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A B S T R A C T   

Objective: Part of the funding of Dutch General Practitioners (GPs) care is based on pay-for-performance, 
including an incentive for appropriate prescribing according to guidelines in national formularies. Aim of this 
paper is to describe the development of an indicator and an infrastructure based on prescription data from GP 
Electronic Health Records (EHR), to assess the level of adherence to formularies and the effects of the pay-for- 
performance scheme, thereby assessing the usefulness of the infrastructure and the indicator. 
Methods: Adherence to formularies was calculated as the percentage of first prescriptions by the GP for medi-
cations that were included in one of the national formularies used by the GP, based on prescription data from 
EHRs. Adherence scores were collected quarterly for 2018 and 2019 and subsequently sent to health insurance 
companies for the pay-for-performance scheme. Adherence scores were used to monitor the effect of the pay-for- 
performance scheme. 
Results: 75% (2018) and 83% (2019) of all GP practicesparticipated. Adherence to formularies was around 85% 
or 95%, depending on the formulary used. Adherence improved significantly, especially for practices that scored 
lowest in 2018. 
Discussion: We found high levels of adherence to national formularies, with small improvements after one year. 
The infrastructure will be used to further stimulate formulary-based prescribing by implementing more 
actionable and relevant indicators on adherence scores for GPs.   

1. Introduction 

Formularies, guidelines on medication, may play a role in stimu-
lating appropriate prescribing by General Practitioners (GPs). In the 
Netherlands, formularies are available on a national level and regional 
level, the latter is sometimes disease-specific. The national formularies 
provide a concise overview of recommendations on prescribing medi-
cation, taking into account both the effectiveness and cost of medication 
and are aimed at a national audience. These national formularies cover 
the whole specter of medications and diseases, while regional formu-
laries encompass additional and sometimes other prescribing recom-
mendations. They may also focus on one or several specific diseases. 

Regional formularies are generally more specific than formularies on the 
national level [1]. Adherence to formularies varies between prescribers 
[2] suggesting there is room for improvement. However, implementing 
evidence-based practices, such as the recommendations provided in 
formularies that stimulate appropriate prescribing, is not an easy pro-
cess [1,3–5]. 

A pay-for-performance scheme as part of the general practice reim-
bursement system, supplementary to for example a fee-for-service model 
or capitation fee [6,7], is one way to stimulate formulary adherence and 
thus improve the quality of prescribing while reducing health care costs 
[8]. Reimbursement systems in general have proven to have an effect on 
guideline adherence. Furthermore, pay-for-performance schemes have 
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been implemented before, with varying results, to improve health care 
performance or quality [6,8–14]. By making quality of care a direct 
component of the finances of healthcare providers, it is expected that 
pay-for-performance will stimulate the improvement of the quality of 
care [10]. Studies showed an improvement in outcomes on quality in-
dicators and positive effects on the variation between clinicians after the 
introduction of smaller and larger scale pay-for-performance schemes in 
different clinical settings, including primary healthcare [8,9,13–18] and 
for prescribing outcomes [9] based on formularies [3]. 

There are several aspects of pay-for-performance schemes that pro-
mote the effectiveness of the scheme. First, the scope of the pay-for- 
performance scheme (number of indicators) should be considered. 
Narrow schemes result in a focus on a small part of care, while broad 
schemes draw too much attention to performance [13]. Second, GPs are 
more likely to be committed and motivated when they are involved in 
designing the scheme, when there is professional consensus on in-
dicators, and if the data used to calculate indicators is representative [9, 
13,19]. Third, pay-for-performance schemes need clearly defined, 
actionable indicators and constant adjustments to account for the effect 
of reaching a certain optimum in performance measurements [9,19,20]. 
Last, according to van Herck [9], pay-for-performance is most effective 
when it is aimed at quality improvement, with clear targets for clinicians 
[9,13]. 

