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ABSTRACT 
Objective. To study trends and variation in adherence to the main national formulary for the 

20 most prevalent health problems in Dutch general practice over a 5-year period (2003–07).  
Methods. Routine electronic medical records from a pool of 115 representative general 

practices were linked to the main national formulary. Analyses included over 2 million 

prescriptions for 246 391 patients. The outcome variable was whether or not the prescribed 

medication was congruent with recommendations in the national formulary. Trends and 
variation were analysed using three-level multilevel logistic regression analyses (general 
practice, patient, and prescription).  

Results. The percentage of formulary adherent prescriptions for the 20 most prevalent health 
problems was 73–76% between 2003 and 2007. The percentage varied considerably between 
guidelines. Lowest adherence rates were found for acute bronchitis and acute upper respiratory 
infection. Interpractice variation was constant over time.  

Conclusions. General practice information networks are useful for monitoring general 
patterns of formulary on a year-to-year basis. Formulary adherence is stable over time but 
varies across diagnoses, patients and general practices. In the past decade, efforts have been 
made to increase the level of formulary adherent prescribing. These general efforts managed to 
stabilize (variation in) adherence in a field where many other initiatives (e.g. by pharmaceutical 
companies) are undertaken to influence prescribing behaviour.  

INTRODUCTION 
The increasing number of drugs that have become available in recent decades has made prescribing 

increasingly complex, especially for GPs, who prescribe a large variety of drugs.1 Evidence-based 
recommendations can support GPs in the prescribing process by reducing uncertainty about what drugs to 
choose for a specific health problem.2 In the Netherlands, >80 guidelines were published by the Netherlands 
College of General Practitioners (NHG) since the late 1980s. The prescription recommendations in these 
guidelines are available in the NHG formulary. From 2002 onwards, the formulary was extended by 
recommendations that provide evidence-based advice for minor ailments for which no NHG guidelines are 
available.  
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Formularies such as the NHG formulary are supposed to reduce unwanted variation in medical practice.3 
Some studies indicate that formularies may decrease or stabilize variation in a market where more drugs are 
becoming available.4,5 Variation in adherence to formularies can exist at different levels. Firstly, previous 
studies have shown that considerable variation exists between GPs in prescribing behaviour and adherence 
to evidence-based recommendations.4–12 Secondly, adherence to formularies varies across patients. For 
some patient groups, physicians more often deviate from the formulary.4–6,13–15 Thirdly, there are 
differences between health problems in level of formulary adherence.4,9,10,15,16 A variety of reasons may 
explain these differences, such as the complexity of the health problem, the way the formulary for this 
particular health problem was developed, content of the recommendations, the publishing party and the 
amount of work the advice generates for the GP.17,18 Finally, variation may change over time. Up to now, 
most studies have focused on adherence to formularies for a limited period of time, which is the reason why 
long-term developments are unknown. Furthermore, little research has been conducted on long-term 
developments in adherence variation. An exception is a study by De Jong et al., comparing variation in 
formulary adherence in the late 1980s to the situation in 2001, during which period many new guidelines 
had been introduced. The authors concluded that interpractice variation did not diminish between these 
dates; however, indications were found that guidelines tempered an increase in variation.2 While many new 
guidelines became available during the last decades of the previous century, nowadays, the use of 
formularies is incorporated in daily clinical practice. Although the value of evidence-based practice is 
widely acknowledged, developments in formulary adherence are hardly monitored on a year-to-year basis. 
This study examines trends in adherence to the NHG formulary for a 5-year period: 2003–07. In addition, 
variation in formulary adherence at GP and patient level is studied for various health problems and for the 
different years. 

METHODS 

Study setting 
Data were obtained by linking routine registration data collected in general practice between 2003 and 

2007 to the database of the electronic version of the NHG formulary. General practice data were derived 
from the electronic medical records-based Netherlands Information Network of General Practice (LINH), a 
large and dynamic pool of general practices across the country that includes ~3% of all general practices in 
the Netherlands and >300 000 patients. The general practices are spread across the country and located in 
both rural and urbanized areas. Patients are representative for the whole population with respect to age, 
gender, consultation behaviour and type of medication used.19 GPs are representative as well. Comparisons 
based upon claim and pharmacy data showed that there were only small differences in medical practice 
between GPs participating in LINH and non-participating GPs.19 GPs prescribe ~75% to 80% of all 
medication in the Netherlands.20,21 

LINH GPs register every prescription. These are coded using the Anatomical Therapeutical Chemical 
(ATC) coding system.20 They use the International Classification for Primary Care (ICPC) to identify the 
reason to prescribe.22 LINH studies are conducted in keeping with Dutch legislation on privacy, which 
stipulates that obtaining informed consent is not obligatory for observational studies.  

