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Over the past few decades, the movement towards evidence-based medicine has 
become increasingly prominent in healthcare systems worldwide. [1, 2] Evidence-based 
medicine combines the best available scientific knowledge with the clinical experience of 
healthcare professionals and the values of patients to achieve the best possible medical 
decisions. [3] However, the implementation of evidence-based medicine into practice 
remains challenging. Despite physicians’ best efforts to provide the best care possible for 
patients, studies indicate that low-value care is (still) ubiquitously provided across health 
care systems worldwide. [4-9] Moreover, they also show that significant variation in low-
value care provision among healthcare providers exists. [10-12] Low-value care is generally 
defined as care which offers little to no net benefit for the patient with respect to its 
harms, costs, alternatives or the patients’ preferences. [13-15] Estimates of the prevalence 
of low-value care range between 20% and 30% of total healthcare spending. [4, 6, 16] The 
provision of low-value care can contribute to over-medicalization of healthcare and can 
result in a cascade of low-value testing or treatments which could result in harm for 
patients. [17, 18] Its reduction is therefore considered an important step towards improving 
quality of healthcare. [7, 19, 20] In order to start reducing low-value care, one must first know 
if and where the problem is present. Obtaining insight into the presence of low-value care 
is often a first step in initiating a discussion regarding the necessity of reducing certain 
healthcare procedures. [21, 22] 

International assessments of low-value care

Multiple international studies report large variations in low-value care provision 
between services, even among assessments conducted within the same countries and 
populations. [4-6, 11, 23-30] For example, in the study by Schwartz et al. the proportion of the 
low-value care counts among Medicaid beneficiaries ranged from 0 to 14% across the 26 
services analysed. [6] Most insights into the presence of low-value care to date have been 
obtained from the United States [6, 10, 23, 31, 32], Canada [24, 27, 33, 34], and Australia. [11, 25, 29, 35] In 
the Netherlands, the number of assessments was limited at the start of this thesis. 

The existing (international) assessments report largely different and varying outcomes. 
Various general and methodological factors could provide an explanation for the observed 
variation in assessment outcomes. First, it is important to recognize that the prevalence 
of both medical conditions and the opportunity of (low-value) healthcare provision 
greatly varies within and between countries. [36, 37] The present variation can partly be 
attributed to differences between healthcare systems, such as the insurance models in 
effect or general accessibility of healthcare. [37-42] Second, the observed variation in low-
value care provision could also be caused by differences in population characteristics 
such as age, gender or socioeconomic status. Previous research has already indicated 
that gender, socioeconomic status and age of an individual all affect the amount of care 
patients require, receive, and have access to. [43-49] Third, methodological differences 
between studies are probably the main source which could explain the majority of the 
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variation observed among both international and local assessments. Decisions regarding 
the assessment methods, the included population, and operationalization are generally 
the factors that have the largest impact on the reported assessment outcomes. The use 
and existence of a wide range of different assessment methods make the assessment of 
low-value care prone to several challenges. These should be carefully considered when 
performing an assessment of low-value care. 

Challenges in the assessment of low-value care

There are three factors that make the assessment of low-value care challenging: the 
definitions of low-value services used, the available data set and assessment methods 
used. Below these three main challenges are discussed in more depth.

1 | Data definitions of low-value care used

Generally, the assessment of low-value care starts with picking and defining the type 
of low-value care you aim to examine. It is important to keep in mind that not all types 
of (low-value) care are equally accessible for assessment. Only a few types of tests or 
treatments are universally beneficial or entirely ineffective and post a risk to all patients 
should they be delivered. In case of this small group, definitions of low-value care are 
easily defined. [5] However, most types of care fall into the so-called ‘grey zone’. The 
grey zone includes services that offer little benefit to most patients, those for which 
the balance between benefits and harms varies substantially among patients and/or 
the many treatments and services that are backed by little evidence. [5] This nuanced 
character of low-value care makes it difficult to obtain an accurate definition of when a 
treatment or service should be considered as low-value. This is specifically because the 
appropriateness of a service is often defined by the clinical scenario in which it is used, 
rather than being ubiquitously coupled to the use of an individual test or procedure. [50] 

Almost no healthcare service can be considered of low-value in all clinical scenarios, but 
only for a part of the patients receiving it. These nuances should preferably all be taken 
into account when conducting and interpreting an assessment. Additionally, the patients’ 
values and preferences should also be taken into consideration in defining low-value 
care. [51-54] Research shows that patients who are presented with a selection of treatments 
that may offer potential benefits will have differing views or opinions regarding the 
advantages and disadvantages of each option. [5, 52] 

Most assessments of low-value care use (clinical) guidelines to obtain their definitions. 
Although, these guidelines are a useful source for finding a detailed definition of low-
value care, unfortunately most of the recommendations presented are unfit for use in 
assessments of low-value care. These recommendations often include a highly specific 
description of the relevant population, requiring information which is not present in 
the available databases to accurately select the relevant patients. Examples are details 
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regarding the presence of “locking” or “catching” sensation in the knee, information which 
is required to distinguish whether or not a knee arthroscopy is indicated in case of knee 
arthrosis in patients above 50 years of age. Other examples of specific description are 
subjective information regarding the severity of a condition, the patient’s preferences, 
symptom duration or general patient characteristics like the patient’s smoking habits. 
[55-58] Additionally, recommendations often contain terms that do not map directly to 
data variables; also, diagnosis and procedure codes may not precisely identify patients 
for whom care is of low value. This introduces an inherent uncertainty in identifying if a 
treatment would be of low-value. [29]

2 | Data(bases) used in the assessment of low-value care

In order for data to be suitable for the assessment of low-value care, they need to contain 
sufficient clinical information. [56] However, the level of clinical information differs among 
the data sources used in the assessment of low-value care and not all available data are 
equally suitable for the assessment of low-value care. [59] Commonly, two types of data are 
distinguished and used within the assessment of low-value care: registration and claims 
data. Registration data are characterised by the presence of sufficient clinical information 
to distinguish appropriate from inappropriate care, and can be further subdivided into 
clinical and administrative data. The difference between clinical and administrative 
databases lies within the purpose for which they were collected. Clinical databases 
contain information that is directly extracted from electronic patient records, and aim 
to provide an extensive overview of the diagnosis and treatment history of patients. 
Administrative data are obtained from records of service utilisation and payments 
for payer or hospital billing purposes. Administrative data contain large amounts of 
information on diagnoses, medical procedures, resource utilisation, and costs or charges 
and are primarily collected for financial and administrative management. [60, 61] Although 
both clinical and administrative databases contain the required clinical information for 
the accurate assessment of low-value care, neither were originally designed for it. [21, 62] 

It is therefore often difficult to gain access to such data, while these often contain highly 
detailed personal information which should not be easily accessible to the public (such as 
information regarding a patient’s health status or financial situation). [63, 64] 

Conversely, claims data are often more readily available and encompass a large proportion 
of the population. Nevertheless, claims data are limited with respect to the amount of 
clinical detail they contain, which is too limited to accurately distinguish appropriate 
from inappropriate care. Claims data are therefore generally used to assess the utilisation 
rates of different types of care, or to indirectly assess low-value care. [21, 56] 

Although a substantial amount of information is available for and used in the assessment 
of low-value care, in most cases it is not enough to be able to perform an accurate 
assessment. Not all of the required information to perform an assessment is recorded in 
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the available databases. Therefore, researchers often have to make assumptions in order 
to perform their assessments of low-value care. 

3 | Methods used to assess the volume of low-value care

Assessments of low-value care can be divided into two distinct categories: indirect and 
direct assessments of low-value care. [5, 32] Indirect measures of low-value care examine 
unwarranted geographical variations in prevalence of procedures and care intensity 
without evaluating the appropriateness of the care delivered. The observed variations 
often do not directly demonstrate the provision of low-value care, but rather give 
an indication as to how treatment or healthcare use differs geographically. [15, 56] For 
example, geographic variation analysis examines rates of services in different areas, 
with the interpretation that higher than average rates may partly indicate overuse or 
low-value care. In 2014 the Organisation for Economic Co-operation and Development 
(OECD) examined geographic variations in the utilisation of 10 health services among 
13 countries. The report showed that large variation in hospital medical admission rates 
existed, even after adjusting for population differences. For example, knee replacement 
rates were found to be four times higher in Australia, Switzerland, Finland, Canada and 
Germany when compared to Israel or Portugal (e.g. 200 knee replacements per 100,000 
vs. 56 and 75 per 100,000 people). [42] However, as no judgement can be made regarding 
the appropriateness of the individual tests or treatments, it remains uncertain whether 
this variation actually represents the provision of low-value care. Conversely, direct 
measures of low-value care most often require patient-level data containing information 
on both the service and diagnosis, enabling the distinction between appropriate and 
inappropriate care. When the patient characteristics do not comply with the indications 
for a treatment, the provided care can be considered of low-value. Direct measures 
enable low-value care to be mapped on a detailed level, thereby providing reliable insight 
into its presence.

