable variations and thereby may affect 

the estimation of the catchment populations. However, we think that the estimation of a 

catchment population of 170,0 0 0 patients to be realistic. Furthermore, the fi nal linkage 

proportion is also directly infl uenced by the defi nition of a successful match. We defi ned 

a successful match when gender, year of birth, postal code, and a minimum of 50% of 

enquiry prescriptions were positively matched. This cut-off value is, of course, arbitrary and 

lowering this requirement positively infl uences the proportion of patients being matched, 

but increases the number of false positives. Choosing 50% as a cut-off point, however, 

allows matching of records of patients who only received two prescriptions. Increasing the 

cut-off point to, for example 75%, excludes all patients who received up to four prescriptions 

of which one or more were changed.

Limitations of the linking process lie mainly in the available linkage keys. To ensure the 

privacy of patients, SFK collects only the year of birth and not the complete date of birth. 

The combination of date of birth and gender is almost unique in a population of 2,0 0 0 

individuals. Since the average Dutch GP practice consists of approximately 2,30 0 patients, 

the combination of gender and date of birth would almost be suffi cient to identify patients 

within a GP practice. However, the specifi city dramatically decreases for the combination 

of year of birth and gender. We decided not to use type of insurance as a matching variable, 

because differentiating between private and public insurance was diffi cult as some pharmacies 

register both private and publicly insured patients of one insurance company using a single 

code. Finally, we did not validate our linkage procedure by contacting individual patients. 

This is under the privacy statements of the DNSGP-2 and SFK prohibited. Several problems 

need further elaboration when linkage of both systems will be done on a continuous basis 

in the future. 

Conclusions
This study shows that linkage of dispensing and prescribing data is feasible with a combination 

of patient characteristics, such as gender, year of birth and postal code, and prescription 

characteristics, like prescription date and ATC-code. The fi nal database contains both 

dispensing and prescribing data of medical specialists and GPs completed with detailed 

information on not only the patients, but also on community pharmacists and GPs. It offers 

an opportunity to gain insight into the magnitude and direction of forces directing drug 

utilisation in general practice.
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Abstract
Background: GP prescribing data have proven to be powerful research tools for pharmaco-

epidemiological studies. However, if patients fail to claim all of their prescriptions or receive 

prescriptions from other prescribers, valid concern exists about the coverage of the patient’s 

actual drug exposure.

Objective: To determine whether GP prescribing data provide reliable coverage of actual 

drug exposure in patients.

Methods: Estimation of concordance between GP prescribing and pharmacy dispensing 

data over a 12 months period in a cohort of 110,102 patients registered at 83 GP practices and 

112 community pharmacies. The primary outcome measure was primary drug defaulting 

of patients defi ned as the proportion of prescriptions patients failed to claim at the pharmacy 

out of the total number of prescriptions received from their GP. In addition, we calculated 

the proportion of prescriptions from other prescribers than their GP out the total number 

of prescriptions patients fi lled.

Results: Primary drug defaulting was present in 7.6% of the total number of prescriptions 

written by GPs. Of all prescriptions patients fi lled in a pharmacy, the GP prescribing data 

failed to cover 2 0.0% due to patients receiving prescriptions from other prescribers, mainly 

medical specialists. Primary drug defaulting was twice as high in patients with four or more 

chronic diseases compared to patients without any chronic diseases. In addition, patients 

with more chronic diseases had a lower coverage of their drug exposure in the GP data, due 

to patients receiving prescriptions from other prescribers.

Conclusions: The validity of GP prescribing data to estimate actual drug exposure 

in patients may be compromised by primary drug defaulting and by patients receiving 

prescriptions from other prescribers. This is especially the case in patients with multiple 

chronic diseases. Combining GP and pharmacy records makes it possible to eliminate the 

shortcomings of individual databases and provide a complete medication history. 
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Introduction
The availability of accurate data on drug exposure is of great importance for pharmaco-

epidemiology as misclassifi cation of exposure may lead to biased risk estimates 1,2 . In most 

healthcare systems, information is increasingly stored in electronic form and made available 

for scientifi c research. This development has lead to the widespread use of prescribing records 

of general practitioner (GPs) and pharmacy dispensing records in pharmacoepidemiological 

studies. 

Both GP and pharmacy records have proven to be powerful research tools for pharmaco–

epidemiological studies, but there are important differences between the data sources 

with implications for scientifi c research. Systems that originated out of a general practice 

setting, such as the British General Practice Research Database (GPRD) 3,4 and the Dutch 

Integrated Primary Care Information (ICPC) database 5,6 , provide rich data on medication 

prescribed by GPs, including diagnoses and other relevant clinical information, but may be 

fl awed in two ways. Firstly, they contain data on prescriptions, but generally no information 

on whether prescriptions are fi lled at pharmacies, thereby lacking data on primary drug 

defaulting. Secondly, they fail to cover all prescriptions when patients are treated by several 

physicians, especially medical specialists. Pharmacy dispensing records are a valuable data 

source used by systems such as the Scottish Medicine Monitoring Unit (MEMO) 7 and 

the Dutch PHARMO RLS database 8 . Pharmacy dispensing records cover prescriptions 

from both GP and medical specialist, but lack information on diagnoses or other medical 

information.

In pharmacoepidemiology, it is important to have an accurate exposure assessment, both 

in incidence and prevalence estimations and in studies on exposure-outcome relationships. 

GP data may give an overestimation of drug exposure because information on primary 

drug defaulting is missing, and on the other hand may miss drug use because of lack of 

information on prescriptions by other prescribers. In this study, we aim to determine to 

what extent GP data on drug prescribing offers complete coverage of actual drug exposure 

in patients. Furthermore, we consider whether this coverage is associated with chronic 

morbidity of the patients in order to estimate possible bias in exposure assessment.

Data used in the UNICA project
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Methods
Study setting

The prescribing and dispensing data used in this study were derived from two electronic 

sources. The prescribing data were obtained from the second Dutch national survey of 

general practice (DNSGP-2), conducted by NIVEL (Netherlands Institute for Health 

Services Research) in 2 0 01 9,10 . The DNSGP-2 resulted, among other variables, in a dataset 

comprising over two million prescriptions prescribed by 101 GP practices to 2 62,817 

patients during a 12 month registration period. We obtained the DNSGP-2 patient 

dispensing data from SFK (Foundation for Pharmaceutical Statistics). Since 19 9 0, SFK has 

been collecting dispensing data from more than 9 0% of all Dutch community pharmacies 11. 

Outpatient dispensing by hospital pharmacies is still an uncommon phenomenon in The 

Netherlands.

To link pharmacy dispensing data to GP prescription data, we contacted all pharmacies that 

were pointed out by the GPs as the pharmacies were their patients fi lled prescriptions. We 

excluded 11 dispensing GP practices, as their dispensing data is not collected by SFK. All 

relevant pharmacies were asked to participate in our study and to give permission to retrieve 

dispensing data of the GP practices from the SFK database.

Since the Dutch healthcare system lacks sofar a unique identifi er for each individual patient, 

we identifi ed the GPs’ patients in neighbouring pharmacies by applying a deterministic 

record linkage approach. Detailed information on the identifi cation of individual patients 

in pharmacies is presented in Chapter 2.1. In short, 110,102 patients from 83 GP practices 

were identifi ed in 112 pharmacies based on the patient’s gender, year of birth, postal code and 

prescription characteristics, such as anatomical therapeutic codes (ATC) 12 , and prescribing 

dates. For these patients complete prescribing and dispensing data were available. The 

prescribing data contained only prescriptions of the GPs who participated in the DNSGP-2, 

whereas the dispensing data contained besides the prescriptions of GPs also prescriptions 

from other prescribers, such as medical specialists.

Study design and outcome measures

We assessed to what extent GP prescribing data cover patients’ actual drug exposure by 

estimating primary drug defaulting and the proportion of prescriptions patients receive 

from other prescribers than their own GP. We regarded the patients’ pharmacy dispensing 

data as their actual exposure to drugs.

Firstly, primary drug defaulting, or primary non-compliance, occurs when patients fail to 

claim their prescriptions in a pharmacy. We calculated for each patient their fi lling rate, 

defi ned as the proportion of GP prescriptions claimed in a pharmacy out of the total number 
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of prescriptions patients received during the DNSGP-2 registration period. A prescription 

was considered fi lled if the dispensing database contained a record for that patient dated 

within 14 days after the drug was prescribed and if the fi rst three ATC-characters of the 

dispensed drug were the same as those of the drug prescribed. The reason for applying 

a 14 day time window was that patients do not always fi ll prescriptions on the same 

day as they are prescribed. In addition, the ATC-code of the dispensed drug may differ 

from the prescribed drug due to interventions of pharmacists 13,14 . Infl uenza vaccines 

(ATC-code=J07BB02) were excluded from our comparison because these are frequently 

dispensed directly by GPs in The Netherlands.

Secondly, we estimated the proportion of prescriptions patients received from other 

prescribers than the DNSGP-2 GPs out of the total number of prescriptions present in 

the dispensing database. Each dispensing record contains an ID-number identifying the 

individual physician as well as the type of physician, such as a medical specialist, GP, dentist, 

or midwife. 

For each patient, we calculated their chronic disease score (CDS) 15 to test the hypothesis 

that patients with multiple co-morbidities are more consistent in fi lling their prescriptions 

since their conditions require chronic treatment. The patient’s CDS was calculated based 

on their prescriptions in the DNSGP-2 prescription database. The CDS was calculated 

over the 365 days before the patient’s last prescription during the DNSGP-2 registration 

period. To test the hypothesis that the patients with multiple co-morbidities are also the 

patients receiving more prescriptions from other prescribers, we calculated the proportion 

of prescriptions patients received from other prescribers than a DNSGP-2 GP out of the 

total number of fi lled prescriptions.

Results
Of the 110,102 patients included in our study, 58.0% were female and the mean age was 

42.2 years (SD=21.8). The prescribing database contained 858,30 7 prescriptions and the 

dispensing database contained 1,070,791 prescriptions during the DNSGP-2 registration 

period.

Overall, 92.4% (N=793,0 76) of all prescriptions was fi lled indicating that overall primary 

drug defaulting occurred in 7.6% (N=65,231) of all prescriptions from GPs (Figure 1). 

Table 1 lists the 10 drug classes most frequently not fi lled by patients. These 10 drug classes 

contributed 46.1% (N=30,0 79) of all prescriptions not fi lled.

Data used in the UNICA project
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In total, 2 0.0% (N=213,979) of all prescriptions patients fi lled in the pharmacy were not 

prescribed by a DNSGP-2 GP and therefore not covered by the GP prescribing database 

(Figure 1). Patients received most of these prescriptions from medical specialists (53.4%), 

followed by other GPs (38.6%), dentists (2.1%), and others (0.6%). For 5.3% of the 

prescriptions the type of physician was unknown. Table 2 shows the 10 drug classes that 

patients most often received from medical specialists.

Table 1: The 10 drug classes most often not fi lled by patients.
ATC-code Therapeutic drug class N (%) *

1. N05 Anxiolytics, hypnotics 4 ,556 (7.0%)

2 . R03 Anti-asthmatics 3,349 (5.1%)

3. G03 Sex hormones and modulators of the genital system 3,2 64 (5.0%)

4 . M01 Anti-infl ammatory and antirheumatic agents 3,174 (4 .9%)

5. N06 Antidepressants 2 ,821 (4 .4%)

6. J01 Antibacterials for systemic use 2 ,793 (4 .3%)

7. B01 Antithrombotic agents 2 ,6 64 (4 .1%)

8. C07 Beta blocking agents 2 ,577 (4 .0%)

9. N02 Analgesics 2 ,534 (3.9%)

10. A02 Antacids 2 ,347 (3.6%)

* Proportion calculated over the 65,231 prescriptions not found.

Table 2: The 10 drug classes patient received from medical specialists.
ATC-code Therapeutic drug class N (%) *

1. S01 Ophtalmologicals 10,288 (9.0%)

2 . N05 Anxiolytics, hypnotics 9,564 (8.4%)

3. R03 Anti-asthmatics                          5,844 (5.1%)

4 . B01 Antithrombotic agents 5,682 (5.0%)

5. N06 Antidepressants 5,579 (4 .9%)

6. C07 Beta blocking agents 4 ,191 (3.7%)

7. M01 Anti-infl ammatory and antirheumatic agents 3,875 (3.4%)

8. C09 ACE and AII antagonists 3,68 0 (3.2%)

9. C10 Serum lipid reducing agents 3,493 (3.1%)

10. J01 Antibacterials for systemic use 3,40 7 (3.0%)

* Proportion calculated over the 114 ,2 65 prescriptions prescribed by medical specialists.
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Data used in the UNICA project

We noted a twofold higher primary drug defaulting in patients with four or more chronic 

diseases than in patients without any chronic diseases. Patients without any chronic diseases 

failed to claim on average 10.7% (SD=17.5%) of their prescriptions, whereas patients with 

four or more chronic diseases failed to claim 21.8% (SD=17.0%) of their prescriptions. In 

addition, the coverage of GP data of patients’ drug exposure was lower in patients with 

multiple chronic diseases due to patients receiving prescriptions from other prescribers. 

Patients with no chronic diseases received on average 12.4% (SD=2 6.3%) of their 

prescriptions from other prescribers, compared to 19.8% (SD=25.9%) for patients with 

four or more chronic diseases (Figure 4).

2 0 . 0% of all dispended 
prescriptions from other 
health professionals

7. 6% of all GP 
prescriptions not fi lled in 
pharmacy

Figure 1:  Coverage of drug exposure in 110,102 patients in GP prescribing and pharmacy 

dispensing data.
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Discussion
The primary objective of this study was to assess to what extent GP prescribing data 

provide a accurate coverage of actual drug exposure in patients. Our study shows that GP 

prescribing data overestimate drug exposure up to 7.6% due to primary drug defaulting 

and miss up to 2 0% of prescriptions prescribed by other prescribers. Furthermore, we found 

that the differences between GP prescribing and pharmacy dispensing data became more 

pronounced for patients with multiple co-morbidities.

 

The main strength of this study is that it compared prescribing and dispensing data from 

a large number of patients registered in 83 different GP practices and 112 community 

pharmacies over a 12-month period. Previous studies estimating primary drug defaulting 

used data from only a limited number of GP practices or limited their study to a particular 

drug class or time period 16-21 .

Our data showed primary drug defaulting to occur in 7.6% of all prescriptions written by 

GPs. This is in line with other studies showing that patients fi ll between 87.0% to 94 .7% of 

all their prescriptions 19,2 0 . A wide variety of reasons have been suggested for patients failing 

to fi ll prescriptions, ranging from economical reasons, such as the availability of cheaper over 

Figure 4: Mean proportion of prescriptions 

patients received from other physicians as 

function of the patient’s CDS.

Figure 3: Primary drug defaulting in 110,102 

patients as function of the patient’s CDS.
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the counter alternatives, to the wish to regain control 18,22,23 . We identifi ed 10 drug classes 

that accounted for 46.1% of all drugs not fi lled. The 10 drug classes cover a wide range of 

indications and are extensively prescribed in general practice. Higher non-fi lling rates for 

oral contraceptives and pain medication for which cheaper over-the-counter alternatives 

are available, such as paracetamol, ibuprofen and diclofenac, have been identifi ed by 

others 19,21,23,24 . Although studies noted primary drug defaulting to be higher among 

antibiotics 25 and oral contraceptives 19 , our data shows that patients fail to claim prescriptions 

from every therapeutic drug class and therefore primary drug defaulting to be uniformly 

distributed over all drug classes. The underestimation of drug exposure may is likely to affect 

incidence and prevalence estimation, and may also lead to biased estimates of exposure-risk 

outcome relationships.   

Patients received 2 0.0% of their prescriptions from other physicians than their GP, which 

were not registered in the GP prescribing database. Most of these prescriptions were initiated 

and it is likely that these will be repeated by GPs during follow-up, at which point they will 

have a complete view on drug exposure. However, dispensing information at the pharmacy 

offers more timely and complete information on drugs prescribed by specialists. Other GPs 

accounted for the remainder of the prescriptions that were fi lled at the pharmacy, while not 

present in the GP database. These are most likely to be emergency, short-term prescriptions. 

To complicate matters, Beardon et al. noted that prescriptions issued in weekends presumably 

after emergency calls were less likely to be fi lled 19 . We have no data on prescriptions by 

other GPs that were not fi lled at the pharmacy. 

The top 10 drug classes prescribed by medical specialists contain a high presentation of 

drugs indicated for cardiovascular diseases. For an accurate estimation of drug exposure the 

completeness of the data is vital and in especially the case of cardiovascular diseases the use 

of only GP prescribing data is not suffi cient 2 6 . Pharmacy dispensing records may be a better 

refl ection of the patients drug use. Lack of information on actual drug use in GP databases, 

not only leads to an underestimation of actual drug exposure in pharmacoepidemiological 

studies, but also is important information for the management of pharmacotherapy by GPs 

and community pharmacists.

Incomplete information on drug exposure when using only GP prescribing data becomes 

increasingly apparent when patients suffer from several chronic diseases that require 

multidisciplinary or specialist care. We noted that both primary drug defaulting and 

receiving prescriptions from other physicians were more common among patients treated 

for multiple chronic diseases. Other studies found evidence supporting our fi nding by 

identifying lower fi lling rates for drugs indicated for chronic diseases, such as cardiovascular 

deceases and repeat prescriptions 19,21 . 
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The results of this study need to be interpreted in light of its limitations. Firstly, the data 

were sampled from a research network of Dutch GPs. Whether these data also refl ect drug 

exposure information in other primary care research settings needs further investigation. 

Secondly, the dispensing and prescribing data used in this study were also an integral 

part of the identifi cation of the GP patients in pharmacies. This may have resulted in an 

overestimation of the proportion of prescriptions found in the dispensing data. However, 

our estimation of primary drug defaulting lies in the range as found by others. Moreover, 

we used a broad defi nition of a fi lled prescription, in which we allowed for a 14-day time 

window and substitution within the ATC therapeutic group. However, sensitivity analyses 

on the time window and number of ATC-characters used to trace prescriptions showed that 

the fi lling rate was robust. The fi lling rate dropped from 93.1% when using only the fi rst 

ATC-character of the prescribed drug to 91.4% when using all ATC-characters. A similar 

fi nding was apparent with the respect to the defi nition of the time window. 

Conclusions
Our study shows that the validity of GP prescribing data to estimate actual drug exposure 

in patients may be compromised by primary drug defaulting and by patients receiving 

prescriptions from other physicians, especially from medical specialists. Particularly, when 

patients are treated for multiple chronic diseases, the coverage of GP data may deviate from 

the patient’s actual drug exposure. No matter which source for drug exposure data is used 

in pharmacoepidemiology, the choice for a specifi c source is always a trade-off between 

various, frequently not equally valued, quality features (e.g. completeness of prescription 

and/or dispensing data, indication of prescribing, OTC drug usage, and compliance). There 

is no single source the best solution for every research question and therefore it remains 

always important to crosscheck or combine drug exposure data from other sources.
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Abstract
Background: Innovation in pharmacotherapy is a cornerstone of clinical practice. However, 

when new drugs are adopted in an erratic fashion, there is valid concern about uncertain 

risk-benefi t for patients and increased costs.   

Objective: To identify characteristics of general practitioners (GPs) associated with 

prescribing of new drugs that showed rapid market uptake.

Methods: Measurement of adoption of fi ve new drugs in a cohort of 103 GPs, working 

in 59 practices, over the period 19 9 9 untill 2 0 03. The main outcome measurement was 

starting on a new drug or another drug from the same therapeutic category within the fi rst 

six months after market introduction. Multilevel modelling was used for analyses.

Results: A positive industry orientation (OR=1.37; 95% CI 1.17-1.61) and positive attitude 

towards new drugs (OR=1.65; 95% CI 1.2 6 -2.15) were associated with rapid prescribing 

of new drugs. GPs working single-handed prescribed more new drugs (OR=2.55; 95% 

CI 1.70 -3.83) than those in group practices. GPs who participated in well-developed 

pharmacotherapy audit meetings with community pharmacists prescribed less new drugs 

(OR=0.67; 95% CI 0.53-0.84). 

Conclusions: Even for drugs that show rapid market penetration considerable variation 

exists in prescribing behaviour among GPs. Only a small proportion of GPs seems to be 

accountable for a disproportionate share of all early prescriptions for new drugs. New drug 

prescribing seems to be embedded in the GP’s attitudes towards new drugs and orientation 

towards the pharmaceutical industry and pharmacotherapeutic consultation of colleagues 

and pharmacists.
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Introduction
Yearly about 10 -15 new molecular entities with indications applicable to general practice 

receive marketing authorisation 1 . New drug prescribing has many clinical, economical 

and societal dimensions. Prescribing of newly marketed drugs is not uniformly distributed 

among physicians and some new drugs are prescribed more than medical need can account 

for 2 . The rapid prescribing of new drugs fuels the ongoing discussion about the trade-

off between the wish to treat patients more effectively and ensuring sustainable cost-

containment in health care 3,4 . Despite the positive contributions of new drugs, Lasser et al. 

showed that 10.2% of the new molecular entities approved between 1975-19 9 9 acquired 

a new black box warning or were withdrawn 5 . More recently, reported side effects of 

two rapidly adopted drugs again raised questions about early new drug prescribing and 

drug safety 6,7 .

As new drugs are aimed to be a cornerstone in pharmacotherapeutic innovation, it is important 

to acquire a better understanding of the causes of variation between physicians in adopting 

new drugs. Studies estimating the magnitude of new drug prescribing revealed that a minority 

of physicians was heavily inclined to prescribe new drugs during the early post-marketing 

period 8-10. In a British study, 10% of the GPs who prescribed most heavily accounted for 42% 

of total prescribing of new drugs during the fi rst six months after introduction 8. These fi ndings 

were iterated in a Canadian study that noted an eight to 17-fold difference in prescribing 

rates of new drugs 10. These studies used only basic physician characteristics, such as age 

and gender, to profi le early adopters and had little qualitative examination of whether the 

physician’s attitude towards new drugs, the infl uences of peers, and guidelines contributed 

to variation. Qualitative studies, using semi-structured interviews, pinpointed differences in 

belief of physicians that may explain part of the variability in new drug prescribing 11. High 

and low prescribers of new drugs clearly displayed differences in, among other things, their 

attitude towards new drugs, risk management, and conformation to group norms 12-14.

To understand the variability in prescribing of new drugs during the early post-marketing 

period and to tailor interventions to ensure appropriate prescribing of these new drugs 

accordingly, studies are needed that combine relevant characteristics of prescribers with 

accurate prescribing data. Such studies are currently lacking and this study attempts to 

fi ll this void. Accordingly, the purpose of the present study is to examine the association 

between heavy prescribing of newly marketed drugs in the fi rst six months after market 

introduction and various GP-related attitudes and characteristics on industry relations, 

practice setting and demographics. 

New drugs in general practice
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Methods
Study setting

In this study, we used drug dispensing data from patients of 103 GPs who participated in 

the second Dutch national survey of general practice (DNSGP-2), conducted by NIVEL 

(Netherlands Institute for Health Services Research) in 2 0 01 15,16 . The 103 GPs worked 

in 59 non-dispensing practices in all 12 provinces of The Netherlands. Dispensing data were 

collected by the network of SFK (Foundation for Pharmaceutical Statistics) and covered the 

period 19 9 9 untill 2 0 03 17 . Because virtually all patients in The Netherlands designate 

a single pharmacy to fi ll prescriptions from GPs or medical specialists, dispensing data 

provide a complete account of actual drug exposure in time 18 .

In this setting, fi ve new drugs were selected as study cases, namely the combination of 

the long-acting bronchodilator and inhalation corticosteroid (ICS) salmeterol/fl uticasone, 

the cyclo-oxygenase-2 inhibitor rofecoxib, the proton pump inhibitor esomeprazole, the 

long-acting anticholinergic bronchodilator tiotropium, and the lipid lowering HMG-

CoA reductase inhibitor rosuvastatin. Table 1 shows relevant characteristics of these case 

study drugs. All fi ve drugs showed rapid market introduction and were listed within one 

year after market introduction in the top 10 drugs that were associated with the fastest 

growing expenditures in The Netherlands 17 . As reference drugs for the selected case study 

drugs we used all long-acting beta-2 antagonists and ICS for the combination salmeterol/

fl uticasone, all ipratropium bromide containing products for tiotropium, all nonsteroidal 

anti-infl ammatory drugs (NSAIDs) (excl. low-dose aspirin) for rofecoxib, all proton pump 

inhibitors for esomeprazole and all HMG-CoA reductase inhibitors for rosuvastatin.

Detailed data on GPs and practices were collected by using the questionnaire of the 

DNSGP-2 that included, among other features, several questions related to prescribing of 

newly marketed drugs. Factor analyses with a varimax rotation procedure and a critical 

component loading>0.4 was used to identify underlying factors. Appendix 1 shows the 

questions used in the factor analyses and the component loadings after rotation. Five 

factors were identifi ed, namely ‘attitude towards new drugs’ and ‘guideline-, peer-, and 

patient and industry orientation’. Per item, a sum score ranging from 1 to 5 was calculated 

and used in further analyses. Other variables included were hours of continuing medical 

education (CME) per year, practice type (single-handed versus group), proportion of female 

patients, type of insurance, age including 65-79 years old, 8 0 years and older, and degree 

of urbanisation of the practice location. Information on collaboration between the GPs and 

community pharmacists were collected through a questionnaire sent to a network of 123 

community pharmacies working together with the 103 GPs. 
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In The Netherlands, GPs and community pharmacists participate in regional 

pharmacotherapy audit meetings (PTAMs) to discuss and make decisions to improve the 

quality of pharmacotherapy. PTAMs can be stratifi ed into four quality levels 19 . PTAMs 

functioning on level 1 or 2 only meet informally and no decisions are made. Level 3 groups 

have structured meetings that result in decisions about which drugs are prescribed, but these 

decisions are not evaluated. Level 4 is the highest level and the impact of the therapeutic 

decisions on actual prescribing behaviour are monitored and evaluated.

Table 1: Characteristics of the fi ve newly marketed drugs included in the study.
 Market

New drug (Brand name) introduction Main indication * Reference group

Salmeterol/fl uticasone (Seretide/Advair®) 19 9 9, May Asthma/COPD ¶ Long acting ß
2

-agonist and ICS §

Rofecoxib (Vioxx®) 2 0 0 0, Apr Rheumatoid arthritis NSAIDs # excl. low-dose aspirin

Esomeprazole (Nexium®) 2 0 0 0, Nov Gastro-oesophageal  Proton pump inhibitors

  refl ux disease 

Tiotropium (Spiriva®) 2 0 02 , Jun COPD ¶  Ipratropium bromide 

containing products

Rosuvastatin (Crestor®) 2 0 03, Mar Hypercholesterolemia HMG-CoA ¥ reductase inhibitors

* Main indication at registration derived from Dutch Medicine Evaluation Board (www.cbg-meb.nl).
¶ COPD=Chronic Obstructive Pulmonary Disease.
§ ICS=Inhalation CorticoSteroid.
# NSAIDs=NonSteroidal Anti-Infl ammatory Drugs.
¥ HMG-CoA =3-Hydroxy-3-MethylGlutaryl Co-enzyme A.