The electronic version of the NHG formulary stores formulary recommendations. An important element is 
a list of all ‘diagnosis–drug combinations’ (DDCs) containing all combinations of ICPC codes with 
recommended drugs (ATC codes). We had access to the 2006 DDC list. Linkage of the LINH database to 
the DDC list was based on the four-digit ICPC code and the full ATC code. Our analyses were limited to 
the top 20 most prevalent health problems encountered in general practice.23 For these health conditions, no 
major innovative drugs were introduced during the study period.  

Only patients with at least one of the selected health problems were included. In this period, the overall 
number of prescriptions per year in the database ranged from 1.6 to 2.2 million (Table 1). Seventy per cent of 
all prescriptions were ICPC coded. Practices were excluded if they had overall <3000 prescriptions for the 
top 20 diagnoses. This ensured the exclusion of practices that had low levels of ICPC coding.  

[TABLE 1] 
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MEASUREMENTS 

Outcome. 
Prescriptions for the 20 most prevalent health problems (ICPC) were selected. For each prescription, it 

was checked whether the prescribed drug was listed in the NHG formulary for this particular ICPC and a 
dichotomous variable was created (congruent/not congruent). The ATC-4 level was used to determine 
whether or not a prescription was formulary adherent: not only the specific drug listed in the formulary was 
considered adherent but also drugs with the same mechanism. An example: when prescribing for sleep 
problems, the formulary recommends oxazepam (N05BA04). In our study, not only oxazepam is 
considered adherent but also all other drugs with ATC code N05BA. The reason is that in some NHG 
guidelines, specific drugs are mentioned as just an example for a group as a whole.  

Other variables. 
For each prescription, we created dichotomous variables for the 20 health problem to indicate whether or 

not the prescription was written for this particular health problem. In addition, we created variables for the 
year in which the prescription was written.  

Control variables included at the patient level were year of birth and gender. In addition, the total number 
of prescriptions for a top 20 health problem per year, per diagnosis and for the overall period were 
calculated as well as the total number of top 20 health problems per year, per diagnosis and for the overall 
period.  

Since the registration habits of GPs are associated with the type of general practice information system 
(GPIS) they use, this variable was included in all analyses as a control variable. GPIS is used in general 
practices to register patient contacts, prescriptions, administrative matters, etc. Participating general 
practices used six different systems. Practice characteristics such as type of practice and being a dispensing 
practice were not associated with formulary adherence and therefore not used as control variables.  

Analyses 
Firstly, we calculated the ‘proportion of formulary adherent prescriptions per ICPC per year’ taking into 

account clustering at the general practice level. Secondly, a three-level multilevel logistic regression 
analysis was used to analyse ‘variation in formulary adherence at the practice and patient level’ for each 
ICPC over the whole 5-year period. Multilevel logistic regression analyses were used to take the nested 
structure of the data into account.24 For each particular health problem, we estimated three models: (i) the 
empty model, (ii) adding year of prescription and (iii) adding patient characteristics. Median odds ratios 
(MORs) were calculated to interpret variance at the practice and patient level. The MOR translates the 
variance estimated in the multilevel model into an odds ratio scale.5,25 If the MOR at the practice level 
equals one, then this means general practices do not differ at all in formulary adherence. If the MOR is 
high, then the variation in formulary adherence between practices is substantial.5 Finally, three-level 
multilevel logistic analyses were performed to study the stability of the variation for all 20 health problems 
together over time. For each year, we estimated two models: (i) empty model and (ii) adding the ICPC 
codes. MLWin 2.11 and Stata 10.0 were used to analyse the data.26 

RESULTS 
In total, 2 436 729 prescriptions written to 246 391 patients in 115 general practices from 2003 to 2007 

were included (Table 2); individual patients received on average 9.9 prescriptions for the 20 most prevalent 
health problems (SD = 18.3). Most prescriptions were written for hypertension without complications (22% 
of the prescriptions for the 20 most prevalent health problems), followed by diabetes mellitus (11.6%) and 
asthma (5.8%) (Table 3). The number of patients was highest for dermatitis (contact/allergic), hypertension 
without complications and dermatophytosis, respectively. The number of prescribed drugs (DU-90, the 
number of different drugs that cover 90% of all drugs prescribed for this health problem in a single year) 
varies from 4 to 19 between health problems. 
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[TABLE 2] 

Proportion of formulary adherent prescriptions 
Overall, percentages of formulary adherence for the 20 most prevalent diagnoses ranged from 74% in 