For direct measures of low-value care to be reliable generally two requirements must be 
met. First, a clear and unambiguous definition of low-value care must be present, which 
ideally is widely accepted and understood by all relevant stakeholders. Definitions of 
low-value services are therefore often derived from evidence-based or consensus-based 
guidelines, or through a multidisciplinary iterative process with the involved (medical) 
stakeholders. [5] Second, as previously discussed, the information required to distinguish 
low-value care should be present in the data. [5, 21, 58] 

The use of a clear and unambiguous definition of low-value care is important because it 
determines the numerator and the type of assessment lens used. In 2017, Chalmers et 
al., proposed that assessments quantifying low-value care can be categorised into two 
types based on the denominator that is used. [65] Assessment using a patient lens report 
the proportion of patients receiving the low-value service, while the service lens reports 
the proportion of services considered to be of low-value. Depending on whether only 
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patients who had the potential to receive the examined type of low-value care or the 
entire cohort are included in the denominator, the patient lens can be further subdivided 
into the patient-indication and patient-population lens. For example, when examining the 
low-value use of imaging in case of lower back pain among the entire population of a GP 
practice, a patient-population lens is applied as the entire patient cohort of the practice is 
included in the denominator. When an assessment examines the use of low-value imaging 
among patients with lower back pain, only the patients with lower back pain are included 
in the denominator. In this case a patient-indication lens is used, while only patients with 
a specific indication are included in the denominator (e.g. patients with lower back pain). 
When using the service lens, all services (in this case imaging procedures) within said 
practice are included and examined with respect to the appropriate indications. Implying 
that when one patient has undergone multiple imaging studies, each of these will be 
included separately in the denominator of the assessment. Figure 1 provides a schematic 
depiction of the concept of assessment lenses.

The use of these different assessment lenses can have a significant impact on the 
outcomes reported as they affect the magnitude of the denominator. Thereby warranting 
cautiousness when comparing different assessments of low-value care, even when they 
examine the same type of care within similar settings. [65] 

Figure 1 | Overview of the different assessment lenses used in the assessment of low-value care
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Overall, the abovementioned factors make the assessment of low-value care a 
complicated endeavour. To emphasise the impact of the abovementioned factors, table 1 
shows a breakdown of the abovementioned factors for three studies regarding low-value 
imaging patients with lower back pain.

Table 1 | Breakdown of the used definition of low-value care, included population, data source, 
applied lens and their assessment outcomes of three assessments examining low-value imaging 
in case of lower back pain. 

Bouck et al., 2019 [24] Mafi et al., 2017 [31] Schwartz et al., 2014 [6]

Country Canada United States United States

Definition of 
LVC service

Imaging for lower back pain 
within the first six weeks of 
symptom onset, in the absence 
of red flags. Red flags include 
suspected epidural abscess 
or hematoma presenting with 
acute pain, but no neurological 
symptoms; suspected cancer; 
suspected infection; cauda 
equina syndrome; severe or 
progressive neurologic deficit; 
and suspected compression 
fracture. In patients with 
suspected uncomplicated 
herniated disc or spinal stenosis, 
imaging is only indicated after 
at least a six-week trial of 
conservative management and 
if symptoms are severe enough 
that surgery is being considered.

Do not do imaging for lower 
back pain within the first 
six weeks, unless red flags 
are present. In this study an 
imaging procedure was deemed 
to be low value if it was either 
potentially or very likely low 
value, according to the expert 
guidelines. 

No diagnoses in claim 
warranting imaging (e.g. 
radiologic, CT, and MRI 
imaging of spine); imaging 
occurred within 6 week of the 
first diagnosis of lower back 
pain. (Exclusion diagnoses 
include cancer, trauma, 
intravenous drug abuse, 
neurological impairment, 
endocarditis, septicaemia, 
tuberculosis, osteomyelitis, 
fever, weight loss, loss of 
appetite, night sweats, and 
anaemia)

Included 
population

Adult patients (≥18 years old) 
in Alberta with non-persistent 
lower back. Excluding patients 
with persistent lower back pain 
or with a history of lower back 
pain, related imaging or surgery, 
or other red flags within 12 
months prior to the index visit. 

All members 65 years of age 
and younger with a low back 
imaging service and diagnosis of 
lower back pain within 6 weeks 
prior to the low back imaging. 

Patients with lower back pain 
continuously enrolled in Parts 
A and B of traditional fee-for-
service Medicare that were 
living in the United States or 
Washington, DC, and were at 
least 65 years old.

Data source Claims data Administrative data Claims data 

Lens Patient-indication Service Patient-population

Assessment 
outcome

30.7% of patients underwent 
potentially unnecessary imaging 
(X-ray and/or CT/MRI) within 
six months of their initial visit 
regarding lower back pain 
despite the absence of red flags. 

86.2% of the imaging 
procedures examined were 
considered of low-value.

14% of the identified imaging 
procedures related to non-
specific lower back pain were 
deemed to be of low-value.



17

General introduction

1

Existing frameworks for the assessments of low-value care

Although the assessment of low-value care plays an important role in its reduction, 
standardisation of assessment methodologies is lacking. To date, most frameworks 
focus on measuring waste within healthcare systems [66, 67] or on addressing low-value 
care through changing patients’ and physicians’ behaviour. [22, 68, 69] Although most of 
these frameworks emphasise the necessity of measuring the extent of the problem, 
only one framework from Miller et al. provides a method of assessing low-value care. [56] 
Even though this framework provides a good first description of how assessment of low-
value care could be conducted, its application is limited. This framework aims to provide 
estimates of the total expenditure of low-value care within a population, rather than 
providing tools and methods to assess the volume of low-value care provision. It does 
contain some description of three approaches through which the volume of low-value 
practices could be assessed, but does not elaborate on how these should be performed. 
Nor does it elaborate on the potential pitfalls to which each of these methods are 
prone. Second, it proposes that the identified proportion of low-value treatment (e.g. 
expenditure) among the high-expenditure services should be considered as a predictor of 
the proportion of low-value care among low-expenditure services. However, as previously 
mentioned, low-value utilisation varies largely among services. It is therefore unlikely 
that by assuming similar low-value use of both high- and low-value services would yield 
a reliable assessment outcome. Furthermore, the frameworks’ scope is focussed on 
performing assessments using claims data, which are not the most suitable data source 
available to distinguish appropriate from inappropriate care. Overall, it appears that no 
framework exists that provides tools to correctly assess low-value care. The lack of a 
framework has resulted in studies performing assessments of low-value care according to 
their own methodologies, and therefore yielding their own distinct outcomes. 

Goal and outline of this thesis

We conclude that several challenges exist in the assessment of low-value care, that have 
not been taken into account in most assessments performed to date. The general aims of 
this thesis, were to explore the methods used to assess low-value care and gain insight 
into the presence of low-value care in the Netherlands, considering those challenges. 
With these aims in mind, we conducted several assessments of low-value care within the 
Dutch healthcare setting. These aims resulted in the following research questions:

1  How is the volume of low-value care assessed in the current literature, and how do 
differences impact assessment outcomes? To gain insight into the methods used, 
we performed an extensive examination of the methods used in different studies 
assessing the volume of low-value diagnostic testing in the international literature 
and compared their outcomes. The outcomes of this examination are presented in 
chapter 2.
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2  What is the actual volume of different low-value care diagnostic practices and 
treatments in the Netherlands? Following our examination of the methods used 
to assess the volume of low-value care, we have put our newly gained insight into 
practice. We performed multiple assessments among Dutch general practitioners 
(chapter 3, 4 and 6) and medical specialists (chapter 5) in order to gain insight into 
the magnitude of low-value care in the Netherlands. The assessed clinical procedures 
and problems were chosen in collaboration with medical professionals from the field, 
based on their perceived volume and relevance for practice. 

3  What is the effect of an intervention on the volume of low-value care? Following the 
findings from our assessment among Dutch general practitioners, we developed 
an intervention to improve the (low-value) chronic prescription of acid reducing 
medication (chapter 7). 
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Abstract

Background: Overuse of diagnostic testing substantially contributes to healthcare 
expenses and potentially exposes patients to unnecessary harm. Our objective was to 
systematically identify and examine studies that assessed the prevalence of diagnostic 
testing overuse across healthcare settings to estimate the overall prevalence of low-
value diagnostic overtesting.

Methods: PubMed, Web of Science, and Embase were searched from inception until 
February 18, 2020 to identify articles published in the English language that examined the 
prevalence of diagnostic testing overuse using database data. Each of the assessments 
was categorized as using a patient-indication lens, a patient-population lens or a service 
lens.

Results: 118 assessments of diagnostic testing overuse, extracted from 35 studies, were 
included in this study. Most included assessments used a patient-indication lens (n=67, 
57%), followed by the service lens (n=27, 23%) and patient-population lens (n=24, 20%). 
Prevalence estimates of diagnostic testing overuse ranged from 0.09% to 97.5% (median 
prevalence of assessments using a patient-indication lens: 11.0%, patient-population 
lens: 2.0%, service lens: 30.7%). The majority of assessments (n=85) reported overuse of 
diagnostic testing to be below 25%. Overuse of diagnostic imaging tests was most often 
assessed (n=96). Among the 33 assessments reporting high levels of overuse (≥25%), 
the most frequently examined tests were preoperative testing (n=7) and imaging for 
uncomplicated lower back pain (n=6). For assessments of similar diagnostic tests, major 
variation in the prevalence of overuse was observed. Differences in the definitions of low-
value tests used, their operationalization and assessment methods likely contributed to 
this observed variation. 