Study design

With the introduction of a new drug, GPs can either treat a patient with the tried and proven 

existing drugs (if available) or the newly introduced drug. For this study, we included all 

patients receiving a new or a existing reference drug during the fi rst six months after the 

market introduction. The primary outcome measure was starting on a new or a reference 

drug. Both new starters and switchers were included in the analysis. The date of the patient’s 

fi rst prescription for either the new or a reference drug was termed the index date. Starting 

was defi ned as receiving a prescription for a new or reference drug and no prescription for 

the same drug the six months before the index date. Patients who had less than six months 

of follow-up were excluded.
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Data analysis

To identify GP characteristics that are associated with heavy new drug prescribing, we 

used a logistic multi-level model with two levels, namely patients nested within GPs using 

MLwiN 2 0 . For feasibility reasons we left out the practice as a level; a three level model 

turned out too diffi cult to converge. However, we added the variable whether or not a 

GP worked in single-handed practice. Using a multilevel model enabled us to correct for 

differences between patients and clustering of patients within GPs that might affect the GP’s 

decision to prescribe new drugs 21 . Instead of running separate analyses for the fi ve different 

new drugs and reference drug classes, we included dummies to represent the groups. In this 

way, we took into account that new drug prescribing in one group might be related to that 

in other groups. The groups were modelled as fi xed effects to estimate the mean rate of new 

drug prescribing for each group, taking clustering into account. They were also modelled 

as random effects to estimate the variance and co-variance at GP-level. This allowed us to 

estimate the correlation at GP-level between new drug prescribing in the different groups. 

The patient’s age, gender, and chronic disease score 22 were used to correct for any patient 

infl uences. The upper panel of Table 3 shows the coeffi cients for the drug classes and the 

patient characteristics that were include in all subsequent analyses. Odds ratios (ORs) 

with 95% confi dence intervals were estimated for all GP characteristics one by one, corrected 

for all patient characteristics. Due to the relatively small sample size of our study population 

at the GP-level, we were unable to perform a multivariate multilevel analysis to correct for 

all GP characteristics simultaneously. 

Results
In total, 1,012 patients were identifi ed as starters on one of the 5 study case drugs and 15,567 

patients started on one of the reference drugs. Of those patients starting on a new drug, 459 

(4 .6%) started with rofecoxib, 2 63 (2 6.7%) with tiotropium, 9 9 (5.4%) with esomeprazole, 

123 (18.7%) with rosuvastatin, and 68 (2.3%) on the combination of salmeterol/fl uticasone. 

Women received a new drug more frequently compared to men (OR=1.31; 95% CI 

1.15-1.48). A positive trend was noted for patients with a higher age (OR=1.02; 95% 

CI 1.02-1.02) and multiple co-morbidities (OR=1.0 6; 95 CI 1.04-1.0 9) (Table 4).

The proportion of GPs prescribing new drugs during the fi rst six months after market 

introduction ranged from 30.0% for esomeprazole to 66.3% for tiotropium. Rofecoxib was 

prescribed by 64 .7%, rosuvastatin by 36.2%, and the combination salmeterol/fl uticasone 

by 42.5% of the GPs. Figure 1 shows the rapid adoption of the fi ve new drugs by GPs. 

Most striking was the presence of a minority of GPs who were heavily inclined to prescribe 

new drugs. The percentage GPs giving 50% of the early prescriptions ranged from 2 6.9% 

for the combination salmeterol/fl uticasone to only 10.9% for rofecoxib. For tiotropium, 
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50% of the early prescriptions were prescribed by 18.5%, for rosuvastatin 23.5% and for 

esomeprazole 25.9% of the GPs (Table 2). However, GPs who were heavy prescribers of 

one drug were not by defi nition heavy prescribers of the other four drugs. The correlations 

between prescribing of the new drugs are presented in Table 3. The intraclass correlation 

(ICC) after correction for patient characteristics ranged from 32.4% for the combination 

salmeterol/fl uticasone to 45.5% for rosuvastatin. The ICC for rofecoxib was 36.9%, for the 

tiotropium 35.3%, and for esomeprazole 42.3%.

Figure 1: Adoption curve of fi ve newly marketed drugs.
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In Table 4, we present logistic multilevel modelling results on heavy new drug prescribing and 

the various characteristics of the GPs. A positive attitude towards new drugs was positively 

associated with prescribing of new drugs (OR=1.65; 95% CI 1.2 6 -2.15). A similar fi nding 

was found for industry orientation. GPs who are more industry orientated were more 

likely to prescribe the new drugs (OR=1.37; 95% CI 1.17-1.61) compared to those more 

reluctant in their industry relations. GPs who are heavily involved in pharmacotherapy audit 

meetings with community pharmacists were much less willing to act as heavy prescribers of 

new drugs (OR=0.67; 95% CI 0.53-0.84). Moreover, GPs practising single-handed and 

in urbanised areas seem to be heavy new drug prescribers (OR=2.55; 95% CI 1.70 -3.83), 

(OR=1.35; 95% CI 1.13-1.62), respectively.

Table 3:  Correlation at GP-level between prescribing of the 5 new drugs by GPs during the fi rst six 

months after market introduction, corrected for patient age, gender, and CDS.
 Rofecoxib

Rofecoxib 1.0 0 Salmeterol/Fluticasone

Salmeterol/

Fluticasone 0.31 1.0 0 Tiotropium

Tiotropium 0.44 0.11 1.0 0 Rosuvastatin 

Rosuvastatin 0.37 -0.12 0.40 1.0 0 Esomeprazole

Esomeprazole 0.42 0.0 7 0.32 0.65 1.0 0

Chapter 3 .1

Table 2: GP prescribing patterns of fi ve newly marketed drugs.
 % giving 25% of  % giving 50% of

New drug (Brand name) early prescriptions early prescriptions

Salmeterol/fl uticasone (Seretide/Advair®) 8.8 2 6.9

Rofecoxib (Vioxx®) 5.5 10.9

Esomeprazole (Nexium®) 6.2 18.5

Tiotropium (Spiriva®) 7.4 25.9

Rosuvastatin (Crestor®) 5.9 23.5



61

Table 4:  Multilevel logistic regression analysis of prescribing fi ve new drugs, compared to reference drugs, 

in the fi rst six months after market introduction.
Panel 1: Basic model including fi ve drug classes and patient characteristics.

New drugs  Coeffi cients (95% CI) 

 Esomeprazole 1.5% (1.0%-2 .5%) 

 Rofecoxib 1.9% (1.3%-2 .6%) 

 Rosuvastatin 6.3% (4 .0%-10.0%) 

 Salmeterol/fl uticasone 1.6% (1.1%-2 .4%) 

 Tiotropium 17.0% (12 .0%-24 .0%) 

Patient characteristics N (%) OR (95% CI)

Gender  

 Female  9,7 0 6 (58.5%) 1.31 (1.15-1.48)

Age (mean; SD) 50.2 (2 0.2) 1.02 (1.02-1.02)

Chronic disease score (mean; SD) 2 .32 (2 .7) 1.06 (1.04-1.09)

Panel 2: basic model plus GP characteristics, introduced one at a time.

GP characteristics N (%) OR (95% CI)

Gender  

 Female  24 (23.5%) 1.12 (0.65-1.94)

Age (mean; SD) 46.6 (6.3) 0.9 8 (0.94-1.02)

Attitudes and orientation  

 Industry orientation (mean; SD) 2 .12 (1.41) 1.37 (1.17-1.61)

 Attitude towards new drugs (mean; SD) 2 .25 (1.02) 1.65 (1.26-2.15)

 Peer orientation (mean; SD) 3.0 0 (1.33) 1.01 (0.82-1.24)

 Patient orientation (mean; SD) 2 .50 (1.12) 1.01 (0.68-1.49)

 Guideline orientation (mean; SD) 3.63 (1.27) 0.87 (0.63-1.19)

Hours of CME per year (mean; SD) 47.0 (2 0.3) 1.0 0 (0.9 8-1.02)

Quality level PTAMs (mean; SD) 2 .2 (1.53) 0.67 (0.53-0.84)

Single-handed practice  

 Yes  39 (38.2%) 2.55 (1.70-3.83)

Proportion female (mean; SD) 50.3% (1.3%) 1.14 (0.9 9 -1.32)

Proportion publicly insured (mean; SD) 64 .9% (9.7%) 0.9 8 (0.9 6 -1.0 0)

Proportion patients 65-79 years old (mean; SD) 9.6% (3.1%) 1.03 (0.9 6 -1.10)

Proportion patients 8 0 years and older (mean; SD) 2 .9% (1.6%) 1.0 7 (0.94-1.21)

Urbanisation (mean; SD) 3.02 (1.23) 1.35 (1.13-1.62)

New drugs in general practice



62

Discussion
The objective of this study was to elucidate the associations between heavy new drug prescribing 

and specifi c GP characteristics. This study shows that new drug prescribing is embedded in the 

GP’s general attitude towards new drugs and his/her orientation towards the pharmaceutical 

industry. Furthermore, several contextual factors, such as degree of urbanisation, type of practice, 

and professional collaboration with community pharmacists, are relevant in understanding the 

dynamics of prescribing of new drugs in general medical practice.

The main strength of this study is that it combines multilevel (i.e. individual patient and GP) 

data on new drug prescribing in a vast sample of 103 highly characterized GPs. This enabled 

us to quantify new drug prescribing by GPs while taking into account possible clustering 

of patients in GPs. Previous studies on new drug prescribing ignored clustering of patients 

within GPs or limited the study to only GPs working single-handed 10,23 . Associations 

between characteristics of GPs and new drug prescribing found in these studies may be biased 

due to differences between patients in and between GP practices. Furthermore, previous 

studies identifi ed a minority of physicians heavily inclined in new drug prescribing during 

the early post-marketing period, but these studies were limited with respect to GP data 8,10 . 

Data on basic GP, and practice characteristics have been studied in relation to early new drug 

prescribing before. However, for profi ling early adopters data on the GP’s attitudes towards 

new drugs and their orientation towards guidelines, industry, patients and peers are key to 

elucidate important factors infl uencing new drug uptake.

As shown by the high ICCs and the low correlations between prescribing of the different new 

drugs, new drug prescribing is strongly dependent on the new drug in question and varies 

strongly between GPs. The estimated proportion of patients receiving a new drug differed 

from the found proportion due to this clustering of new drug prescribing in GPs. Dybdahl et 

al. also found that early adoption is probably not a trait of GPs 23 .

We found that GPs with a positive attitude towards new drugs and with a positive industry 

orientation were more inclined in prescribing of new drugs. This draws attention to GPs’ 

attitudes towards different aspects related to prescribing of new drugs. Explaining the 

variability in prescribing of new drugs with a few basic GP and practice characteristics is 

limited. Prior research has shown that prescribing of new drugs is not a simple dichotomy or 

the outcome of a biomedical evaluation, but rather a combination of GP characteristics and a 

matter of degree of attitude or infl uence 11,14 . Consistent with prior research, we found that 

GPs who are industry orientated prescribe more new drugs 11,24 .

The association between practising single-handed and heavy prescribing of new drugs is an 

interesting fi nding. Literature reports inconsistency in the association between prescribing of 
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new drugs and type of practice. Some studies reported that group practices adopt faster due to 

a greater exposure to evaluative information engendered by their close intra-group colleague 

contact 25,2 6 , while others found no association 23 . This discrepancy may be explained by 

differences in social norms within practices. De Jong et al. noted that GPs working in a 

partnership show more resemblance in attitudes and behaviour than GPs working in different 

partnerships 27. This may lead to commonalities in social norms of which some are favouring 

while others limit prescribing of new drugs. 

A novel fi nding is that structural collaboration with community pharmacists to improve 

pharmacotherapy is associated with lower prescribing rates of new drugs by GPs. Compared 

to GPs participating in informal PTAMs, those that participate in PTAMs that make decisions 

about which drugs are prescribed prescribe new drugs less often. For health authorities that 

strive to reduce drug expenses, stimulating GPs and pharmacists to organise structured 

counselling groups to improve pharmacotherapy may be a way to achieve their goal.

The effect of type of practice and collaboration with community pharmacists points out the 

importance of peer pressure perceived by GPs on their prescribing behaviour. Although self-

reported peer orientation was not associated with new drug prescribing, GPs practising in 

group practices and those working closely with community pharmacists prescribed less new 

drugs. Prior research showed that the decision to prescribe new drugs is heavily infl uenced 

by ‘who says what’. GPs mention, among others, colleague GPs as a legitimating role in the 

adoption process 24 .

We found no association between the GP’s gender, after adjusting for patient’s infl uence, 

and prescribing of new drugs. Previous studies found a positive association between male 

gender and early new drug prescribing 8,10 , but these studies did not correct for any infl uences 

of patients. Inman and Pearce explained the lower prescribing by female GPs as a result of 

working more part-time, but their results were based on numerator counts of prescriptions and 

could therefore be biased by differences in practice characteristics 8 . Although we found no 

association between the GP’s gender and new drug prescribing, studies using semi-structured 

interviews have identifi ed differences between high and low prescribers of new drugs in their 

perception of risks and strategies adopted for risk management 11,13 , 24,28,29 . Female GPs may 

manage the risks associated with prescribing new drugs by a ‘wait and see’ policy, while male 

GPs are more risk-taking.

The fi ndings of this study need to be interpreted in light of its limitations. Although 

computerised drug-dispensing records of community pharmacies provide virtually complete 

dispensing histories in The Netherlands, no information was available on the indication of 

the prescriptions that may infl uence the likelihood to prescribe. To cope with that issue we 

New drugs in general practice



64

applied the approach of using drugs form the same therapeutic category as reference drugs. 

Furthermore, our fi ndings are based on prescribing of fi ve new drugs and this should be taken 

in to account when generalising the results to all new drugs. Finally, the GP’s characteristics 

were obtained from the questionnaire of the DNSGP-2, which was conducted in 20 01. 

The new drugs were on the other hand introduced between May 19 9 9 and March 20 03. 

Therefore, there may have been changes in GP or practice characteristics between the 

DNSGP-2 and the moment the new drug was introduced. However, we presumed the GPs 

attitudes, orientation and practice characteristics may be constant over a couple of years.

Conclusions
Even for drugs that show rapid market penetration considerable variation exists in the 

prescribing behaviour of GPs. A small number of GPs seem to be accountable for a striking 

disproportionate share of all early prescriptions for new drugs, as found in earlier studies 

as well. New drug prescribing is strongly infl uenced by the GP’s attitude towards new 

drugs and orientation towards the pharmaceutical industry. Furthermore, peer pressure of 

colleagues and community pharmacists seems to result in less prescribing of new drugs. By 

a better understanding of this interplay between various prescribing and GP factors, we aim 

to improve sustained adoption of new drugs in general practice. Recent history has shown 

amply that erratic and marketing driven prescribing of new drugs may result in putting patient 

at unnecessary risk.
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Factor 1 
¶ Factor 2 Factor 3 Factor 4 Factor 5

 -0.584

 0.525

 0.631

  0.584 

  0.49 8

  0.466

  0.595 

   0.453

   0.42 6

   -0.575

   -0.416

   0.587

    -0.521 

    -0.682 

    -0.66 9 

    -0.516 

     -0.532

     0.655

     0.70 6

Appendix 1:  Questions for the questionnaire of the second Dutch national survey of general practice 

included in the factor analysis and rotated factor loadings.
Item content

When a new drug is introduced, I want to know everything about it.

 (5 point scale: fully agree - fully disagree)

I am very conservative when it comes to prescribing newly marketed

 drugs. (5 point scale: fully agree - fully disagree)

Before I write a prescription for new drugs, I fi rst consult other GPS.

 (5 point scale: fully agree - fully disagree)

How often do you use guidelines of the Dutch college of GPs   

 during a consult? (5 point scale: several times per day - never)

How often do you use the formulary present in your practice? 

 (5 point scale: several times per day - never)

How often do you use the pharmacotherapeutic compass when  

 making a decision to prescribe? (5 point scale: daily - never)

How often do you use the guidelines of the Dutch college of GPs  

 when making decision to prescribe? (5 point scale: daily - never)

Consulting of colleague GP(s). (5 point scale: completely my style  

 - completely not my style)

Consulting of hospital specialist(s). (5 point scale: completely my  

 style - completely not my style)

Do you consult colleague GP(s) when you want to prescribe newly  

 marketed drugs? (no - yes)

Do you consult community pharmacists when you want to   

 prescribe newly marketed drugs? (no - yes)

Do you consult hospital specialists when you want to prescribe  

 newly marketed drugs? (no - yes)

It is normal when patients look up to their GP. (5 point scale: fully  

 agree - fully disagree) 

More and more patient visits the surgery with complaints or 

  problems that are hard to take serious. (5 point scale: fully agree 

- fully disagree)

Giving a clarifi cation is useless for some patients, because they will  

 not understand it. (5 point scale: fully agree - fully disagree)

A successful treatment depends more on the patient’s confi dence in

  the GP than in an extensive explanation. (5 point scale: fully agree 

- fully disagree)

How often do you use information from the industry when making  

 a decision to prescribe? (5 point scale: daily - never)

Do you use information from the pharmaceutical industry when  

 you want to prescribe newly marketed drugs? (no - yes)

Do you receive visits from pharmaceutical representatives? (no - yes)

 Only rotated component loading>0.4 are shown.

 Cronbach’s α for scales based on factor 1=0.50, 2=0.64 , 3=0.56, 4=0.54 , 5=0.65 .

¶  Factor 1: Attitude towards new drugs; Factor 2: Guideline orientation; Factor 3: Peer orientation; Factor 4: Patient 

orientation; Factor 5: Industry orientation.
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Abstract
Background: Medical specialists are often seen as the fi rst prescribers of new drugs. 

However, the extent to which specialists infl uence prescribing of new drugs in primary care 

is largely unknown.

Objective: To estimate the infl uence of medical specialists on prescribing of new drugs in 

primary care shortly after market introduction.

Methods: The infl uence of specialists on prescribing of fi ve new drugs was analysed in a 

retrospective cohort study comprised of all patients listed at 103 GPs over the period 19 9 9 

untill 2 0 03. Their infl uence on new drug prescribing was compared to their infl uence 

on prescribing of existing drugs from the same therapeutic drug class (reference groups). 

Firstly, the proportion of patients receiving their fi rst prescription for a new or reference drug 

from a specialist. Secondly, the proportion of GPs prescribing new drugs before waiting for 

prescriptions from specialists. Thirdly, we compared the time to the GP’s fi rst own prescribing 

between GPs who waited for prescriptions from specialists and those who did not. 

Results: The infl uence of specialists showed considerable differences among the new drugs. 

The proportion of patients receiving their fi rst prescription from a specialist was greatest 

for the combination salmeterol/fl uticasone (6 0.2%), and lowest for rofecoxib (23.0%). The 

proportion of GPs prescribing new drugs before waiting for prescriptions from medical 

specialists ranged from 21.1% in the case of esomeprazole to 32.9% for rofecoxib. Prescribing 

new drugs by specialists did not shorten the GP’s own time to prescribing.

Conclusions: This study shows that the infl uence of medical specialists is clearly visible for 

all new drugs and often greater than for the existing older drugs, but the rapid uptake of 

new drugs in primary care does not seem specialist induced in all cases. GPs are responsible 

for a substantial amount of all early prescriptions for new drugs and for a subpopulation 

specialist endorsement is not a requisite to initiate in new drug prescribing. This contradicts 

with the idea that the diffusion of newly marketed drugs always follows a two-step model, 

with medical specialists as the innovators and GPs as the followers.
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Introduction
Prescribing of newly marketed drugs is not uniformly distributed among physicians. A 

minority of physicians is responsible for the majority of all early prescriptions for new drugs 

shortly after market introduction 1-3 . The interface between primary and specialist care is 

an important factor in the mixture of drugs prescribed by general practitioners (GPs) 4 . In 

healthcare systems, like in the UK and The Netherlands, where GPs function as gatekeepers 

for accessing specialist care, referral of patients and repeat prescribing of specialist initiated 

prescriptions are important mechanisms through which specialists infl uence the GP‘s 

prescribing behaviour 5,6 .

Two studies noted that GP prescribing behaviour to be a derivative of specialist prescribing by 

showing that 6 0 -66% of all drugs prescribed by GPs was initiated by medical specialists7,8 . 

However, these studies did not differentiate between new and old drugs. Tamblyn et al. 

found no indication that repeat prescribing of specialist prescriptions infl uenced the GP’s 

prescribing of new drugs 3 . In addition, Robertson et al. noted that prescriptions for more 

recently introduced drugs were not more likely to have been specialist initiated than older 

drugs 9 . So, despite the acknowledged impact that specialists have on the prescribing of 

existing drugs by GPs, little data are available when it comes newly marketed drugs. 

Better understanding of the interplay between primary and specialist care, and thereby the 

mechanisms by which new drugs diffuse into medical practice, contribute to the discussion 

on ensuring patient safety and a sustainable cost-containment in health care 10,11 . Therefore, 

the aim of this study was to estimate the infl uence of medical specialists on prescribing of 

new drugs by GPs shortly after market introduction. We were interested in three questions. 

Firstly, are newly marketed drugs in primary care mainly prescribed by medical specialists 

during the early post-marketing period? Secondly, how many GPs start prescribing new 

drugs before any medical specialists do so? Thirdly, does specialist prescribing shorten the 

GP’s time to adoption? 
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Methods
Study setting

In this study we used dispensing data from patients of 103 GPs who participated in 

the second Dutch national survey of general care (DNSGP-2), conducted by NIVEL 

(Netherlands Institute for Health Services Research) in 2 0 01
 12,13 . The 103 GPs worked 

in 59 non-dispensing practices in all 12 provinces of The Netherlands. Dispensing data 

were collected by the network of the Foundation for Pharmaceutical Statistics (SFK) and 

covered the period 19 9 9 untill 2 0 03 14 . Because virtually all patients in The Netherlands 

designate a single pharmacy to fi ll prescriptions from both GPs and medical specialists, 

dispensing data provide an almost complete account of drug exposure in time 15 .

Study design

For this study, we selected fi ve new drugs as study cases, namely the combination of a long-

acting bronchodilator and inhalation corticosteroid (ICS) salmeterol/fl uticasone, the cyclo-

oxygenase-2 inhibitor rofecoxib, the proton pump inhibitor esomeprazole, the long-acting 

anticholinergic bronchodilator tiotropium, and the lipid lowering HMG-CoA reductase 

inhibitor rosuvastatin. Table 1 shows some relevant characteristics of these study case drugs. 

With the introduction of a new drug, physicians can either treat a patient with the tried 

and proven existing drug (if available) or the newly introduced drug. As reference drugs 

for the selected study case drugs we used all long-acting beta-2 antagonists and ICS for 

the combination salmeterol/fl uticasone, all ipratropium bromide containing products for 

tiotropium, all nonsteroidal anti-infl ammatory drugs (NSAIDs) (excl. low-dose aspirin) 

for rofecoxib, all proton pump inhibitors for esomeprazole and all HMG-CoA reductase 

inhibitors for rosuvastatin. All fi ve new drugs showed rapid market introduction and were 

listed within one year after market introduction in the top 10 drugs associated with the 

fastest growing expenditures in The Netherlands 14 . All drugs were fully reimbursed by all 

health insurance companies and could be prescribed without limitation by both GPs and 

medical specialists.

For this study, we included patients starting on a new or a reference drug during the fi rst 

six months after market introduction. We included both new starters and switchers. The 

date of the patient’s fi rst prescription for either the new or reference drug was termed 

the index date. Starting was defi ned as receiving a prescription for a new or reference 

drug and no prescription for that same drug during the six months before the index date. 

Patients in whom dispensing follow-up of less than six months was present were excluded. 

Market introduction was defi ned as the date of the fi rst prescription for the new drug in 

the database.
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Main outcome measurements

We recorded the type of physician (GP or medical specialist) using the patient’s prescription 

for a new or reference drug on the index date. To answer the fi rst research question, we 

calculated for each new drug the proportion of patients receiving their fi rst prescription for 

a new drug from a medical specialist out of the total number of patients receiving the drug 

from both GPs and medical specialists. The same proportion was calculated for the reference 

groups to calculate a relative rate. To answer the second research question of how many GPs 

start prescribing new drugs before waiting for any prescriptions of medical specialists, we 

calculated the proportion of GPs that started prescribing the new drug before any of their 

patients received the drug from a medical specialist. To answer the third research question 

we calculated for each GP the time between market introduction and the date on which the 

GP prescribed the new drug for the fi rst time to a patient who never used the drug before. 

We compared the time to prescribing between GPs that initiate therapy before one of their 

patients received the drug from a medical specialist and GPs that waited for specialists to 

prescribe fi rst before prescribing themselves.

Table 1: Characteristics of the fi ve newly marketed drugs included in the study.
 Market

New drug (Brand name) introduction Main indication * Reference group

Salmeterol/fl uticasone (Seretide/Advair®) 19 9 9, May Asthma/COPD ¶ Long acting ß
2

-agonist and ICS §

Rofecoxib (Vioxx®) 2 0 0 0, Apr Rheumatoid arthritis NSAIDs # excl. low-dose aspirin

Esomeprazole (Nexium®) 2 0 0 0, Nov Gastro-oesophageal  Proton pump inhibitors

  refl ux disease 

Tiotropium (Spiriva®) 2 0 02 , Jun COPD ¶  Ipratropium bromide 

containing products

Rosuvastatin (Crestor®) 2 0 03, Mar Hypercholesterolemia HMG-CoA ¥ reductase inhibitors

* Main indication at registration derived from Dutch Medicine Evaluation Board (www.cbg-meb.nl).
¶ COPD=Chronic Obstructive Pulmonary Disease.
§ ICS=Inhalation CorticoSteroid.
# NSAIDs=NonSteroidal Anti-Infl ammatory Drugs.
¥ HMG-CoA =3-Hydroxy-3-MethylGlutaryl Co-enzyme A.
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Results
In total 1,687 patients received one of the fi ve new drugs during the fi rst six months after 

market introduction. Most patients received rofecoxib (N=59 6), followed by tiotropium 

(N=556), rosuvastatin (N=212), the combination salmeterol/fl uticasone (N=171) and 

esomeprazole (N=152). The average age was 61.7 years (SD=15.3 years) and 57.2% was 

female. Overall, 16,797 patients received a drug from the reference groups (mean age 51.9 

years (SD=18.7); 58.8% female). Complete dispensing data were available for 8 0 GPs for 

the combination salmeterol/fl uticasone. The number of included GPs for rofecoxib was 85, 9 0 

for esomeprazole, 9 8 for tiotropium, and 94 for rosuvastatin.

