
OR I G I N A L A R T I C L E

Do we become better prescribers after graduation: A 1-year
international follow-up study among junior doctors

Erik M. Donker1,2 | David J. Brinkman1,2 | Floor van Rosse3 | Ben Janssen4 |

Wilma Knol5 | Glenn Dumont6 | Philippe G. Jorens7 | Alain Dupont8 |

Thierry Christiaens9 | Jeroen van Smeden10,14 | Itte de Waard-Siebinga11 |

Laura E. J. Peeters2,12 | Ronald Goorden13 | Marleen Hessel14 |

Birgit Lissenberg-Witte15 | Milan Richir1,2,16 | Michiel A. van Agtmael1,2 |

Cornelis Kramers17 | Jelle Tichelaar1,2 | the Education committee of the Dutch Society

for Clinical Pharmacology and Biopharmacy

1Department of Internal Medicine, Section Pharmacotherapy, Amsterdam UMC location Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

2Research and Expertise Centre in Pharmacotherapy Education (RECIPE), Amsterdam, The Netherlands

3Department of Hospital Pharmacy, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands

4Department of Pharmacology and Toxicology, Maastricht University, Maastricht, The Netherlands

5University Medical Center Utrecht, Department of Geriatric Medicine, Utrecht University, Utrecht, The Netherlands

6Department of Hospital Pharmacy and Clinical Pharmacology, Amsterdam UMC, location AMC, Amsterdam, The Netherlands

7Antwerp University Hospital, Department of Pharmacotherapy, University of Antwerp, Antwerp, Belgium

8Department of Clinical Pharmacology, Free University of Brussels, Brussels, Belgium

9Clinical Pharmacology, Department of Basic and Applied Medical Sciences, Ghent University, Ghent, Belgium

10Department of Education, Centre for Human Drug Research, Leiden, The Netherlands

11Department of Clinical Pharmacy and Pharmacology Groningen, University Medical Center Groningen, The Netherlands

12Department of Internal Medicine, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands

13Radboud University Medical Center, Nijmegen, The Netherlands

14Leiden University Medical Center, Leiden, The Netherlands

15Department of Epidemiology and Data Science, Amsterdam UMC, location AMC, Amsterdam, The Netherlands

16Department of Surgery, University Medical Center Utrecht, Utrecht, The Netherlands

17Pharmacology-Toxicology and Internal Medicine Nijmegen, Radboud University Medical Center, The Netherlands

Correspondence

Erik Donker, Amsterdam UMC, Department of

Internal Medicine, Pharmacotherapy Section,

De Boelelaan 1117, 1081HV. Amsterdam, The

Netherlands.

Email: e.donker@amsterdamumc.nl

Funding information

ZonMw, The Netherlands Organization for

Health Research and Development, Grant/

Award Number: 83600095004

Aim: The aim of this study was to investigate how the prescribing knowledge and

skills of junior doctors in the Netherlands and Belgium develop in the year after grad-

uation. We also analysed differences in knowledge and skills between surgical and

nonsurgical junior doctors.

Methods: This international, multicentre (n = 11), longitudinal study analysed

the learning curves of junior doctors working in various specialties via three

validated assessments at about the time of graduation, and 6 months and 1 year after
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graduation. Each assessment contained 35 multiple choice questions (MCQs) on

medication safety (passing grade ≥85%) and three clinical scenarios.

Results: In total, 556 junior doctors participated, 326 (58.6%) of whom completed

the MCQs and 325 (58.5%) the clinical case scenarios of all three assessments. Mean

prescribing knowledge was stable in the year after graduation, with 69% (SD 13)

correctly answering questions at assessment 1 and 71% (SD 14) at assessment

3, whereas prescribing skills decreased: 63% of treatment plans were considered

adequate at assessment 1 but only 40% at assessment 3 (P < .001). While nonsurgical

doctors had similar learning curves for knowledge and skills as surgical doctors

(P = .53 and P = .56 respectively), their overall level was higher at all three assess-

ments (all P < .05).

Conclusion: These results show that junior doctors' prescribing knowledge and skills

did not improve while they were working in clinical practice. Moreover, their level

was under the predefined passing grade. As this might adversely affect patient

safety, educational interventions should be introduced to improve the prescribing

competence of junior doctors.