2007 to 76% in 2003 and 2004 (75% in 2005 and 2006). For four diagnoses, the proportion of formulary 
adherent prescriptions exceeded 90% in at least 4 years. These were constipation, sleeping disorders, lipid 
disorders and cystitis/urinary infection other. For these health problems, DU-90 is lower than for other 
health conditions, so GPs have a lower range of drugs they prescribe for these diagnoses. Two respiratory 
diagnoses had less than half of the prescriptions according to formulary recommendations: acute upper 
respiratory infection and acute bronchitis (Table 4). For acute upper respiratory infection, GPs prescribed 
many different drugs. In 2007, 14% of all prescriptions for acute upper respiratory infection included 
doxycycline, a recommended drug. The two most frequently prescribed non-recommended drugs for acute 
upper respiratory infection were codeine (R05DA04, 11%) and salbutamol (R03AC02, 5%). In the case of 
acute bronchitis, about half of the prescriptions were for non-recommended antibiotics.  

[TABLE 3,4] 
The level of formulary adherence is not related to the number of drug classes (ATC-4) recommended in 

the NHG formulary. To illustrate this, there are two health problems for which only one drug class is 
recommended respectively: lipid disorders and acute bronchitis. While for lipid disorders the level of 
formulary adherence is >90% in all years, acute bronchitis has the lowest level of formulary adherence.  

For seven health problems, the proportion of adherent prescriptions was >5% lower in 2007: ischemic 
heart disease without angina, depression, COPD, asthma, dermatophytosis, dermatitis (contact/allergic) and 
diabetes mellitus.  

Variation at practice and patient level per diagnosis 
In the next step, we estimated variation at the practice and patient level for the 20 individual health 

problems (Table 5). While the level of adherence varies considerably between diagnoses (Table 4), this is less 
true for the variation at the practice level: MORs range from 1.5 to 1.7 for 14 of the 20 health problems. 
Variation at the practice level is highest for acute bronchitis (MOR = 2.3), followed by sleeping disorders 
(MOR = 1.9). Interpractice variation is lowest for oral contraception (MOR = 1.1), followed by COPD, 
allergic rhinitis and ischemic heart disease (MOR = 1.4). Differences in variation are larger at the patient 
level. Most variation is found for lipid disorders (MOR between 7.6 and 7.8) and sleeping disorders (MOR 
between 7.0 and 7.6). Health problems with less variation at the patient level are oral contraception (MOR 
1.4–1.5) and upper respiratory infection (MOR 1.7–1.9).  

[TABLE 5] 

Variation in overall formulary adherence >5 years 
Table 6 shows the variation in overall formulary adherence for the 20 included health problems over the 

course of 5 years. The interpractice variation is constant over time: MORs are 1.3 for all years (Table 5). 
Likewise, variation at the patient level is almost constant over time, although MORs show a slight drop 
from 3.3 in 2003 to 2.9 in 2007.  

[TABLE 6] 

DISCUSSION 

Main results and comparison with existing literature 
Formulary adherence in Dutch general practice was monitored for the years 2003–07. Adherence was 

defined as the choice of a drug that was recommended in the NHG formulary for 1 of the 20 most prevalent 
health problems in general practice. On average, the level of adherence for these 20 health problems was 
73–76%, which is in the range of previous studies on adherence to guidelines.10,15,16 Formulary adherence 
was rather stable over time, although for a minority of the 20 health problems, a decrease was observed. 
Differences in formulary adherence between health problems were considerable, ranging from 3% for acute 
bronchitis followed by 40% for upper respiratory infection to >90% for four other diagnoses. Such 
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differences were found in earlier studies as well.4,9,10,15,16 GPs chose mainly the same drugs for the latter 
category (DU-90). The low formulary adherence for acute bronchitis can for a large part be attributed to the 
prescribing of non-recommended antibiotics. Apparently, even in the Netherlands where antibiotic 
prescribing is low compared to other Western countries,27 antibiotics are prescribed for diagnoses for which 
they are not indicated.  

GPs look at individual patients when prescribing. A meta-analysis on reasons why physicians did not 
follow guidelines showed that doctors’ main argument was their concern for the individual patient coupled 
with scepticism about applying general research findings to individuals.28 We did indeed find that variation 
at the patient level is clearly higher than at the practice level, albeit slightly decreasing. This shows that GPs 
make individual considerations for each patient. Implementation of guidelines is therefore a complex 
process and review studies state that a combination of strategies to improve the implementation of 
guidelines is usually most effective.17,29–32 Over the past 5–10 years, considerable efforts have been made 
to improve formulary adherence such as via professionalization in peer group reviewing and developing 
prescription indicators for benchmark purposes.4,33,34 

An important intervention was the introduction of the electronic decision support system (DSS) at the 
national level in 1999. Until 2002, considerable efforts were made to implement DSS in general practice. 
One element of this implementation program was that savings made in prescribing at the national level 
were returned to GPs by increasing the budget for additional staff. Between 1999 and 2002, the use of DSS 
steadily increased. GPs who used DSS in 2001 were more adherent to the guidelines.2 Increasing DSS use 
may thus further increase formulary adherence. However, the implementation program ceased in 2002 and 
was followed by a stagnation in DSS use between 2002 and 2006.23 It may well be that, with the current 
non-compulsory use of DSS, the maximum effect on formulary adherence has been reached.  