During the fi rst six months following market launch, three drugs were more frequently 

prescribed by GPs than by medical specialists. Most patients starting on rofecoxib, 

esomeprazole, or rosuvastatin, received their fi rst prescription from their own GP. The 

proportion of patients receiving their fi rst prescription from a GP was 77.0% for rofecoxib, 65.1% 

for esomeprazole, and 58.0% for rosuvastatin. On the other hand, tiotropium and salmeterol/

fl uticasone were more frequently initiated by medical specialists. Of the patients starting on 

tiotropium, 52.7% received their fi rst prescription from a specialist. The proportion was 

6 0.2% for salmeterol/fl uticasone. Table 2 shows for each new drug the number of patients 

receiving a new or reference drug and the corresponding probability of receiving a new 

drug from a specialist compared to a reference drug. Except for rosuvastatin, receiving a 

new drug from a specialist was more likely than receiving a reference drug from a GP. The 

relative rate was greatest for tiotropium (RR=3.64; 95% CI 3.03-4 .36) and salmeterol/

fl uticasone (RR=3.56; 95% CI 3.03-4 .17). For rosuvastatin, no difference was observed 

(RR=1.0 6 ; 95% CI 0.89 -1.27).

The proportion of GPs with at least one patient in their practice that received a new drug 

during the fi rst six months after market introduction ranged from 53.3% for esomeprazole 

to 94 .9% for tiotropium (Table 3). Not all GPs started prescribing the new drugs themselves. 

The proportion of GPs starting therapy ranged from 30.0% for esomeprazole to 66.3% 

for tiotropium. A substantial proportion of GPs that started prescribing new drugs before 

any of their own patients received a prescription from a specialist. The proportion of GPs 

prescribing new drugs before a specialist prescription ranged from 21.1% for esomeprazole 

to 32.9% for rofecoxib.
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Table 2:  New drug prescribing on a patient level. Number of patients receiving their fi rst prescription for 

a new or a reference drug from a medical specialist or GP six months after market introduction.
 New drug Reference drug Relative Rate

 N (%) N (%) (95% CI)

Salmeterol/fl uticasone   

 Medical specialist 103 (6 0.2%) 302 (16.9%) 3.56 (3.03-4.17)

 GP 68 (39.8%) 1,481 (83.1%) REF.

Rofecoxib   

 Medical specialist 137 (23.0%) 1,445 (13.0%) 1.77 (1.51-2.06)

 GP 459 (77.0%) 9,656 (87.0%) REF.

Esomeprazole   

 Medical specialist 53 (34 .9%) 424 (19.6%) 1.78 (1.41-2.25)

 GP 9 9 (65.1%) 1,741 (8 0.4%) REF.

Tiotropium   

 Medical specialist 2 93 (52 .7%) 123 (14 .5%) 3.64 (3.03-4.36)

 GP 2 63 (47.3%) 72 6 (85.5%) REF.

Rosuvastatin   

 Medical specialist 89 (42 .0%) 355 (39.5%) 1.0 6 (0.89-1.27)

 GP 123 (58.0%) 544 (6 0.5%) REF.

Overall   

 Medical specialist 675 (40.0%) 2 ,649 (15.8%) 2.53 (2.37-2.71)

 GP 1,012 (6 0.0%) 14 ,148 (84 .2%) REF.

The time between market introduction and actual prescribing of the different new drugs 

showed considerable variation among GPs (Table 4). For all new drugs, the average time to 

prescribing was shorter (not signifi cantly) for GPs that started prescribing before one of their 

patients received a prescription from a specialist compared to GPs waiting for a prescription 

from a medical specialist.
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Table 3:  New drug prescribing on a GP level. Number of GPs with at least one patient in their practice 

receiving a new drug, GPs initiating therapy with a new drug, and GPs initiating new drug 

therapy without waiting for a specialist prescription.
    GPs initiating therapy

  GPs with at least one GPs initiating without waiting

  Total number  patient in their practice therapy with for a specialist

  of GPs receiving new drug new drugs prescription

Salmeterol/fl uticasone 8 0 59  (73.8%) 34  (42 .5%) 23  (28.8%)

Rofecoxib 85 68  (8 0.0%) 55  (64 .7%) 28  (32 .9%)

Esomeprazole 9 0 48  (53.3%) 27  (30.0%) 19  (21.1%)

Tiotropium 9 8 93  (94 .9%) 65  (6 6.3%) 2 6  (2 6.5%)

Rosuvastatin 94 61  (64 .9%) 34  (36.2%) 23  (24 .5%)

Table 4:  The infl uence of medical specialist prescribing on the mean number of days (SD) to the GP’s 

fi rst prescription for a new drug in the fi rst six months after market introduction.
 GPs starting therapy before  GPs starting therapy after

 repeating a specialist prescription repeating a specialist prescription 

 N (%) Mean days (SD) N (%) Mean days (SD) p-value

Salmeterol/fl uticasone 23 (67.6%) 88.6  (36.3) 11 (32 .4%) 10 9.0  (41.3) 0.6 9

Rofecoxib 28 (50.9%) 71.7  (56.1) 27 (49.1%) 87.8  (42 .5) 0.56

Esomeprazole 19 (7 0.4%) 53.8  (43.8) 8 (2 9.6%) 87.3  (48.9) 0.56

Tiotropium 2 6 (40.0%) 45.0  (46.5) 39 (6 0.0%) 88.0  (52 .7) 0.6 0

Rosuvastatin 23 (67.6%) 43.1  (40.1) 11 (32 .4%) 10 8.8  (48.1) 0.34

Discussion
The primary objective of this study was to estimate the infl uence of medical specialists on 

new drug prescribing in primary care shortly after market introduction. This study shows 

that the infl uence of medical specialists is clearly visible for all new drugs and often greater 

than for the existing older drugs, but the rapid uptake of new drugs in primary care does 

not seem specialist induced by defi nition and very much drug dependent. A substantial 

proportion of GPs that prescribe new drugs do so without awaiting specialist prescribing.

 

The main advantage of this study was the possibility to identify within individual GP practices 

patients that received a new drug from a specialist and those receiving a prescription from 

their own GP. This clear distinction enabled us to estimate the infl uence of medical specialists 

on new drug prescribing in primary care. In addition, we measured the specialists’ infl uence 

on new drug prescribing shortly after a new drug’s market introduction in comparison to 

their infl uence on the prescribing of drugs from the same therapeutic category already 

present on the market.

Chapter 3 . 2



75

Research on diffusion of innovations postulated a two-step model by which innovations 

are adopted by a population with innovators as the individuals who adopt fi rst, followed by 

others copying their behaviour 16,17 . Because GPs regard medical specialists as the opinion 

leaders in specifi c medical area, they often mention specialists as the early prescribers of new 

drugs 18,19 . It is therefore reasonable to assume that the diffusion of new drugs also follows 

this two-steps model with medical specialists as innovators and GPs as followers. However, 

our data show that this is not the case for all new drugs. Even in the early post-marketing 

period in which new drug prescribing by specialists should be predominant, GP prescribing 

outweighed specialist prescribing in three out of the fi ve new drugs. Moreover, we noted that 

specialist endorsement was not a requisite for a subpopulation of GPs. Especially rofecoxib, 

and to a lesser extent rosuvastatin and esomeprazole, were adopted by the majority of GPs 

and 32.9% adopted before ever having seen a prescription for rofecoxib from a medical 

specialist. Although the infl uence of specialists is clearly visible, GPs are innovators too.

The level of specialist prescribing differs per new drug. Especially for rosuvastatin, 

esomeprazole, and rofecoxib, GP were in most cases the fi rst prescribers. On the other 

hand, tiotropium and the combination salmeterol/fl uticasone were mostly initiated by 

specialists. This fi nding is in line with other studies 8 , 9 , 2 0,21 . Robertson et al. noted in a study 

among 88 Australian GPs that the proportion of specialist-initiated prescriptions ranged 

from 8% to 85% for different drug classes 9 . The smaller infl uence of medical specialists for 

rosuvastatin, esomeprazole, and rofecoxib may partly be explained by extensive marketing 

and the relative low perceived risk associated with prescribing of these drugs 22-24 . Extensive 

marketing campaigns may have resulted in less reluctance of GPs to adopt the new drugs 

fast. Moreover, rofecoxib, esomeprazole, and rosuvastatin are clear examples of new drugs 

showing rapid uptake in primary care that is not specialist induced.

We found that for four new drugs the probability of receiving a new drug from a medical 

specialist was signifi cantly higher than receiving a reference drug. Only for rosuvastatin, 

no difference was observed. The difference between drugs may partly be explained by 

differences between patients receiving new drugs and those receiving reference drugs. In 

general, medical specialists treat a different patient mix primarily composed of more severely 

ill patients that may be more likely to benefi t from new drugs 25,2 6 . In previous studies on 

new drug prescribing we have identifi ed channelling of new marketed drugs in high-risk 

patients and those with poor a response existing therapies 25,2 6 , 27 .

Based on the classical model of innovation, specialist prescribing could serve as a catalyst 

for GPs to try out the new drugs themselves. Rapid prescribing of newly marketed drugs 

by specialists could convince GPs through a learning-by-demonstration effect to adopt too. 

However, this was not confi rmed by our data because the time to fi rst prescription was not 
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shorter for GPs who awaited specialist prescribing compared those prescribing before any 

of their patients received the drug from a medical specialist. The absence of any differences 

may partly be explained by seemingly great willingness among GPs to prescribe these newly 

marketed drugs.

 

The fi ndings in this study need to be interpreted in light of its limitations. Firstly, the results 

are based on fi ve new drugs and this should be taken into account when generalising the 

results to all new drugs. Our dispensing data contained no information on the diagnosis that 

may have infl uenced the likelihood the patient may have referred to medicals. Furthermore, 

we used dispensing data as a proxy of physician prescribing. Patients do not fi ll all prescriptions 

they receive from their physician in a pharmacy. It is therefore possible that the dispensing 

data are conservative estimations of the real prescribing of physicians. However, we had no 

indication that the fi lling rate of patients was more selective for one of the fi ve new drugs 

or differed between GPs and specialists. Hospital pharmacies that dispense medication to 

patients visiting the hospital are still limited in The Netherlands. It is therefore unlikely that 

we missed prescriptions of specialists to the patients of the study GPs.

Conclusions
This study shows that the infl uence of medical specialists is clearly visible for all new drugs 

and often greater than for older drugs, but the rapid uptake of new drugs in primary care 

does not seem specialist induced in all cases. GPs are responsible for a substantial amount of 

all early prescriptions for new drugs and for a subpopulation of GPs specialist endorsement 

is not a requisite to initiate in new drug prescribing. This contradicts with the idea that the 

diffusion of newly marketed drugs always follows a two-step model, with medical specialists 

as the innovators and GPs as the followers.
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Abstract
Background: New drugs are cornerstones in clinical practice. However, when adopted in 

an imprudent fashion, there is valid concern about uncertain risk-benefi t for patients and 

increased health care expenditures. In several countries, general practitioners (GPs) and 

community pharmacists work closely together to ensure proper use of new drugs in daily 

medical practice.

Objective: To estimate the effect of pharmacotherapy audit meetings (PTAMs) between 

GPs and community pharmacists on prescribing of newly marketed drugs by GPs.

Methods: Case-control design nested in a cohort of 103 GPs working in 59 practices over 

the period 19 9 9 untill 2 0 03. The main outcome measures were the decisions to start therapy 

with a new drug or with an existing older drug from the same therapeutic category within 

the fi rst six months after market introduction. Multi-level modelling was used for analyses.

Results: Overall, in 6.1% of the decisions to start drug therapy, the choice for the latest drug 

on the market was made. The GPs attending low-quality PTAMs made 1,861 decisions to 

start therapy in which 112 (6.0%) times a new drug was preferred over an older alternative. 

GPs participating in high-quality PTAMs preferred a new drug in only 1.7% of the 2,0 92 

decisions made. Compared to GPs participating in PTAMs on the highest quality level 

(level 4), the GPs attending level 1 or level 2 PTAMs were more than twice as likely to 

start therapy with new drugs than with older drugs (OR=2.24; 95% CI 1.04-4 .81 resp. 

OR=2.31; 95% CI 1.30 -4 .0 9).

Conclusions: PTAMs may be an effective way to control early new drug prescribing 

in general practice. For PTAMs to be effective, it is vital that GPs and pharmacists set 

common goals on how to optimise pharmacotherapy. This concordance should be refl ected 

in PTAMs that result in concrete decisions with auditing of GP prescribing behaviour. 

Pharmacists should take up an active role in organising PTAMs to extent their infl uence on 

drug prescribing.
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Introduction
Innovation in pharmacotherapy is a cornerstone in clinical practice. However, prescribing 

of newly marketed drugs is not uniformly distributed among physicians and some new drugs 

are prescribed more than medical need can account for 1-3 . Erratic adoption of new drugs 

fuels the ongoing discussion about the trade-off between the wish to treat patients more 

effectively and ensuring sustainable cost-containment in health care 4-6 . With an ageing 

population and an increasing ability to treat many chronic diseases with medicines, general 

practitioners (GPs) report diffi culties to stay up-to-date with medical innovations 7-9 . To 

ensure optimal care given to patients, a teamwork approach is important in which different 

health professionals each with their own clinical expertise work together 10,11 .

In The Netherlands, community pharmacists and GPs practising in the same catchment 

area regularly organise pharmacotherapy audit meetings (PTAMs) to improve the quality 

of prescribing by making decisions about fi rst choice treatment 12,13 . Clinical assessment 

of newly marketed drugs is an important topic on the agenda of more than 70% of all 

PTAMs 13,14 . In 2 0 03, 794 PTAMs consisting on average of nine GPs and two pharmacists 

were active, meaning that nearly all Dutch GPs and community pharmacists participate in 

PTAMs 13,14 . The literature pertaining to the effects of PTAMs on GP prescribing behaviour 

is limited and neglected the effect on prescribing of new drugs 13,15 . Therefore, the purpose 

of the present study was to estimate the effect of PTAMs on prescribing of newly marketed 

drugs by GPs.

Methods
Study setting

This study used dispensing data from patients of 103 GPs who participated in the second 

Dutch national survey of general practice (DNSGP-2), conducted by NIVEL (Netherlands 

Institute for Health Services Research) in 2 0 01 16 . The 103 GPs worked in 59 non-

dispensing practices in all 12 provinces of The Netherlands. Dispensing data were collected 

by the network of SFK (Foundation for Pharmaceutical Statistics) and covered the years 

19 9 9 untill 2 0 03 17 . Because virtually all patients in The Netherlands designate a single 

pharmacy to fi ll prescriptions from GPs and medical specialists, dispensing data provide an 

almost complete account of drug exposure in time 18 .

Data on PTAMs were collected through a questionnaire sent in December 2 0 03 to 123 

community pharmacies that worked closely together with the 103 GPs. The pharmacist most 

actively involved in the PTAMs fi lled in the questionnaire. The questionnaire contained 

questions about the quality, composition, and content of the PTAMs. In The Netherlands, 

PTAMs are categorised into four levels based on the capability to make decisions 13 , namely 
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level 1: no structured meetings, level 2: frequent meetings without concrete decisions, 

level 3: frequent meetings with concrete decisions, and level 4: frequent meetings with 

concrete decisions and evaluation of these decisions. In case more than one pharmacist 

attended the same PTAMs and there was a difference in their assessment of the PTAMs’ 

quality, the lowest value was used in the analysis to make sure not to overestimate the 

effectiveness of the PTAMs.

Table 1: Characteristics of the fi ve newly marketed drugs included in the study.
 Market

New drug (Brand name) introduction Main indication * Reference group

Salmeterol/fl uticasone (Seretide/Advair®) 19 9 9, May Asthma/COPD ¶ Long acting ß
2

-agonist and ICS §

Rofecoxib (Vioxx®) 2 0 0 0, Apr Rheumatoid arthritis NSAIDs # excl. low-dose aspirin

Esomeprazole (Nexium®) 2 0 0 0, Nov Gastro-oesophageal  Proton pump inhibitors

  refl ux disease 

Tiotropium (Spiriva®) 2 0 02 , Jun COPD ¶  Ipratropium bromide 

containing products

Rosuvastatin (Crestor®) 2 0 03, Mar Hypercholesterolemia HMG-CoA ¥ reductase inhibitors

* Main indication at registration derived from Dutch Medicine Evaluation Board (www.cbg-meb.nl).
¶ COPD=Chronic Obstructive Pulmonary Disease.
§ ICS=Inhalation CorticoSteroid.
# NSAIDs=NonSteroidal Anti-Infl ammatory Drugs.
¥ HMG-CoA =3-Hydroxy-3-MethylGlutaryl Co-enzyme A.

In this setting, fi ve new drugs were selected as study cases, namely the combination of 

the long-acting bronchodilator and inhalation corticosteroid (ICS) salmeterol/fl uticasone, 

the cyclo-oxygenase-2 inhibitor rofecoxib, the proton pump inhibitor esomeprazole, the 

long-acting anticholinergic bronchodilator tiotropium, and the lipid lowering HMG-CoA 

reductase inhibitor rosuvastatin. Table 1 shows some relevant characteristics of these case 

study drugs. All fi ve new drugs showed rapid market uptake and were listed within one 

year after market introduction in the top 10 drugs associated with the fastest growing 

drug expenditures in The Netherlands 17 . As reference drugs for the selected case study 

drugs we used all long-acting beta-2 antagonists and ICS for the combination salmeterol/

fl uticasone, all ipratropium bromide containing products for tiotropium, all nonsteroidal 

anti-infl ammatory drugs (NSAIDs) (excl. low-dose aspirin) for rofecoxib, all proton pump 

inhibitors for esomeprazole and all HMG-CoA reductase inhibitors for rosuvastatin.
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Study design

With the introduction of a new drug, GPs can choose to either treat a patient with the 

tried and proven existing drug (if available) or the newly introduced drug. In this study, we 

included all patients receiving a new or an older reference drug during the fi rst six months 

after the market introduction. The primary outcome measure was the GP’s decision to 

start drug therapy in patients with a new or a reference drug. The date of the patient’s fi rst 

prescription for either a new or a reference drug was termed the index date. Starting was 

defi ned as receiving a prescription for a new or reference drug and no prescription for the 

same drug the six months before the index date. Patients in whom dispensing follow-up of 

less than six months was present were excluded. Both starters and switchers were included 

in the analysis.

Data analysis

To estimate the effect of PTAMs on new drug prescribing, we used a logistic multi-level 

model with two levels, namely patients nested within GPs. For practical reasons we left 

out the practice or the pharmacy where their patients usually go to as a level; a three level 

model turned out very diffi cult to converge. Characteristics of PTAMs were modelled 

as characteristics of GPs. Using a multi-level model enabled us to adjust for differences 

between patients and clustering of patients within GPs that might affect the GP’s decision 

to prescribe new drugs 19 . Instead of running separate analyses for the fi ve different new 

drug and reference drug classes, we included dummies to represent the groups. In this 

way, we took into account that new drug prescribing in one group might be related to that 

in other groups. The patient’s age, gender, and chronic disease score (CDS) 2 0 were used 

to correct for any patient infl uences. Odds ratios (ORs) with 95% confi dence intervals 

(CI) were estimated for all PTAM characteristics one by one and corrected for all patient 

characteristics. Due to the relatively small sample size of our study population at GP-level, 

we were unable to perform a multivariate multi-level analysis to correct for all characteristics 

simultaneously.

Results
For 86 (83.5%) of the 103 GPs both dispensing data and information on PTAMs was 

available. The mean age was 46.6 years (SD=6.3), 2 6.7% were female and 53.5% worked 

single-handed. The GPs for whom no information about PTAMs was available did not 

differ from the other GPs with respect to age and gender. The proportion of GPs prescribing 

new drugs during the fi rst six months after market introduction ranged from 31.6% for 

esomeprazole to 74 .0% for tiotropium. Rofecoxib was prescribed by 6 9.0%, rosuvastatin 

by 43.2%, and the combination salmeterol/fl uticasone by 43.3% of the GPs.
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In total, 849 patients were identifi ed as starters on one of the fi ve new drugs and 13,149 

patients as starters on one of the older reference drugs (Table 2). This means that in 6.1% of 

the choices to initiate new therapy, the choice for the latest drug on the market was made. 

The number of patients starting on a newly marketed drug was highest for tiotropium 

(2 9.5%) and lowest for the combination salmeterol/fl uticasone (2.2%).

As shown by Table 2 the preference for the latest drug on the market increased when GPs 

participated in low-quality PTAMs. Out of the 1,861 decisions to initiate new therapy, 

in 112 (6.0%) cases a new drug was chosen over an older alternative by the GPs attending 

low quality PTAMs. The decision to prescribe a newly marketed drug was made 

in 36 (1.7%) of the total of 2,0 92 times therapy was started by the GPs attending 

high-quality level 4 PTAMs.

Our fi ndings from Table 2 were confi rmed by our multi-level analysis. When adjusted for 

the patient’s age, gender, and CDS, the GPs attending level 1 PTAMs (OR=2.24; 95% 

CI 1.04-4 .81) or level 2 PTAMs (OR=2.31; 95% CI 1.30 -4 .0 9) were more than twice 

as likely to prescribe drugs in the early post-marketing period than GPs participating in 

PTAMs on the highest level (level 4).
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Table 2:  Number (%) of decisions to start therapy with a new drug out of the total number of decisions 

made by GPs per PTAM level.
PTAM Nr GPs Esomeprazole Rofecoxib Rosuvastatin

Level 4 25 (2 9.1%) 14/358 (3.9%) 36/2 ,0 92 (1.7%) 10/148 (6.8%)

Level 3 17 (19.8%) 19/336 (5.7%) 110/2 ,186 (5.0%) 35/134 (2 6.1%)

Level 2 35 (40.7%) 39/671 (5.8%) 161/3,222 (5.0%) 50/218 (22 .9%)

Level 1 9 (10.5%) 12/142 (8.5%) 46/1,12 9 (4 .1%) 14/67 (2 0.9%)

Total 86 (100%) 84 /1,507(5.6%) 353/8,629 (4.1%) 109/567 (19.2%)

    

 Salmeterol/

PTAM Fluticasone Tiotropium Overall 

Level 4 4/394 (1.0%) 44/146 (30.1%) 10 8/3,138 (3.4%) 

Level 3 7/617 (1.1%) 73/241 (30.3%) 244/3,514 (6.9%) 

Level 2 37/10 05 (3.7%) 9 8/368 (2 6.6%) 385/5,484 (7.0%) 

Level 1 6/433 (1.4%) 34/9 0 (37.8%) 112/1,861 (6.0%) 

Total 54/2,449 (2.2%) 249/845 (29.5%) 849/13,997 (6.1%) 

Level 4: Frequent meetings with concrete decisions and evaluation of these decisions (Highest quality).

Level 3: Frequent meetings with concrete decisions.

Level 2: Frequent meetings without concrete decisions.

Level 1: No structured meetings (Lowest quality).
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Table 3:  Multilevel regression analysis of new drug prescribing showing effect of PTAMs on GP 

prescribing of fi ve newly marketed drugs during fi rst six months after introduction.
Panel 1: Basic model including fi ve drug classes and patient characteristics.
New drugs Coeffi cients (95% CI) 

 Esomeprazole 1.5% (1.0%-2 .5%) 

 Rofecoxib 1.9% (1.3%-2 .6%) 

 Rosuvastatin 6.3% (4 .0%-10.0%) 

 Salmeterol/fl uticasone 1.6% (1.1%-2 .4%) 

 Tiotropium 17.0% (12 .0%-24 .0%) 

Patient characteristics N (%) OR (95% CI)

Gender  

 Female 9,7 0 6 (58.5%) 1.31 (1.15-1.48)
Age (mean; SD) 50.2 (2 0.2) 1.02 (1.02-1.02)
Chronic disease score (mean; SD) 2 .32 (2 .7) 1.06 (1.04-1.09)

Panel 2: basic model plus PTAM characteristics, introduced one at a time.
Quality level of PTAMs N (%) OR (95% CI)

 Level 4 25 (28.1%) REF.

 Level 3 17 (19.1%) 1.49 (0.77-2 .88)

 Level 2 35 (39.3%) 2.31 (1.30-4.09)
 Level 1 9 (10.1%) 2.24 (1.04-4.81)
  

Composition of PTAMs (Mean;SD)  

   Number of pharmacists  3.5 (2 .0) 1.0 6 (0.9 7-1.16)

   Number of pharmacies 2 .2 (1.0) 1.05 (0.9 8-1.12)

   Number of GPS 9.5 (3.1) 1.05 (1.01-1.09)
   Total participants 13.0 (5.3) 1.06 (1.02-1.10)
  

Other PTAM characteristics  

 Are newly marketed drugs discussed during PTAMs? 

  Yes 82 (92 .1%) 0.59 (0.12-2 .87)

 Are decisions about which new drugs should or

 should not be prescribed made during PTAMs? 

  Yes 27 (30.3%) 0.82 (0.50 -1.33)

 Are decisions about which drugs are fi rst 

 choice made during PTAMs? 

  Yes 68 (76.4%) 0.88 (0.50 -1.54)

 Are pharmaceutical representatives invited 

 to attend the PTAMs? 

  Yes 11 (12 .4%) 1.54 (0.81-2 .9 6)

 Are decisions about who receives pharmaceutical

 representatives made during PTAMs? 

  Yes 41 (46.1%) 0.36 (0.24-0.56)
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In addition, we noted that the effect of PTAMs became smaller as the number of GPs 

attending the PTAMs increased (OR=1.05; 95% CI 1.01-1.0 9). The same trend was observed 

for the total number of participants (OR=1.0 6; 95% CI 1.02-1.10). GPs participating in 

PTAMs that made decisions about who receives pharmaceutical representatives were less 

likely to prescribe new drugs (OR=0.36; 95% CI 0.24-0.56).

Discussion
The objective of this study was to study the effect of PTAMs on prescribing of new 

drugs by GPs during the fi rst six months following market introduction. Our study 

shows that rapid prescribing of new drugs by GPs is restricted when GPs and community 

pharmacists collaborate in high-quality PTAMs that make concrete decisions to optimise 

pharmacotherapy and evaluate GP’s prescribing behaviour.

The main strength of our study is that we analysed new drug prescribing by GPs in a 

multi-level structure of patients clustering in GPs while also taking into account the GPs 

professional interactions with community pharmacists. We noted that GPs participating 

in low-quality PTAMs, namely those that do not have frequent meetings and fail to make 

decisions to optimise pharmacotherapy, prescribe more new drugs than GPs participating in 

high-quality PTAMs. There may be several explanations for this fi nding. One explanation, 

of course, is a direct effect of PTAMs on the GP’s decision to prescribe new drug. Making 

decisions to optimise pharmacotherapy may result in restrainment of the number of drugs 

GPs can prescribe, especially when the GP’s prescribing behaviour is evaluated. Another 

explanation may be the participants’ attitudes towards new drugs. GPs that are willing to 

professionalize PTAMs to function on level 4 may have different attitudes about new drugs 

than those attending noncommittal PTAMs. Prosser and Walley noted that prescribing 

of new drugs dependents heavily on the GP’s subjective beliefs 21 . GPs with a negative 

attitude towards new drugs might also infl uence and support each other 22 . In addition, GPs 

participating in the same PTAMs show more resemblance in their prescribing behaviour 

than GPs participating in different PTAMs 13 . Therefore, further research is needed to 

elucidate whether the GP’s restraint in new drug prescribing is the result of decisions made 

during PTAMs. 