K E YWORD S

graduate, medical education, clinical pharmacology, medical education, pharmacotherapy,
prescribing knowledge and skills

1 | INTRODUCTION

According to the Guide to Good Prescribing from the World Health

Organization (WHO), doctors should be able to prescribe rationally

because poor prescribing adversely affects patient safety and health-

care costs.1–5 However, as shown recently, final-year medical

students in Europe lack adequate prescribing competencies at

graduation,6,7 probably because of insufficient education in clinical

pharmacology and therapeutics (CP&T) during their training.8 This is

worrying because junior doctors write the most (63-78%) hospital

prescriptions and make the most prescribing errors (9-10% of all their

prescriptions).9,10 It is widely assumed that junior doctors, or at least

the ones that prescribe most frequently (ie, nonsurgical doctors),

increase their prescribing knowledge and skills by learning in

practice.3,8,11,12 However, this has never been studied longitudinally.

The aim of this study was to investigate how the prescribing

knowledge and skills of junior doctors in the Netherlands and Belgium

develop in the year after graduation. We also analysed differences in

knowledge and skills between surgical and nonsurgical junior doctors,

between primary and secondary care junior doctors, and between

(non)registrars and physician researchers. We hypothesised that the

prescribing knowledge and skills of all junior doctors would increase

significantly over time as a result of learning and doing in practice.

What is already known about this subject

• Final-year medical students not only feel unprepared in

prescribing drugs, but also have inadequate knowledge

and skills to perform this task.

• Junior doctors are responsible for most prescribing

errors.

What this study adds

• The prescribing knowledge of junior doctors does not

increase, and their prescribing skills even deteriorated, in

the year after graduation.

• Junior doctors lack sufficient prescribing knowledge and

skills.

• Education in clinical pharmacology and therapeutics

should be intensified for both under- and

postgraduates.

DONKER ET AL. 5219
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2 | METHODS

2.1 | Study design and participants

This longitudinal (1-year) prospective cohort study involved doctors in

their first year after graduation from medical schools in the

Netherlands (n = 8) and Belgium (n = 3). In total, all 1584 graduated

doctors in the period between July 2016 and March 2017 were

invited to complete an online assessment at three different

moments: assessment 1 = about graduation (±4 weeks), assessment

2 = 6 months after graduation, assessment 3 = 1 year after gradua-

tion (Figure 1). For each assessment, the participants had to provide

information about their specialty and job level. With this information

they were divided into surgical or nonsurgical junior doctors, and fur-

ther categorised into registrar, nonregistrar or researcher (who some-

times have clinical tasks and are often involved in teaching students),

and into primary or secondary care doctors (Appendices S1 and S2). In

the Netherlands and Flanders all recent graduates are considered as

junior doctors, and unlike in some other countries they are able to

become a registrar directly after graduation. Missing data were

reported as “unknown”. Power analysis determined that a sample size

of at least 394 participants over three assessments was required

(assuming a mean score at assessment 1 of 70% (SD ± 5) and at

assessment 3 of 90% (SD ± 10), paired α = 0.05 two-sided and

β = 0.90). Post hoc power analysis (considering 326 participants)

showed there would be enough power to compare assessment 1 with

assessment 2, and assessment 2 with assessment 3. The Medical

Ethics Review Committee of Amsterdam University Medical Center

declared that the study did not fall within the scope of the Medical

Research Involving Human Subjects Act (WMO) (number 2016.273).

Moreover, the study protocol was approved for all participating

universities in the Netherlands and Belgium by the Ethical Review

Board of the Netherlands Association of Medical Education (NVMO)

(NVMO-ERB 729). Written informed consent was obtained in

advance from all participants. Participants received their scores and

were given a 50-euro voucher as reasonable compensation for their

invested time after study completion.