Following the philosophy of value-based healthcare and Learning 
Health Systems (LHS), routine healthcare data from Electronic Health 
Records (EHR) may be used to stimulate adherence to formularies. By 
using routine healthcare data, the learning capacity of the health system 
is stimulated as a whole and the generation of knowledge is made an 
integrated part of the healthcare delivery process [21–23], while keep-
ing the administrative burden low. In an LHS, routine healthcare data is 
used to enable cycles of continuous learning and improvement, 
enhancing the value of healthcare for patients and our health system in 
general, including the costs for our health system [23,24]. These ideas 
have been brought into practice and studied in primary care in several 
studies [25–28]. Using data from EHR systems may be an efficient way 
to establish clinically relevant indicators for pay-for-performance 
schemes [29–32]. Functions of EHR systems to support GPs, such as 
decision support or feedback tools, can facilitate GPs in improving daily 
practice, keeping in mind the GPs’ own professionalism and freedom in 
choosing the right treatment for their individual patient [17]. However, 
previous studies also showed pitfalls in using EHR systems as the basis 
for pay-for-performance indicators. GPs experienced a negative impact 
on the continuity of care, as data collection for the scheme was 
time-consuming and the EHR software lacked extraction possibilities 
[17,33,34]. 

Incitives for formulary based prescribing have been part of the 
reimbursement system before. However, before 2018, the incentive for 
appropriate prescribing in the Netherlands was based on dispensing data 
from pharmacies, rather than prescribing data from GP practices, which 
diminishes the involvement of the GP’s and reduced the feeling of 
ownership and control of the GP. Therefore, there was a need for a new 
infrastructure using routine healthcare data from EHRs to establish in-
dicators on appropriate prescribing for the pay-for-performance scheme. 

This paper aims (1) to describe the development of an indicator for 
appropriate prescribing based on formularies and GP practices’ EHRs, 
(2) to describe the results of the pay-for-performance scheme on the 
outcomes of the indicator, and (3) to provide recommendations for 
further improvements on the indicator, infrastructure and pay-for- 
performance scheme. 

2. Methods 

2.1. Population and setting 

Both the indicator and infrastructure were developed in collabora-
tion with formularies, four major health insurance organizations, the 

national general practice trade union (LHV), the national organization 
for health insurance (ZN), and an umbrella organization for EHR sup-
pliers (NedXis). The latter four were organized in a steering committee 
for the pay-for-performance scheme. 

GP practices in the Netherlands, contracted by one of the four main 
health insurers (jointly covering 90% of the total number of practices), 
were eligible for the pay-for-performance reimbursement. Ten different 
EHR systems are available for GPs to choose from, all of which provide 
access to e-prescribing applications, provided by the EHR supplier or by 
a separate supplier for e-prescribing applications. All ten EHR systems 
were included for the data collection in this study. 

The e-prescribing modules providing prescription suggestions are 
incorporated in all EHR systems and encompass any of the national 
formularies and may also support the use of regional formularies. They 
can be consulted as part of the prescribing process. Two national for-
mularies were included in the study: the NHG formulary (i.e., the for-
mulary of the Dutch National College of GPs), and the Health Base 
formulary, a national formulary specific to one EHR. Depending on the 
EHR system the GP used, they had access to either the NHG formulary or 
the Health Base formulary. The NHG formulary included 326 different 
Anatomical Therapeutic Chemical Classification (ATC) codes in 2018. 
The Health Base formulary included 316 of the NHG ATC-codes and an 
additional 239 ATC-codes, resulting in a total of 555 individual ATC- 
codes in 2018 for the same number of indications. 

2.2. Indicator for formulary-conform prescribing 

An indicator was developed to calculate the percentage of formulary- 
conform prescriptions for each GP practice every three months. A score 
of 100% adherence to the used formulary is explicitly not the aim of the 
study or the pay-for-performance scheme, as GPs may deviate from the 
formulary to meet the needs of individual patients. 