Some conditions need to be met before PTAMs may be effective in infl uencing the prescribing 

behaviour of GPs. A key prerequisite for PTAMs to reach decisions about optimising 

pharmacotherapy is a group of willing GPs and pharmacists. Firstly, we found that only 

the GPs that participated in PTAMs with suffi cient internal basis for making decisions 

prescribed less new drugs. Secondly, GPs participating in smaller PTAMs prescribed new 

drugs less frequently. As the number of participants per PTAM increases, the effectiveness 
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seems to decrease and GPs prescribe more new drugs. Veninga et al. identifi ed that the 

optimal number of participants for PTAMs is about 5 to 6 persons and that participants of 

smaller groups were shown to be more satisfi ed with the climate in the group 23 . 

Our data shows that PTAMs that made decisions about who receives visits from 

pharmaceutical representatives had a limiting effect on the prescribing of new drugs. 

Moreover, our results may indicate that inviting pharmaceutical representatives during 

PTAMs results in more new drugs being prescribed. Numerous studies have shown that 

receiving visits from pharmaceutical representatives is a strong predictor for adopting new 

drugs 24,25 . The wish to stay up-to-date with medical innovation is often mentioned by 

GPs as a important reason for seeing pharmaceutical representatives 7,21 . In our study, some 

GPs decided not to see pharmaceutical representatives themselves, but instead agreed that 

visits were only accepted by pharmacists. The information can be fi ltered and assessed on 

its scientifi c merits by pharmacists and subsequently discussed during PTAMs. This may 

offer a valuable opportunity for GPs to save time and still staying up-to-date while limiting 

commercial infl uences.

The results of our study need to be interpreted in light of its limitations. Our fi ndings are 

based on prescribing of fi ve new drugs, so generalising our results to all new drugs should be 

done with restraint. However, our study case drugs are clear examples of drugs with rapid 

market uptake and sharp increases in health care expenditures. The main limitation of our 

study is that due to our relatively limited sample size at GP-level, we were unable to estimate 

the effect of PTAMs in a multivariate model. Furthermore, characteristics of PTAMs 

were collected through a questionnaire fi lled in only by pharmacists of which the most 

conservative assessments were used in the analysis. Other studies have identifi ed differences 

between the GP’s and the pharmacist’s perception regarding the quality of PTAMs 13,2 6 . In 

general, GPs rate the quality of PTAMs higher than pharmacists do.

Conclusions
Professional collaboration between GPs and community pharmacists in PTAMs may be 

an effective way to control early prescribing of new drugs in general practice. For PTAMs 

to be effective, it is vital that GPs and pharmacists set common goals on how to optimise 

pharmacotherapy. This concordance should be refl ected in PTAMs with frequent meetings 

that result in concrete decisions with auditing of GP prescribing behaviour. Pharmacists 

should take up an active role in organising PTAMs to extent their infl uence on drug 

prescribing.

 

 

New drugs in general practice



87

Chapter 3.4

Which pharmacists contribute to high-level pharmacotherapy audit 
meetings with GPS?

Stefan R. Florentinus 1 , Rolf van Hulten 1 , Marjolein Kramer 1 , Liset van Dijk 2 , 

Eibert R. Heerdink 1 , Hubert G.M. Leufkens 1 , Peter P. Groenewegen 2,3

1 Utrecht University,

Division of Pharmacoepidemiology and Pharmacotherapy,

Utrecht Institute for Pharmaceutical Sciences (UIPS),

Utrecht, The Netherlands.

2 NIVEL (Netherlands Institute for Health Services Research),

Utrecht, The Netherlands.

3 Utrecht University,

Department of Sociology and Department of Human Geography,

Utrecht, The Netherlands.

 

Submitted

New drugs in general practice



88

Abstract
Background: Community pharmacists are challenged to become important professionals 

in the care provided to patients in general practice. In The Netherlands, community 

pharmacists collaborate with general practitioners (GPs) in pharmacotherapy audit meetings 

(PTAMs) to rationalise and optimise pharmacotherapy.

Objective: To fi nd characteristics of pharmacists associated with high-quality PTAMs.

Methods: Cross-sectional questionnaire design. The main outcome measure was the self-

reported quality level of PTAMs by pharmacists. Multinomial logistic regression analysis 

was used.

Results: Compared to pharmacists participating on lowest level, pharmacists participating 

on the highest level reported signifi cantly more to undertake initiatives (OR=2.9 8; 95% 

CI 1.0 7-8.2 6).

Conclusions: In light of existing evidence, the role of pharmacists in PTAMs seems 

to be important and pharmacists should expand their involvement by facilitating in the 

organisation of PTAMs. Pharmacists should create a distinct profi le of their expertise and 

they can professionalise PTAMs by undertaking more initiatives. PTAMs offer pharmacists 

a great opportunity to become integral members of the prescribing process.
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Introduction
Nowadays a growing interest exists to optimise patient care by applying a teamwork 

approach in which different professionals each with their own expertise work together 1-3 . 

Community pharmacists, for example, are challenged to become important players in the 

prescribing process or even prescribers of drugs themselves 2,4,5 . With the development of 

pharmaceutical care, the pharmacist’s attention has shifted from preparing medicines to 

more patient-orientated services 6 . Based on current literature it can be assumed that the 

pharmacist’s contribution to the quality of pharmacotherapy increases as co-operation with 

GPs improves 7-9 . In several countries, this process has led to closer collaborations between 

GPs and pharmacists 10,11 .

In The Netherlands, GPs and community pharmacists practising in the same catchment area 

regularly organise pharmacotherapy audit meetings (PTAMs) to optimise pharmacotherapy 12 . 

In 2 0 03, 794 PTAMs were active meaning that nearly all GPs and community pharmacists 

participated in PTAMs 13 . Studies pertaining to the effectiveness of PTAMs have charted 

inconclusive results. In a study by De Vries et al., 45% of the PTAMs had some effect 

on the GP’s prescribing behaviour, but these were often limited 14 . Muijrers et al. noted 

that, although GPs and pharmacists have fruitful collaborations, PTAMs had no measurable 

effect on the quality of prescribing of single-handed GPs. In Chapter 3.1 and 3.3, we noted 

that GPs participating in well-structured PTAMs that make decisions with actual feedback 

to optimise pharmacotherapy prescribed less new drugs in the early post-marketing period. 

Despite confl icting fi ndings on the effectiveness, these studies have also charted limited data 

on the profi le of pharmacists contributing to high-level PTAMs. Therefore, the purpose of 

the present study was to examine the associations between the quality level of PTAMs and 

characteristics of pharmacists. 

Methods
Study setting

This study was conducted in a network of 123 community pharmacies that participated in 

a larger study on new drug prescribing by GPs, conducted by UIPS (Utrecht Institute for 

Pharmaceutical Sciences) of Utrecht University. To participate in our study the pharmacies 

had to work closely together with one of the 104 GP practices that participated in the second 

Dutch national survey of general practice, conducted by NIVEL (Netherlands Institute 

for Health Services Research) in 2 0 01 15,16 . Data on PTAMs were collected through a 

questionnaire sent to all participating pharmacies in December 2 0 03. All non-responders 

received a reminder letter and a phone call two weeks after receiving the questionnaire.
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Variables and instruments

The questionnaire was drawn up based on the literature, discussions in the research team 

and existing questionnaires 17,16 . The fi nal questionnaire was based on the comments of 

experts and seven practising community pharmacists. The questionnaire consisted of four 

topics, namely:

(a)  Characteristics of the PTAMs. The pharmacist who was most actively involved in the 

PTAMs fi lled in this part of the questionnaire. The purpose was to measure the quality, 

composition, and content of the PTAMs and the pharmacy’s involvement.

(b)  The provision of pharmaceutical care activities 6 . The pharmacist responsible for co-

ordinating the pharmacy’s pharmaceutical care activities fi lled in this part. The purpose 

was to determine the quantity and content of the pharmacy’s care providing services.

(c)  Characteristics of the pharmacists. All pharmacists working in the pharmacy fi lled in this 

section. Several characteristics were assessed, including the pharmacist’s attitudes towards 

‘pharmacists as health professionals’, ‘pharmacists as entrepreneurs’, ‘pharmaceutical care’, 

and ‘newly marketed drugs’. Furthermore, we determined their use of drug information 

sources, general perceived self-effi cacy scale (GSE) 18 , and their initiatives in PTAMs. All 

attitudes were measured by using a 5-points Likert scale (Appendix 1).

(d)  Practice characteristics; Ownership of the pharmacy, presence of consulting room, and 

use of a chain formula.

Factor analysis with a varimax rotation procedure was used to verify whether the different 

questions related to the pharmacist’s attitude identifi ed a single construct. Cronbach’s alphas 

were calculated for the different constructs to assure suffi cient internal consistency in the 

questions. Questions related to one construct were used to calculate sum scores that were 

used in the analysis (Appendix 1).

 

Data analysis

To fi nd characteristics of pharmacists associated with the quality level of PTAMs, we used 

a multinomial logistic regression model. The primary outcome variable was the quality 

level of the PTAMs as perceived and reported by pharmacists in the questionnaire. In 

The Netherlands, PTAMs are categorised into four levels based on the capability to make 

decisions 17, namely level 1 (lowest level): no structured meetings, level 2: frequent meetings 

without concrete decisions, level 3: frequent meetings with concrete decisions, and level 4 

(highest level): frequent meetings with concrete decisions and evaluation of these decisions. 

When more than one pharmacist attended the same PTAMs and differed in their assessment, 

each pharmacist was considered to participate on the lowest reported level as reported by 

one of the pharmacists. This assured that the effect of the PTAMs was not overestimated. 

Odds ratios (ORs) with 95% confi dence intervals (95% CI) were estimated for the different 

pharmacist characteristics per PTAM levels with the lowest level (level 1) as the reference 

level. 
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Results
In total, 10 9 (88.6%) pharmacists completed the questionnaire. Five pharmacists worked in 

a pharmacy that did not participate in PTAMs with one of the 104 GP practices. Furthermore, 

one pharmacist was excluded due to missing data, leaving a total of 103 pharmacists to be 

included in the analysis. The 103 pharmacists participated in 62 different PTAMs. Table 1 

shows for the PTAMs the quality-level, composition, and content related to prescribing 

of new drugs. On average, the PTAMs consisted of 3.9 (SD=2.2) pharmacists, working 

in 2.6 (SD=1.4) pharmacies, and 10 (SD=3.7) GPs. The majority of the PTAMs (74 .2%) 

made decisions about which drugs were fi rst choice treatment. Only 3 (4 .8%) PTAMs 

never discussed newly marketed drugs. Although the majority did discuss newly marketed 

drugs, 42 (67.7%) did not make any decisions about which new drugs should or should not 

be prescribed. Pharmaceutical representatives were invited to attend nine (14 .5%) PTAMs 

and eight (12.9%) PTAMs decided that only the pharmacist, and not the GPs, received visits 

of pharmaceutical representatives.

Of the pharmacists assigned to be the pharmacy’s representative at PTAMs, 54 (52.4%) were 

male, 76 (73.8%) managing pharmacist and 42 (40.8%) the pharmacy’s owner. The mean 

years practising in community pharmacy was 12.0 (SD=8.1) years. In total, 17 pharmacists 

participated in level 1 PTAMs, 57 in level 2 PTAMs, 21 in level 3 PTAMs, and 8 in PTAMs 

on the highest level (Table 2).

 

The multinomial logistic regression analysis identifi ed a trend for the reported initiatives 

in PTAMs. Pharmacists who reported to undertake more initiatives in PTAMs were more 

likely to participate on a higher PTAM level. Compared to pharmacists participating on 

lowest level, those participating on the highest level reported to undertake initiatives  more 

frequently (OR=2.9 8; 95% CI 1.0 7-8.2 6).
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Table 1:  Quality level and content of the 62 PTAMs attended by the 103 pharmacists .

Quality level of PTAMs. N (%)

 Level 1 7 (11.3%)

 Level 2 33 (53.2%)

 Level 3 14 (22 .6%)

 Level 4 8 (12 .9%)

Are decisions made about which drugs are fi rst choice during PTAMs? 

 No 16 (25.8%)

 Yes, oral decisions 16 (25.8%)

 Yes, written decisions without feedback 18 (2 9.0%)

 Yes, written decisions with feedback 12 (19.4%)

Are drugs prescribed following a (regional) formulary? 

 No 46 (74 .2%)

 Yes 16 (25.8%)

Are newly marketed drugs discussed during PTAMs? 

 No 3 (4 .8%)

 Yes, sometimes 2 9 (46.8%)

 Yes, always 30 (48.4%)

Are decisions made about which new drugs should or should not be prescribed? 

 No 42 (67.7%)

 Yes, oral decisions 12 (19.4%)

 Yes, written decisions without feedback 5 (8.1%)

 Yes, written decisions with feedback 3 (4 .8%)

Are prescribing data of GPS discussed during PTAMs? 

 No 10 (16.1%)

 Yes, sometimes 45 (72 .6%)

 Yes, always 7 (11.3%)

Are pharmaceutical representatives invited to attend PTAMs? 

 No 53 (85.5%)

 Yes, sometimes 8 (12 .9%)

 Yes, always 1 (1.6%)

Are decisions made during PTAMs who sees pharmaceutical representatives? 

 No 47 (75.8%)

 Yes, both pharmacists and GPS 7 (11.3%)

 Yes, only pharmacists 8 (12 .9%)
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Discussion
The aim of this study was to fi nd characteristics of pharmacists that were associated with 

the quality level of PTAMs. Although studies have been conducted at the GP-pharmacist 

interface, none focussed on the characteristics of pharmacists in relation to the quality of 

PTAMs. In this sense, our study may be a valuable contribution to research focussing on the 

effect of pharmacists on the prescribing behaviour of GPs.

The key prerequisite for PTAMs to reach decisions to optimise pharmacotherapy is a group 

of willing GPs and pharmacists. Studies have identifi ed perceived interprofessional barriers 

between pharmacists and GPs 2,3,19 . Muijrers et al. showed that the majority of GPs wants 

pharmacists to have an advisory role rather than a codetermining role 19 . Two aspects make 

it diffi cult for pharmacists to have extensive infl uence on the likelihood that decisions 

are being made during PTAMs. Firstly, to function on at least level 3 decisions have to 

be made and for this consensus between participants is needed. This may be diffi cult to 

achieve for an individual pharmacist in a PTAM that is attended by GPs and a few other 

pharmacists. Secondly, pharmacists are eventually not the ones that prescribe medicines and 

therefore do not have to conform to the decisions made during PTAMs. Making decisions 

means in almost all cases a restriction in the GPs freedom of prescribing and assigns a 

controlling function to pharmacists. This is something that not all GPs are willing to do 19 . 

The discrepancy is also refl ected in the fi ndings of other studies identifying differences in 

the perceptions of pharmacists and GPs regarding the quality-level of the PTAMs 11,17,19 . In 

general, pharmacists express a greater wish for a more binding character of agreed policies 

and guidelines than GPs 11,17 .

Although the pharmacist’s infl uence seems at fi rst limited, we did fi nd the pharmacist’s 

self-reported initiatives regarding PTAMs to be associated with the quality-level of the 

PTAMs. Pharmacists that regularly undertake initiatives and fulfi l an important role in the 

organisation of PTAMs are also the pharmacists who participate in high-quality PTAMs. 

This gives a clear sign for pharmacists who are willing to professionalise the PTAMs they 

attend. Van Dijk et al. noted that the quality of PTAMs was strongly infl uenced by the 

organisation and the ethos of the meetings 17 . An open ethos, making and auditing concrete 

decisions, an optimal balance between the length and frequency of the meetings, and 

assigning a chairperson, were among other things important determinants of the quality 

level reached. Given the studies showing synergy when GPs and pharmacists work together, 

pharmacists should focus on two things, namely on positioning themselves more as experts 

on pharmacotherapy and on expanding their involvement in PTAMs by facilitating in the 

organisation of PTAMs.
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Interestingly, the typical profi le of an active care-providing pharmacist (active counselling 

at fi rst- and second-dispensing, private consultation room, and actively inviting patients 

to audit their medication) does not seem to be the profi le of a pharmacist involved in 

high-quality PTAMs. However, Storimans et al. showed that pharmacies working 

in close relationships with other healthcare providers provided more care to diabetes 

patients 20. This might imply that pharmacies involved in high-quality PTAMs are indeed 

more care-providing pharmacists, but their extra services are limited to the areas on which 

agreements have been made during PTAMs. Even high-quality PTAMs discuss only a 

limited number of topics each year 21 . New developments in community pharmacy, such as 

forward integration of wholesales buying retail pharmacies and the development of chain 

formulas, fuelled the discussion about the care-providing efforts of pharmacists. However, 

our results do not show that pharmacists working in pharmacies owned by wholesalers or 

in pharmacies consolidated in chain formulas participated in a lower or higher quality of 

PTAMs. 

The results of this study need to be interpreted in light of its limitations. Although 88.6% 

of the pharmacists completed the questionnaire, the results are based on data as reported 

by only pharmacists. The most important limitation of our study was the relative limited 

number of pharmacists per PTAM level, especially on level 1 and 4 . However, a logistic 

regression analysis with the number of quality levels reduced to two, namely with level 1 

and 2 as ‘low-quality’ PTAMs and level 3 and 4 as ‘high-quality’ PTAMs, yielded identical 

results.

Conclusions
In light of existing evidence, the role of pharmacists in PTAMs seems to be important 

and pharmacists should expand their involvement by facilitating in the organisation of 

PTAMs. However, given the differences in opinion between GPs and pharmacists about 

the role of pharmacists and the fact that pharmacists are outnumbered during PTAMs, 

pharmacists should create a distinct profi le of their expertise and they can professionalise 

PTAMs by undertaking more initiatives. PTAMs offer pharmacists a great opportunity to 

become integral members of the prescribing process, but further research is recommended 

to determine which pharmacist related factors are critical for fruitful PTAMs.
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 Factor % Fully % Partly % % Partly % Fully

 loading disagree disagree Neutral agree agree

 

 0.82 1.1 1.1 5.0 32.8 60.0

 0.82 0.6 1.1 12.8 40.0 45.6

 0.67 1.7 1.1 9.4 27.8 60.0

 0.73 1.1 7.8 13.4 40.2 37.4

     

     

 0.80 29.1 35.8 22.3 11.7 1.1

 0.80 21.9 27.5 24.7 23.6 2.2

 0.72 41.7 32.8 12.8 11.1 1.7

     

     

 0.66 4.5 19.6 30.2 38.5 7.3

 0.81 16.2 46.4 27.9 8.9 0.8

 0.82 2.2 12.8 20.0 49.4 15.6

      

     

 0.82 7.3 9.6 23.2 29.4 30.5

 0.92 17.5 13.6 27.7 23.2 18.1

 0.93 24.9 16.4 30.5 17.5 10.7

 0.95 21.5 15.3 27.7 20.9 14.7

Appendix 1: Results of the reliability analysis and the survey used to calculate sum scores. ¶

Attitude to pharmacists as healthcare 

provider (α=0.75)

The pharmacist primarily focuses on 

 the patient’s wellbeing.

The pharmacist is primarily guided in 

 his management by what is essential from 

 a healthcare point of view.

The pharmacist is in the fi rst place a link

 in the health care system.

The pharmacist should always devote his  

 entrepreneurship to the healthcare.

Attitude towards pharmacists as 

entrepreneurs (α=0.66)

Pharmacists should take up a purely  

 businesslike position.

A good pharmacist is primarily an   

 enterprising pharmacist.

A pharmacy is comparable to other  

 commercial organisations operating based  

 on a profi t motif.

Attitude towards new drugs (α=0.64)

Older drugs are in general equally effective  

 as new drugs.

Prescribing of new drugs should occur with  

 restraint.

New drugs are often me-too’s.

Initiatives regarding PTAMs (α=0.93)

I regularly undertake initiatives within the  

 PTAMs.

Without me the PTAMs will function on a  

 lower level.

I am the driving force behind the PTAMs.

Without me less will be undertaken within  

 the PTAMs.

¶  Fully agree=5 points; Partly agree=4 points; Neutral=3 points; Partly disagree=2 points; Fully disagree=1 point
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Abstract
Background: New drugs are usually registered for a limited number ofi ndications. However, 

the clinical applications may be different than scientifi c evidence can account for.

Objective: To determine the extent of off-label prescribing of rofecoxib and to fi nd 

characteristics of GPs associated with this off-label prescribing.

Methods: Case-control design. The main outcome measure was receiving the fi rst rofecoxib 

prescription for an on-label diagnosis (osteoarthritis and rheumatoid arthritis) or for an off-

label indication (all other diagnoses).

Results: 82.6% (1,654) of the patients received rofecoxib for an off-label indication. No GP 

characteristics were associated with the extent of off-label prescribing. Patient characteristics 

that were signifi cantly associated with a lower probability of receiving rofecoxib off-label 

were older age (OR
adj

=0.95; 95% CI 0.94-0.9 6), female gender (OR
adj

=0.70; 95% 

CI 0.50 -0.97), private insurance (OR
adj

=0.71; 95% CI 0.52-0.95), and a history of prior 

NSAID use (OR
adj

=0.66; 95% CI 0.51-0.93). Patients who rated their health status as ‘bad’ 

were, compared those who rated their health as ‘good’, more likely to receive rofecoxib off-

label (OR
adj

=3.41; 95% CI 1.75-6.65). 

Conclusions: Although approved for only limited indications in 19 9 9, GPs determined 

a wider clinical application for rofecoxib. Off-label prescribing of rofecoxib was extensive 

but not restricted to a sub-population of GPs with distinct characteristics. Therefore, when 

prescribing a newly marketed drug, especially for an off-label indication, GPs must be aware 

of the risks this may entail.
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Introduction
Safety, effectiveness, and quality of new drugs are of great importance to ensure public 

health. To safeguard this, new drugs are subjected to licensing procedures by drug regulatory 

agencies. These organisations evaluate the scientifi c evidence for new products handed over 

by the manufacturer and can subsequently authorise market approval for specifi c indications. 

However, the offi cial indication of the drug may not always be the reason for prescribing in 

individual cases. Moreover, because the risk-benefi t ratio is unclear for off-label indications, 

patients may be exposed to potential danger. This is especially true for newly marketed drug 

since clinical evidence of long-term effectiveness and safety is still limited.

In September 2 0 04, rofecoxib, a cyclo-oxygenase-2 (COX-2) selective inhibitor, was 

withdrawn from the market due to an excess risk of myocardial infarctions and strokes 1 . 

Rofecoxib was introduced in 19 9 9 and had an annual sale of $2.5 billion 2 . This recent 

market withdrawal, reaffi rmed the fact that prescribing newly marketed drugs, irrespective 

of its volume of use, comes with uncertainties for physicians and risks for patients 3 . In 

the past, several studies have shown high percentages of off-label prescribing for various 

drugs 4-6 . Off-label prescribing is often associated with use in patient groups for which 

little or no pre-registration studies have been done, like for example in neonatal and 

paediatric care settings 7 . The situation is different when drugs are prescribed to adults for 

whom other drugs are available, such as for rofecoxib. Especially with new drugs, off-label 

prescriptions may have a non-clinical explanation. We, therefore, hypothesise that although 

drug regulatory agencies authorise new drugs only for limited indications, other parties, 

especially physicians, will determine the real application for the new drug. This actual 

application may be for other indications than for which evidence is available.

We studied off-label prescribing by using rofecoxib as an example. Rofecoxib was registered 

in The Netherlands for the symptomatic treatment of arthritis in November 19 9 9. It 

became available for reimbursement by all health insurance companies in April 2 0 0 0. 

Meanwhile the manufacturer promoted rofecoxib by stressing its gastroprotective qualities 

and signifi cant pain reduction, and had to compete with a vast number of nonsteroidal 

anti-infl ammatory drugs (NSAIDs). While rofecoxib was registered in The Netherlands for 

only the indications mentioned above, internationally it was registered and prescribed for 

a much wider array of indications, notably primary dysmenorrhoea and the management 

of acute pain in adults 8 . Furthermore, during this period results from clinical studies were 

published in which rofecoxib was tested for postoperative dental pain 9 , and rheumatoid 

arthritis 10 . In the light of this evidence, the Dutch Medicines Evaluation Board granted 

a label extension for the treatment of rheumatoid arthritis in adults (December 2 0 01) 

followed by the approval for the treatment of acute pain and primary dysmenorrhoea 

( January 2 0 02). This initially made rofecoxib a drug that had to gain GPs’ acceptance, 
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while competing with a vast number of existing NSAIDs that are heavily prescribed in 

general practice. Because of its narrow initial indications and the wide range of applications 

of its market competitors, off-label use of rofecoxib was likely to occur as physicians 

extended rofecoxib’s therapeutic applications to those used for the NSAIDs. We assessed 

the GP adherence to the indications of rofecoxib, as approved by the regulatory agency, 

and whether off-label prescribing was limited to a sub-population of GPs with distinct 

characteristics. Furthermore, we evaluated how GPs positioned rofecoxib by comparing the 

indications of rofecoxib with the indications used for the three most prescribed NSAIDs in 

The Netherlands, namely ibuprofen, diclofenac, and naproxen. 

Methods
The analysis used data derived from the second Dutch national survey of general practice 

(DNSGP-2) conducted by NIVEL (Netherlands Institute of Health Services Research) 

in 2 0 01 11,12 . This survey provided background data on a patient, GP and practice level, 

including 2,143,558 prescriptions prescribed to 2 62,817 patients in 101 GP practices. The 

prescriptions contained diagnoses coded according to the International Classifi cation for 

Primary Care (ICPC) 13 . The patient population is representative for the Dutch population 

concerning age, gender, and insurance. The sample of GPs is representative for all Dutch 

GPs regarding age, gender, region of residence, degree of urbanisation, and patient 

population. GPs fi lled out a questionnaire resulting, among other things, in data on usage 

of information sources about pharmacotherapy, visits from pharmaceutical representatives, 

hours of continuing medical education (CME), and participation in pharmacotherapy audit 

meeting with community pharmacists.

We used a case-control design to study the association between patient- and GP characteristics 

and off-label prescribing. Cases were fi rst-time users of rofecoxib with an off-label indication; 

controls were fi rst-time rofecoxib users with an on-label indication. A prescription for 

rofecoxib was defi ned as on-label when prescribed for osteoarthritis (ICPC L84, L89, L9 0, 

and L91), after December 4, 2 0 01 rheumatoid arthritis (ICPC L88) was also an on-label 

indication. All other indications were regarded as off-label. Starters were defi ned as patients 

with a prescription for rofecoxib and who did not receive the drug in the previous six 

months.