2.2 | Assessment tool: Design

Each assessment consisted of 35 multiple-choice questions (MCQs)

and three polypharmacy clinical case scenarios. The MCQs were

extracted from the database of the Dutch National Pharmacotherapy

Assessment, which was designed to assess knowledge about medica-

tion related to safety (eg, contraindications and interactions).13,14

Since the MCQs were used in both the Netherlands and Belgium,

minor modifications were made to adjust for differences in drug

accessibility and use, and national practice guidelines. The clinical case

scenarios were developed by 12 senior clinical pharmacologists to

assess the prescribing skills (ie, the ability to write a prescription safely

and unambiguously without supervision15). For each scenario, the par-

ticipant was asked to draw up a treatment plan via a structured form,

including pharmacological and nonpharmacological policy, and follow-

up management (Appendix S3). For the pharmacological policy, the

participant could start new drugs (maximum two per case), alter the

current dosage regimen or time of administration, or discontinue cur-

rently prescribed drugs. On average, two major additions/adjustments

(eg, starting antibiotic treatment and lowering the dosage of drugs

because of renal impairment) were required for each scenario and one

to three small adjustments (eg, optimising time of administration and

starting calcium/vitamin D supplementation).

The topics are derived from the Dutch National Pharmacotherapy

Assessment and were chosen because they are known to cause the

majority of preventable serious adverse reactions in clinical

practice,13,16 The MCQs of each assessment covered seven topics

(five questions each): (1) analgesics; (2) anticoagulants; (3) antibiotics;

(4) cardiovascular drugs; (5) antidiabetics; (6) psychotropics; (7) basic

pharmacokinetics and drug calculations. The clinical case scenarios

of each assessment covered three topics: (1) renal impairment;

F IGURE 1 Study overview
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(2) analgesics; (3) anticoagulants. The content differed per assessment,

but the topics and the type of questions remained the same.

Appendix S3 and S4 show the test matrix and example questions.

2.3 | Assessment tool: Validity and reliability

To establish content and face validity, a test matrix was used. The

content validity of the Dutch National Pharmacotherapy Assess-

ment, the source of our MCQs, has been studied by Jansen et al

and was considered good, with 75.8% of the questions being rated

as “essential” and 24.2% as either “useful, but not essential” or

“not necessary”.14 The content validity of the clinical case scenarios

was also considered good by nine experts (physicians and clinical

pharmacologists not otherwise involved in the study who were

invited to participate via the Dutch Society for Clinical Pharmacol-

ogy and Biopharmacy), with 72.7% of the cases being rated as

“essential”, 25.7% as “useful, but not essential” and 1.5% as “not
necessary” (Appendix S5).

To assess the reliability of the assessments we calculated the

internal consistency (Cronbach alpha) and the degree of difficulty of

each question (proportion correct answers, P value), and determined

the capacity of the questions to distinguish doctors with adequate or

inadequate prescribing knowledge (Rir score).

On the assumption that a Cronbach alpha value of at least 0.65 is

indicative of sufficient internal consistency, the three assessments

had sufficient internal consistency (Cronbach's alpha of 0.70, 0.69 and

0.76, respectively).17,18 The P values showed that the assessments

consisted of both easy and difficult questions. As can be seen in

Table 1, the MCQs of assessment 2 seemed to have been easier than

those of the other two assessments. With the aim of evaluating the

differences in difficulty between the assessments, we randomly

assigned a homogenous group of fourth-year medical students

(n = 103) of one medical school to one of the three assessments. All

students were prepared to take the examination since it was part of

their curriculum. The results showed that they performed better in

assessment 2 (both P < .001), and, as expected, worse than the junior

doctors (Appendix S6). All assessments had comparable and mainly

poor to adequate Rir scores (Table 1),17 which is inherent to examining

ready knowledge.

2.4 | Data collection

At each centre, a local coordinator recruited participants just before

graduation. All (nearly) graduated students were sent an email, with a

link to the online assessment. They had 1 month to complete the

assessment, but reminders were sent out after 1 and 2 weeks, if

necessary. The online assessment took approximately 60 minutes to

complete. Participation was on a voluntary basis and results had no

consequences. Participants were explicitly requested not to use

resources for the knowledge part (MCQs), but were allowed to use

resources for the skills part (case scenarios). All participants

were explicitly requested not to consult third parties during the

assessments. All data were collected encrypted, with participants

being assigned a unique number.