Conclusion: Our findings suggest that substantial overuse of diagnostic testing is 
present with wide variation in overuse. Preoperative testing and imaging for nonspecific 
lower back pain are the most frequently identified low-value diagnostic tests. Uniform 
definitions and assessments are required in order to obtain a more comprehensive 
understanding of the magnitude of diagnostic testing overuse. 
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Introduction 

In modern medicine, diagnostic tests, including laboratory tests, imaging, and more 
invasive procedures, figure prominently in clinical decision making surrounding a new 
diagnosis. [1, 2] However, the use of a diagnostic test is not always appropriate, as it may 
generate false positives, produce downstream cascades of more testing, expose patients 
to radiation or other harms, and create unnecessary patient anxiety, and could therefore 
be considered of low-value. [3-7] Recent studies show that low-value diagnostic tests are 
still widely used and account for a substantial portion of the total amount of low-value 
healthcare expenses. [8-12] However, despite the potential avoidance of both costs and 
patient harms, the full quantification of low-value diagnostic testing has been difficult to 
achieve. 

Understanding the prevalence of low-value diagnostic testing is essential to spur doctors, 
health systems, and policymakers to take action to reduce its use. Most assessments 
of low-value diagnostic testing to date have been performed in the USA, Canada and 
Australia. [5, 13-17] Only a few assessments have been completed in Europe. [18-21] Although 
multiple assessments of diagnostic testing overuse exist, only a small fragment of the 
problem has been uncovered. 

One systematic review assessing the prevalence of diagnostic testing overuse and 
underuse in the primary care setting has previously been published by O’Sullivan et al. 
[22] Previous assessments demonstrate that overtesting is not limited to the primary care 
setting. [16, 18, 19] We therefore chose not to limit our study to one healthcare setting, but 
rather to include all assessments of overtesting irrespective of the healthcare setting in 
which they were conducted. Furthermore, it is often hard to distinguish primary from 
secondary care practices due to differences in definitions of primary and secondary care 
procedures between countries and healthcare systems. In the present study, we therefore 
chose a more specific approach to the examination of the problem of low-value diagnostic 
testing compared with O’Sullivan. We narrowed down our scope to studies of similar 
study design that only quantified the overuse, and not underuse, of diagnostic testing 
(e.g. overtesting) using database data and used guidelines to distinguish appropriate 
from inappropriate testing to obtain a more uniform overview of the problem. This review 
might help policy makers and healthcare providers in their efforts to reduce overuse of 
diagnostic testing and can also help identify new knowledge gaps. 

Methods

This systematic review was performed and is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [23] 

(Supplementary file 1) and Meta-analyses Of Observational Studies in Epidemiology 
statements, [24] no protocol has been registered. PubMed, Web of Science, and EMBASE 
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were searched on February 18, 2020, for studies, of any design, assessing overuse of 
diagnostic tests. We did not restrict our search with respect to publication start date. 
The search can be summarised as: (Medical Overuse OR Low-value care OR wasteful care 
OR wasteful healthcare) AND (Diagnosis) AND (Variation OR Volume OR Prevalence 
OR Frequency) (see Supplementary file 2 for the full strategy). We limited our search to 
human studies and studies published in English. The reference list of each included study 
was also searched for potentially relevant studies. 

Study selection

Full texts were independently screened for eligibility by two reviewers. We included 
studies that quantified the overuse of diagnostic tests using database data, described 
a prevalence assessment and mentioned the relevant guideline(s) used to distinguish 
appropriate from inappropriate diagnostic testing. For the purpose of this study we 
defined low-value diagnostic testing (or overtesting) as; the overuse of diagnostic 
practices which are unlikely to benefit the patient given the harms, cost, available 
alternatives, or preferences of the patient. [25] We excluded studies that did not quantify 
or assess provision of low-value diagnostic services; measured against a local guideline 
only (e.g. did not use a guideline published by a government or professional society, 
but rather used a guideline that is only applicable locally); used survey data as the 
principal data source; were not published in English; used data derived from countries 
not in the Organization for Economic Co-operation and Development (OECD); were an 
intervention study; or assessed (non-diagnostic) routine (population) screening tests as 
defined by Wald and Law. [26] We only included studies using data from countries that are 
part of the OECD because of the comparability of the social-economic characteristics of 
the populations. Disagreements regarding eligibility of studies were discussed by 3 of the 
study authors until consensus was reached. 

Data extraction

The following information was extracted from each article: author and year, country, 
study population demographics (age/sex), the guideline used to determine the (in)
appropriateness, the low-value care definition used, data sources, collected parameters, 
healthcare setting in which the assessment was conducted (primary/secondary care/
both/unclear), type of low-value diagnostic test examined, and the study outcome 
(prevalence estimate(s)). Assessments of diagnostic imaging procedure(s) were assigned 
to one of six categories based on the imaging modality they examined: Cardiac test, 
Combination, Endoscopy, Scan, Ultrasound and X-ray (see supplementary file 3 for 
an overview of the different imaging modalities in each category). The Combination 
category contains assessments of multiple imaging modalities, but which did not report 
the individual outcomes for each included modality. For example, some studies examined 
the use of X-ray, Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) in 
the examination of lower back pain, but did not report the individual outcome measures 
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for the different modalities, but solely reported the combined outcome. When studies 
contained assessments for more than one unique diagnostic test, data for each test was 
collected and presented as an individual assessment. In case assessments were carried 
out over multiple time periods, only the data from the most recent time period were 
extracted. Each of the extracted assessments was assigned an assessment lens based 
on the classification proposed by Chalmers et al in 2017. [27] Chalmers et al. concluded 
that different lenses are used to assess low-value care, each of which produces distinct 
outcomes. In general, Chalmers distinguishes two types of lenses that are used: service- 
and patient-centric lenses. Assessments using the service lens focus on the proportion 
of diagnostic tests that are of low-value, while assessments using the patient lens focus 
on the proportion of the patient population that received the low-value diagnostic tests. 
Assessments using a patient centric lens can be further subdivided into assessments 
using either a patient-indication or patient-population lens. Which of the two patient 
centric lenses is applicable depends on the type of denominator that is used. [27] 
Assessment using a Patient-indication lens only include patients with a specific indication 
in their denominator, while assessments using a patient-population lens include the entire 
cohort in their denominator. 

The process of assigning lenses to the different assessments was performed in the 
following manner. One of the authors drafted an initial proposal regarding the applicable 
lens for each of the included assessments. This proposal was then critically appraised by 
two other authors, which was followed by multiple rounds of discussion until all authors 
agreed on the lens used.

Quality assessment

Risk of bias was assessed by three researchers using a modified version of the Hoy risk of 
bias tool. The Hoy risk of bias tool is a validated tool for the assessment of both internal 
and external validity of prevalence studies. [28] The tool was modified in the following 
manner: 1) Three domains (points 4, 7 and 9) from the original tool were found to be 
not applicable with respect to the identified studies. These domains either required 
information which is not applicable to retrospective research involving (electronic) 
database data or examined study designs which were not included in our study. Domain 
7 was considered to be not applicable, since we did not grade the underlying evidence of 
the guidelines used in each of the included assessments. These domains were therefore 
removed after internal discussion among three authors. Supplementary file 4 contains 
the original and modified tool, including more detailed reasoning for removal of each of 
the three domains.; 2) The wording was adjusted to reflect the prevalence of low-value 
diagnostic testing instead of the prevalence of disease. Studies were considered at high 
risk of bias when they scored at least two ‘high’ and one ‘unclear’ among the seven Risk 
of bias criteria. The original Hoy risk of bias tool does not provide a definition of high risk 
of bias. We therefore decided to use the abovementioned cut-off value for high risk after 
internal discussion among the authors. The process of grading risk of bias was similar 
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to the one we used to assign lenses to the different assessments. One author drafted 
an initial proposal regarding the risk of bias scores of the included studies, which was 
followed by critical appraisal by two other authors, and followed by multiple rounds of 
discussion until consensus was reached regarding the risk of bias score for each of the 
studies.

Statistical analysis 

The primary outcome of this study is the prevalence of overuse of diagnostic tests 
across all healthcare settings. Descriptive statistics and median prevalences were 
calculated across all assessments, for diagnostic imaging, laboratory testing and 
electroencephalogram categories, and for the different assessment lenses within those 
categories. Analysis was performed using R V3.6.3, [29] and data visualization was done 
using the R package ggplot2. [30] Random-effect meta-analysis with 95% Confidence 
Intervals (CIs) (Clopper-Pearson), according to the DerSimonian and Laird method, was 
performed on similar assessments applying the same lens using the Meta, [31] and Metafor 
package. [32] Variance was stabilized using the double arcsine transformation. The among-
study heterogeneity was assessed using the I2 statistic. The I2 statistic represents the 
percentage of total variation across studies that is attributable to heterogeneity rather 
than change. [33, 34] When applicable, data from similar assessments was pooled based on 
the lens that was used to assess the prevalence. 