The data were analysed using a logistic multilevel regression model with a random intercept, 

because of the hierarchical nature of the data. The model consisted of two levels with patients 

as the lower level and GPs as the higher level. A binary outcome variable was calculated 

using the indication of the patient’s fi rst prescription for rofecoxib. There were no data 
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available for the period after the label extensions for acute pain and primary dysmenorrhoea. 

The analyses were performed using MLwiN v1.1 14,15 . 

Results
A total of 145 GPs working in 9 9 practices prescribed rofecoxib 5,8 0 6 times to 2,770 

patients during 2 0 01. After excluding 768 (27,7%) patients, because no diagnoses were 

available for their prescriptions, 2,0 02 patients were included in the analyses. There were 

no statistically signifi cant differences between included and excluded patient concerning 

age, gender, and type of insurance. The 2,0 02 patients were treated by 125 GPs who 

worked in 9 0 practices. There were no statistical signifi cant differences between included 

and excluded GPs concerning age, gender, and type of practice.

Overall, 82.6% (1,654) of the patients’ fi rst prescription contained an off-label indication. 

The majority of the fi rst time users were treated for musculoskeletal related complaints 

(85.2% (N=1,70 6)), followed by ‘general and unspecifi ed’ (3.2% (N=65)), ‘neurological’ 

(2.6 (N=53)) and ‘digestive’ (1.5% (N=31)). The indications low back symptoms without 

radiation (ICPC L03), shoulder syndrome (ICPC L92), and osteoarthritis of the knee (ICPC 

L90) were the listed the most. The top 15 indications, listed in Table 1, contains all fi ve 

on-label indications, but these contribute for only 21.8% of all prescriptions. As much as 

65.3% of all fi rst-time rofecoxib users are diagnosed with an indication from the top 15 

indications. For fi rst-time users of ibuprofen, diclofenac, and naproxen this proportion was 

lower; 48,8% of the patients received a drug for one of the 15 indications. Only 2.8% of the 

patients starting on one of the three NSAIDs received it for the treatment of osteoarthritis 

or rheumatoid arthritis. Therefore, although rofecoxib was extensively prescribed off-label 

it did not spread out over as many indications as the other three NSAIDs.

Of 12 0 (9 6.0%) GPs all background data were available. 79.2% (9 9) was male and the 

average age was 47.8 years (SD=6.1). Table 2 shows the results of the multivariate logistic 

multilevel analysis. After adjusting for patient characteristics, no GP characteristics were 

associated with the extent of off-label prescribing. However, the intra-class correlation 

was 0.16 meaning that there was clustering of off-label prescribing among GPs. GPs that 

prescribed off-label to one patient also prescribed rofecoxib more often off-label to other 

patients.
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Table 1:  The 15 indications made most in fi rst-time rofecoxib users and the number of patients starting 

on ibuprofen, naproxen, and diclofenac treated for the same indications.
  First time users of

  ibuprofen, naproxen

 First time users of  and/or diclofenac

 rofecoxib (N=2,002)  (N=29,655)

Indication (ICPC-coded) N (%) N (%)

L03 Low back symptoms/complaints without radiation 16 0 (8.0%) 3,9 0 6 (13.2%)

L92 Shoulder syndrome 142 (7.1%) 1,671 (5.6%)

L90 Osteoarthritis of knee 125 (6.2%)  226 (0.8%)

L88 Rheumatoid arthritis and allied conditions 103 (5.1%)  288 (1.0%)

L91 Other osteoarthritis and allied conditions 95 (4.7%)  130 (0.4%)

L2 0 Joint symptom/complaint NOS 89 (4 .4%)  310 (1.0%)

L0 8 Shoulder symptoms/complaints 88 (4 .4%)  1,432 (4 .8%)

L9 9 Other disease musculoskeletal 77 (3.8%)  1,2 02 (4 .1%)

L02 Back symptoms/complaints 76 (3.8%)  1,7 0 0 (5.7%)

L89 Osteoarthritis of hip 69 (3.4%)  114 (0.4%)

L15 Knee symptoms/complaints 65 (3.2%)  89 6 (3.0%)

L86 Back pain with radiating symptoms 6 0 (3.0%)  1,148 (3.9%)

L13 Hip symptoms/complaints 58 (2 .9%)  422 (1.4%)

L18 Muscle pain 51 (2 .5%)  9 88 (3.3%)

L84 Osteoarthritis of spine 49 (2.4%)  53 (0.2%)

Total 1,30 7 (65.3%)  14 ,48 0 (48.8%)

 Bold: licensed indication for rofecoxib.

As for patients, those that were older were less likely to receive rofecoxib off-label 

compared to younger patients (OR
adj

=0.95; 95% CI 0.94-0.9 6). Women were less likely 

to receive rofecoxib off-label than men were (OR
adj

=0.70; 95% CI 0.50 -0.97). Compared 

to publicly insured patients, those privately insured were less likely to receive rofecoxib 

off-label (OR
adj

=0.71; 95% CI 0.52-0.95). Furthermore, patients with a history of NSAID 

use were less likely to receive rofecoxib off-label compared to patients with no NSAID 

history (OR
adj

=0.6 9; 95% CI 0.51-0.93). Patients who rated their health as bad were 

compared to patients rating their health as good more likely to receive rofecoxib off-label 

(OR
adj

=3.41; 95% CI 1.75-6.65).
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Table 2:  Associations between patient or GP and off-label prescribing of rofecoxib.
  N(%) Adjusted OR (95% CI)
Patient characteristics N=2,002 
Gender  
 Male 549 (27.4%) REF.
 Female 1,453 (72 .6%) 0.70 (0.50-0.97)
Age (mean;SD) 62 .2 (16.3) 0.95 (0.94-0.96)
Insurance   
 Public 1,467 (73.3%) REF.
 Private 532 (2 6.6%) 0.71 (0.52-0.95)
Medication history  
 No prior use of PPIs ¶ 1,7 04 (85.1%) REF.
 Prior use of PPIs 2 9 8 (14 .9%) 1.45 (0.9 6 -2 .2 0)
 No prior use of NSAIDs 1,433 (71.6%) REF.
 Prior use of NSAIDs 56 9 (28.4%) 0.69 (0.51-0.93)
Education  
 None or primary school 594 (2 9.7%) REF.
 High school 82 0 (41.0%) 0.93 (0.6 9 -1.2 6)
 University 159 (7.9%) 0.7 0 (0.40 -1.24)
Self reported health  
 Good 753 (37.6%) REF.
 Average 645 (32 .2%) 1.24 (0.93-1.67)
 Bad 159 (7.9) 3.41 (1.75-6.65)

GP characteristics N=125 
Gender  
 Male 9 9 (79.2%) REF.
 Female 2 6 (2 0.8%) 1.6 6 (0.85-3.24)
Age (Mean;SD) 47.8 years (6.1) 1.01 (0.9 8-1.04)
Use of guidelines  
 Monthly 83 (6 6.4%) REF.
 Weekly or daily 39 (31.2%) 1.39 (0.86 -2 .2 6)
PTAMs/year  (Mean;SD) 8.7 (8.4) 1.03 (0.9 8-1.0 8)
Hours of CME/year  (Mean;SD) 51.0 (13.7) 1.05 (0.95-1.16)
Oral information sources  
 None 18 (14 .4%) REF.
 1 30 (24 .0%) 1.44 (0.74-2 .81)
 2 35 (28.0%) 1.81 (0.9 0 -3.63)
 3 37 (2 9.6%) 0.9 8 (0.52-1.85)
Number of visits by drug reps per month  (Mean;SD) 3.5 (3.0) 1.01 (0.65-1.57)
Type of offi ce  
 Solo 50 (40.0%) REF.
 Duo 2 9 (23.2%) 1.0 8 (0.62-1.88)
 Group 46 (36.8%) 1.01 (0.57-1.79)
Dispensing  
 No 110 (88.0%) REF.

 Yes 15 (12 .0%) 1.0 9 (0.52-2 .2 6)

Deprived area  

 No 114 (91.2%) REF.

 Yes 11 (8.8%) 1.57 (0.58-4 .25)

Workload (patients per FTE) 2 ,6 0 7 (SD=6 01) 0.9 9 (0.94-1.04)

 Numbers do not add up due to missing data.
¶ Proton pump inhibitors

Case studies on new drug prescribing



106

Discussion
For new drugs entering crowded markets, such as the market for anti-infl ammatory and 

pain medication, it is essential to display a real or at least a perceived advantage over direct 

competitors to gain a viable market share. To safeguard proper use of new products, 

physicians should be reserved in prescribing. For rofecoxib, two phenomena emerged 

namely the high extent of off-label use and the prescribing while evidence was advocating 

restraint. In previous studies, we identifi ed patterns of channelling of rofecoxib in high-risk 

patients 16-19 .

A perceived improved safety or effectiveness of rofecoxib over conventional NSAIDs may 

be reasons for GPs to incorporate new drugs into their personal evoked set and subsequently 

allows the drug to diffuse into the market. The high percentage off-label may partly be 

a refl ection of the GP’s perception that rofecoxib offered a gastrointestinal safety over 

conventional NSAIDs. Furthermore, due to its similarity with other NSAIDs GPs may 

have been more confi dent in prescribing rofecoxib and extended its clinical application to 

those of the NSAIDs.  This is in line with other studies 2 0,21 . Cutts et al. found in a study 

among 72 Australian GPs that in 30.6% of the patients, gastrointestinal 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 2 0 .

After the initial introduction of a new drug on the market, the drug starts to exhibit its 

own unique fi ngerprint. This fi ngerprint is a refl ection of its application in daily practice 

and is shaped by among other things the accumulation of scientifi c evidence, reported side 

effects, label changes, and patients treated 22,23 . GPs are important factors in establishing the 

fi ngerprint of rofecoxib 24 . The indications for rofecoxib were broadened in The Netherlands 

with the use for acute pain and primary dysmenorrhoea in January 2 0 02. However, GPs 

seemed to anticipate the label extension a year earlier. Although GPs anticipated this label 

extension, during the period that rofecoxib was on the market there were discussions 

about the side effects of the COX-2 inhibitors, such as gastro-intestinal side effect 25,2 6 , 

cardiovascular events 27, and possible pro-thrombotic risk 28 that eventually led to the 

voluntary withdrawal of rofecoxib. This accumulation of scientifi c evidence should have 

made GPs reluctant to prescribe rofecoxib.

The existing NSAIDs not only infl uenced the market penetration of rofecoxib, but also 

infl uenced the range of applications of rofecoxib as can be concluded from off-label 

indications. However, although rofecoxib was widely prescribed off-label, we found that 

it was not prescribed for as many indications as the widely prescribed NSAIDs ibuprofen, 

diclofenac, and naproxen. Fifteen indications, including the fi ve on-label indications, 

accounted for 65.3% of the patients starting on rofecoxib. These 15 indications accounted 
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for 48.8% of new users of the three most prescribed NSAIDs. Not all patients were as likely 

to receive rofecoxib for an off-label indication. Older, female patients with a history of prior 

NSAID use and private insurance are less likely to receive rofecoxib for other indications 

than osteoarthritis and rheumatoid arthritis. Possible explanations for these fi ndings may 

lie in the fact that the prevalence of both diseases increases with age and that rheumatoid 

arthritis affects more women 2 9 . These patients are likely to have a history of NSAID use. 

The fi nding that patients who rate their own health as bad and receive rofecoxib more off-

label may be due to increased co-morbidity.

The multilevel analyses showed some clustering of off-label prescribing within certain 

GPs. The intra-class correlation was 0.16, meaning that 16% of the variation in off-label 

prescribing was caused by differences between GPs. Therefore, other GP characteristics that 

were not included in the analyses may explain the variation in off-label prescribing.

In The Netherlands, there were no restrictions for GPs to prescribe rofecoxib. Reimbursement 

is not diagnosis dependent and therefore there is no incentive for Dutch GPs to code 

off-label prescriptions as on-label. The high percentage off-label may also be related to 

the marketing efforts of the producer of rofecoxib. During the marketing campaign for 

rofecoxib, the COX-2 specifi city of the drug was stressed suggesting less gastrointestinal 

side effects 30 . This perceived advantage might have made GPs to decide to prescribe 

rofecoxib to patients with gastrointestinal complaints or to those who are susceptible for 

it. Although the number of drug representatives seen by the GP is not associated with 

off-label prescribing this does not mean that the marketing is ineffective. Another possible 

explanation for the high percentage off-label is that GPs code the prescriptions using the 

complaints of the patients rather than the true diagnosis. To minimise the effect of wrong 

coding, GPs who participated in the DNSGP-2 were instructed before the study to code 

diagnosis only when they felt certain. However, it is not unlikely that a GP diagnosed a 

patient with vague musculoskeletal complaints and changes the diagnosis to osteoarthritis 

or rheumatoid arthritis after subsequent consults.

There are several caveats in interpreting the outcomes of this study. Firstly, only off-label 

prescribing of rofecoxib was studied. Therefore, no generalisations can be made about off-

label prescribing of other drugs. Secondly, since the study used data from the DNSGP-2 

only data on prescriptions of GPs were available. Although representative for all Dutch 

GPs and the patient population, prescriptions of medical specialists were not registered 

during the DNSGP-2. Therefore, the infl uence of medical specialists on the prescribing of 

rofecoxib by GPs could not be taken in to account.

Case studies on new drug prescribing



108

Conclusions
Although registration authorities approved market introduction of rofecoxib for only limited 

indications in 19 9 9, GPs determined a wider clinical application for rofecoxib, continued 

prescribing while scientifi c evidence advocated restrained. Off-label prescribing of rofecoxib 

was extensive but not restricted to a sub-population of GPs with distinct characteristics. 

Therefore, when prescribing a newly marketed drug, especially for off-label indications, 

GPs must be aware of the risks this may entail.
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Abstract
Background: Selective prescribing of new drugs shortly after marketing may jeopardise a 

soft landing of the new agent in medical practice and may place patients in avoidable risks.

Objective: To identify sociodemographic characteristics of the fi rst patients receiving the 

new drug rofecoxib.

Methods: Matched case-control design. The main outcome measure was starting on 

rofecoxib or another nonsteroidal anti-infl ammatory drug (NSAID) and who did not 

receive any other NSAIDs the 90 days before starting.

Results: Starting on rofecoxib was associated with an increasing age (OR
adj

=in age 80 and 

older = 8.7; 95% CI 6.7-11.2), a poor self-perceived health (OR
adj

=2.4; 95% CI 1.8-3.3), 

female gender (OR
adj

=1.4; 95% CI 1.2-1.6), private insurance (OR
adj

=1.3; 95% CI 1.1-1.5), 

and previous acetaminophen use (OR
adj

=1.3; 95% CI 1.1-1.7).

Conclusions: This study noted that specifi c patient characteristics were associated with 

getting rofecoxib prescribed shortly after marketing. GPs should be aware of selective 

prescribing new drugs to specifi c patients because it may place patients at unintentional and 

avoidable risk.
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Introduction
Reasons for general practitioners (GPs) to prescribe new drugs may vary from an ongoing 

pursuit of alternative therapies for patients refractory to existing medications to a plethora 

of erratic market forces, such as industry promotion and reimbursement 1-4. In an ‘ideal’ 

world, each prescribing decision would be based on careful weighing of the benefi ts, risks, 

and costs of the new agent in the context of alternative options. Various studies have focused 

on quantifi cation and characterisation of physicians responsible for early prescriptions for 

new drugs 5-8. To date, little attention has been paid to socio-demographic characteristics 

of the fi rst patients receiving the new drugs. We chose the introduction of rofecoxib to 

study such patient factors. Rofecoxib was launched in The Netherlands for the symptomatic 

treatment of osteoarthritis in November 1999. The aim of this study was to identify early 

users of rofecoxib by socio-demographic characteristics. The reason for choosing rofecoxib 

was that we expected to fi nd effects of patients on the decision to prescribe because of its 

marketing and similarity to the existing nonsteroidal anti-infl ammatory drugs (NSAIDs) 9. 

We hypothesised that patients with higher social economic status would be more likely to 

get rofecoxib prescribed. 

Methods
We obtained data from the second Dutch national survey of general practice (DNSGP-2) 

conducted by NIVEL (Netherlands Institute for Health Services Research) in a representative 

sample of 195 Dutch GPs in 104 practices and 385.461 listed patients in 2001 10,11. These data 

provided background information on practice, GP, and patient level, including prescription 

data. Patient data included socio-demographic factors such as educational status, type of 

insurance and self-reported health. Patients were asked to rank their health on a 5-points 

Likert scale ranging from ‘very bad’ to ‘very good’. For educational status, we used the 

highest completed level of education. The prescription database contained 57,381 NSAID-

users. We compared the starters on rofecoxib (N=954) with patients starting on other non-

selective cyclo-oxygenase inhibitors NSAIDs (N=25,231). Starters were defi ned as patients 

who did not receive a prescription for a NSAID during the 90 days before starting on either 

rofecoxib or another NSAID. Logistic regression analysis was applied to estimate odds 

ratios (OR) including 95% confi dence intervals (CI) of characteristics in patients starting on 

rofecoxib compared with patients starting other NSAIDs.
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Results
In total, 99 GPs working in 101 practices prescribed rofecoxib during the study period. We 

noted that rofecoxib starters were more likely to be elderly (OR
adj

 in age 80 and older 8.7; 

95% CI 6.7-11.2) and patients with a poor self-perceived health (OR
adj

=2.4; 95% CI 1.8-3.3). 

Furthermore, rofecoxib starters were more frequently female (OR
adj

=1.4; 95% CI 1.2-1.6), 

privately insured (OR
adj

=1.3; 95% CI 1.1-1.5), and previous paracetamol users (OR
adj

=1.3; 95% 

CI 1.1-1.7). Moreover, rofecoxib starts were also more frequently seen in patients with a higher 

education although this association diminished after adjustment for other variables in Table 1.

Discussion
Immediately following product launch, the diffusion of rofecoxib showed a steep 

adoption curve. There has been ample public debate about the effectiveness and safety of 

rofecoxib 12-16. Concerns regarding cardiovascular safety in high-risk patients, in particular 

the elderly with poor health and other co-morbidity evolved 17. However, our data show 

that rofecoxib was preferentially prescribed to such patients. In previous work, we have 

identifi ed patterns of ‘channelling’ of NSAIDs in susceptible patients as threats to patient 

safety 18. Industry promotion of the preferable profi le of the new drug, in particular for 

patients with a poor response to existing therapies, is an important factor 3. Although direct-

to-consumer advertisement is still prohibited in The Netherlands, the role of patients should 

not be underestimated. GPs have reported that patients often request rofecoxib in particular 
3. Our data show that private insurance is associated with receiving rofecoxib, but this only 

partly supports our hypothesis about patients with a higher social economic status were 

more likely to start on rofecoxib. The fi nding that previous paracetamol use was associated 

with starting on rofecoxib may be explained by the wish of GPs to provide gastroprotection. 

In the Dutch health care system, privately insured patients, about 25% of the population, 

have a higher income, but are frequently not fully insured, unless under various co-payment 

schemes. The reimbursement of rofecoxib is not limited to any type of insurance, age 

category, or indication.

Conclusions
We found that specifi c patient characteristics were associated with receiving a prescription 

for rofecoxib shortly after marketing. GPs should be aware of selective prescribing new 

drugs to specifi c patients because it may place patients at unintentional and avoidable risk.
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Table 1:  Rofecoxib starters compared to other NSAID starters. Prevalence (%) and results of logistic 

regression analyses expressed as crude and adjusted OR and 95% confi dence intervals.
  Rofecoxib NSAID

  (N=954) (N=25,231) Crude OR Adjusted OR

  N (%) N (%) (95% CI) (95% CI)

Gender      

 Male 321 (33.6%) 11.303 (44.8%) REF. REF.

 Female 633 (66.4%) 13.928 (55.2%) 1.6 (1.4-1.8) 1.4 (1.2-1.6)

Age      

 25-44 140 (14.7%) 10,543 (41.8%) REF. REF.

 45-64 355 (37.2%) 9,985 (39.6%) 2.7 (2.2-3.3) 2.5 (2.0-3.0)

 65-79 309 (32.4%) 3,706 (14.7%) 6.3 (5.1-7.7) 5.5 (4.4-6.8)

 80 years and older 150 (15.7%) 997 (4.0%) 11.3 (8.9-14.4) 8.7 (6.7-11.2)

Insurance      

 Public 668 (70.0%) 18,496 (73.3%) REF. REF.

 Private 286 (30.0%) 6,735 (26.7%) 1.2 (1.0-1.4) 1.3 (1.1-1.5)

Educational status      

 University 76 (8.0%) 2,870 (11.4%) REF. REF.

 Secondary school 414 (43.4%) 1,1641 (46.1%) 0.6 (0.5-0.7) 1.1 (0.9-1.3)

 None or primary school 261 (27.4%) 4,124 (16.3%) 0.4 (0.3-0.5) 0.9 (0.7-1.2)

 Unknown 203 (21.3%) 6,596 (26.1%) 0.5 (0.4-0.6) 1.0 (0.7-1.3)

Self reported health      

 Good 384 (40.3%) 1,3141 (52.1%) REF. REF.

 Moderate 292 (30.6%) 4,255 (16.9%) 2.3 (2.0-2.7) 1.7 (1.4-2.0)

 Poor 63 (6.6%) 653 (2.6%) 3.3 (2.5-4.4) 2.4 (1.8-3.3)

 Unknown 215 (22.5%) 7,182 (28.5%) 1.0 (0.9-1.2) 1.2 (0.9-1.7)

Previous use of paracetamol      

 No 862 (90.4%) 24,245 (96.1%) REF. REF.

 Yes 92 (9.6%) 986 (3.9%) 2.6 (2.1-3.3) 1.3 (1.1-1.7

Case studies on new drug prescribing



115

Chapter 4 .3

The trade-off between cardiovascular and gastrointestinal effects of 
rofecoxib

Stefan R. Florentinus 1 , Eibert R. Heerdink 1 , Antonius de Boer 1 , Liset van Dijk 2 , 

Hubert G.M. Leufkens 1

1 Utrecht University,

Division of Pharmacoepidemiology and Pharmacotherapy,

Utrecht Institute for Pharmaceutical Sciences (UIPS),

Utrecht, The Netherlands.

2 NIVEL (Netherlands Institute for Health Services Research),

Utrecht, The Netherlands.

Pharmacoepidemiol Drug Saf, 2005. 14(7):p.437-41

Case studies on new drug prescribing



116

Abstract
Background: The COX-2 inhibitor rofecoxib was registered in 19 9 9. By 2 0 0 0, the fi rst 

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 

profi le of users of rofecoxib relative to other NSAID recipients.

Objective: To assess differences in cardiovascular risk between starters of rofecoxib versus 

starters of any other NSAID.

Methods: Data were sampled from a representative research network of Dutch general 

practitioners in 2 0 01. 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 

morbidity, compared to patients starting on other NSAIDs (OR
adj

=2.0 9; 95% CI 1.65-2.66). 

These patients were also more likely to have cardiovascular co-morbidity (OR=1.9 0; 95% 

CI 1.6 0 -2.24) compared to recipients of rofecoxib with no gastrointestinal co-morbidity. 

Cardiovascular morbidity was present at the time of rofecoxib exposure in over 61% 

of carriers of a composite risk profi le including age 6 0 years or older, gastrointestinal 

co-morbidity 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 profi le. Selective prescribing of rofecoxib to provide gastroprotection, 

indirectly and unintentionally resulted in prescribing rofecoxib in a population with high 

frequencies of cardiovascular morbidities.
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Introduction
The risk-benefi t 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 organisations evaluate the scientifi c evidence for new products handed over by the 

manufacturer and can subsequently authorise market approval. However, the post-marketing 

clinical application of the drug is shaped by several factors, such as the dissemination of 

new scientifi c evidence about safety and effi cacy and the subsequent reaction of doctors 

and patients. In 19 9 9, rofecoxib, a nonsteroidal anti-infl ammatory drug (NSAID) that 

selectively inhibits cyclo-oxygenase-2 (COX-2) was introduced as the fi rst representative 

of the COX-2 inhibitors. The idea that COX-2 causes the anti-infl ammatory 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 November 23
rd, 2 0 0 0 the cardiovascular safety 

profi le of rofecoxib has been questioned 3 . The VIGOR-study showed a gastroprotective 

effect of rofecoxib over naproxen, but also a fi ve-fold higher incidence of myocardial 

infarction in the rofecoxib group. This fi nding fuelled the ongoing discussion about the 

trade-off between the cardiovascular risk and gastrointestinal protective effects of COX-2 

inhibitors 3-6. Meanwhile, the gastrointestinal safety was the spearhead of the marketing 

campaigns, resulting in an estimated 8 0 million users world-wide and US$2.5 billion in 

sales in 2 0 03 7 . September 30, 2 0 04 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 8,7. 

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 4 .

Methods
Data sources

We used prescribing data of general practitioners (GPs) who participated in the second Dutch 

national survey of general practice (DNSGP-2) 9,10 . The NIVEL (Netherlands Institute for 

Health Services Research) conducted the DNSGP-2 among 195 GPs, practising in 104 

practices, and 385.461 patients in 2 0 01. The GPs were considered representative for all 

Dutch GPs (N=7,217). No statistically signifi cant differences for age, gender, region of 

residence and urbanization were found. The patients captured by the 104 practices were a 

good representation of the Dutch population on age, gender, and type of health insurance 10 . 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 
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clinical and prescribing data, including ICPC-coded (International Classifi cation of Primary 

Care) diagnoses 11 , were obtained. The DNSGP-2 was conducted nine 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 fi rst prescription in the study period for either rofecoxib or another NSAID 

was defi ned as the index date. Starting was defi ned as a prescription for rofecoxib or another 

NSAID and no prescription for the same type of drug the six months before the index date. 

In The Netherlands, medicines are dispensed for a maximum of three 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’s initial licensed indication was the treatment of 

osteoarthritis. In December 2 0 01, a label extension for the treatment of rheumatoid 

arthritis was granted, followed by the approval for the treatment of acute pain and primary 

dysmenorrhoea in January 2 0 02.

In order to assess the patient’s cardiovascular and GI co-morbidity a time window of six 

months around the index date was used. Cardiovascular co-morbidity was defi ned as 

receiving a prescription with a diagnosis from ICPC chapter ‘K’ (Circulatory), except ‘K95’ 

(Haemorrhoids) and ‘K9 6’ (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 ‘D9 0’ 

(Hiatus hernia) and the ATC-code ‘A02’ (Drugs for acid related disorders). 