2.5 | Scoring and data analysis

The MCQs were marked as correct or incorrect (1-0). Scores are pre-

sented as percentages of the maximum score (with a standard devia-

tion) and as percentages of passed or failed. As with the Dutch

National Pharmacotherapy Assessment, we considered a score of

85% correct answers (80% with correction for guessing) as passing

the test since the assessed knowledge is essential for patient

safety.13,14

Three aspects of the clinical case scenarios were scored: (1) non-

pharmacological policy; (2) pharmacological policy; (3) follow-up

management. All parts were classified as good (= 2 points), sufficient

(= 1 point) or insufficient (= 0 points) on the basis of a predefined

answer model. The pharmacological policy was screened for prescrib-

ing errors, as defined by Dean and colleagues,19 and classified as good

when at least the main problem and one or two minor problem(s)

were treated correctly, sufficient when only the main problem was

treated correctly and insufficient when the main problem was treated

incorrectly. The three parts together determined the classification of

the total treatment plan: 0-1 insufficient, 2-3 sufficient, 4-6 good.

All cases were independently scored in one bulk after study

completion and blinded for participant information (ie, name,

university, specialty) by two investigators (E.D. and D.B.) and

discussed until consensus was reached. If necessary, the expert panel

TABLE 1 Rir scores and P values per assessment

Assessment 1 (n = 35) Assessment 2 (n = 35) Assessment 3 (n = 35)

Rir < 0.19 (poor) 15 15 9

Rir 0.20-0.29 (adequate) 15 13 16

Rir 0.30-0.39 (good) 4 7 8

Rir > 0.40 (very good) 1 0 2

P < .44 (difficult question) 8 5 10

P = 0.44-0.90 (medium difficulty) 25 25 22

P > .90 (easy question) 2 5 3

DONKER ET AL. 5221
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involved in developing the case scenarios was consulted. Only the

data of participants who completed all assessments were analysed.

Because participants switched between the categories and were

followed up longitudinally, (multilevel) linear mixed models and

generalised estimating equations were used to assess differences in

scores over time for continuous and ordinal variables, respectively.

The linear mixed models included fixed effect for assessment and a

random intercept for participant; the generalised estimating equations

assumed an ordinal distribution with logit link function. For calculating

differences between groups within one assessment, we used

chi-square tests, ANOVA tests (with post hoc Turkey HSD corrected

for multiple testing) or Student's t-tests. To assess the correlation

between knowledge and skills, we used generalised estimating equa-

tions, with skills as outcome and knowledge as an independent contin-

uous variable. P values <.05 were considered to be statistically

significant. Data were collected and analysed in SPSS 26.0 (IBM Corp.,

Armonk, NY, USA) and in Stata version 14 (StataCorp LLC, 2020).

3 | RESULTS

In total, 556 (35.1%) junior doctors participated, 326 (58.6%) of whom

completed the MCQs and 325 (58.5%) the clinical case scenarios of all

three assessments. For demographics see Table 2.

3.1 | Knowledge

Linear mixed modelling showed that prescribing knowledge scores

changed significantly in the year after graduation (P < .001). The mean

total knowledge score increased from 69.4% (SD 13.0) at assessment

1 to 77.1% (SD 11.4) at assessment 2 (P < .001, 95% confidence

interval [CI] 6.6-8.9) but decreased to 71.7% (SD 13.8) at assessment

3 (P < .001, 95% CI 1.2-3.5). On the basis of a “pass” score of 85%

correct answers, 54 (17%) doctors passed assessment 1, 87 (27%)

passed assessment 2 and 64 (20%) passed assessment 3.

As shown in Figure 2, the knowledge scores of five of the seven

question topics (anticoagulants, cardiovascular drugs, antidiabetics,

psychotropics, and basic pharmacokinetics and drug calculations)

increased significantly in the first 6 months (all P < .001), but with the

exception of basic pharmacokinetics and drug calculations, decreased

during the subsequent 6 months (all P < .001). By 1 year, participants

had significantly increased their scores on prescribing knowledge of

analgesics, antibiotics, psychotropics, and basic pharmacokinetics

and drug calculations, but knowledge scores of antidiabetics and

anticoagulants declined (all P < .001). Participants scored lowest on

anticoagulants (mean score 52.9% at assessment 3) while the

questions were not more difficult according to the difficulty index

(for details see Appendix S7).