Results

Article characteristics

Our search strategy identified 2,542 articles. Of these, 2,459 were excluded based on the 
title or abstract. Thirty-four studies met the eligibility criteria and were included. One 
additional eligible study was identified through screening of the reference lists of the 
included studies. A PRISMA flow diagram of the selection procedure is shown in Figure 
1. From the included studies, seven conducted their assessments in the primary care 
setting (7/35), five in the secondary setting (5/35) and nine in both settings (9/35). The 
remaining fourteen studies (14/35), did not provide a clear indication as to the setting 
in which their assessments were conducted and therefore labelled as ‘unclear’ (also see 
supplementary file 6). The included studies were conducted in 8 different countries and 
contained 118 assessments of low-value diagnostic tests. Most studies were conducted 
in the U.S. (N=23). The 118 identified assessments are divided into imaging procedures 
(N=96), and other diagnostic tests (N=22), which included laboratory tests (N=19), and 
electro-encephalography procedures (N=3) (as shown in Table 1). The majority of the 
assessments used a patient-indication lens (N=67, 57%), followed by the service lens 
(N=27, 23%) and patient-population lens (N=24, 20%). Among the studies included, three 
studies assessed overuse among different insurance populations, [35-37] and one study 



31

2

Overuse of diagnostic testing in healthcare: a systematic review

assessed overuse across two different time periods. [38] Of note, since we were interested 
in the most recent measurements of low-value diagnostic overtesting, we decided to only 
include the most recent measurements from the study by Flaherty et al. [38]

Figure 1 | PRISMA Flow-diagram. PRISMA, Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis.

Risk of bias

Using the Hoy-Risk of bias tool, we assessed the risk of bias of the included studies 
based on 8 criteria (supplementary 4 contains the used modified Hoy-risk of bias tool). 
Assessment of Risk of bias revealed 25 studies as low risk of bias and 10 studies as high 
risk of bias (e.g. scoring at least two categories ‘high’ and one ‘unclear’). Almost all studies 
graded as high risk of bias, scored as being of high risk on the following two criteria: ‘the 
examined population being a close representation of the national population’ and ‘the use 
of a clear case definition of the low-value diagnostic test examined’. Supplementary file 5 
contains a detailed description of the risk of bias assessment outcome.
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Table 1 | Overview of study characteristics.

Overuse of diagnostic tests

Supplementary file 6 provides an overview of the studies, characteristics, and outcomes. 
Prevalence estimates of diagnostic testing overuse ranged from 0.09% to 97.5% 
(median prevalence of assessments using a patient-indication lens: 11.0%, a patient-
population lens: 2.0%, a service lens: 30.7%). The majority of included assessments of 
low-value diagnostic testing (N=85) report overuse to be below 25%. Among the 33 
assessments reporting high levels of overuse (≥25%), imaging for uncomplicated lower 
back pain (N=6) and preoperative testing (N=7), such as preoperative baseline lab tests, 
echocardiography or (cardiac) stress tests ,were most commonly assessed. Overuse 
of diagnostic imaging procedures was most often assessed (N=96), with prevalence of 
overuse varying between 0.09% and 97.5% (median prevalence of assessments using a 
patient-indication lens: 11.2%, a patient-population lens: 1.2%, a service lens: 22.0%) as is 
shown in figure 2. Prevalence assessments in the ‘Other diagnostic tests’ category (N=22) 

Countries where the studies
were conducted

Number of studies

Australia 
Austria 
Canada 
Italy
Netherlands
Spain
Switzerland
United States

3 (9%)
1 (3%)
4 (11%)
1 (3%)
1 (3%)
1 (3%)
1 (3%)
23 (66%)

Total 35 (100%)

Type of diagnostic test Number of assessments 

Imaging
  Cardiac test
  Combination
  Endoscopy
  Scan
  Ultrasound
  X-ray

96 (81%)
14 (12%)
14 (12%)
11 (9%)
34 (29%)
6 (5%)
17 (14%)

Other diagnostic tests 22 (19%)
  Laboratory tests
  Electroencephalography

19 (16%)
3 (3%)

Total 118 (100%)

Type of assessment lens used Number of assessments

Patient-indication
Patient-population
Service

67 (57%)
 24 (20%)
27 (23%)

Total 118 (100%)



33

2

Overuse of diagnostic testing in healthcare: a systematic review

varied between 0.10% and 78.6% as is shown in figure 3A-B. This category contained two 
distinct categories: laboratory tests (N=19, median prevalence of assessments using a 
patient-indication lens: 16.3%, a patient-population lens: 3.5 %, a service lens: 47.5%) 
and electroencephalography (N=3, median prevalence of assessments using a patient-
indication lens: 0.2%, a patient-population lens: 0.1%).

The highest prevalence of overuse was reported in the following five diagnostic practices: 
use of electrocardiograms, chest x-rays, or pulmonary function tests in low-risk patients 
having low-risk surgery (97.5%); imaging for lower back pain within the first six weeks 
of symptom onset in absence of red flags (86.2%); knee arthroscopy for meniscal 
derangements (81.7%); baseline lab tests for low-risk patients receiving low risk surgery 
(78.6%); and knee arthroscopy for osteoarthritis (71.7%). Overall, imaging in case of 
nonspecific low back pain (15/118) and preoperative tests (14/118), such as preoperative 
baseline lab tests, echocardiography or exercise stress tests , were most often assessed 
diagnostic practices identified in this study. Figure 2 and 3 show that large variation in 
assessment outcomes of similar diagnostic tests, irrespective of assessment lens used, 
exists. For example, Bouck et al., [39] Schwartz et al., [13] and Mafi et al., [17] yield vastly 
different results in their respective studies. Bouck et al. [39] used a patient-indication lens 
and reported 30.70% of the identified imaging procedures to be considered as overuse, 
while Schwartz et al., [13] used a patient-population lens and found 4.1% to be considered 
as overuse. On the other hand, Mafi et al., used a service lens in their assessment and 
report the level of overuse to be 86.2%.
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Figure 2 | Assessment outcomes regarding the prevalence of low-value diagnostic tests for all 
assessments included in the diagnostic imaging category: A) cardiac tests, B) combination, C) 
scans, D) endoscopy, E) ultrasound, F) x-ray
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Figure 3 | Assessment outcomes regarding the prevalence of low-value diagnostic testing 
for all assessments included in the other diagnostic tests category: A) laboratory tests B) 
electroencephalography tests.

Variation among assessments of similar procedures

For two types of diagnostic tests, multiple assessments using similar lenses were 
identified among the included studies. These included: short-interval repeat bone 
densitometry testing (Dual-Energy X-ray absorptiometry) and the use of imaging 
procedures for nonspecific lower back pain. Considerable heterogeneity was observed 
between the extracted assessments for both groups (I2≥100%) (see supplementary 
file 7 for the generated forest plot). We therefore chose to forgo generating pooled 
estimates, since pooling heterogenous studies could lead to invalid results. In particular, 
assessments of overuse of imaging for nonspecific lower back pain showed substantial 
variation, irrespective of the assessment lens used.

Discussion 

In this systematic review, we identified and summarised the outcomes of studies 
assessing the prevalence of overuse of diagnostic tests. The majority of the 118 identified 
assessments examined the overuse of diagnostic imaging procedures (N=96), followed 
by the category ‘Other diagnostic tests’ which included laboratory tests (N=19) and 
electroencephalography tests (N=3). Assessments of low-value diagnostic testing using 
a patient-indication lens were most common (N=67, 57%), followed by assessments that 
used a service lens (N=27, 23%) and the patient-population lens (N=24, 20%). Major 
variation between prevalence estimates was observed, irrespective of assessment 
lens used. Prevalence estimates of diagnostic testing overuse ranged from 0.09% to 
97.5% (median prevalence of assessments using a patient-indication lens: 11.0%, 
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a patient-population lens: 2.0%, a service lens: 30.7%) although eighty-four of the 
included assessments reported the prevalence of overuse to be below 25%. Among 
the 33 assessments reporting high levels of overuse (i.e., ≥25%), multiple assessments 
exploring the overuse of imaging for uncomplicated lower back pain (5 assessments) 
or preoperative tests (7 assessments) were present. Additionally, eleven of the 33 
measurements reporting high levels of overuse were extracted from 8 studies considered 
at high risk of bias. Similar to the review of O’Sullivan [22], we found substantial variation in 
overuse among diagnostic services. However, our study adds to this finding by illustrating 
that variation is not limited to the primary care setting. Substantial overuse of diagnostic 
testing was also observed among diagnostic services often used in the secondary 
care setting, such as short-interval of bone mineral density testing or non-indicated 
cardiac testing before low-risk surgery. Through implementation of the concept of the 
assessment lenses to the included assessments, as proposed by Chalmers et al., [27] we 
were able to better compare the different assessment outcomes for similar diagnostic 
tests. Comparison of the different assessments outcomes regarding similar tests revealed 
that the observed variation could in part be explained by the use of different assessment 
lenses, an aspect which O’Sullivan et al. did not account for in their study. [22] Furthermore, 
we found that distinguishing primary from secondary care practices is often difficult 
and not always straight forward. Reasons are that many diagnostic practices are often 
provided in both the primary and secondary setting, and the setting in which these 
practices are provided often differs between countries and their respective healthcare 
systems. 