Results
A total of 2,770 patients received rofecoxib during the study period, of whom 1,655 

(59.7%) patients could be defi ned as newly starting on rofecoxib. Of these patients 1,505 

(9 0.9%) started on a daily dose of 25mg, 12 0 patients started on 12.5mg (7.3%) and 30 

patients (1.8%) started on a daily dose of 50mg or more. Only 15.3% of the patients starting 

on rofecoxib received it for the in 2 0 01 licensed indications osteoarthritis and rheumatoid 

arthritis. A total of 31,403 patients were defi ned as new starters on any other NSAID. Most 

patients started on diclofenac (44 .1%), ibuprofen (24 .5%), or naproxen (2 0.2%), 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. Gastrointestinal (OR
adj

=2.0 0; 95% CI 1.73-2.30) and 
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cardiovascular co-morbidity (OR
adj

=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 6 0.9 vs. 46.6 years) and female (OR
adj

=1.43; 95% CI 1.2 6 -1.62) patients, who 

reported their own health as bad (OR
adj

 compared to good=1.93; 95% CI 1.52-2.44). 

Osteoarthritis and rheumatoid arthritis were diagnosed more frequently in patients starting 

on rofecoxib (OR
adj

=4 .39; 95% CI 3.64-5.27) than in starters on any other NSAID.

The discrepancies in gastrointestinal and cardiovascular co-morbidity between starters on 

rofecoxib and any other NSAID might be caused due to differences in age, gender and 

indications. However, pair wise comparison using a conditional logistic regression model 

revealed signifi cant differences in gastrointestinal co-morbidity 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 

gastrointestinal complaints, compared to patients starting on other NSAIDs (OR
adj

=2.0 9; 

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 (OR
adj

=1.22; 95% CI 0.9 9 1.49). Still 40.3% of the patients 

starting on rofecoxib had cardiovascular co-morbidity.

Case studies on new drug prescribing

Table 1: Characteristics of patients newly starting on rofecoxib or any other NSAID.
  Rofecoxib  Any other OR Adjusted OR

  N (%) NSAID N (%) (95% CI) (95% CI)

Nr. of patients 1,655 31,403  

Gender    

 Male 50 6 (30.5%) 13,644 (43.4%) REF. REF.

 Female 1,149 (6 9.4%) 17,759 (56.6%) 1.7 (1.6-1.9) 1.43 (1.26-1.62)

Age (SD) (increase per 10 years)  6 0.9 (16.4) 46.6 (17.5) 1.0 (1.0 -1.0) 1.04 (1.03-1.04)

Indication    

 Other 1,401 (84 .7%) 30,7 0 9 (9 7.8) REF. REF.

 RA and OA 254 (15.3%) 6 94 (2 .2%) 8.0 (6.9-9.4) 4.39 (3.64-5.27)

Self-reported health    

 Good 658 (51.5%) 13,2 62 (42 .2%) REF. REF.

 Average 512 (30.9%) 5,034 (16.0%) 2.5 (2.2-2.8) 1.46 (1.28-1.66)

 Bad 10 8 (6.5%) 773 (2 .5%) 3.5 (2.8-4.3) 1.93 (1.52-2.44)

Cardiovascular co-morbidity    

 No 9 86 (59.6%) 25,312 (8 0.6%) REF. REF.

 Yes 6 6 9 (40.4%) 6,0 91 (19.4%) 2.8 (2.5-3.1) 1.19 (1.04-1.36)

Gastrointestinal co-morbidity    

 No 1,211 (73.2%) 28,2 95 (9 0.1%) REF. REF.

 Yes 444 (2 6.8%) 3,10 8 (9.9%) 3.3 (3.0-3.7) 2.00 (1.73-2.30)
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Table 2:  Characteristics of patients newly starting on rofecoxib or any other NSAID - matched on age, 

sex, and indication.
  Rofecoxib  Any other OR  Adjusted OR

  N (%) NSAID N (%)  (95% CI)  (95% CI)

Nr. of patients 1,640 1,640  

Gender    

 Male 49 7 (30.3%) 49 7 (30.3%)  Matched on

 Female 1,143 (6 9.7%) 1,143 (6 9.7%)  

Age (SD) 6 0.8 (16.3) 6 0.8 (16.3)  Matched on

Indication    

 Other 1,39 9 (85.3%) 1,39 9 (85.3%)  Matched on

 RA and OA 241 (14 .7%) 241 (14 .7%) 

Self-reported health *    

 Good 652 (39.8%) 763 (46.5%) REF.  REF.

 Average 50 6 (30.9%) 40 8 (24 .9%) 1.35 (1.11-1.64) 1.25 (1.02-1.52)

 Bad 10 8 (6.6%) 56 (3.4%) 2.09 (1.44-3.04) 1.82 (1.24-2.67)

Cardiovascular co-morbidity    

 No 979 (59.7%) 1,0 74 (65.5%) REF.  REF.

 Yes 6 61 (40.3%) 56 6 (34 .5%) 1.34 (1.15-1.56) 1.22 (0.9 9 -1.49) 

Gastrointestinal co-morbidity    

 No 1,19 8 (73.0%) 1,39 9 (85.3%) REF.  REF.

 Yes 442 (27.0%) 241 (14 .7%) 2.27 (1.88-2.74) 2.09 (1.65-2.66)

* Numbers do not add up due to missing values.

Table 3:   Association between cardiovascular co-morbidity and risk 

factors for NSAID or rofecoxib prescribing.
 Nr. patients % Cardiovascular 

Co-morbidity

No risk factors 22 ,523 9.9% (2 ,235)

Age ≥ 6 0 8,19 7 48.6% (3,9 86)

Age ≥ 6 0 + GI co-morbidity 1,587 61.0% (9 68)

Among all matched patients, cardiovascular co-morbidity was higher among those with 

gastrointestinal co-morbidity, compared to patients with no gastrointestinal co-morbidity 

(OR=1.9 0; 95% CI 1.6 0 -2.24). The clinical profi le of a typical rofecoxib user (with GI 

co-morbidity and age>6 0) results in prescribing these drugs to patients with cardiovascular 

co-morbidity. The percentage of patients with cardiovascular co-morbidity increased 

to 61.0% when rofecoxib or any other NSAID is prescribed to patients older than 6 0 years 

with GI morbidity (Table 3). 
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Discussion
The primary objective of this study was to assess differences in cardiovascular and 

gastrointestinal co-morbidity between patients starting on rofecoxib versus starters on any 

other NSAID. Our fi ndings show that Dutch GPs prescribed rofecoxib in 2 0 01 more often 

to patients with gastrointestinal 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 

these patients. 

For new drugs entering crowded markets, such as the market for anti-infl ammatory 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 12 . The higher percentage of gastrointestinal co-

morbidity among starters on rofecoxib was expected and in line with other studies 13-15 . Cutts 

et al. found in a study among 72 Australian GPs that in 30.6% of the patients gastrointestinal 

side effects from conventional NSAIDs were reasons for prescribing rofecoxib. In 23.8% 

of the cases, GPs had the perception of rofecoxib as a safer alternative for conventional 

NSAIDs 13 .

The legitimate reasons for prescribing rofecoxib to patients susceptible to gastrointestinal 

adverse effects, namely older patients with gastrointestinal 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 gastrointestinal 

and cardiovascular safety is affected even when only considering gastroprotection. 

In a recent meta-analysis, Jüni et al. argued that already at the end of 2 0 0 0 enough evidence 

was available to conclude that rofecoxib caused an increased risk of myocardial infarction 6 . 

Some of the studies used by Jüni et al. in their meta-analysis were never published so it is 

unlikely that GPs in 2 0 01 had a complete picture of the risk-benefi t ratio of rofecoxib. 

However, in 2 0 0 0 the results of the VIGOR-study noted a fi ve-fold 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 trade-off between gastroprotection and 

cardiotoxicity was further encouraged by other studies 16 iterating the protective effect of 

naproxen, while others advocated the opposite 17 . Our fi ndings 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 confl icting reports about 

the cardiovascular safety of rofecoxib, and therefore the absence of unequivocal evidence 

in 2 0 01, cardiovascular safety was not refl ected in the decision to prescribe rofecoxib. 

The fi nding that only 15.3% of the patients received rofecoxib for approved and licensed 

indications strengthens this notion. 
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Several studies showed that rofecoxib was channelled towards patients with high-risk of 

gastrointestinal haemorrhage 18,19 and congestive heart failure 2 0 . What this study shows 

is that the channelling of rofecoxib into patients with cardiovascular co-morbidity was 

partly the result of a focus on gastrointestinal safety and the clustering of cardiovascular co-

morbidity in patients with gastrointestinal co-morbidity.

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 misclassifi cation by defi ning 

patients as starters. However, GPs adopted rofecoxib instantly and by 2 0 01 rofecoxib alone 

contributed for 6.1% to the total volume of for NSAIDs prescribed in The Netherlands 21 .

Conclusions
As expected gastrointestinal co-morbidity was more common among patients starting on 

rofecoxib. Selective prescribing of rofecoxib to provide gastroprotection, indirectly and 

unintentionally resulted in the channelling 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.

Chapter 4 .3



123

Case studies on new drug prescribing

Chapter 4.4

The use of rosuvastatin shortly after marketing

Stefan R. Florentinus, Eibert R. Heerdink, Olaf H. Klungel, Antonius de Boer

Utrecht University,

Division of Pharmacoepidemiology and Pharmacotherapy,

Utrecht Institute for Pharmaceutical Sciences (UIPS),

Utrecht, The Netherlands.

An adjusted version was published in Lancet, 2004.364(9445):p.1577



124

Abstract
Background: Even prior to its market introduction rosuvastatin was surrounded by 

controversy regarding its safety profi le. In light of this controversy, it is important to see 

what the attitude of clinical practice was towards prescribing of rosuvastatin and which 

patients were the fi rst users of this new agent.

Objective: To describe the uptake of rosuvastatin in general practice.

Methods: Early prescribing of rosuvastatin was analysed using dispensing data from patients 

who participated in the second Dutch national survey of general practice (DNSGP-2). All 

patients who received a prescription for rosuvastatin from both general practitioners and 

medical specialists during the fi rst nine months following rosuvastatin’s market introduction 

were included in the study.

Results: In over one third of all decisions to initiate a (new) statin therapy, the choice 

for the latest drug on the market was made, not only for patients with lack of effect on 

previous lipid-lowering drugs but over 40% for de novo patients. Over 9 0% of patients 

use rosuvastatin in a maximum daily dosage of 10 mg or 2 0 mg, limiting the renal risk 

associated with high dosages. However, at least 22.9% of patients that use rosuvastatin have 

additional risk factors for myopathy or rhabdomyolysis.

Conclusions: Given the yet unproven safety record of rosuvastatin, it is of concern that 

both general physicians and specialists are so keen to prescribe a new drug in such large 

groups of patients who often have had no previous experience with lipid lowering drugs, 

and in many cases have predisposing risk-factors for a potentially lethal side effect.
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Introduction
The rapid prescribing of new drugs fuels the ongoing discussion about the trade-off between 

the wish to treat patients more effectively and ensuring the patient’s safety 1,2 . Despite 

positive contributions of new drugs to the treatment of many diseases, about 10% of the 

new chemical entities approved in the USA between 1975-19 9 9 acquired a new black box 

warning or were withdrawn 3 . More recently, reported side effects of two rapidly adopted 

new drugs again raised questions about early new drug prescribing and drug safety, which 

has lead to a debate about promotional activities by pharmaceutical companies 4-8 .

In March of 2 0 03 rosuvastatin, a HMG-CoA reductase inhibitor or statin, was marketed as 

one of the most potent lipid lowering agents available on the market 7,8 . Its initial indication 

covered primary hypercholesterolemia and homozygous familial hypercholesterolemia 9 . 

However, even before market introduction rosuvastatin was surrounded by controversy 

regarding its safety profi le, suggesting an increased risk of proteinuria and heamaturia with 

increased rosuvastatin dose, as well as a possibly higher rate of reports of rhabdomyolysis 7,10 . 

In June 2 0 04, important safety information was made available by the registration 

authorities stressing to be aware of predisposing factors for myopathy/rhabdomyolysis, 

such as among other things, renal impairment, hypothyroidism, age above 70 years, and 

concomitant use of fi brates 9 . In previous studies, it was shown that newly marketed drugs 

are often prescribed by only a small fraction of physicians, and possibly channelled into an 

idiosyncratic patient group 11-13 .

In light of the controversy surrounding rosuvastatin and the given previous concerns about 

the safety of another potent statin cerivastatin that eventually led to its withdrawal from the 

global pharmaceutical market, it is important to see what the attitude is in clinical practice 

towards prescribing and which patients are the fi rst users of rosuvastatin. Therefore, the aim 

of this study is to describe the uptake of rosuvastatin in primary care.

Method
This study used dispensing data from patients who participated in the second Dutch national 

survey of general practice (DNSGP-2) 14-16 . In 2 0 0 0, NIVEL (Netherlands Institute for 

Health Services Research) launched the DNSGP-2 to obtain up-to-date and national 

representative data on Dutch general practice. The rationale and design of the DNSGP-2 is 

discussed in detail elsewhere 17,16 . The patient dispensing histories were collected through 

the network of SFK (Foundation for Pharmaceutical Statistics) and covered the period 

January 19 9 9 untill December 2 0 03 18 . Because virtually all patients in The Netherlands 

designate a single pharmacy to fi ll prescriptions from GPS or hospital specialists, dispensing 

data provide a complete account of drug exposure in time 19 .

Case studies on new drug prescribing
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Study design

For this study, we selected all patients who received a prescription for rosuvastatin during 

the fi rst nine months following rosuvastatin’s market introduction. Market introduction was 

defi ned as the date of the fi rst prescription for rosuvastatin in the database. The date on which 

the patient received his/her fi rst prescription for rosuvastatin was defi ned the index date. 

We recorded the type of prescriber (GP versus medical specialist) of the prescription and the 

patient’s age on the index date. The maximum prescribed dose the patient received during the 

study period was obtained using all prescriptions for rosuvastatin following the index date. 

By using the patient’s dispensing history, we were able to assess the presence of predisposing 

factors for myopathy/rhabdomyolysis other than the age, namely concomitant use of fi brates 

(ATC-code=C10AB) and levothyroxin (ATC-code=H03AA01) for hypothyroidism. In 

addition, we assessed whether patients starting on rosuvastatin had a history of other lipid 

lowering drugs (LLD) (ATC-code=C10A) use prior to the index date.

Results
In total, 59 9 patients were identifi ed in which rosuvastatin was prescribed during our study 

period of which 275 (45.9%) were woman and the average age was 59.3 (SD=11.9) years. 

Interestingly, we noted that 251 (41.9%) patients had no previous use of lipid lowering 

drugs (Table 1). Most of the patients (67.4%) used a maximum daily dose of 10 mg, and 

only 2 patients (0.3%) used a daily dose of 8 0 mg. Rosuvastatin is not recommended for 

patients with predisposing factors for myopathy/rhabdomyolysis, including concurrent use 

of fi brates, hypothyroidism and age above 70 years. However, we found concurrent fi brate 

use in 14 patients (2.3%), concurrent levothyroxin use in 4 patients (0.7%) and 124 patients 

(2 0.7%) that were aged 70 years or older. This resulted in a total of 137 (22.9%) patients 

on rosuvastatin with additional risk factors for rhabdomyolysis. For 50 (36.5%) of the 137 

patients at increased risk for rhabdomyolysis, rosuvastatin was the fi rst lipid-lowering drug 

they used.

Table 1:  Characteristics of patients using different maximum doses of rosuvastatin in the fi rst nine 

months after market introduction.
   Maximum daily dose

 N (%) 10 mg 20 mg 40 mg 80 mg

Number of patients 599 (100.0%) 404 (100.0%) 146 (100.0%) 47 (100.0%) 2 (100.0%)

No previous use of LLD 251 (41.9%) 198 (49.0%) 46 (31.5%) 7 (14.9%) 0 (0.0%)

Prescribed by specialist 271 (45.2%) 157 (38.9%) 81 (55.5%) 32 (68.1%) 1 (50.0%)

     

Aged over 70 years 124 (20.7%) 97 (24.0%) 22 (15.1%) 5 (10.6%) 0 (0.0%)

Concomitant use of fi brates  14 (2.3%) 5 (1.2%) 6 (4.1%) 3 (6.4%) 0 (0.0%)

Concomitant use of levothyroxin  4 (0.7%) 0 (0.0%) 0 (0.0%) 4 (8.5%) 0 (0.0%)
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Discussion
The primary objective of this study was to describe the uptake of rosuvastatin in primary care 

shortly after market introduction. Our fi ndings show a very rapid adoption of rosuvastatin 

by prescribers directly following introduction. In over one third of all decisions to initiate 

a (new) statin therapy, the choice for the latest drug on the market was made, not only for 

patients with lack of effect on previous lipid lowering drugs, but over 40% for de novo 

patients. Over 9 0% of patients use rosuvastatin in a maximum daily dosage of 10 mg or 20 mg, 

limiting the renal risk associated with high dosages. However, at least 22.9% of patients that 

use rosuvastatin have additional risk factors for myopathy or rhabdomyolysis.

The controversy about rosuvastatin’s safety is not solemnly based on scientifi c fi ndings, but 

also follows the market withdrawal of one of its potent predecessors. In August 2 0 01, the 

lipid lowering drug cerivastatin was withdrawn from he market after its use was found to be 

associated with the deaths of 52 patients due to rhabdomyolysis in Europe and the US 2 0 . The 

safety concerns of rosuvastatin are part of sequential reports on safety concerns of widely used 

other drugs such as serotonin reuptake inhibitors (SSRIs) and selective cyclo-oxygenase-2 

(COX-2) inhibitors. In June 2 0 03, the British registration authority issued a negative 

advice on the use of the antidepressant paroxetine in children and adolescents based on 

a meta-analysis of nine studies testing paroxetine in 1,6 97 children. The meta-analysis 

concluded that there was not enough evidence to support paroxetine effectiveness, but also a 

threefold increase in relative risk of suicidal behaviour 21 . In November 2 0 0 0 the results of 

the VIGOR-study were published showing an increased incidence of myocardial infarction 

in patients treated with the new COX-2 inhibitor rofecoxib compared to those receiving 

naproxen 22 . Since the publication, a surge of data supporting this association has become 

available 4,5,23-26. Despite the ongoing debate about drug safety, including that of rosuvastatin, 

GPs and medical specialists were still eager to adopt a new agent with an unproven safety 

profi le and for which existing alternatives were easily available. In September 2 0 03, SFK 

reported a shift in statin prescribing with a rapid preference towards rosuvastatin. They 

reported that within three months after introduction, rosuvastatin was the fi rst choice in 5% 

of the cases a statin was prescribed 27 .

Conclusions
Given the yet unproven safety record of rosuvastatin, it is of concern that both GPs and 

medical specialists are so keen to prescribe new drugs in such large groups of patients, 

that often have had no previous experience with lipid lowering drugs, and in many cases 

have predisposing risk-factors for a potentially lethal side effect. Further post-marketing 

surveillance should clarify the trade-off between the observed increased adverse drug 

reactions and the potential benefi t of its greater potency for LDL-C reduction.
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Introduction
Innovation in pharmacotherapy is essential for the prevention, diagnosis, and treatment 

of many diseases 1 . However, even after years of extensive clinical testing there is still a 

high degree of uncertainty at the moment of market introduction about the new agent’s 

surplus value in daily practice, both in clinical and economic terms 2 . This uncertainty 

not only applies to the new drug’s clinical effectiveness, but also to its safety profi le when 

used by large numbers of patients and its socio-economic impact on society in general 3-7 . 

So, despite the acknowledged positive contributions of new drugs, there is valid concern 

about uncertain risk-benefi t for patients and potential negative effects on cost containment 

in health care when new drugs are adopted in an imprudent fashion 6,8 . Understanding the 

dynamics of new drug prescribing and reasons for doctors to adopt new drugs not only 

helps to improve patient benefi t and optimal allocation of fi nancial resources in health care, 

but also provides essential data to maintain sustainable pharmaceutical innovation. The 

uncertain risk-benefi t ratio at market introduction is not only made clear by identifi cation 

of unknown side effects, but also by identifying possible benefi cial effects beyond those 

tested on in clinical trials.

In this thesis several studies have been presented with the objective to detect and elucidate 

patterns of new drug prescribing by GPs and to profi le GPs according to their variability 

in adopting new drugs. In addition, we studied the infl uences of medical specialists and 

community pharmacists as one of the infl uences on the GP’s decision to prescribe new 

drugs during the early post-marketing period. In this fi nal chapter, the individual studies on 

new drug prescribing by GPs will be put into a broader perspective. For a discussion of the 

shortcomings and merits of the studies in the preceding chapters on new drug prescribing 

the reader is referred to the discussion section of the individual studies. Here, two topics will 

be addressed, namely 1) the applicability of the ‘diffusion of innovations’ theory to explain 

prescribing of new drugs, and 2) the possible consequences of rapid new drug prescribing.

Does the diffusion of innovations theory apply to new drug prescribing?

In the introductory chapter of this thesis we showed a theoretical model illustrating how 

the private consultations of GPs and patients may result in a decision to prescribe a new 

drug. When aggregated, these decisions form the diffusion patterns by which new drugs 

disseminate in primary care. In the following section, the ‘diffusion of innovations’ theory 

as hypothesised by Rogers is evaluated for its applicability in the context of new drugs being 

the innovations and GPs the adopters 9 . 

The innovative GP

Following years of basic research and extensive clinical testing about 10 -15 new drugs 

with an indication applicable in general practice receive market authorization every year 10,11. 

General discussion
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Figure 1 broadly illustrates the development, diffusion, and use of new drugs. The process by 

which new drugs, or innovations in general, enter and become part of daily medical practice 

has been coined as ‘diffusion’ 9,12-16 . In this thesis the marketing phase (rightmost part of 

Figure 1), following the clinical trial phase, was studied in particular. The phenomenon 

of new drug prescribing is composed of a micro-level component, i.e. the decisions of 

individual physicians made during specifi c doctor-patient encounters, and a macro-level 

component, that is the aggregation of these micro-level decisions into patterns of diffusion 

of new drugs. The diffusion of innovations has been extensively studied by Rogers and 

described in his landmark book ‘Diffusion of innovations’ 9 . Rogers’ theory aims to explain 

why some people quickly adopt an innovation that is turned down by others and why some 

innovations diffuse faster into a social network than others.

The adoption of innovations is usually depicted in a typical S-shaped adoption curve 

(Figure 1). In an adoption curve the cumulative proportion of persons who decided to adopt 

the innovation is plotted over time. Based on their time to adopt a particular innovation, 

Rogers categorises persons into fi ve groups, namely innovators, early adopters, early majority, 

late majority and laggards. However, this categorisation of adopters is not universal. During 

the last decades a myriad of studies in the fi eld of new drug prescribing have reported 

a variety of different patterns depending on type of medication, clinical area, economic 

constraints, and others 14,17-19 . In addition, others have shown different diffusion patterns for 

medical innovations other than new drugs 2 0-22 . However, extrapolating Rogers’ typology 

to new drug prescribing suggests that rapid adoption of new drugs is a trait of a small group 

of doctors, usually coined as the ‘innovators’. Implicitly, it is assumed that GPs who rapidly 

adopt one new drug may also adopt other new drugs quickly.

In Chapter 3.1, we analysed the decisions of GPs to prescribe a newly marketed drug, 

or as an alternative scenario to treat a patient with an older existing drug from the same 

therapeutic category. Five new drugs were studied, namely a combination of a long-

acting bronchodilator and inhalation corticosteroid salmeterol/fl uticasone (Seretide®), the 

cyclo-oxygenase-2 inhibitor rofecoxib (Vioxx®), the proton pump inhibitor esomeprazole 

(Nexium®), the long-acting anticholinergic bronchodilator tiotropium (Spiriva®), and the 

lipid lowering HMG-CoA reductase inhibitor rosuvastatin (Crestor®). We noted rapid 

adoption of all fi ve drugs and identifi ed a small group of innovative GPs responsible for a 

large part of all early prescriptions for new drugs during the fi rst six months of the post-

marketing period. This is in line with the concept of the early adopter, but the interesting 

fi nding of our study was that the GP’s decision to prescribe was very drug dependent. 

Prescribing one new drug does not seem to be a strong predictor for the GP to prescribe 

other new drugs as well. This fi nding contradicts with the image of early adopters as being 

related to a general innovative predisposition. At least two other studies have also shown 
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that the GP’s decision to prescribe is heavily dependent on the new drug in question 14 -19 . 

The obviously idiosyncratic component of GP’s decision to quickly adopt one new drug 

while being reluctant to prescribe other new drugs fuels the question whether the diffusion 

of innovations theory needs to be re-evaluated for its applicability in today’s pharmaceutical 

market place.

Figure 1: A Scheme for development and diffusion of medical innovations.

Figure derived from Banta, H.D., Social science research on medical technology: utility and limitations. Soc Sci Med, 

19 83. 17(18): p. 1363-9.

Medical specialists as the real innovators with GPs as followers

When extending Rogers’ diffusion of innovations theory to new drugs, medical specialists 

might be regarded as the ‘real’ innovators or early adopters of new drugs. Medical specialists 

are often seen as the (key) opinion leaders in pharmacotherapy, of course within their 

specifi c fi eld of expertise and interest 23-30 . Their state-of-the-art working environment, 

in which clinical trials with new drugs are often conducted, drives them in the expected 

role of front-runners in medical innovation 31 . Moreover, medical specialists treat a patient 

population that due to their complex co-morbidity and failure to previous treatment, often 

requires new drugs. The interaction between GPs and medical specialists through referral of 

patients and repeat prescribing of specialist’s initiated prescriptions was seen in several other 

studies as an important determinant for the variety of drugs prescribed by GPs 32-38 . 
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A common concept of how new drugs diffuse into general practice is a two-step model 

with medical specialists as the innovators and GPs as the followers 12,39 . Shortly after market 

introduction medical specialists take the initiative to prescribe the new drug to patients 

visiting the hospital and through repeat prescribing by GPs the new drugs diffuse either 

gradually or erratically into primary care. The metaphor of an oil drop (specialist’s infl uence) 

spreading unchecked over water (general practice) is often used to illustrate this mechanism. 

The two-step model, in addition to new drugs being sold to hospitals with high discounts, 

is a well known strategy used by pharmaceutical companies to obtain or increase the drug’s 

market share 40,41 . Patients admitted to the hospital receive or are switched to the new drug 

and leave the hospital with a repeat prescription to fi ll at their local community pharmacy. 

The consequence may be a rapid introduction of the new drug in primary care and an 

increase in costs since high purchasing discounts, obtained in a hospital setting, are usually 

not valid in extramural care.

Other studies have shown that more than 25-75% of all prescriptions issued by GPs are 

initiated by medical specialists, but whether this also applies to prescriptions for new drugs 

shortly after market introduction remains unclear 32,33,36-38,42 . In Chapter 3.2, we estimated 

the infl uence of medical specialists on new drug prescribing of GPs during the fi rst six months 

after market introduction. Our fi ndings contradict the general and expected concept that 

the diffusion of newly marketed drugs generally follows a two-step model, with medical 

specialists as the innovators and GPs as the followers. Although the infl uence of medical 

specialists is clearly visible for the new drugs we studied, and often greater than for existing 

older drugs, the rapid uptake of new drugs may not always be specialist induced. We found 

that GPs themselves are responsible for a considerable amount of all early prescriptions for 

new drugs. Moreover, for a substantial group of GPs specialist endorsement is not even a 

requisite to initiate in new drug prescribing at all.