Denominators were defined as the total number of new first pre-
scriptions issued in the GP practice, for patients registered as patients in 
the practice only. This was possible because virtually every Dutch citi-
zen is listed as patient in a particular practice. Prescriptions were 
regarded as first prescriptions if the same medication (same ATC7-code) 
had not been prescribed in the preceding 12 months. Prescriptions 
without a valid ATC-code, and codes starting with V, Y, or Z, as well as 
vaccinations (ATC-codes starting with J07) were excluded. Numerators 
were defined as the total number of first prescriptions by the GP of which 
the ATC7-code was included in the national formulary used within their 
EHR system. 

2.3. Infrastructure for data collection 

Both denominators and numerators were calculated within each 
practices’ EHR system or the additional application from the e-pre-
scribing supplier, thus avoiding the need to share individual patient- 
level data with researchers or health insurers. Denominators and nu-
merators were calculated in the EHR system of the GP practice and sent 
to the researchers. After checks on correctness and validity, scores were 
sent to health insurance companies, to set off the reimbursement pro-
cess. Inclusion of practices in the project was part of the standard 
reimbursement agreements negotiated annually between practices and 
insurance companies. However, EHR supplier only provided the scores 
after explicit consent from the GP practices. 

2.4. Data validation 

To ensure the accuracy of the indicator for each practice, the 
methodology and operationalization of the specifications of the de-
nominator and the numerator by the EHR systems was validated with 
individual patient level data using a limited number of test practices for 
each of the ten EHR system suppliers. Denominators and numerators 
were calculated by the EHR supplier and then reviewed by the 
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researchers, by comparing them with their own calculations. When 
possible, already available data from the Nivel Primary care database 
was used for the validation [35]. 

2.5. Data collection 

For each GP practice, denominators and numerators were collected 
quarterly for 2018 and 2019. The scores were calculated and validated 
on completeness and correctness by Nivel, before sending them to the 
health insurance companies for the pay-for-performance reimburse-
ment. Fig. 1 illustrates the infrastructure of the project, starting with first 
prescriptions from the GP and ending at GPs receiving a pay-for- 
performance incentive for formulary-conform prescribing. 

2.6. Analyses 

Practices with fewer than 100 first prescriptions quarterly were 
excluded from the analyses, as this was regarded as implausible and 
likely to be a result of data flow failures. Due to differences in included 
ATC-codes between the national formularies, scores were compared 
between practices using the same formulary. For each formulary the 
mean score and standard deviation (SD) were determined quarterly and 
annually. In addition, practice variation was expressed by describing 
scores between the 10th and 90th percentile. Changes in formulary- 
conform prescribing after the pay-for-performance incentive were 
tested with three two-level multilevel model, using an unstructured 
covariance matrix for the residuals of the repeated measures (quarters). 
The dependant variable and the first level in all models were the quar-
terly scores on formulary-based prescribing (outcome of the indicator). 
The second level included the GP practices. 

The first model studied the effect of the pay-for-performance 
incentive on the score by comparing 2018 and 2019. Therefore, a 
main effect for year was added to the model. The second model analysed 
the effect of lower-scoring practices (practices with a score in the 25th- 
percentile in 2018) on the level of change from 2018 to 2019. Therefore 
we included main effects for year, lower or higher-scoring practice and 
an interaction between the two. With the third model, we analysed the 
effect of the EHR suppliers on the level of changes in scores between 
2018 and 2019. Therefore, main effects for year, EHR supplier and an 
interaction between the two were added to the model. EHR suppliers 
were excluded from the analysis when the number of general practices 
using that EHR was less than 10. The significance threshold for all an-
alyses was p < 0.05. Stata version 15.0 was used to perform the analyses. 

3. Results 

In 2018, 75% (n = 3755) and in 2019, 83% (n = 4125) of all eligible 
GP practices in the Netherlands participated in the pay-for-performance 
scheme and provided formulary-adherence scores. Approximately 60% 
of GP practices used the NHG formulary, while 40% used the Health 
Base formulary. Table 1 shows the results for these GP practices. In 2018 
168 (1%) GP practices and 131 (0.8%) in 2019 were excluded from 

analysis, because they had too few prescriptions. 