For two types of low-value diagnostic testing, i.e. short-interval repeat bone 
densitometry testing and imaging for non-specific lower back pain without the presence 
of red flags, several similar assessments were extracted from the included literature. We 
tried to pool those similar assessments, however refrained from doing so after observing 
significant among-study heterogeneity (I2 ≥ 100%). We therefore chose to report the 
results of the individual studies instead. The high levels of heterogeneity observed 
warrant further examination through means of subgroup analysis. However, the 
examination of potential sources of heterogeneity was hampered by the limited number 
of assessments present in each group. The limited number of assessments in each group 
also prevented us from reliably testing for publication bias. [40] Although we could not 
examine the heterogeneity through means of statistical subgroup analysis, we have tried 
to find possible explanations for the observed heterogeneity in the available literature 
and comparison of the studies. As mentioned before substantial variation among the 
extracted assessments of overuse was observed among the assessments included in 
our study. This variation could be caused by differences in study design, cohort size or 
operationalization of guidelines. Additionally, previous research has shown that factors 
such as population characteristics, healthcare systems, and insurance systems can 
greatly affect the amount of overuse. [7, 13, 15, 16, 18, 25, 35, 36, 39] For example, both the study 
by Bouck et al., [39] and Pendrith et al., [41] examined the overuse of imaging for lower 
back pain in Canada. However, each study used different data sources (Patient-Level 
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Physician Billing Repository, Discharge Abstract Database, National Ambulatory Care 
Reporting System vs. Ontario Health Insurance Plan claims database, respectively) and 
therefore used different codes to identify the included cohort. Furthermore, Pendrith et 
al., [41] included all visits to the primary care physician of adult patients (age>18 years) 
in their examination, while Bouck et al., [39] included only the first family physician visit. 
Although such differences appear small, they can drastically alter the patients included 
in the cohort and therefore influence the final prevalence estimate. The observed 
differences in estimates could also be caused by differences in definitions of low-value 
diagnostic testing. Most assessments are based on recommendations derived from 
initiatives such as the National Institute for Health and Care Excellence (NICE England) 
or Choosing Wisely (CW). However, no standardized definitions of low-value procedures 
or assessments, for the specific countries, exist. The absence of standardized definitions 
for specific countries could result in different cohorts and thus different prevalence 
estimates. 

Finally, the use of different methods to assess overuse can explain the observed 
differences in outcomes. Some articles used the method as proposed by Schwartz et al., [13] 
which proposes the use of narrow (high specificity, low sensitivity) and broad indicators 
(low specificity, high sensitivity) to assess low-value care. [13] Narrow definitions are more 
tightly formulated, resulting in a more distinct cohort of patients/services that is included 
as compared to the cohorts created using broad definitions. Through a combination of 
both assessments, a more complete understanding of the problem is obtained. However, 
while using both narrow and broad indicators appears to be a good way to provide an 
estimate of the amount of overuse of low-value practices, it was only employed in 3 of 
the included articles. [13, 15, 16] In our analysis, we only used the broad assessments from 
those studies, since the underlying definitions of those more closely resembled the 
original recommendations. Therefore, broad assessment outcomes are more suitable 
for comparison to the outcomes of studies that directly used the relevant original 
recommendations in their assessments. 

Strengths & Limitations 

A strength of this study is that we did not limit our review to a single type of diagnostic 
testing or disease. Additionally, we did not limit the search to a particular setting; as a 
result, we present prevalence estimates for a wide range of diagnostic tests across all 
healthcare settings. Furthermore, we only included direct measures of diagnostic testing 
overuse acquired from data collected in databases.

Our study also faces some limitations. First, we recognize that the measurement of low-
value care is often biased. Most existing measurements of low-value care target practices 
that are easily measured using existing data. These measurements clearly distinguish 
high-value from low-value services. However, most guidelines do not provide such a clear 
distinction. Detailed clinical information is often required to accurately distinguish high-
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value from low-value care, but is often not present in the available data. [13, 36, 42-45] Because 
of these reasons, only a relatively small part of the total amount of low-value services 
has been examined so far. Unfortunately, we were unable to reliably test for publication 
bias due to the limited number of similar assessments which used the same scope 
present in our study. [40] Publication bias might be present among assessments of low-
value practices because reports of the presence of substantial overuse is undesirable for 
most parties involved in such assessments. However, while our overview contains such 
a wide range of assessment outcomes we have attempted to reduce the publication bias 
where possible. Second, although we attempted to include all relevant keywords in our 
search strategy, our strategy may have missed some relevant terms and thus overlooked 
some studies assessing overuse of diagnostic services. Additionally, we incorporated 
several terms, such as overuse and low-value care in our search, which have been added 
to the lexicon relatively recently. Also, our search strategy only identifies studies that 
explicitly acknowledge the examined tests as representing overuse or low-value care. It 
is therefore possible our search might have missed studies which did not use these terms 
yet or that included some appropriate services alongside inappropriate ones in their 
assessment. Third, we only included studies that assessed overuse in relation to a specific 
guideline. Although this is a commonly used criterion and seen as an objective method 
to assess overuse, it is prone to underestimation of the actual prevalence of the problem. 
Yet, there is a risk of missing patients who do not exactly fit the specific guideline(s) 
used, or falsely classifying a test as (in)appropriate due to the clinical complexity of the 
patient involved. Furthermore, by requiring an assessment to be performed against a 
guideline, we did not capture all assessments of low-value diagnostic practices. Different 
methods are also used to distinguish appropriate from inappropriate care, such as 
expert opinion, Delphi or RAND appropriateness methods [46]. Because we only included 
assessment to require a guideline, our study therefore does not capture the full scope 
of assessments of low-value diagnostic overtesting. Fourth, we used a modified version 
of the Hoy risk of bias tool. [28] This is a validated tool for the assessment of risk of bias 
in prevalence studies, although we had to slightly adjust it to make it suitable to our 
research. However, while we tried to keep the tool as original as possible, we do need 
to consider that the modifications made to the original tool might have affected the 
outcome of our risk of bias assessment. Lastly, each of the included studies used their 
own definition of overuse in their assessments. Due to these differences in definitions 
of overuse it is often difficult to directly compare assessments of similar procedures, 
since these differences are in part responsible for the differences in outcome. However, 
by assigning assessment lenses to the included assessment of similar practices, we were 
able to group assessments using similar definitions of overuse and compare those to one 
another.

Implications for practice and future research 

Most studies included in our review were conducted in the U.S. and only a few studies 
examining diagnostic testing overuse have been conducted in Europe. Findings from 
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one country (such as the U.S.) are often not generalizable to other countries, due to 
differences in (patient) population characteristics, healthcare and insurance systems. 
Additional assessments of overuse from different countries are needed to gain further 
insight into the magnitude of the overuse problem. Insight into the prevalence of 
diagnostic testing overuse is required to create a sense of urgency among (local) 
physicians and policy makers and to help develop effective strategies to tackle low-value 
diagnostic overtesting. [47, 48] Assessments should be repeated to monitor the problem 
of overuse of diagnostic testing over time and the effects of implemented strategies 
and interventions. In our review, only one study assessed overuse across multiple time 
periods. [38] The overview of assessment outcomes generated in this review could be 
used by both policy makers and care providers as a source of inspiration for (future) 
assessments in their own organisation(s) and (subsequently) as comparison material for 
their assessment outcomes.

International agreement on low-value service definitions and standardization assessment 
methods (e.g., identical denominators, similar lenses and scopes) could contribute to 
prevalence estimates that are comparable across countries. An example of which would 
be the recently completed study which compared the overuse of laboratory testing in 
U.S. to Canada. [49] However, while it would certainly help to have unified definitions and 
methods for the assessment of low-value care, it would certainly be an ambitious goal to 
set. Hence, each of the different assessments included in this study were conducted in 
different contexts and with slightly different purposes in mind. However, they all do have 
in common that they were performed to gain insight into the (local) problem of low-value 
diagnostic practices. These assessments therefore are crucial first steps in the process of 
reducing low-value diagnostic practices (locally).

Lastly, it might be of interest to include cost estimates in future assessments, because it 
is known that costs differences exist across countries and healthcare systems. Another 
reason why costs estimates would be of interest would be that previous research has 
indicated that low-cost services are predominantly overused. [17] We therefore suggest 
that future studies should include the associated costs of low-value diagnostic tests 
(possibly including additional down-stream costs due to performance of low-value 
diagnostic tests) in their assessments. However, we would like to emphasise that while 
cost is an important argument in the discussion of addressing low-value testing, it is not 
the only and certainly not the most important potential harm of unnecessary testing.