The profi le of new drugs with rapid market uptake

After the initial introduction of a new drug on the market, the drug will start to develop its 

own unique fi ngerprint 43 . This fi ngerprint is a refl ection of its application in daily clinical 

practice and is shaped by, among other things, the accumulation of scientifi c evidence, 

reported side effects, label changes, pharmaceutical marketing, reimbursement criteria, 

and the experiences with patients treated with the drug 44-46 . We hypothesised that these 

fi ngerprints may be unique to every new drug, a notion that may be refl ected by our 

fi ndings that some GPs are attracted to one new drug while ignoring other new drugs or 

that for some new drugs specialists more often take the initiative to prescribe than with 

other new drugs. This signifi es that the decision to adopt a new drug is heavily dependent 

on the interaction between the innovation (the characteristics of the new drug) and the 

innovators (doctors). 
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The fi ve new drugs investigated in this thesis as case study drugs all entered crowded markets 

with multiple competitors already available. For new drugs entering competitive markets, 

it is essential to display a real or at least a perceived advantage over its direct competitors 

to gain a viable market share 47 . Rogers hypothesised fi ve important characteristics for an 

innovation to be successful 9 . 

In the case of a new drug being the innovation the fi ve characteristics are:

1.  Relative advantage: the degree to which the new drug is perceived as better (e.g. increased 

effectiveness or safety) than the existing drug it supersedes;

2.  Compatibility: the degree to which the new drug connects to existing values, past 

experiences, and needs of GPs and/or patients;

3.  Complexity: the degree to which the new drug is perceived as diffi cult to understand or 

use (e.g. oral or intravenous administration);

4.  Trialability: the degree to which the new drug may be experimented with on a limited 

basis;

5.  Observability: the degree to which the pharmacological effect of the new drug is visible 

to others.

Rofecoxib has been a classic example of an innovation, at least perceived, with high scores 

on all fi ve characteristics, namely an improved gastrointestinal safety profi le (relative 

advantage), innovative but similar pharmacological mode of action as the existing NSAIDs 

(compatibility), oral tablet with once daily recommended dose frequency compared to 

multiple daily dosing for existing NSAIDs (complexity), previous experience with NSAIDs 

made GPs confi dent to experiment (trialability), and the reduction of pain and infl ammation 

is easy to observe for both GPs and patients (observability). This ideal mix of characteristics 

likely contributed to the rapid and large-scale adoption of rofecoxib in general practice, 

leading to the status of standard NSAID prescription within just a few years 48,49 .

The new drug’s relative advantage, such as improved effi cacy or safety, over its direct 

competitors is probably the most important characteristic of the fi ve 30 . This relative advantage 

is not without a reason the spearhead in most marketing campaigns by pharmaceutical 

companies 47 .  For the new drugs studied in this thesis, Table 1 gives their position on the 

scale of the fi ve characteristics.

Except for rofecoxib, the new drugs differ mainly in their relative advantage over the existing 

older drugs. Although all fi ve new drugs contain a relative advantage, it was only small 

and of minor clinical importance for some of the new drugs. Esomeprazole, for example, 

was marketed for its faster mode of action, or so-called on-demand use 50 . Rosuvastatin 

was marketed as the most potent representative of the statins, but whether these claimed 

advantages were of any clinical importance was still unclear 51-54 . Salmeterol/fl uticasone 
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and tiotropium require a lower dose frequency that has been shown to result in better 

compliance 55. Improved asthma or COPD control was the main marketing message. 

Tiotropium with its longer mode of action made a once daily administration suffi cient, 

compared to a four times daily of its predecessor. The four new drugs did not differ from the 

older drugs in the same therapeutic drug class on compatibility, complexity, trialability, and 

observability due to the identical pharmacological profi le. This implies that the new drugs 

do not have to excel on all fi ve characteristics defi ned as by Rogers to be adopted rapidly 

and on a large scale by GPs.

Table 1:  The differences between the new drugs and reference drugs on fi ve characteristic hypothesised by 

Rogers as important for successful adoption.
    Salmeterol/ 

 Esomeprazole Rofecoxib Rosuvastatin fl uticasone Tiotropium

 (Nexium®)  (Vioxx®)  (Crestor®) (Seretide®) (Spiriva®)

Relative  On demand  Improved  High potency Combines 2 Improved 
advantage use  gastrointestinal  to lower  drugs in 1  dosage 
  safety profi le  cholesterol product scheme

Compatibility Identical to  Improved Identical to Identical to  Identical to
 existing PPIs  pharmacological existing existing products ipratropium 
  mode of action statins

Complexity Identical to Once daily dose Identical to Identical to Identical to
 existing PPIs frequency existing existing products ipratropium
   statins

Trialability Identical to Similar to Identical to Identical to Identical to
 existing PPIs existing existing existing products ipratropium
  NSAIDs statins

Observability Identical to Similar to Identical to Identical to Identical to
 existing PPIs existing  existing statins existing products  ipratropium
  NSAIDs

Reference drugs: all proton pump inhibitors for esomeprazole, all NSAIDs for rofecoxib, all HMG-CoA reductase 

inhibitors (statins) for rosuvastatin, all long-acting ß
2
-agonists and inhalation corticosteroids for the combination 

salmeterol/fl uticasone, and all ipratropium containing products for tiotropium.

Chapter 5

Consequences of rapid new drug prescribing

The discrepancy between the population in which the new drug is tested and the patients 

treated in daily medical practice is an important factor in safety issues associated with new 

drug prescribing 56 . Although new drugs are subject to extensive clinical testing, there are 

well known and recognized limitations to the way new drugs are evaluated before receiving 

market approval 6,57,58 . New drugs are approved on the basis of studies of usually limited 

duration, relatively small numbers of patients, and ample differences with respect to disease 
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severity, complexibilies from the real-life target population 59 . The limitations to this clinical 

testing system result in insuffi cient data on several topics: the effects of long-term exposure, 

the frequency of rare adverse effects, the effects in special populations or for indications 

not studied before marketing, and the effi cacy of a new drug relative to others for the same 

indications. These uncertainties about the risk-benefi t ratio in large populations advocate 

restraint in prescribing new drugs during the early post-marketing period. Moreover, rapid 

and large-scale adoption will always enclose uncertainties about patient safety and long-

term effi cacy and may jeopardize rational and safe use of the new agents. The studies in 

this thesis identifi ed several patterns by which new drugs are prescribed. Based on these, 

we would like to elaborate more on the following four topics, namely 1) the small group 

of GPs generating a disproportional number of early new drug prescriptions, 2) marketing 

driven adoption leading to hyperprescribing, 3) off-label prescribing of new drugs, and 4) 

channelling of new drugs.

Disproportional new drug prescribing by a small group of GPs

As mentioned earlier, rapid prescribing of new drugs is not uniformly distributed over 

all GPs and the uptake differs between drugs. Despite all the reasons for being critical 

and reserved when it comes to prescribing of new drugs shortly after marketing, a small 

group of GPs seems to be very quick to adopt the newly available agent. In Chapter 3.1, 

we noted that this small group of GPs generated a disproportionate number of new drug 

prescriptions. The proportion of GPs responsible for 50% of all early prescriptions ranged 

from 2 6.9% for the combination salmeterol/fl uticasone to only 10.9% for rofecoxib. For 

tiotropium, 50% of the early prescriptions were prescribed by 18.5%, for rosuvastatin 23.5% 

and for esomeprazole 25.9% of the GPs. 

The existence of a small group of hyperprescribers has been identifi ed earlier by Inman in 

19 93 and confi rmed by others in The Netherlands 6 0 , Canada 24 , and Denmark 14,19 . Since 

Inman’s study in The Lancet, the impression prevailed that this small group of hyperprescribers 

was responsible for all new drugs, but as our results show, GPs who are heavy prescribers 

of one new drug may ignore others. This lack of predictability has important implications 

for policy makers who would like to control prescribing of new drugs. Attempts to alter 

behaviour of the early adopters may not achieve the desired effects when the composition of 

these groups changes between different new drugs. The interaction between the innovation, 

in our case the new drug, and the innovator (the GPs) needs to be analysed and used as a 

starting point before developing any policy to ensure optimal use of new drugs. 

One strategy to infl uence new drug prescribing by GPs has been the establishment of so-

called pharmacotherapeutic audit meetings (PTAMs; in Dutch called FTO 61) between 

GPs and community pharmacists. Although other approaches have shown to be successful, 
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among others academic detailing 62-64 , the studies in this thesis only focused on PTAMs. 

In The Netherlands, community pharmacists and GPs practising in the same catchment 

area regularly organise PTAMs to improve the quality of prescribing by making decisions 

on fi rst choice treatment 65 . Clinical assessment of newly marketed drugs is an important 

topic on the agenda in more than 70% of all PTAMs 6 6,67 . Studies pertaining to PTAMs 

have charted confl icting results about their effectiveness to infl uence GP prescribing 

behaviour and, in addition, neglected the possible infl uences on new drug prescribing 65 . 

In Chapter 3, we showed that PTAMs are probably more effective to control early new 

drug prescribing in general practice than expected on the basis of earlier studies. New drug 

prescribing was more common among GPs attending noncommittal PTAMs than among 

GPs participating in PTAMs that set common goals about optimising pharmacotherapy and 

audit GP prescribing. Moreover, we showed in Chapter 3.4 that pharmacists participating 

in high-quality PTAMs that make decisions and audit the GP’s prescribing behaviour are 

also the pharmacists that report to play a pivot role in the organisation, maintenance, and 

endorsement of PTAMs. 

Marketing driven adoption leads to hyperprescribing

In addition to the GP making his/her own decision to experiment and depending on their 

fi rst clinical experiences decide to incorporate the new drug in their evoked set, other 

circumstances, in particular pharmaceutical marketing efforts, affect the drug’s market 

penetration 68 . A new drug’s success in terms of market penetration may be diffi cult to 

predict on forehand, but the success of pharmaceutical marketing on infl uencing prescribing 

behaviour is beyond dispute 18,25 . In Chapter 3.1, we noted that a positive industry 

orientation and a positive attitude towards new drugs were commonly seen determinants in 

the GP’s decision to prescribe new drugs.

The interactions between pharmaceutical companies, doctors, and pharmacists are inevitable 

and not by defi nition always undesirable 6 9 . At market introduction an information 

asymmetry about the new drug’s clinical profi le exists between the drug company and 

GPs 70,71. The drug company has been collecting information about the drug’s effectiveness 

and safety for years through extensive clinical testing, while the drug is rather unknown to 

GPs, pharmacists, and patients. Drug companies use this information asymmetry to inform 

GPs and pharmacists about their products. Others have shown that commercial information 

is often the only source GPs consult before deciding to prescribe a new product 2 6,72 . This 

can cause friction with the implementation of evidence-based medicine in general practice 

at the time of marketing when the uncertainties about the pros and contras of a new drug 

are most important.
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The controversy about pharmaceutical marketing stimulating irrational prescribing of 

new drugs is often channelled into a discussion about me-too drugs 73-7 6 . Me-too drugs 

are chemically very similar to existing drugs and largely exert the same pharmacological 

profi le, but are sometimes more expensive than the original compounds in that class. The 

rapid prescribing of esomeprazole and rosuvastatin are examples of what some call me-too 

drugs with dubious clinical surplus value 77 . In Chapter 3.1, we noted one relatively high 

correlation namely the correlation between prescribing of esomeprazole and rosuvastatin, 

meaning that GPs who quickly prescribed esomeprazole were also likely to prescribe 

rosuvastatin. Although it seems unlikely that the labelling of the new agents as me-too 

drugs is a reason for prescribing, it may be a reason for not prescribing.

The labelling of new products as me-too drugs may show considerable variation among 

GPs. Some consider me-too drugs are part of a process of stepwise innovation leading to 

better new drugs through gradual improvements of existing drugs 78 . Despite personal 

opinions on the permissibility of pharmaceutical marketing, marketing campaigns are an 

expression of the intense economic pressure on pharmaceutical companies to earn back the 

increasing development costs of high risk investments and during the remaining period of 

applicable patent protection 4,77,7 9 .

There is always a certain amount of tension between commercial entrepreneurship and the 

interests of public health. The belief that commercial and socially acceptable entrepreneurship 

can go hand in hand has led to self-regulation concerning pharmaceutical marketing in The 

Netherlands. Although pharmaceutical companies operate on the boundaries of the legal 

framework, there is also a demand side, e.g. the GPs and pharmacists that receive visits 

from pharmaceutical representatives and invite them to attend PTAMs. The information 

offered by pharmaceutical representatives can be very valuable to GPs and pharmacists, but 

GPs and pharmacists have the professional and social responsibility to critically appraise the 

information on its scientifi c and clinical merits. PTAMs can provide a good platform to 

assess the information on its scientifi c and clinical merits.

Off-label prescribing of new drugs

New drugs are subjected to licensing procedures by drug regulatory agencies to ensure 

their safety, effectiveness, and quality. Regulatory agencies evaluate the scientifi c evidence 

for new products handed over by the manufacturer and can subsequently authorise market 

approval for specifi c indications. However, the offi cial indication of a drug may not always 

be the reason for prescribing in individual cases. Prescribing for indications other than 

the licensed indications is referred to as off-label prescribing 8 0-83 . Some even consider 

prescribing a new drug to patients with a disease that could have benefi ted from older drugs 
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as off-label prescribing 84 . Because the risk-benefi t ratio is unclear for off-label indications, 

patients may be exposed to potential danger. This is especially true for newly marketed 

drugs since clinical evidence of long-term effectiveness and safety is still limited as discussed 

earlier 85 .

In Chapter 4, we analysed the prescribing of rofecoxib one year following introduction, 

in a period when a surge of confl icting information about cardiovascular safety issues 

surrounded the new drug. Rofecoxib was registered in November 19 9 9 for the initial 

indication symptomatic treatment of arthritis, followed by a label extension in December 

2 0 0 0 for the treatment of rheumatoid arthritis in adults. Rofecoxib showed a rapid market 

introduction in a market consisting of a vast number of competitors 86 . The claimed improved 

gastrointestinal safety over its direct competitors was the spearhead of rofecoxib’s marketing 

campaign 87 . Shortly after rofecoxib’s landmark VIGOR-study public debate arose about an 

increased risk of myocardial infarction associated with the use of rofecoxib which eventually 

lead to the voluntary withdrawal of rofecoxib in 2 0 04 88-95 . The fact that rofecoxib was a 

relatively new drug with limited data supporting long-term effi cacy and safety, its initial 

narrow therapeutic indications, and the debate about the drug’s cardiovascular safety 

profi le, should have resulted in restraint when it came to prescribing rofecoxib. However, 

in Chapter 4.1 a different picture emerged. In over 8 0% of the decisions made by GPs to 

prescribe rofecoxib, the drug was prescribed for off-label indications. So, while intended for 

a small group of patients with distinct indications, rofecoxib was accepted by GPs with open 

arms and prescribed for more than the clinical evidence at that time justifi ed.

Although evident for rofecoxib, in Chapter 4.4 a similar adoption pattern for rosuvastatin is 

described. Rosuvastatin was registered in 2 0 03 and is the most recent representative of the lipid 

lowering drugs, the HMG-CoA reductase inhibitors or so-called statins. The introduction of 

rosuvastatin was accompanied by an extensive marketing campaign positioning rosuvastatin as 

the most potent member of the group 9 6,97. However, the marketing campaign was companied 

by a public debate about the drug’s safety 51,53,54,87,98-102 . Even prior to its market introduction 

rosuvastatin was already surrounded by controversy about an increased risk of proteinuria and 

heamaturia with an increased rosuvastatin dose, as well as a possible higher rate of reports of 

rhabdomyolysis. Given the availability of similar drugs with well-known effi cacy and safety, 

rosuvastatin’s place in the treatment of hypercholesterolemia is clearly for the patients with 

failure of effect on the existing products. In line with the adoption of rofecoxib, rosuvastatin 

was prescribed in over one third of all decisions to initiate statin therapy and not only for 

patients with lack of effect of previous lipid lowering therapy but also in over 40% of the 

patients starting without ever using any lipid lowering therapy. We observed for both rofecoxib 

and rosuvastatin that the drugs were easily adopted while evidence was advocating restraint.
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Off-label prescribing was evident for both rofecoxib and rosuvastatin. Rofecoxib was 

prescribed extensively for non-licensed indications, whereas rosuvastatin was prescribed 

to patients that could be treated with existing drugs. The phenomenon of drug creeping 

(the tendency of a drug to be prescribed for other indications than registered or studied in 

clinical trials) 84 and thereby widening the clinical applicability to increase the drug’s market 

share was present in both rofecoxib and rosuvastatin, and most likely not restricted to only 

these two agents 81,83,103,104 .

Channelling

The individual and fairly rational decisions of doctors to prescribe new drugs for a specifi c 

patient may have unintentional consequences on a population level. A GP may decide that 

the new drug is the best option for a patient who had failed to respond satisfactorily to 

one or more of the older drugs, but if the majority of the GPs makes similar decisions in 

the same direction this can result in the drug being prescribed to patients with different 

characteristics than the population in which the new drug was tested in clinical trials. 

Channelling or selective prescribing is a common phenomenon in clinical practice and is 

not limited to a particular drug class and has been demonstrated for various drug classes, 

such as antidepressants, NSAIDs, and spasmolytics 56 . Channelling occurs when a drug is 

prescribed predominately to patients with multiple co-morbidities and risk factors. It is 

likely to happen to the latest representatives in a drug class entering the market since these 

are used to treat patients who experience lack of effi cacy of the older drugs.

In Chapter 4.1, we showed that rofecoxib was preferentially prescribed to patients with 

concern about cardiovascular safety. Our fi ndings were confi rmed in Chapter 4.3, where 

we noted that gastrointestinal co-morbidity was more common among patients starting on 

rofecoxib. Selective prescribing of rofecoxib to provide gastroprotection, indirectly and 

unintentionally resulted in the channelling 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.

Rofecoxib was tested in patients with a high risk of gastrointestinal problems, namely those 

with rheumatoid arthritis and osteoarthritis, but these patients were not positioned on the 

high-end side of the cardiovascular disease severity scale 88 . The recipients of rofecoxib 

in general practice were, however, positioned on the high-end side on the cardiovascular 

risk scale and most of them did not (given the extensive off-label prescribing) suffer from 

rheumatoid arthritis or osteoarthritis 48,92,105,10 6 . This discrepancy in disease severity between 

the premarketing and post-marketing population, in combination with the tendency of 

rofecoxib to stimulate platelet aggregation and the imprudent prescribing, all contributed to 

the safety issues responsible for the worldwide withdrawal of rofecoxib in 2 0 04 .
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Conclusions
In this fi nal section a number of thoughts are shared with the reader on how to ensure 

sustainable adoption of new drugs in clinical practice. Moreover, we add suggestions on 

how further scientifi c research can contribute to our understanding of the dynamics of new 

drug prescribing. During the early post-marketing period not only unknown side effects 

are identifi ed, but also unknown benefi cial effects other than the ones identifi ed in clinical 

testing. To ensure a safe landing of new drugs in general practice and to benefi t the most 

of these new agents, the premarketing phase (particular the clinical trial phase) has to be 

as closely connected to the post-marketing phase as possible. For example, there is little 

point in conducting trials with a new drug exclusively in a hospital setting if virtually all of 

the treatments for the targeted disorder are carried out in primary care. Therefore, further 

understanding of how new drugs are adopted and prescribed, helps us to protect patients 

from possible side effects, while on the other hand to ensure the availability of new drugs 

and to stimulate innovation.

Re-evaluation of the diffusion of innovation theory

An important fi nding of our studies is the necessity to re-evaluate the applicability of Rogers’ 

theory when it comes to introducing new drugs into today’s medical practice. For a long 

time, the general perception prevailed that some doctors have an innovative predisposition 

to adopt all new drugs and that rapid hyperprescribing of these drugs was credited to a small 

group of doctors, in particular the medical specialists 9,12 . However, our studies show that, 

when it comes to adopting new drugs, the labelling GPs as innovators, early adopters, early 

majority, late majority, or laggards leads to an oversimplifi cation of reality.

The perception of medical specialists being the real innovators in pharmacotherapy also 

needs to be re-assessed. The common concept of the two-steps model in which diffusion 

of new drugs starts by medical specialists rapidly prescribing new drugs followed by GPs 

repeating their prescriptions and later adopting the new agents themselves does not seem to 

apply for every new drug 12,39 .

The composition of the small group of early prescribers seems to be different with every new 

drug introduced on the market. The fi ve characteristics defi ned by Rogers to contribute 

to the success of an innovation may not all be of equal importance. Nowadays, where 

the majority of the new drugs does not represent a major innovation, a relative advantage 

over direct competitors seems to be suffi cient for a show rapid and extensive adoption. 

However, without a continuous weighing of the new drug’s pros and cons, this can lead to 

hyperprescribing that may jeopardize a soft landing of the new drug in general practice.
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Further research on the dynamics of prescribing of new drugs

As for research on new drug prescribing, future studies need to address the interaction 

between the innovation (new drugs) and the innovators (the GPs and/or medical specialists). 

Elucidating these interactions may clarify why some new drugs show rapid and extensive 

adoptions, while others are rejected. Increasing the number of new drugs studied 

and stratifying them according to the type of new drug, for examples on a scale of 

innovativeness 5, could provide more data to validate the current fi ndings based on the fi ve 

study case drugs.

The decisions of GPs to prescribe new drugs during the early post-marketing period may 

seem ‘erratic’ on forehand, but can in fact be perceived as rational by an individual GP 

trying to tailor the therapy to a patient’s individual medical needs 2 6,27,30,72,10 7,10 7 . Most 

studies in the fi eld of new drug prescribing struggle with the trade-off between the 

richness (relevant information on the GPs) and the sample size of the data (number of GPs 

included). Extensive efforts have been put in to elucidate the decision making process of 

doctors 10 8-111 , often using structured interviews or questionnaires. However, reported 

behaviour may deviate from actual behaviour in practice 2 6,112,113 . Other studies used large 

prescribing or dispensing data to analyse the GPs’ decisions, but lack detailed information, 

such as their attitudes toward a particular new drug 14,17,19 . In light of the different 

composition of the small group of early prescribers for every new drug, future studies need 

to combine both methods of data collecting to gain a better understanding of the decisions 

resulting in prescribing of new drugs.

The traditional databases often used in pharmacoepidemiological studies, such as GP 

prescribing or pharmacy dispensing databases, may not fully cover the interaction between 

different important external infl uences, such as medical specialists, and the GP’s decision to 

adopt a new drug. However, as shown in our studies, combining different databases makes 

it possible to eliminate the shortcomings of individual databases and can give more insight 

in the interaction between the different factors infl uencing the decision to adopt.

Implications

The change in the way we need to look at prescribing of new drugs not only has implications 

for further research, but also for policymakers who wish to control new drug prescribing. 

Efforts with a top down approach by targeting the a priori opinion leaders may not have the 

desired general effects. Moreover, relying on the passive diffusion of guidelines without an 

implementation strategy is unlikely to result in changes in practice 114 . In line with marketing 

campaigns that are completely tuned to the special features of a new drug, programs to 

infl uence new drug prescribing need to be tailored to every new drug individually or for a 

class of drugs with similar fi ngerprints 115 .

General discussion



144

Professionalizing and supporting PTAMs may be suitable for optimising prescribing 

of new drugs in general practice. PTAMs are existing platforms that provide close interaction 

between the GPs and pharmacists responsible for the prescribing and dispensing of the 

new drugs. Moreover, discussing new drugs is a frequent topic of the majority of the 

PTAMs and in our studies we found that GPs participating in high-quality PTAMs 

prescribe less new drugs than their colleagues attending more informal PTAMs 6 6,116,117 . 

Although the number of PTAMs functioning on the highest quality level is steadily 

increasing 117,118 , there are still large regional differences in the quality of PTAMs and there 

is still much room for improvements. GPs and pharmacists should be strongly encouraged 

and supported where necessary to ensure that more PTAMs end with concrete decisions 

about pharmacotherapy.

Although different people can advise on how new drugs should be used - including 

policymakers, professional organisations, and educators - it are largely GPs, pharmacists, 

and their patients who have to implement the recommendations. To ensure the safe landing 

of new drugs in daily medical practice, interventions must be tailored to the audience and 

every individual new drug.
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Summary
The main objective of this thesis was to detect and elucidate prescribing patterns of 

newly marketed drugs by GPs and to profi le GPs inclined to adopt new drugs rapidly. In 

addition, the studies presented in this thesis focussed on the infl uences of medical specialists, 

community pharmacists, and the pharmaceutical industry that shape the GP’s decision to 

prescribe new drugs. During the last decades, innovation in pharmacotherapy has generated 

major changes in the ability to prevent, diagnose, and treat many diseases. The development 

and availability of new and innovative drugs has become a cornerstone in clinical practice. 

However, when new drugs are adopted in an imprudent fashion, there is valid concern 

about uncertain risk-benefi t for patients and increased costs. Studying the patterns by which 

new drugs are prescribed contributes to better understanding on how to ensure patient 

safety and sustainable cost-containment in health care.

Chapter 2 describes the data sources used for our studies on prescribing of newly marketed 

drugs. As in most healthcare systems, medical information is increasingly stored in electronic 

form and made available for scientifi c research. GP prescribing and pharmacy dispensing data 

are, for example, often used for pharmacoepidemiological research. However, depending on 

the origin of the data, such databases have shortcomings that may limit their suitability to 

answer certain research questions. Combining different data sources make it possible to reduce 

the shortcomings of individual databases and could result in opportunities greater than those 

presently available. In Chapter 2.1, we determined the success rate of linking records from 

the dispensing database of SFK (Foundation for Pharmaceutical Statistics) to the prescribing 

database of the second Dutch national survey of general practice (DNSGP-2) conducted 

by NIVEL (Netherlands Institute for Health Services Research) in 2001. Working in a 

catchment area of 123 community pharmacies, 90 GP practices, and 170,000 individual 

patients, we were able to link records of 110,102 (64.8%) patients by using a deterministic 

record linkage approach. The linked database comprised both the complete prescribing 

and dispensing data of a vast number of highly characterised patients, GPs, and community 

pharmacists.

The availability of reliable data on drug exposure is of paramount importance in 

pharmacoepidemiology, as misclassifi cation of exposure may lead to biased effect estimates. 

Using the linked database, we determined in Chapter 2.2 whether GP prescribing data 

provide an accurate data source for estimating drug exposure in patients. We found that 

patients fi ll 92.4% of all prescriptions issued by GPs in their local pharmacy. Moreover, 20.0% 

of the total number of prescriptions fi lled were not present in the GP prescribing database, 

but instead were prescribed by other care providers than their own GP (mainly medical 

specialists). Non-fi lling prescriptions and receiving prescriptions from other prescribers was 

especially the case in patients with multiple chronic diseases. Our fi ndings may indicate 
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that the validity of GP prescribing data to estimate actual drug exposure in patients may 

be compromised by primary drug defaulting and by patients receiving prescriptions from 

other prescribers.