Strengths and limitations of the study 
Data came from a large nationwide general practice network. Information is registered in an electronic 

information system—usually during patient contacts. A large majority of the general practices in the 
Netherlands have a computerized patient registration system. The GPs in our study did not differ from other 
GPs in this respect. In addition, previous research showed that there were only small differences in medical 
practice between GPs participating in the LINH network and other GPs, except that LINH GPs prescribed 
antibiotics slightly less often.35,36 

To measure adherence, a so-called DDCs approach was used: did the formulary recommend the prescribed 
drug for a specific diagnosis?16,23 An advantage of this approach is that it quickly provides an overview of 
whether GPs prescribed recommended medication for a whole range of health problems, which is why it is 
useful for signalling potential general problem areas for policy making.10 The availability of indications in 
itself is an advantage of this approach. Several studies on adherence to recommendations only include 
information on prescribed drugs. Such an approach usually involves working with nationwide pharmacy or 
reimbursement claim data. However, formularies usually refer to a particular health problem. Many drugs, 
such as NSAIDs, betablockers and antidepressants, are prescribed for different health conditions and 
interpretation problems may arise if no information on the diagnosis is included.37–39 

The DDC approach also has limitations. Guidelines are usually more complicated than just recommending 
a certain type of drug. Sometimes, there are age restrictions or recommendations against prescribing a drug 
in case of contra-indications or co-morbidities. We accounted for co-morbidity by including the total 
number of prescriptions and the total number of diagnoses in the analyses. Another neglected element in the 
DDC approach is restrictive prescribing. A study on antibiotics showed that adherence to recommendations 
on type of medication was not strongly correlated to following recommendations on such restrictive 
prescribing10,40, an element that is not taken into account in the DDC approach. The so-called progressive 
schemes (recommending to prescribe first drug A, and if it is not effective, to follow on with drug B) 
included in some guidelines were also not taken into account: all drugs recommended in the guidelines 
were considered adherent. To address these specific problems, more detailed indicators are necessary.10,41 
Working with such indicators yields more detailed information on quality of care than the other approaches 
but is time consuming and often requires considerable efforts to extract data from computer systems.  

We looked exclusively at adherence to the NHG formulary, while other formularies also exist in the 
Netherlands. These formularies are usually regionally based. Since the participating practices were widely 
distributed across the country and recommendations in other formularies are often based on those from the 
NHG formulary, it is plausible to assume that our results reflect the Dutch situation. In our study, the 2006 
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list of DDCs was used. For a number of the included health problems, NHG guidelines changed between 
2003 and 2007. Our results, however, showed that this did not affect GPs’ choices in type of medication. 
There may be several reasons for this. Sometimes GPs are ‘ahead of the guidelines’. This was, for example, 
the case for the depression guideline. GPs widely prescribed SSRIs, before they were recommended in the 
guidelines. On the other hand, prescription behaviour is hard to change and it may take some more time 
before GPs take over advises in the clinical guidelines.2 Also, guidelines sometimes only change 
recommendations at the ATC-5 level while we looked at the ATC-4 level, at this lower level changes may 
take place.  

Another concern is the role of prescriptions initiated by a specialist that are subsequently followed by 
repeat prescriptions from GPs since these may influence both the level of adherence and the variation in 
adherence between general practices. If a GP refers relatively more often to a medical specialist, he or she 
may also prescribe more repeat prescriptions initiated by specialists that more often deviate from GP 
guidelines.1 We were not able to investigate this influence, which is a limitation of this study. Moreover, we 
could not distinguish between first and repeat prescriptions for all GPs. Therefore, we included all 
prescriptions, which may also have an impact on our results. It may well be that GPs who adhere strictly to 
the guidelines are also less likely to issue repeat prescriptions (for example in the case of benzodiazepines).  

CONCLUSIONS 
General practice routine registration data are a good source of information for monitoring formulary 

adherence on an annual basis. Our results show that formulary adherence is relatively stable over time but 
varies across diagnoses, patients and GPs. In the last two decades, several efforts have been made to 
increase the level of formulary adherent prescribing in the Netherlands. These general efforts managed to 
stabilize the level of adherence in a field where many other initiatives are undertaken to influence 
prescribing behaviour (e.g. by pharmaceutical companies). To increase the level of adherence, a more 
intensive approach seems necessary. 
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