Conclusion

This study shows that there is substantial overuse of diagnostic testing present across all 
healthcare settings, with much variation among similar diagnostic services. Preoperative 
testing and imaging for nonspecific low back pain are the most frequently assessed 
and overused low-value diagnostic tests. Effective strategies to tackle the overuse of 
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diagnostic testing must be developed and implemented by health systems, providers, 
policy makers, and others. Additionally, more uniform definitions and assessments of 
low-value diagnostic tests are required in order to obtain a better understanding of the 
magnitude of diagnostic testing overuse. 
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Supplementary file 2: Search strategy

1 | Pubmed 

(“Medical Overuse”[Mesh] OR Low-value care [tiab] OR low-value hospital care [tiab] 
OR low-value healthcare [tiab] OR wasteful care [tiab] OR wasteful healthcare [tiab] OR 
wasteful hospital care [tiab] OR overuse of healthcare [tiab] OR overuse procedure* [tiab] 
OR medical overuse [tiab] OR inappropriate healthcare [tiab] OR inappropriate care [tiab] 
OR unwanted healthcare [tiab] OR unwanted care [tiab] OR unnecessary healthcare 
[tiab] OR unnecessary care [tiab] OR Overdiagnos* [tiab] OR Over diagnos* [tiab] OR 
ineffective care [tiab] OR ineffective healthcare [tiab]) AND (“Diagnosis”[Mesh] OR 
diagnos* [tiab]) AND “statistics and numerical data” [Subheading] OR Variation* [tiab] 
OR Volume* [tiab] OR Prevalence* [tiab] OR Cost [tiab] OR costs [tiab] OR Frequenc* 
[tiab] AND “Guidelines as Topic”[Mesh] OR Guideline* [tiab] OR Choosing Wisely [tiab] 
OR policy [tiab] OR policies [tiab]

2 | Web of science: 

TOPIC: (“Low-value care” OR “low-value hospital care” OR “low-value healthcare” 
OR “wasteful care” OR “wasteful healthcare” OR “wasteful hospital care” OR “overuse 
of healthcare” OR “overuse procedure*” OR “medical overuse” OR “inappropriate 
healthcare” OR “inappropriate care” OR “unwanted healthcare” OR “unwanted care” OR 
“unnecessary healthcare” OR “unnecessary care” OR “Overdiagnos*” OR “Over diagnos*” 
OR “ineffective care” OR “ineffective healthcare” ) AND (diagnos*) AND (Variation* 
OR Volume* OR Prevalence* OR Cost OR costs OR frequenc*) AND (Guideline* OR 
“Choosing Wisely” OR policy OR policies) 

3 | Embase: 

(exp clinical effectiveness/ OR (Low-value care OR low-value hospital care OR low-value 
healthcare OR wasteful care OR wasteful healthcare OR wasteful hospital care OR overuse 
of healthcare OR overuse procedure* OR medical overuse OR inappropriate healthcare 
OR inappropriate care OR unwanted healthcare OR unwanted care OR unnecessary 
healthcare OR unnecessary care OR Overdiagnos* OR Over diagnos* OR ineffective care 
OR ineffective healthcare).ti,ab,kw.) AND (exp diagnosis/ OR (diagnos*).ti,ab,kw.) AND 
frequency/ OR exp health statistics/ OR (Variation* OR Volume* OR Prevalence* OR Cost 
OR costs OR frequenc*).ti,ab,kw. AND exp Health statistics/ AND exp Practice guideline/ 
OR (Guideline* OR Choosing Wisely OR policy OR policies).ti,ab,kw.
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Supplementary file 3: Overview of imaging modalities per category

Cardiac test Endoscopy Scan Ultrasound X-ray Combination

Stress electrocar-
diogram

Arthroscopy CT Carotid artery 
imaging

X-ray

Combination 
of multiple 
modality 
categories

Echocardiogram Endoscopy MRI Doppler Dual Energy 
X-ray absorp-
tiometry

Cardiac nuclear 
medicine imaging

Colonoscopy Whole body 
scan

Ultrasound

Cardiac MRI/CT 
angiography

Bone scan Plethysmog-
raphy

Single photon 
emission com-
puted tomogra-
phy myocardial 
perfusion imaging 
(SPECT-MPI)
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Supplementary file 6: Details of low-value care assessments extracted 
from the included studies
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Supplementary file 7: Forest plots of assessment outcomes from studies 
using the same lens to assess overuse of similar low-value care (LVC) 
diagnostic tests

Among the included studies, some studies contained multiple assessments undertaken 
in different cohorts. These assessments are distinguished by the following: a assessment 
performed among a commercially insured population, b assessment performed among 
Medicaid beneficiaries, c assessment performed among Medicare beneficiaries,  
d assessment performed using Kaiser Permanente (KP) Epic EHR data, e assessment 
performed using data derived from the Oregon Community Health Information Network 
(OCHIN).
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Abstract

Background: Low-value pharmaceutical care exists in general practice. However, the 
extent among Dutch general practitioners (GPs) remains unknown. 

Aim: To assess the prevalence of low-value pharmaceutical care among Dutch GPs.

Design and Setting: Retrospective cohort study using patient record data.

Method: We examined the prevalence of three types of pharmaceutical care, topical 
antibiotics for conjunctivitis, benzodiazepines for non-specific lower back pain (LBP), and 
chronic acid reducing medication (ARM) prescriptions, prescribed by GPs between 2016-
2019. Multilevel logistic regression analysis was performed to assess prescribing variation 
and the influence of patient characteristics on receiving a low-value prescription.

Results: Large variation in prevalence and practice variation was observed among the 
examined types of low-value pharmaceutical GP care. Between 53%-61% of patients 
received an inappropriate antibiotics prescription for conjunctivitis, around 3% of LBP 
patients received an inappropriate benzodiazepine prescription and 88% received an 
inappropriate chronic ARM prescription during the years examined. The odds of receiving 
an inappropriate antibiotic or benzodiazepine prescription increased with age (p<0.001), 
but decreased for chronic inappropriate ARM prescriptions (p<0.001). Sex affected only 
the odds of receiving a non-indicated chronic ARM, with males being at higher risk 
(p<0.05). The odds for receiving an inappropriate ARM also increased with increasing 
neighbourhood socio-economic status (p<0.05). Increasing practice size also decreased 
the odds of inappropriate antibiotic and benzodiazepine prescriptions (p<0.001). 

Conclusion: Our results show that the prevalence of low-value pharmaceutical GP care 
varies among the clinical problems examined. Significant variation in inappropriate 
prescribing exists between different types of pharmaceutical care - and GP practices. 

Chapter 3
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Introduction

Low-value care, defined as care that is unlikely to benefit the patient given the potential 
harm, cost, available alternatives and patient preferences, is considered one of the most 
complex problems in modern healthcare. [1, 2] In an effort to support clinicians in their daily 
practice, professional bodies, such as the Dutch College of General Practitioners (NHG), 
have published more than 120 evidence-based clinical practice guidelines. [3] However, 
despite the wide distribution and promotion of these guidelines, studies show that 
adherence among Dutch general practitioners (GPs) could be improved. [4-10] Up to one 
third of Dutch GP pharmaceutical prescriptions could be of low-value [6]. International 
studies show that low-value GP prescribing is also common outside of the Netherlands. 
[2, 11-17]

Obtaining insight into the prevalence of low-value prescribing is an essential first step 
in improving practice. [18] Although some assessments of low-value prescribing among 
Dutch GPs exist, these are outdated and conducted using data that are not nationally 
representative. [4, 19-21] We therefore aimed to quantify the prevalence and variation in 
low-value pharmaceutical treatments among GPs by using national medical records 
data. We selected three recommendations from the set of GP guidelines that clearly 
emphasise that physicians should refrain from prescribing medication except when 
specific indications are met (box 1 contains a detailed description of the rationale behind 
the selection, and supplementary box 1 an description of the operationalization of each 
recommendation):

1 The prescription of local antibiotics for an infectious conjunctivitis. [22]

2  The prescription of benzodiazepines in the treatment of non-specific lower back pain 
(LBP). [23]

3  The chronic prescription or continuation of acid-reducing medication (ARM). [24]

Through quantification of these prescribing practices, we hope to obtain a clearer view 
of low-value prescribing among GPs in the Netherlands. This is a first step in addressing 
the specific issue of low-value GP prescribing. In addition to both the prevalence and the 
variation in prescribing behaviour, we were interested in the characteristics of patients 
associated with low-value prescribing.

Box 1: Rationale behind the recommendations selected. 

1  The prescription of local antibiotics for an infectious conjunctivitis. [22] A Dutch study 
from2007 showed that up to 80% of conjunctivitis episodes were inappropriately 
treated with a topical antibiotic. [20] The indications for prescribing an antibiotic 
for conjunctivitis have not changed since then. One study from the USA showed 
that the number of conjunctivitis diagnoses has increased between 2005 and 
2014 and the percentage of low-value antibiotic prescriptions slightly decreased 
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from 18.3% to 17.2%. [46] It would be interesting to see whether the prevalence of 
antibiotic description in the Netherlands has also changed over time. 

2  The prescription of benzodiazepines in the treatment of non-specific lower back pain. 
[23] Lower back pain is one of the most prevalent conditions in general practice. [58] 
Its treatment, however, is complex. [59] Studies indicate that both inappropriate 
imaging [11, 12, 60, 61] and prescribing of opioids [59, 62, 63] are highly prevalent. 
However, there is a lack of information about the prevalence of inappropriate 
prescribing for LBP in the Netherlands.