3.1. Improvements in formulary-conform prescribing 

Fig. 2a presents the mean quarterly adherence scores on both na-
tional formularies for 2018 and 2019. The scores of GP practices that use 
the NHG formulary improved slightly and significantly, with a mean 
increase of 0.7%-point (p < 0.001). The mean scores for the Health Base 
formulary decreased slightly, but significantly, (0.09%-point; p = 0.022) 
between 2018 and 2019 (Table 2). 

3.2. Improvement in formulary-conform prescribing of lowest scoring 
practices 

Subsequently, the practices that scored within the 25th percentile in 
2018 were selected (Tables 1, 2 and Fig. 2b) and compared with the 
improvement in scores made by the higher scoring practices between 
2018 and 2019, showing a significant higher level of improvement. GP 

Fig. 1. Infrastructure for collecting adherence scores on the indicator for formulary-conform prescribing and providing pay-for-performance incentives to GPs by the 
health insurers: GPs (~5000) prescribe medication for their patients (1), using their own EHR system, with access to formularies (NHG or Health Base) (2). GPs have 
access to feedback on formulary-conform prescribing in their own EHR (3), while Nivel receives aggregated prescription data from 10 different EHR-suppliers for 
calculating indicator scores (4). Nivel sends the scores to health insurance companies (5). GPs receive an incentive-based on their score (6). 

Table 1 
Results of GP practices participating in the pay-for-performance scheme for 
formulary-conform prescribing, including the adherence scores and practice 
variance in 2018 and 2019.   

2018 2019  

NHG Health Base NHG Health Base 

Number of GP 
practices (n) 

2337 1562 2599 1742 

Number of first 
prescriptions 
(mean (SD)) 

1121 1260 1117 1309 

Number of first 
prescriptions not- 
conform 
formulary (mean 
(SD)) 

166 54 159 58 

Adherence scores 
(Mean (SD)) 

85.4% 
(2.94) 

95.7% 
(2.00) 

86.1% 
(2.72) 

95.6% 
(1.45) 

Adherence scores 
(10–90% range) 

81.5–88.8% 93.8–97.3% 82.3–89.1% 93.9–97.0% 

Adherence scores 
lowest-scoring 
practices* (mean 
SD)) 

81.4% 
(2.09) 

93.2% 
(2.56) 

82.9% 
(2.39) 

94.0% 
(1.69) 

Adherence scores 
lowest-scoring 
practices* 
(10–90% range) 

78.6–83.4% 89.7–95.1% 79.7–85.5% 91.7–95.8% 

Adherence scores 
highest-scoring 
practices** (mean 
SD)) 

86.7% 
(2.31) 

96.4% 
(1.23) 

86.8% 
(2.70) 

95.8% 
(1.39) 

Adherence scores 
highest-scoring 
practices** 
(10–90% range) 

83.8–89.6% 95.2–97.6% 83.6–89.9% 94.4–97.3% 

* all practices with a mean score within the 25th-percentile in 2018. 
** all practices with a mean score within the highest 75th-percentile in 2018. 
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practices using the NHG formulary increased their score significantly 
with an average of 1.5%-point in 2019 (p < 0.001), compared to an 
average increase of 0.8%-point for GP practices using the Health Base 
formulary (p < 0.001). 

3.3. Differences between EHR suppliers 

Fig. 3 shows the mean scores over time (2018–2019) for GP practices 
strafied by EHR supplier. EHR-3 offers a different formulary (Health 
Base formulary) compared to the other EHR suppliers and is therefore 
not included in further analyses. There were limited, but significant 
differences between the mean scores of practices of most of the EHR 
suppliers (Table 2; p < 0.001). However, the interaction between EHR 
supplier and year was not significant, except for EHR7 (p = 0.001). This 
indicates an effect of the EHR supplier on the mean scores of GPs for 
formulary-conform prescribing, but not on the ability of the GP to 
improve the level of formulary-conformity. 