3.2 | Skills

In total 2777 treatment plans were scored, of which 1455 (52.4%)

were classified as at least sufficient (ie, sufficient or good). General-

ised estimating equations showed a significant change in prescribing

skills scores over time (P < .001): 63.1% of treatment plans were

scored as at least sufficient at assessment 1 but only 39.6% at

assessment 3 (P < .001) (Figure 3). One year after graduation, the

prescribing skills scores for analgesics and renal impairment in

particular had deteriorated (63.4% vs 22.9% and 62.4% vs 38.7% of

the treatment plans were scored as at least sufficient, both P < .001).

With an overall average of 34.1% of at least sufficient pharmacologi-

cal policies, this part had the worst scores. In all assessments

together, most errors were “missing an adjustment in the current

treatment plan” (29.4%) or “indicated medication omitted” (21.9%).

Nonpharmacological policies showed the greatest deterioration 1 year

after graduation (60.7% vs 27.6% of nonpharmacological policies

were scored as at least sufficient) (Appendices S8-S10). In total,

396 (14.3%) pharmacological policies were scored as potentially

harmful, mainly due to (a combination of) either overdosing, starting

a contraindicated drug or omitting an indicated drug. Three (0.1%)

policies were scored as harmful, and three (0.1%) as potentially lethal

(case 1, daily dose of 8975 mg paracetamol for more than 1 week;

case 2, daily dose of 100 mg piritramide; case 3, 50 mg oxycodone

four times a day).

TABLE 2 Demographics

Nonregistrar Registrar Research/PhD Unknown

Assessment 1

Around graduation (n = 326)

Surgicala (n = 35) 24 5 2 4

Nonsurgicala (n = 243) 128 77 31 7

Unknown (n = 48) … … … 48

Assessment 2

+6 months (n = 326)

Surgical (n = 49) 36 7 4 2

Nonsurgical (n = 267) 145 83 33 6

Unknown (n = 10) … … … 10

Assessment 3

+12 months (n = 326)

Surgical (n = 45) 31 8 6 0

Nonsurgical (n = 270) 132 90 42 6

Unknown (n = 11) … … … 11

aFor exact categorisation, see Appendix S1.
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3.3 | Subanalysis

Nonsurgical and surgical doctors had similar learning curves for

prescribing knowledge and skills scores in the year after graduation

(interaction time-function P = .53 and P = .56, respectively). The

same is true for the individual topics, except for knowledge on

cardiovascular drugs. Surgical doctors' knowledge scores declined by

11.4%, whereas the scores of nonsurgical doctors increased by

1.7% in the year after graduation (P = .009). Moreover, after 1 year

nonsurgical doctors outperformed surgical doctors in knowledge on

analgesics, cardiovascular drugs, antidiabetics, psychotropics, basic

pharmacokinetics and drugs calculation, and in skills on prescribing

anticoagulants (for details see Appendices S11-S13). Registrars and

nonregistrars had a significant different development in their

prescribing knowledge scores compared with physician researchers

(interaction time-function P = .029). Where the former two had a

modest increase in their scores, had the latter a modest decrease

(all P < .05). However, the prescribing skills scores of registrars

declined more than those of nonregistrars and physician researchers

(P < .001 and P = .002, respectively). The prescribing skills scores of

doctors working in primary care declined more than those of doctors

working in secondary care (P = .013). Analysis confirmed that the

better a doctor's knowledge, the better their skills, with an odds ratio

of 1.2 (95% CI 1.1-1.3) for every 10% increase in knowledge.