3  The chronic prescription or continuation of acid-reducing medication (ARM) without 
indication. [24] Inappropriate prescription of ARM, predominantly Proton Pump 
Inhibitors (PPIs), has been shown to be an international problem. [49-54] However, 
the extent of this problem in the Netherlands is unknown. 

Supplementary box 1 contains a detailed description of how each recommendations 
was operationalized and the used definitions.

Methods

Design and database

We conducted a retrospective cohort study with data derived from the Nivel Primary 
Care Database (Nivel-PCD). The Nivel-PCD contains care data routinely collected from 
electronic medical records from GPs throughout the Netherlands. The data were obtained 
from 529 GP practices, representing approximately 2 million registered patients. [25] 
The sample was shown to be representative for the total population of Dutch primary 
care practices. [26-28] The database contains longitudinal information regarding patient 
characteristics such as age, sex, GP consultations, diagnoses, and drug prescriptions. 
Diagnoses are recorded using the International Classification of Primary Care version 
1 (ICPC-1). Prescriptions are recorded using the Anatomical Therapeutic Chemical 
classification system (ATC). This study was approved by the relevant governance bodies 
of the Nivel-PCD (nr. NZR00320.001). 

Cohort selection

For each low-value care examined, patients with relevant episodes were extracted from 
the Nivel-PCD. Next, the prescription files for each type of pharmaceutical care were 
filtered for prescriptions associated with relevant ICPC codes. The resulting selection was 
then used in our analysis. Supplementary box 1 contains an overview of the ATC and ICPC 
codes used to define the patient population for each of the recommendations. We only 
included GP practices in our analysis for which sufficient prescription data of high quality 
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were available between 2016 and 2019. GP practices had to meet the following criteria 
to be included in our analysis: 1) At least 85% of the prescriptions were encoded with a 
valid ATC code; 2) A minimum of 46 weeks of prescription data had to be present and; 3) A 
minimum of 500 patients per practice should be present in the data. 

Data analyses

Our assessments were performed using a patient-indication lens, as described by 
Chalmers et al. [29] Meaning we only included patients with a specific indication in our 
denominators. Our primary outcome is the percentages of patients, with an indication, 
who received a low-value prescription at least once. Analysis was performed using STATA 
16 [30]. Data visualisation was carried out using R-V3.6.3. [31] and the R-package ggplot2. [32] 

Practice variation 

Variation among GP practices was assessed through multilevel logistic regression 
analysis over 2019, with random effects on the practice level. Before performance of 
multilevel logistic regression, variance inflation factors (VIF) were calculated to test for 
collinearity among the included variables. In order to prevent the standard errors of the 
(multilevel) regression coefficients becoming too large, GP practices with fewer than 
five cases of low-value prescribing, or fewer than 30 patients with a relevant indication 
for the type of care examined, were excluded from the analysis. Intraclass correlation 
coefficients (ICC) were calculated to assess variation in low-value prescribing between 
GP practices. [33] C-statistics were calculated for models with, and without, a random 
effect for the level of the practice. The presence of higher c-statistics associated with 
the models with a random intercept for the level of practice suggest that these models 
have more predictive accuracy compared to the models without the random intercept. 
The difference between both C-statistics was used as a measure for variation among GP 
practices. Additionally, we have also assessed whether or not a significant correlation 
exists between the prescription rates of the three types of low-value pharmaceutical 
care over 2019. Correlations were assessed using the Pearson correlation coefficient for 
normally distributed variables and the Spearman correlation coefficient for non-normally 
distributed variables. Normality was assessed using both density plots and the Shapiro-
Wilk test (supplementary table 2).

Case mix variables

The following patient variables were included in our models in order to assess their 
influence on the odds of receiving low-value care: age, sex, and neighbourhood socio-
economic status (SES). These case mix variables were selected based on previous 
research indicating that these factors affect the amount of care patients require, receive, 
and have access to. [34-38] SES scores from 2017 were derived from the Dutch Institute for 
Social Research (SCP). [39] Patients were assigned to one of five categories (lowest, below 
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average, average, above average, highest) based on quintiles. In addition to these patient 
characteristics, the number of patients registered at each GP practice was also included 
in our analysis and categorised as a small, medium or large practice, based on the division 
of each population into tertiles (supplementary table 5 contains the tertile boundaries). 

Figure 1 | Estimates of the prevalence of patients receiving one of three types of low-value care.

Results

Figure 1 and table 1 provide a summary of the study results. Patients with an episode of 
infectious conjunctivitis were regularly prescribed local antibiotics without appropriate 
indication. The proportion of patients inappropriately prescribed antibiotics decreased 
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from 61% to 53% between 2016 and 2019. The chronic use of ARMs without an 
appropriate indication was highly prevalent. Between 2016 and 2019, around 88% 
of patients with a chronic ARM prescription lacked an appropriate indication. The 
prescription of benzodiazepines for LBP remained around 3% over the four years. A more 
detailed table is presented in supplementary table 1.

Variation on the practice level 

Figure 2 shows the prevalence of low-value prescribing among GP practices during 2019. 
We observed large variation in the proportion of patients receiving at least one non-
indicated prescription for antibiotics for conjunctivitis (figure 2A). This varied between 
0 and 90.3% (median: 52.8%). Benzodiazepines were prescribed largely in line with the 
guidelines, showing limited variation. Between 0 and 11% (median: 3.0%) of the LBP 
patients at each of the included GP practices received an inappropriate prescription. 
ARMs were prescribed chronically without an appropriate indication, in between 79% and 
97% of the GP practices included (median: 88%). Comparison of the rates of non-indicated 
prescription of the three low-value pharmaceutical GP care across practices only revealed 
a significant weak positive correlation (correlation coefficient: 0.17) between the rate of 
low-value antibiotic and low-value benzodiazepine prescriptions (supplementary table 
2). No other significant correlations were identified. Supplementary table 3 contains an 
overview of the rates of low-value care for each of the examined types of care across 
practices in 2019. After adjusting for case mix variables, the ICCs on the practice level 
for each of the prescriptions for low-value care ranged from 5.55% to 10.24% (Table 2). 
Analysis of the VIF factors revealed that little or no collinearity exists among the variables 
included in our analysis (supplementary table 4). The C-statistics of the models with a 
random effect on the practice level were significantly higher for all three types of low-
value GP care examined, compared to the models without random effect. Supplementary 
table 5 presents an overview of the contribution of each case mix variable to the final 
model.
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Figure 2 | Proportion of patients of each practice who received each of the low-value 
prescriptions for care at least once during 2019. The practice numbers do not directly correlate 
to the practice numbers as provided in supplementary table 3.

 

Table 2 | Overview of model characteristics; Intraclass correlation coefficient (ICC); Confidence 
Intervals (CIs).

Recommendation
ICC practice 
(and 95% CIs)

C-statistic model with 
random effect prac-
tice (and 95% CIs)

C-statistic model 
without random effect 
practice (and 95% CIs)

1. Do not prescribe a local 
antibiotic for an infectious 
conjunctivitis due to a banal 
pathogen, unless for a high-risk 
patient.

0.08 (0.06 - 0.11) 0.65 (0.64 - 0.66) 0.54 (0.53 - 0.55)

2. Do not prescribe benzodiaze-
pines in patients with non-spe-
cific lower back pain

0.10 (0.07 - 0.15) 0.67 (0.66 - 0.68) 0.59 (0.58 - 0.60)

3. Do not prescribe or continue 
acid-reducing medication, 
without proper indication

0.06 (0.03 - 0.09) 0.72 (0.71 - 0.72) 0.70 (0.69 - 0.70)
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Patient characteristics associated with receiving low-value prescriptions

The inappropriate prescription of antibiotics for conjunctivitis, and benzodiazepine for 
non-specific LBP, showed a significant increase in odds with increasing age (p<0.001, 
supplementary table 5). Conversely, patients were less likely to receive an inappropriate 
chronic prescription of ARMs with increasing age (p<0.001). Sex (p<0.001) and SES 
(p<0.05) significantly affected the odds of receiving a non-indicated chronic ARM 
prescription. Females were slightly less prone to receiving a non-indicated chronic ARM 
prescription. Patients showed significantly increased odds of receiving an inappropriate 
ARM with increasing SES. Furthermore, SES had only a small significant increase in odds 
of receiving an inappropriate antibiotic for conjunctivitis, when comparing the average 
SES with the lowest category (P<0.05). The size of the GP practice significantly affected 
the odds of receiving any of the three types of low-value care examined. In general, 
larger GP practices are less prone to providing any of the three types of low-value care 
compared to smaller ones (P<0.05). Only in cases of the chronic ARM use, it appeared that 
medium-sized practices did not significantly differ in odds from the smaller ones (Figure 
3). 
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Figure 3 | Adjusted odds ratios and confidence intervals associated with patient characteristics 
for all three types of low-value GP care. The asterisk indicates the reference categories.
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Discussion

Our study shows that the prescription of low-value pharmaceutical GP care varies 
depending upon the clinical problem. Inappropriate prescriptions of both antibiotics for 
conjunctivitis and ARMs are highly prevalent, while the proportion of patients with LBP 
receiving a benzodiazepine is small. Large variation in pharmaceutical treatment was 
found for the prescription of a non-indicated antibiotic for conjunctivitis, whereas limited 
variation was found in the inappropriate prescription of benzodiazepines for lower back 
pain or non-indicated chronic ARM prescriptions. Our analysis of correlation among 
the practices over 2019 only revealed a significant weak positive correlation between 
the rate of low-value antibiotic and benzodiazepine prescriptions. The odds of a patient 
receiving either of the three low-value treatments are significantly affected by age. Men 
were found to have significantly higher odds of receiving a non-indicated chronic ARM 
prescription compared to females, while the odds of patients receiving an inappropriate 
ARM significantly increased with increasing neighbourhood SES. Apart from ARMs, 
SES only showed a small significant increase in the odds of receiving an inappropriate 
antibiotic for conjunctivitis, when comparing the average with the lowest category. The 
odds of receiving an inappropriate antibiotic or benzodiazepine significantly decreased 
as the size of the GP practice increased. ARMs also showed a similar decrease as the size 
of the GP practice increased. However, this was only found to be significant in cases of 
the largest practice sizes.