4. Discussion 

This study describes the development and first results of a new na-
tional infrastructure and indicator based on prescription data from the 
EHR of the GP, for measuring appropriate prescribing using formularies. 
The level of formulary-conform prescribing was calculated using this 
indicator and infrastructure and was applied in a pay-for-performance 
scheme and subsequently evaluated. 

The results of both 2018 and 2019 showed that GPs often prescribe 
medication conform the formulary they used, resulting in high per-
centages of formulary-conform prescribing (85.4–95.6%). This indicates 
a high level of formulary-conform prescribing which is in line with 
previous studies [2,5,36–39]. Even though scores were generally high, 
there was a small but significant improvement from 2018 to 2019 in all 
GP practices using the NHG formulary (i.e. one of the two national 
formularies in Dutch general practice). These small improvements were 
also found in other studies evaluating the effects of pay-for-performance 
schemes [12]. In general, previous studies found that narrow outcome 

models for pay-for-performance schemes (with few indicators), as pre-
sented in the current study, have more limited effects than 
pay-for-performance schemes, with a wider range of indicators [6,13]. 
Furthermore, the level of improvement may also be impacted by the 
cut-off value standard for reimbursement used by the health insurance 
companies: both a relative standard (using quartiles based on practice 
variance) and an absolute standard (using a single pre-set cut-off) were 
applied, depending on the health insurance organizations reimburse-
ment policy. Health insurance organizations are not allowed to make 
agreements on their reimbursement policy’s, resulting in the use of 
different cut-off standards. Previous pay-for-performance studies used 
similar standards for allocating the incentives, finding mixed results for 
both relative and absolute models [9,13,14,18,19,40,41]. A relative 
standard is more likely to promote gradual improvement, but were 
found to penalized GP practices unjustifiably when all score high [13, 
18]. An absolute threshold is perceived as more “fair” [33], but a 
drawback can be that once the target values have been reached, the 
stimulating effect of the indicator stops [18]. Further studies should 
focus on the variation between health insurer’s policies in the level of 
improvement to assess the impact of different types of cut-off values. 

Moreover, the initial scores of GPs on the indicator were relatively 
high, making improvements considerably more difficult, compared to 
starting with lower baseline scores [18]. This was especially true for GPs 
that used the Health Base formulary (i.e. one of the two national for-
mularies in Dutch general practice). They scored approximately 
10%-point higher than GPs using the NHG formulary, due to differences 
in the included number of drugs (ATC-codes); the Health Base formulary 
included 555 ATC-codes and the NHG formulary 316 ATC-codes. GPs 
who used the Health Base formulary thus have fewer restrictions in the 
medication they prescribe. Therefore, higher scores are easier to obtain, 
but improvements more difficult to achieve. With both relative and 
absolute standards used for the reimbursement, ceiling effects should be 
considered when establishing cut-off points for reimbursement, leaving 
room for GPs to deviate from the formulary to choose the right treatment 
for a specific patient (a score of 100% is not the goal). According to 
Roland and Olesen [13], ceiling effects may be a reason to discontinue 

Fig. 2. a Boxplots of the adherence scores on formulary-conform prescribing of all GP practices on the NHG formulary and the Health Base formulary for each quarter 
of 2018 and 2019. b. Boxplots of the adherence scores on formulary-conform prescribing of GP practices scoring in the 25th percentile on the NHG formulary and the 
Health Base formulary for each quarter of 2018 and 2019. 
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the measurement of an indicator within a pay-for-performance scheme 
[13]. 

A more substantial improvement in formulary-based prescribing was 
found in the GP practices that scored lowest in 2018 (mean score in first 
quartile), for both national formularies. A higher potential for 
improvement resulted in more steep improvements [6,18]. However, it 
is uncertain if these changes are due to the incentive, more awareness of 
the use of formularies (signalling power of a pay-for-performance 
scheme) [6], a combination of both, or due to other unknown factors, 
such as differences in EHR system functions [42], access to real-time 
feedback [1] or changes in the formularies. In addition, for both the 
higher and lower scoring practices, policy makers should consider if the 
improvements represent a meaningful reform in appropriate prescrib-
ing, that is in line with the costs of the pay-for-performance scheme [18]. 
It is unknown whether the improvement in formulary-based prescribing 
of GPs will continue, stabilize or decline. 