Chapter 3 presents four studies on the decisions of GPs to prescribe new drugs and the 

context in which these decisions are made. In Chapter 3.1, we analysed the decisions of GPs 

to prescribe fi ve new drugs, or existing drugs as an alternative, in the fi rst six months after 

market introduction. The fi ve drugs were esomeprazole, rofecoxib, rosuvastatin, tiotropium, 

and the combination salmeterol/fl uticasone. We noted rapid market penetration for all fi ve 

drugs, but still considerable variation in prescribing existed between GPs. A small number 

of GPs were accountable for a disproportionate share of all early prescriptions. Interestingly, 

we found that prescribing new drugs was very much dependent on the new drug in question 

and not so much on the prescriber. This contradicts the assumption of a universal adopter. 

Prescribing new drugs seemed to be embedded in the GP’s attitudes towards new drugs 

and orientation towards the pharmaceutical industry. GPs with a positive attitude towards 

new drugs and those who are more industry-orientated prescribed more newly marketed 

drugs during the early post-marketing period. Furthermore, peer pressure of colleagues and 

community pharmacists seemed to result in less prescribing of new drugs.

The interface between primary and specialist care is an important factor in the mixture of 

drugs prescribed by GPs. Medical specialists are often considered as the early prescribers 

of new drugs, but the evidence supporting this presumption is weak. In Chapter 3.2, we 

studied the infl uence of medical specialists on prescribing of the afore mentioned fi ve new 

drugs in primary care. We noted that the infl uence of specialists was clearly visible for all 

new drugs and in most cases greater than for existing drugs from the same therapeutic drug 

class. However, the infl uence of specialists differed considerably and the rapid prescribing 

of the fi ve new drugs in primary care did not seem to be specialist induced in all cases. GPs 

themselves were responsible for a substantial amount of all early prescriptions. Moreover, 

a proportion of GPs, ranging from 21.1% for esomeprazole up to 32.9% in the case of 

rofecoxib, started prescribing before any of the patients received the new drug from a 

medical specialist. In addition, prior prescribing of these new drugs by medical specialist 

did not shorten the time to the GP’s own prescribing. This fi nding contradicts with the idea 

that the diffusion of newly marketed drugs always follows a two-step model, with medical 

specialists as the innovators and GPs as the followers.

In Chapter 3.3 and 3.4, we studied the infl uences of community pharmacists, through their 

participation with GPs in pharmacotherapy audit meetings (PTAMs), on GPs’ decisions to 

prescribe new drugs. The two studies show that this form of professional collaboration 

between GPs and pharmacists may be an effective way to control early new drug prescribing 
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in general practice. Chapter 3.3 showed that GPs who participate in PTAMs on level 1 

(lowest quality level) (OR=2.24; 95% CI 1.04-4.81) or level 2 (OR=2.31; 95% CI 1.30-4.09) 

prescribed more new drugs than their colleagues attending PTAMs on the highest level 

(level 4). We also noted that as more participants attended the PTAMs, the GPs were more 

likely to prescribe new drugs (OR=1.06; 95% CI 1.02-1.10). In addition, GPs participating in 

PTAMs that made decisions about who receives pharmaceutical representatives outside the 

PTAMs were less likely to prescribe new drugs (OR=0.36; 95% CI 0.24-0.56). In Chapter 

3.4, we aimed to identify pharmacists that contributed to high-level PTAMs. We noted that 

the pharmacists attending level 4 PTAMs were more likely to undertake initiatives, compared 

to pharmacists participating on lowest level (OR=2.98; 95% CI 1.07-8.26). Interestingly, we 

found no evidence supporting the assumption that the active care-providing pharmacist 

(active counselling at fi rst and second dispensing, private counselling room, and actively 

inviting patients to audit their medication) was also likely to be the pharmacist involved in 

high-quality PTAMs.

New drugs are subject to extensive clinical testing before receiving market approval to 

guarantee safety, effi cacy, and quality. Still, their actual use in daily medical practice can, 

and often does, unveil unknown effects that were not detected during the clinical testing 

phases. Chapter 4 contains four case studies illustrating how the fairly rational decisions 

of GPs to treat patients with newly marketed drugs may have unintentional and unwanted 

side effects in large populations. Chapter 4.1 describes off-label prescribing of rofecoxib; 

the fi rst representative of the new COX-2 inhibitors. Rofecoxib was registered in The 

Netherlands (November 1999) for a narrow clinical indication, namely the symptomatic 

treatment of arthritis. It was granted a label extension for the treatment of rheumatoid 

arthritis in adults (December 2001). However, while intended for the narrow indications, 

we observed that 82.6% of the patients starting on rofecoxib in 2001 received the drug to 

treat off-label indications. Off-label prescribing was not restricted to a subpopulation of 

GPs with distinct characteristics. So all GPs together determined a much wider clinical 

application for rofecoxib.

Rofecoxib was withdrawn from the market due to an excess risk of myocardial infarction 

and stroke in September 2004. This reaffi rmed the fact that prescribing of newly marketed 

drugs, irrespective of its volume of use, should be done with precaution to ensure the patient 

safety. Selective prescribing, or so-called ‘channelling’, of new drugs in high-risk patients 

is highlighted in Chapter 4.2. This chapter shows that rofecoxib was prescribed to a select 

group of patients with distinct characteristics. There has been ample public debate about the 

effectiveness and safety of rofecoxib. Concerns regarding cardiovascular safety in high-risk 

patients, in particular the elderly with poor health and other co-morbidity have evolved. 

However, our data showed that rofecoxib was preferentially prescribed to patients with 
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a high age (OR
adj

 80 and older vs 25-44 8.7; 95% CI 6.7-11.2), poor self-perceived health 

(OR
adj

=2.4; 95% CI 1.8-3.3), and previous paracetamol use (OR
adj

=1.3; 95% CI 1.1-1.7). 

In Chapter 4.3, we assessed differences in cardiovascular risk between starters of rofecoxib 

versus starters of other NSAIDs. We noted pre-existing cardiovascular co-morbidity in 40.4% 

of patients starting on rofecoxib. Patients starting on rofecoxib were twice as likely to have 

a history of gastrointestinal morbidity, compared to patients starting on other NSAIDs 

(OR
adj

=2.09; 95% CI 1.65 2.66). The patients were also more likely to have cardiovascular 

co-morbidity (OR
adj

=1.90; 95% CI 1.60-2.24) compared to recipients of rofecoxib with no 

gastrointestinal co-morbidity. Cardiovascular morbidity was present in over 61% of carriers 

of a composite risk profi le including age 60 years or older, gastrointestinal co-morbidity and 

diagnosis of rheumatoid arthritis and osteoarthritis.

Another drug surrounded by controversy regarding its safety profi le, even before it 

received market approval, was rosuvastatin. In light of its safety controversy, we assessed in 

Chapter 4.4 the attitude of clinical practice towards prescribing of rosuvastatin and 

identifi ed the fi rst users of this drug during the fi rst nine months after market introduction. 

Similar to adoption of rofecoxib, we noted that both GPs and medical specialists were keen 

to prescribe the new drug in large groups of patients that often had no previous experience 

with lipid lowering drugs, and in many cases had predisposing risk factors for a potentially 

lethal side effect. In over one third of all decisions to initiate a (new) statin therapy, the 

choice for the latest drug on the market was made, not only for patients with lack of effect 

on previous lipid-lowering drugs, but over 40% for de novo patients.

In conclusion, the studies presented in this thesis show that rapid prescribing of new drugs 

during the early post-marketing period is credited to a small group of innovative GPs. 

However, the decision to prescribe is very much dependent on the new drug in question 

and not so much on the prescriber. Although medical specialists are commonly believed 

to be the real innovators in pharmacotherapy, our data show that this is not always the 

case for all new drugs. When it comes to rapid prescribing of new drugs, a substantial 

number of GPs do not need any conformation in the form of prescriptions from medical 

specialists to start prescribing new drugs. Overall, our data call for a re-evaluation of the 

‘diffusion of innovations’ theory when new drugs are the innovations. Furthermore, our 

studies show that the individual and fairly rational decisions of GPs to prescribe new drugs 

may have unintentional and unexpected consequences on a population level, such as market 

driven prescribing and new drugs being channelled in to high-risk patients. Professional 

collaboration of GPs and community pharmacists in the form of PTAMs may be an 

approperiate way to ensure a sustainable adoption of new drugs in primary care.
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Samenvatting
Het doel van dit proefschrift was het detecteren en verklaren van de wijze waarop 

nieuwe geneesmiddelen door huisartsen worden voorgeschreven en om de huisartsen te 

karakteriseren die nieuwe geneesmiddelen snel na marktintroductie voorschrijven. Boven-

dien is de invloed van medisch specialisten, openbaar apothekers en de farmaceutische 

industrie op de beslissingen van huisartsen om een nieuw geneesmiddel voor te schrijven 

onderzocht. Gedurende de laatste decennia heeft de innovatie op het gebied van de 

farmacotherapie voor grote veranderingen gezorgd in de mogelijkheid om vele ziekten 

te voorkomen, te diagnosticeren en te behandelen. De ontwikkeling en beschikbaarheid 

van nieuwe en innovatieve geneesmiddelen is daarom een hoeksteen van de hedendaagse 

medische praktijk. Echter, ondanks alle positieve aspecten van nieuwe geneesmiddelen 

bestaat er gegronde zorg over een disbalans tussen de mogelijke risico’s en beoogde voordelen 

voor patiënten en stijgende kosten aan geneesmiddelen wanneer nieuwe geneesmiddelen op 

een onzorgvuldige wijze worden voorgeschreven. Onderzoek naar het voorschrijven van 

nieuwe geneesmiddelen draagt dan ook bij aan een beter inzicht in hoe patientveiligheid en 

een beheersbare kostenstijging in de gezondheidszorg kunnen worden gegarandeerd.

Hoofdstuk 2 beschrijft de gegevens die zijn gebruikt in de studies naar het voorschrijven 

van nieuwe geneesmiddelen. Zoals in de meeste gezondheidszorgsystemen wordt in 

Nederland medische informatie in toenemende mate in elektronische vorm opgeslagen en 

vervolgens voor wetenschappelijk onderzoek beschikbaar gesteld. Zo worden bijvoorbeeld 

voorschrijfgegevens van huisartsen en afl evergegevens van apotheken veelvuldig gebruikt 

voor farmaco-epidemiologisch onderzoek. Echter, afhankelijk van de herkomst van de 

gegevens hebben alle databases beperkingen die voor een belangrijk deel de bruikbaarheid 

voor wetenschappelijk onderzoek bepalen. Een mogelijke oplossing voor de individuele 

tekortkomingen is het samenvoegen van afzonderlijke gegevensbronnen. Dit zou zelfs 

mogelijkheden kunnen opleveren die nu nog niet beschikbaar zijn. 

In Hoofdstuk 2.1 is het succespercentage bepaald voor het koppelen van apotheek-

afl evergegevens van de Stichting Farmaceutische Kengetallen (SFK) aan voorschrijfgegevens 

uit de tweede nationale studie naar ziekten en verrichtingen in de huisartspraktijk 

(NS-2), welke in 2001 is uitgevoerd door het NIVEL. In een verzorgingsgebied 

van 123 openbare apotheken, 90 huisartspraktijken en 170.000 patiënten, was het 

mogelijk om op basis van een deterministisch koppelingsalgoritme de gegevens 

van 110.102 (64,8%) patiënten te koppelen. De uiteindelijke database bevat zowel de complete 

voorschrijf- als afl everhistorie van een groot aantal patiënten, huisartsen en openbare 

apothekers, waarvan bovendien gedetailleerde informatie beschikbaar is.

Summary/samenvatting 



152

Voor de farmaco-epidemiologie is de beschikbaarheid van gedetailleerde informatie over 

het geneesmiddelgebruik van patiënten van fundamenteel belang, aangezien misclassifi catie 

van het gebruik kan leiden tot vertekende effectschattingen. Gebruikmakend van de 

gekoppelde database is in Hoofdstuk 2.2 bepaald of de voorschrijfgegevens van huisartsen 

een goede informatiebron zijn om het werkelijke geneesmiddelgebruik van patiënten te 

meten. Het onderzoek wijst uit dat 92.4% van alle recepten die huisartsen uitschrijven ook 

daadwerkelijk door patiënten in de apotheek wordt ingeleverd. Echter, 20.0% van alle bij de 

apotheek ingeleverde recepten blijkt niet in de voorschrijfgegevens van de huisarts aanwezig 

te zijn. Deze recepten zijn van andere voorschrijvers dan hun eigen huisarts afkomstig 

(voornamelijk de medisch specialist). Het niet ophalen van recepten en het ontvangen 

van recepten van andere voorschrijvers was vooral zichtbaar bij patiënten met meerdere 

chronische aandoeningen. Onze resultaten zouden een aanwijzing kunnen zijn dat de 

validiteit van het gebruik van huisartsgegevens voor het meten van geneesmiddelgebruik 

onder patiënten beperkt is doordat patiënten niet al hun geneesmiddelen ophalen en doordat 

patiënten recepten krijgen van andere voorschrijvers dan hun eigen huisarts. 

In Hoofdstuk 3 worden vier studies gepresenteerd waarin de keuzes van huisartsen om 

nieuwe geneesmiddelen voor te schrijven en de context waarin deze beslissingen worden 

genomen worden bestudeerd. In Hoofdstuk 3.1 staan de keuzes van huisartsen centraal om 

of een nieuw geneesmiddel of een bestaand middel voor te schrijven gedurende de eerste zes 

maanden nadat het nieuwe geneesmiddel is geïntroduceerd. Vijf nieuwe geneesmiddelen zijn 

bestudeerd, te weten esomeprazol, rofecoxib, rosuvastatine, tiotropium en de combinatie 

salmeterol/fl uticason. De vijf nieuwe geneesmiddelen lieten elk een snelle marktpenetratie 

zien, maar ondanks de snelle adoptie bestonden er toch grote verschillen tussen huisartsen in 

het voorschrijven. Een kleine groep huisartsen was verantwoordelijk voor een onevenredig 

aandeel van alle vroege voorschriften. Opmerkelijk was dat het voorschrijven van nieuwe 

geneesmiddelen erg afhankelijk was van het geneesmiddel in kwestie en niet zo zeer van 

de voorschrijver zelf. Dit is in tegenspraak met de veronderstelling dat er een universele 

innovator bestaat. Het voorschrijven van nieuwe geneesmiddelen lijkt onderdeel uit 

te maken van de attitude van huisartsen ten aanzien van nieuwe geneesmiddelen en de 

farmaceutische industrie. Huisartsen met een positieve houding ten opzichte van nieuwe 

geneesmiddelen en degenen met een positieve houding ten opzichte van de farmaceutische 

industrie, schrijven vaker kort na marktintroductie nieuwe geneesmiddelen voor. Bovendien 

blijkt dat groepsdwang van collegae huisartsen en openbare apothekers resulteert in het 

minder voorschrijven van nieuwe geneesmiddelen.

Het raakvlak tussen de eerste- en tweedelijnsgezondheidszorg is een belangrijke determinant 

voor het scala aan geneesmiddelen dat door huisartsen wordt voorgeschreven. In het algemeen 

worden medisch specialisten als de echte eerste voorschrijvers van nieuwe geneesmiddelen 
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beschouwd, maar het wetenschappelijk bewijs dat aan deze veronderstelling ten grondslag 

ligt is beperkt. In Hoofdstuk 3.2 hebben we de invloed van medische specialisten op het 

voorschrijven van de bovengenoemde vijf nieuwe geneesmiddelen in de eerste zes maanden 

na introductie bestudeerd. Het blijkt dat de invloed van medisch specialisten duidelijk 

zichtbaar is voor alle nieuwe geneesmiddelen en in de meeste gevallen groter dan bij de 

reeds bestaande geneesmiddelen uit dezelfde therapeutische groep. Echter, de invloed van de 

specialist verschilt aanmerkelijk tussen de verschillende nieuwe geneesmiddelen en het snel 

voorschrijven van nieuwe geneesmiddelen in de eerstelijns lijkt niet voor elk geneesmiddel 

door specialisten geïnduceerd te zijn. Huisartsen zijn verantwoordelijk voor een substantieel 

deel van alle vroege voorschriften en bovendien schrijft een aantal huisartsen, variërend 

van 21,1% voor esomeprazol tot 32,9% voor rofecoxib, nieuwe geneesmiddelen voor zonder 

dat zij enige bevestiging van medische specialisten in de vorm van een eerder voorschrijft 

nodig hebben. Verder blijkt dat de tijd totdat een huisarts start met voorschrijven niet wordt 

verkort wanneer specialisten het geneesmiddel eerder aan patiënten van de huisarts hebben 

voorgeschreven. Dit is in tegenstelling met het algemene idee dat de diffusie van nieuwe 

geneesmiddelen altijd een twee-staps model volgt met specialisten als de innovators en 

huisartsen als volgers.

In Hoofdstuk 3.3 en 3.4 staat de invloed van openbare apothekers op de keuzes van huisartsen 

om nieuwe geneesmiddelen voor te schrijven centraal. De invloed van apothekers door middel 

van hun participatie in het farmacotherapeutisch overleg (FTO) is bestudeerd. De studies 

laten zien dat deze vorm van professionele samenwerking tussen huisartsen en apothekers 

een effectieve manier kan zijn om het voorschrijven van nieuwe geneesmiddelen te sturen. 

Hoofdstuk 3.3 toont aan dat huisartsen die FTO’s op niveau 1 (laagste kwaliteitsniveau) 

(OR=2,24; 95% CI 1,04-4,81) of niveau 2 (OR=2,31; 95% CI 1.30-4,09) bijwonen meer nieuwe 

geneesmiddelen voorschrijven dan hun collegae die deelnemen aan FTO’s van het hoogste 

niveau (niveau 4). Bovendien blijkt dat wanneer meer personen deelnemen aan het FTO, 

de huisartsen ook meer nieuwe geneesmiddelen voorschrijven (OR=1,06; 95% 1,02-1,10). 

Verder schrijven huisartsen minder nieuwe geneesmiddelen voor wanneer zij deelnemen aan 

FTO’s waarin beslissingen worden genomen over wie buiten het FTO de artsenbezoekers 

ontvangen (OR=0,36; 95% CI 0,24-0,56). Hoofdstuk 3.4 had tot doel om de apothekers die 

bijdragen aan kwalitatief hoogwaardige FTO’s te identifi ceren. Vergeleken met apothekers 

die deelnamen aan FTO’s op het laagste niveau, rapporteerden de apothekers die deelnamen 

aan FTO’s op het hoogste niveau vaker initiatieven te ondernemen (OR=2,98; 95% 

CI 1,07-8,26). Opmerkelijk was het ontbreken van enig bewijs dat de actief zorgverlenende 

apotheker, namelijk met actieve eerste en tweede uitgifte begeleiding, eigen spreekkamer 

en actief uitnodigen van patiënten om hun medicatie te bespreken, ook de apotheker was 

die deelneemt aan kwalitatief hoogwaardige FTO’s.
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Om de kwaliteit, veiligheid en werkzaamheid van nieuwe geneesmiddelen te garanderen 

worden alle nieuwe geneesmiddelen uitvoerig getest in klinische onderzoeken voordat een 

handelsvergunning wordt afgegeven. Toch brengt het gebruik van deze middelen in de 

dagelijkse praktijk nieuwe effecten aan het licht. Het betreft vaak bijwerkingen die niet in 

het klinisch onderzoek niet kunnen worden gedetecteerd. In Hoofdstuk 4 worden vier 

studies gepresenteerd die illustreren hoe individuele en redelijk rationele beslissingen van 

huisartsen om patiënten met nieuwe geneesmiddelen te behandelen op populatieniveau tot 

onbedoelde en ongewenste effecten kunnen leiden.

Hoofdstuk 4.1 beschrijft het buiten de registratie voorschrijven (‘off-label’) van rofecoxib; 

de eerste vertegenwoordiger van de nieuwe COX-2 remmers. Rofecoxib werd in 

Nederland geregistreerd (november 1999) voor een nauwe klinische indicatie, namelijk de 

symptomatische behandeling van artrose. Een uitbreiding van de indicatie werd afgegeven 

voor de behandeling van reumatoïde artritis bij volwassenen (december 2001). Echter, 

bedoeld voor een beperkt indicatiegebied uit ons onderzoek bleek dat bij 82.6% van de 

patiënten die rofecoxib voor het eerst kregen voorgeschreven het geneesmiddel voor een 

off-label indicatie was bedoeld. Het buiten de geregistreerde indicatie voorschrijven was 

niet beperkt tot een selecte groep huisartsen en daarmee bepaalden huisartsen een veel 

uitgebreider klinisch toepassinggebied voor rofecoxib.

Rofecoxib werd uiteindelijk in september 2004 vrijwillig van de markt gehaald vanwege 

een verhoogd risico op het krijgen van een hartaanval en hersenbloeding. Dit onderstreepte 

wederom het feit dat het voorschrijven van nieuwe geneesmiddelen, onafhankelijk van 

voorschrijfvolume, met gepaste terughoudendheid dient te gebeuren zodat veiligheid 

van patiënten tot op zekere hoogte kan worden gewaarborgd. Selectief voorschrijven, 

ook wel bekend als ‘channelling’, wordt in Hoofdstuk 4.2 uitgelicht. In dit hoofdstuk 

worden de eerste gebruikers van de rofecoxib beschreven. Er is een uitvoerig debat 

gevoerd over de effectiviteit en veiligheid van rofecoxib, gezien de bezorgdheid omtrent 

de cardiovasculaire veiligheid onder hoogrisico patiënten, in het bijzonder ouderen 

met slechte gezondheid en andere co-morbiditeit. Echter, onze gegevens laten zien dat 

rofecoxib juist werd voorgeschreven aan patiënten met hoge leeftijd (OR
adj

 voor 80 jaar 

of ouder vs. 25-44=8.7; 95% CI 6.7-11.2), een zelf gerapporteerde slechte gezondheid 

(OR
adj

=2.4; 95% CI 1.8-3.3) en eerder gebruik van paracetamol (OR
adj

=1.3; 95% 1.1-1.7).

In Hoofdstuk 4.3 zijn de verschillen in cardiovasculair risico bepaald tussen patiënten 

die startten met rofecoxib en patiënten die startten met andere NSAIDs. Cardiovasculaire 

co-morbiditeit was aanwezig in 40,4% van de patiënten die startten met rofecoxib. 

Een geschiedenis van gastrointestinale morbiditeit kwam tweemaal zo vaak voor bij 

patiënten die startten met rofecoxib dan bij patiënten die startten met een andere NSAID 
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(OR
adj

=2,09; 95% 1,65-2,66). De patiënten hadden ook tweemaal zo veel kans om ook 

cardiovasculaire co-morbiditeit te hebben vergeleken met rofecoxib starters zonder 

gastrointestinale co-morbiditeit (OR
adj

=1,90; 95% CI 1,60-2,24). Cardiovasculaire co-

morbiditeit was aanwezig in meer dan 61% van de patiënten met een samengesteld 

risicoprofi el van een leeftijd van 60 jaar of ouder, gastrointestinale co-morbiditeit en met 

een diagnose reumatoïde artritis of artrose.

Een ander geneesmiddel dat omringd werd door controverse omtrent het veiligheidsprofi el, 

nog voordat het überhaupt was geïntroduceerd, was rosuvastatine. In het licht van de discussie 

over de veiligheid van het nieuwe middel hebben we in Hoofdstuk 4.4 bepaald wat de 

houding van de klinische praktijk was ten aanzien van het voorschrijven van rosuvastatine 

en wie de eerste gebruikers waren tijdens de eerste negen maanden na marktintroductie. 

Overeenkomstig met de adoptie van rofecoxib bleek dat zowel huisartsen als medisch 

specialisten enthousiast waren om het nieuwe middel voor te schrijven aan grote groepen 

patiënten die vaak geen enkele ervaring hadden met het gebruik van lipide verlagende 

middelen en een verhoogd basis risico hadden voor mogelijke dodelijke bijwerkingen. In 

meer dan eenderde van alle beslissingen om (voor het eerst) te starten met statines viel de 

keuze op het nieuwste middel; en niet alleen voor die patiënten waarbij eerdere behandeling 

met lipide verlagende middelen onvoldoende effectief bleek, maar zelfs bij 40% van alle 

patiënten die nog nooit eerder lipide verlagende middelen hadden gebruikt.

Concluderend, de studies in dit proefschrift laten zien dat het voorschrijven van nieuwe 

geneesmiddelen die net op de markt zijn verschenen toe te schrijven is aan een kleine 

groep huisartsen. Echter, de beslissing om een nieuw geneesmiddel voor te schrijven is sterk 

afhankelijk van het middel in kwestie en minder van de voorschrijver. Hoewel medisch 

specialisten vaak worden gezien als de echte vernieuwers in de farmacotherapie, is dat 

niet het geval voor alle nieuwe geneesmiddelen. De studies in dit proefschrift roepen op 

tot een herevaluatie van de bruikbaarheid van de ‘diffusion of innovation’ theorie in het 

geval dat nieuwe geneesmiddelen de innovaties zijn. Bovendien laten de studies zien dat 

de individuele en redelijk rationele beslissingen van huisartsen onbewuste en onbedoelde 

effecten op populatieniveau kunnen hebben, zoals marketing gedreven voorschrijven en 

het voornamelijk voorschrijven van nieuwe geneesmiddelen aan hoogrisico patiënten. 

Professionele samenwerking tussen huisartsen en apothekers in de vorm van FTO’s zou een 

geschikte manier kunnen zijn om een duurzame adoptie van nieuwe geneesmiddelen in de 

huisartspraktijk te garanderen.
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A C K N O W L E D G E M E N T S

Veel mensen hebben bijgedragen aan de totstandkoming van dit proefschrift. Ik wil dan ook 

iedereen bedanken die heeft bijgedragen aan mijn onderzoek en een aantal mensen wil ik 

hierbij graag in het bijzonder noemen.

Prof. Bert Leufkens, beste Bert, jij bent een innovator. Jouw vernieuwende ideeën over hoe 

met geneesmiddelen om te gaan zullen ook in de toekomst een inspiratie voor mij zijn.

Prof. Peter Groenewegen, beste Peter, in onderzoek wordt de werkelijkheid vaak 

vereenvoudigd in een model om vervolgens het verleden te verklaren of de toekomst te 

voorspellen. Velen zullen zeggen: “Keep it simple, s****d!”. Toch is het vaak verstandig 

om de werkelijkheid niet te veel te versimpelen en multilevel analyses zijn daar dé oplossing 

voor.

Dr. Rob Heerdink, beste Rob, bedankt voor je pragmatische aanpak bij het toegankelijk 

maken van de enorme berg aan data die we onderweg hebben verzameld. Zonder jouw 
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