4 | DISCUSSION

Our findings show that junior doctors' scores on a prescribing

knowledge and skills assessment had not improved at 1 year post

graduation when the doctors were working in clinical practice. While

their knowledge scores remained at a level similar to that when they

graduated, their skills scores had decreased after 1 year. Moreover,

the overall prescribing knowledge and skills scores of junior doctors

was below the predefined passing grade. Similar results have been

reported previously by the Working Group on Safe Prescribing of the

British Pharmacological Society (BPS) and the European Association

of Clinical Pharmacology and Therapeutics (EACPT) in 2007, and in

recent cross-sectional studies.15,20,21 In particular, junior doctors

lacked adequate knowledge about prescribing cardiovascular drugs

and anticoagulants, and skills in prescribing analgesics and prescribing

for patients with renal impairment. There was no difference in the

learning curves of frequent versus infrequent prescribers (nonsurgical

vs surgical doctors). However, nonsurgical doctors were more

knowledgeable and had better prescribing skills than surgical doctors.

While the knowledge of registrars remained stable, for primary care

doctors their prescribing skills seemed to decrease after graduation.

These results might explain why Dornan et al and Ryan and colleagues

found minor increases (1.9% and 1.2%, respectively) in prescribing

errors among second-year foundation trainees.9,10

F IGURE 3 Score development of prescribing skills (n = 325)

F IGURE 2 Mean knowledge scores per topic
(n = 326). PK, pharmacokinetics

DONKER ET AL. 5223
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In our study, 86.4% of the junior doctors worked in clinical

practice and were probably in daily contact with the topics assessed.

Thus, the poor prescribing skills, and to a lesser extent the prescribing

knowledge (which is often taught in an earlier stage of medical

school), cannot be ascribed to a poor retention of basic science knowl-

edge (about 2 years22) and lack of practice. It might be that busy

junior doctors do not have enough time to think or learn about

appropriate drug choices and just copy their supervisors' drug choice

or follow protocols and guidelines.11,23 Electronic prescribing might

facilitate this lack of development of own knowledge and skills

because these programs make suggestions about which drugs to

prescribe (eg dosage, contraindications or possible interactions).

It is possible that the assessments covered a too wide range of

topics. However, like the BPS/EACPT Working Group on Safe

Prescribing and Jansen and colleagues,14,15 we think that all junior

doctors and not only generalists (eg, general practitioners or internists)

should have extensive knowledge and skills in prescribing so that they

can prescribe effectively and safely regardless of their specialty.

Moreover, the assessed drug groups are widely used, and are

responsible for most preventable hospital admissions for adverse drug

reactions in the Netherlands.16 Although the need for extensive

knowledge and skills could be made redundant by the availability of

electronic prescribing systems, which alert prescribers to potential

prescribing errors, in practice doctors tend to override alerts due to

“alert fatigue” – too many and often irrelevant warnings.24–27

Moreover, these systems are not always accessible, and during emer-

gency situations a doctor should have enough ready knowledge to

make quick, yet safe and effective, decisions.

It could be argued that the results are not a true reflection of the

doctors' skills and knowledge because the doctors may not have taken

the assessments seriously or were in a rush. However, the junior

doctors expressed their enthusiasm via emails, were very eager to

receive their personal scores and took their time to complete the

assessments (62 minutes [interquartile range, IQR 46-92], 53 minutes

[IQR 38-79] and 51 minutes [IQR 37-84] for assessments 1 to

3, respectively).

It is noteworthy that skills in “nonpharmacological policies” and

“follow-up management” showed the greatest decline. This might

be because the participants paid less attention to these aspects

because they had been asked to evaluate pharmacotherapy, which,

in the eyes of junior doctors, might mean the prescribing of

medicines only. However, this information is specifically requested

in the treatment plans. Most studies of prescribing skills do not

focus on these aspects, although Wimble et al reported that junior

doctors lacked knowledge in drawing up an appropriate follow-up

management plan.28

While there appeared to be significant differences in the level

and development of prescribing knowledge and skills in the different

participant subgroups, the clinical relevance of these differences is

doubtful. The differences in knowledge between surgical and nonsur-

gical doctors in assessment 3 (8.8%) and in skills in all three assess-

ments are probably of clinical relevance, possibly reflecting the

greater exposure of nonsurgical doctors to the large arsenal of

medicines available for the treatment of patients with nonsurgical

health problems. Nevertheless, both subgroups had inadequate pre-

scribing knowledge and skills. The larger decline in prescribing skills

seen in registrars and primary care doctors is possibly clinically rele-

vant. This might be because some of the clinical case scenarios

focused on secondary, hospital care settings, whereas more than half

of the registrars were primary care doctors (59%, 54% and 56% per

assessment, respectively), compared to a quarter of the nonregistrars

(22%, 22% and 24% per assessment). Moreover, registrars are

probably more likely to copy their supervisors since these junior

doctors (like medical students) have more personal guidance.11

However, the aim was that all cases were relevant for all junior

doctors, and that all junior doctors should be able to set up a safe

treatment plan for the designed cases. The group of physicians and

clinical pharmacologists (in training) not otherwise involved in the

study confirmed that the cases met these requirements

(Appendix S5).