The indicator for formulary adherence did have a number of draw-
backs similar to other pay-for-performance models [6,10,12–15,41]. At 

the same time, however, we managed to avoid a number of other 
problems often associated with pay for performance schemes. First, 
Roland and Olesen [13] reported that excluding specific patients, with a 
negative effect on the outcomes, were purposely excluded by providers 
to improve their scores [13]. In the current pay-for-performance model 
this was not possible due to the nature of the data collection infra-
structure that used routine health data covering the whole patient 
population. However, for practices with a specific patient population, 
that were more prone to receive medication outside the formulary, this 
had a disproportionate negative effect on the score of these practices. To 
accommodate these practices they could appeal their awarded incentive 
with their health insurance organization. Second, a distinct hampering 
effect of the Quality of Framework (QOF) from the United Kingdom was 
the added administrative burden and increased workload from partici-
pating for both GPs and health insurance companies [12,14]. This 
administrative burden and added workload were kept to a minimum in 
the pay-for-performance model described in this study: the indicator 
was based on routine healthcare data in EHRs of general practices, 
recorded as part of the healthcare process. Furthermore, formularies 
were already available during prescribing via electronic prescribing 
systems built into the EHR systems and were already used by GPs. The 
pay-for-performance scheme could therefore be incorporated into 
normal practice of GPs realaltively easy. 

4.1. Strengths and suggested improvements of the developed indicator and 
infrastructure 

An infrastructure was developed for the measurement of the indi-
cator, involving a large variety of stakeholders, such as EHR suppliers, 
health insurance companies, GPs, formulary developers and researchers. 
The involvement of relevant stakeholders, in the set-up of the pay-for- 
performance scheme is one of the factors named by van Herck et al. 
[9] in creating an effective pay-for-performance scheme [9]. Further-
more, the collaboration between all involved stakeholders and the 
created infrastructure may be used for the implementation of future 
indicators for stimulating formulary-conform prescribing. We will 
continue to develop the infrastructure with the intent to improve 
actionability for GPs and improve the fitness for purpose of the re-use of 
EHR data. 

However, the current infrastructure and indicator leave room for 
improvement. First, the EHR system used by the GP seems to impact the 
adherence score for formulary-conform prescribing. GPs can choose 
from a variety of EHR suppliers in the Netherlands. These EHR systems 
show differences in software, decision support options during prescrib-
ing and feedback options. The present study shows differences in the 
mean scores of GP practices between EHR systems; however, they do not 
seem to affect the ability of GP practices to improve their score. Opondo 
et al. also found that the EHR system used by the GP affects prescribing 
of medication, based on the levels of co-prescription of gastro-protection 
in combination with NSAIDs [42]. There can be many reasons why 
practices vary on how they prescribe medication, not necessarily related 
to prescribing behaviour of the GP, such as how medication is recorded 
or how the data is extracted from the EHR. Policy makers and health 
insurance companies should consider these when developing 
pay-for-performance models based on routine healthcare data and even 
more so when interpreting the results and assigning the level of financial 
incentive. 

Second, the simultaneous implementation, measurement and appli-
cation of the indicator in the pay-for-performance scheme in the first 
year of the project negatively affected the possibilities for feedback on 
the quarterly scores of formulary-conform prescribing for GPs. There-
fore, GPs had limited time to improve their level of appropriate pre-
scribing. According to Roland and Olesen , feedback and public 
reporting on the outcomes, may have more impact than a financial 
incentive, especially if the incentive is relatively low [13]. The options 
to seize this opportunity have not (yet) been exploited enough within the 

Table 2 
Results of two-level multilevel analyses, including separate models for the 
general improvement between 2018 and 2019 (model 1), the improvement of 
lower scoring practices (model 2) and the impact of EHR suppliers (model 3).   

NHG formulary Health Base formulary  

Coef. SE Sig. Coef. SE Sig. 

Model 1: Main effect year 
Constant − 10.104 0.7000 p < 

0.001 
2.837 0.820 p =

0.022 
Year 0.005 0.0003 p < 

0.001 
− 0.001 0.0004 P =

0.001 
Model 2: Lower scoring practices* 
Constant 0.865 0.0005 p < 

0.001 
0.964 0.0004 p < 

0.001 
Year 0.002 0.0004 p < 

0.001 
− 0.004 0.0004 p < 

0.001 
Lower scoring 

practices 
− 0.049 0.0010 p < 

0.001 
− 0.032 0.0009 p < 

0.001 
Year*lower 

scoring 
practices 

0.011 0.0008 p < 
0.001 

0.0132 0.0009 p < 
0.001 

Model 2: Impact of EHR supplier** 
Year 0.005 0.0007 p < 

0.001    
EHR1/constant 0.860 0.0011 p < 

0.001    
EHR2 − 0.008 0.0017 p < 

0.001    
EHR4 − 0.007 0.0017 p < 

0.001    
EHR5 0.001 0.0017 P =

0.652    
EHR6 − 0.032 0.0025 p < 

0.001    
EHR7 − 0.012 0.0024 p < 

0.001    
EHR8 0.0004 0.0022 P =

0.855           

Year*EHR2 0.0009 0.0011 p =
0.414    

Year*EHR4 0.0001 0.0010 p =
0.888    

Year*EHR5 − 0.0013 0.0011 p =
0.210    

Year*EHR6 0.0012 0.0015 p =
0.402    

Year*EHR7 0.0052 0.0015 p =
0.001    

Year*EHR8 − 0.0024 0.0014 p =
0.085    

*All practices with mean score within the 25th-percentile in 2018. 
**EHR3 was excluded from the analysis because only the Health Base formulary 
was available to its users. 
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presented pay-for-performance scheme. Eriksen et al. found that the 
improvement in formulary-conform prescribing was stimulated by 
providing feedback to GPs and education of GPs about the 
pay-for-performance incentive and its outcomes [1,5]. Although the 
timeliness of feedback improved during the second year (2019), this was 
not readily available for all GP practices. Furthermore, the infrastructure 
of the current study only provides feedback on practice level. Palin et al. 
favoured feedback on both practice and patient level for an effective use 
of a LHS infrastructure to optimise appropriate prescribing [28]. When 
designing a new pay-for-performance model or further developing 
existing ones, the development of a feedback infrastructure should be a 
main priority. Using routine healthcare data from EHRs provides op-
portunities for integrated feedback options (in the EHR of the GP), using 
their own data. However, besides easy access to feedback also timeli-
ness, the level of feedback (patient vs aggregated at the level of the GP 
practice) and support in interpreting feedback should be considered. 

Third, the indicator used in this study showed high adherence scores 
from start of implementation, with limited variation between practices 
and limited room for improvement. In combination with the slow start of 
feedback, the actionability of the indicator for GPs remained limited. 
According to literature, a successful pay-for-performance scheme is 
dependant on a clearly defined outcome (or indicator) that leaves suf-
ficient room for improvement [9,19,20]. Additionally, the specificity of 
the indicator was limited, because the diagnosis for which the medica-
tion was prescribed was not included. As a consequence, prescriptions 
were labelled as conform formulary only based on ATC-code, even 
though it was prescribed for a diagnosis not in line with the formulary. 
New indicators should therefore include further levels of specificity, for 
example by including the diagnosis in the measurement or the device 
choice (for example type of inhalers for asthma medication). The 
development of new indicators will be dependant on the fitness for 
purpose of the recorded data by the GP from the EHRs, keeping in mind 
the possible sources of bias [43]. By increasing the level of specificity, 
the actionability for GPs will increase, possibly the practice variation 
will become larger and the indicator will show more possibilities for 
improvement. 