The assessments had comparable Rir scores and showed sufficient

internal consistency. In fact, the internal consistency in our study was

higher than that of similar studies of prescribing knowledge (mean

internal consistency in our study was 0.72 vs 0.5 to 0.7 in

others).7,14,29,30 The difficulty index of the assessments did differ, in

that the MCQs of assessment 2 were “easier” than the questions in

the two other assessments, which were of similar difficulty. This

means that the increase in prescribing knowledge during the first

6 months is potentially nonexistent.

4.1 | Strengths and limitations

As far as we know, this is the first international, multicentre, longi-

tudinal study to assess the prescribing knowledge and skills of junior

doctors after graduation. However, when interpreting our findings, a

number of limitations should be kept in mind. First, there is a small

chance that we did not invite all graduated junior doctors to take

part. Moreover, not all 1584 graduated junior doctors participated

in our study. Nevertheless, the cohort is still representative, with

326 junior doctors working in various clinical fields in the

Netherlands and Belgium. Second, the participants who completed

all three assessments were possibly more interested and therefore

probably more competent in pharmacotherapy. Alternatively, the

less competent junior doctors might have been less likely to partici-

pate. This type of selection bias could have led to an overestimation

of the true level of knowledge and skills. Third, the assessment itself

could have played a role in the development of prescribing knowl-

edge and skills. Participants probably studied their specific weak

points after the assessments without really increasing their prescrib-

ing knowledge and skills by learning in practice. This might have led

to an overestimation of the true development of knowledge and

skills. Fourth, an assessment itself is a limitation since it is not simi-

lar to prescribing in practice, so the results may not be a true reflec-

tion of prescribing knowledge and skills in daily practice. However,

this is the most feasible study design and comes closest to assessing
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junior doctors' true knowledge and skills. Moreover, the case

scenarios were scored without blinding for assessment number. This

could have led to bias. On the other hand, the case scenarios were

scored in one bulk per topic after study completion. This possibly

reduced the inter- and intraobserver variability. Fifth, the assess-

ments were not supervised. It is possible that participants used

resources such as formularies and/or guidelines for the knowledge

part, or completed the assessments together or asked for help.

However, this is also true in clinical practice, where doctors can

consult colleagues or access decision-support facilities. Sixth, the

reliability analysis showed that the questions had poor-to-adequate

ability to distinguish between good and poor participants. However,

this is inherent to assessing ready knowledge and could also be due

to the small number of questions per topic and differences in edu-

cation. The Rir score becomes less reliable when good participants

lack knowledge on one specific topic.

5 | CONCLUSION

To conclude, this international, multicentre, longitudinal study sug-

gests that junior doctors' prescribing knowledge and skills did not

improve in the year after graduation while they were working in vari-

ous clinical fields. Although their prescribing knowledge remained sta-

ble, their prescribing skills deteriorated. Whether junior doctors

prescribed frequently or not seemed not to influence these findings.

Moreover, the level of prescribing knowledge and skills was below the

predefined passing grade. This might have negative consequences for

patient safety and should be corrected. Since we cannot assume that

junior doctors will automatically become better prescribers within

their first year after graduation, we propose the following recommen-

dations to improve their prescribing knowledge and skills: (1) educa-

tion in CP&T in the undergraduate curriculum should be intensified to

increase competence by the time of graduation; (2) studies should

investigate which educational interventions are suitable for junior

doctors; (3) structured, longitudinal educational programmes on pre-

scribing knowledge and skills for junior doctors should be developed,

with emphasis on therapeutic reasoning.
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