Another point of improvement on the developed indicator may be 

found in the formularies used for testing. The current study and pay-for- 
performance scheme were limited to two national formularies. Both 
national and regional formularies are developed in cooperation between 
GPs, pharmacies and insurance companies, however there is less direct 
involvement from individual GPs in the national formularies compared 
to more regional formularies, which might have affected the formulary- 
conformity. Clinicians are more likely to adhere to guidelines that they 
developed themselves, due to a greater sense of commitment and 
ownership [3,4,44]. More than 20 regional and disease specific formu-
laries existed in the Netherlands in 2019. Care groups, who represent a 
group of GPs, or regional pharmacotherapeutic meetings comprising 
both GPs and pharmacists, often initiate these regional formularies. 
These regional formularies contain their own set of recommendations, 
often resulting in more specific recommendations compared to national 
formularies. However, they may also contain medication that are not 
part of national recommendation but do fit more regional needs of the 
GPs, pharmacists and the own patient population. Erikson et al. contend 
that GPs are more likely to follow agreements that were made regionally 
and that suit the local need of GPs and pharmacists, than wider national 
level agreements that are supposed to address everyone’s needs [1]. For 
future research and use of indicator(s) for the pay-for-performance 
scheme, regional formularies should be included. 

4.2. Strengths and limitations of the study 

Strength of this study is the inclusion of almost all GP practices in the 
Netherlands. Furthermore, the developed indicator for formulary- 
conform prescribing was calculated with prescription information 
directly derived from the EHR system of the GP practice, instead of the 
former method, using pharmacy dispensing data. Additionally, data was 
collected and validated by the researchers and scores were forwarded to 
the health insurance companies without sharing privacy sensitive in-
formation on individual patients. However, a limitation of the study was 
that only aggregated data on GP practice level was collected. Therefore 
we were unable to study the effects of certain patient characteristics of 
GP practice populations on the level of formulary-based prescribing, 
such the type of practice, region, level of urbanisation, socioeconomic 

Fig. 3. Mean adherence scores of practices categorized for each EHR system.  
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position or migrant status of the practice population. 

5. Conclusion 

Aim of this paper was to describe and assess the results and the 
usefulness of an infrastructure developed to stimulate formulary based 
prescribing in Dutch general practice. The level of formulary-conform 
prescribing improved slightly, especially in practices with the lowest 
scores during the introduction year (2018). However, there should be 
considered if the invenstments made are justified by the limited poten-
tial for improvement. Furthermore, it remains unclear whether the 
improvement is a direct effect of the incentive, since various factors may 
have influenced scores (i.e. GPs’ recording behaviour in EHR systems). 
In order to promote formulary-conform prescribing through a pay-for- 
performance model more effectively, more specific and a wider range 
of indicators should be developed, including also regional, rather than 
just national formularies. Also, in order to improve actionability, GP 
practices should receive more and more timely feedback and future 
research is needed to determine what type of feedback for GPs may be 
most effective to stimulate appropriate prescribing. 

Furthermore, some factors related to the Dutch healthcare system 
influenced the establishment of an infrastructure like the one we 
describe. First, health insurance organizations are not allowed to make 
price agreements, preventing uniformity in cut-off values and reim-
bursement policy. Second, the presence of ten different EHR suppliers 
makes it difficult to achieve uniformity of measurements and the pro-
vision of feedback, impacting the actionability of the current indicator. 
These differences may be obstacles for further development of in-
dicators, as they may be more dependant on the structure of the EHR 
systems involved. In spite of these challenges, we also demonstrated that 
it was possible to develop an infrastructure and indicator aimed at 
improving prescribing behaviour, avoiding the privacy risks for indi-
vidual patients, without increasing the administrative burden in general 
practice, and by cooperating with organisations representing health 
insurers, GPs as well as software suppliers. We believe this has been an 
important step in the development of a learning health system in which 
data collection and the further use of data is an integral part of the health 
care delivery process. 
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