Strengths and limitations

A strength of this study is that low-value care among Dutch GPs was assessed of patients 
receiving an inappropriate prescription among using routinely collected, nationally 
representative, data over four consecutive years. Furthermore, the use of high quality 
and complete clinical data made it possible to distinguish appropriate from inappropriate 
care. 

Our study has some limitations. First, there is an inherent uncertainty in identifying 
whether a prescription is of low-value. Recommendations contain terms that do not map 
directly to data variables; also, diagnosis and procedure codes may not precisely identify 
patients for whom care is of low value. For example, the recommendations regarding 
conjunctivitis and ARMs were not described with enough detail or required variables 
which are absent in the data to distinguish appropriate from inappropriate prescribing. 
The recommendation regarding conjunctivitis requires us to identify patients with 
conjunctivitis caused by a banal pathogen, and who are at high-risk. The information 
required to distinguish the cause of an episode of conjunctivitis is not recorded within 
the Nivel-PCD, and therefore not available in the data used. We also could not identify 
patients whom were at high risk, since the recommendation and the guideline did not 
provide sufficient detail on the definition of the high-risk population, to be able to 
distinguish them (if the information was available). Our assessment therefore could be 
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an overestimate. However, we do not expect these factors to have a major effect on our 
assessment outcome, since conjunctivitis is most commonly caused by a banal pathogen. 
[40] Furthermore, in our analysis of chronic ARM prescriptions, the guideline states that 
gastro-protection using an non-selective NSAID is justified if a patient is using a high 
dosage of a NSAID. However, information regarding the dosage of the prescribed NSAIDs 
was not present within the data used. We therefore could not include these requirements 
in our assessment. Our assessments might therefore under, or over, estimate the 
magnitude of the problem. Secondly, we could not identify patients suffering from 
chronic heartburn, while we only had access to diagnosis established within the years 
examined. Patients diagnosed with heartburn outside of this period could therefore not 
be identified. Also, heartburn is often only present for a short period of time, until ARMs 
are prescribed. The prescription of ARMs often resolve the patients’ complaints resulting 
in removal of the diagnosis from the patients’ medical records, making it difficult to 
define chronic heartburn. For similar reasons, we did not have access to practice and 
physician characteristics, which could explain variation in prescribing behaviour between 
GP practices, for example, the number of physicians and their age or sex. [41-43] Thirdly, 
both the antibiotic and benzodiazepine recommendations are directly linked to specific 
diagnoses, thereby making their assessment relatively straightforward. However this is 
not the case for the recommendation of chronic ARMs use, which makes its assessment 
difficult and more uncertain in comparison to the other recommendations. Finally, our 
final logistic models reported moderate C-statistics. This suggests that these models are 
unsuitable for predicting, reliably, the risk of patients receiving either of the low-value GP 
prescriptions. Receiving low-value GP care could have been influenced by other patient 
or GP characteristics that are not available in the data. [44]

Comparison with existing literature

Previous studies from Australia, the US, and the Netherlands reported between 60% 
and 80% of patients with infectious conjunctivitis received a non-indicated antibiotics 
prescription, which is higher compared to our assessment outcome. [20, 45, 46] The 
differences between the assessments could be explained by differences in the data 
sources, study designs and populations included. For example, Shekhawat et al. used a 
patient-indication lens and included all GPs in their analysis, while Cherry et al. included 
only patients who visited GP registrars in their sample resulting in distinct assessment 
denominators and outcomes. [45, 46] 

Our assessment of low-value prescribing of benzodiazepines for non-specific LBP shows 
that Dutch GPs mostly adhere to professional guidelines. Only 3% of patients received 
an inappropriate prescription, which is lower compared to the findings of recent studies 
from the US. [47, 48] Agarwal et al. reported that 8.5% of patients with back or chronic pain 
received a benzodiazepine prescription. [47] Furthermore, Azad et al., reported that 11.5% 
of US patients new to opioids with LBP, received a benzodiazepine within 12 months of 
their diagnosis. [48] However, it is difficult to compare these assessments with our study as 
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patient-population lenses were used in the US studies, while our study applied a patient-
indication lens resulting in different denominators being used. [15, 29] 

We did not identify any assessments regarding non-indicated chronic ARM use within 
the literature as most studies focus solely on chronic Proton Pump Inhibitor (PPI) use. 
However, since only approximately 3.5% of all ARM prescriptions in our assessment 
did not concern PPIs, we feel our assessment closely resembles those that solely focus 
on PPIs. Our assessment shows that the non-indicated chronic use of ARMs is highly 
prevalent in the Netherlands. However, this is only slightly higher compared to what is 
reported in international literature. According to recent literature between 30% to 80% 
of PPI prescriptions have no appropriate indication. [49-55] Again, these high levels of 
variation could be explained by differences in population characteristics, study design – 
such as the inclusion of all ARMs – and setting. Furthermore, unlike other studies, we did 
not limit our assessment to a specified population; such as the elderly [51, 56]. According to 
Dutch and international guidelines, the elderly have more indications justifying the use of 
a PPI which might have affected the prevalences reported. 

The high amount of inappropriate antibiotic prescriptions could be explained by GPs 
experiencing patient pressure to provide low-value care. Previous research, shows that 
patient pressure and the GPs need to maintain a good patient-physician relationship, 
could induce inappropriate prescribing. [57] Furthermore, the low-level of inappropriate 
benzodiazepine prescriptions could be explained by a long-term policy, promoting 
cautious prescribing of benzodiazepines due to their addictive properties. Finally, the high 
prevalence of inappropriate chronic ARM prescriptions could be due to their reputation, 
at least, for being harmless. ARMs, in contrast to antibiotics and benzodiazepines, are 
commonly sold over-the-counter at most drugstores in the Netherlands. We therefore 
expect that our assessment is most likely an underestimate, since we were not able to 
capture all chronic ARM users in this study, thereby missing non-prescription ARM in our 
assessment. 

The implications for research and/or practice

Our assessment of three low-value pharmaceutical GP prescriptions demonstrates 
that both antibiotics for conjunctivitis, and the chronic use of ARM, are prescribed 
inappropriately with no indication that this will greatly decline over time. This suggests 
a joint national effort is required to change prescribing behaviour. For such an effort, 
detailed insight into the views of patients and prescribers, and the barriers and 
facilitators for the withdrawal of inappropriate medication – deprescribing – is required 
in order to design a tailor-made deprescribing strategy. Furthermore, our observation 
that little to no correlation exists between the low-value prescription rates of the three 
types of low-value pharmaceutical care within practices, suggests that the problem of 
low-value pharmaceutical GP care cannot be addressed through a single deprescribing 
strategy. But rather requires deprescribing strategies that are tailor-made to the type 
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of pharmaceutical care that one aims to address. The assessment methods from this 
study could be used to monitor changes resulting from any following interventions. 
Furthermore, the knowledge of potential patient characteristics that are associated 
with the increased odds of receiving any of the low-value prescriptions examined could 
provide some focus for policy interventions.

Conclusion

Our research shows that low-value pharmaceutical care is prevalent among Dutch 
GPs, but its prevalence varies depending on the clinical problem. Between 2016 and 
2019, many patients received an inappropriate antibiotic or chronic ARM prescription. 
Benzodiazepines for LBP are generally prescribed in line with the guidelines. Among the 
three types of low-value pharmaceutical care, large variation between GP practices and 
general variation in prescribing were observed. These insights could help in designing a 
national campaign in order to change this behaviour.
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More elaborate description of the ARM recommendation

Do not chronically prescribe or continue acid-reducing medication (ARM), without 
proper indication. ARM prescriptions are indicated in the following cases according to 
the guideline:

•  Gastro-protection with an proton pump inhibitor (PPI) in case of a non-selective 
nonsteroidal anti-inflammatory drug (NSAID)

 i. Age of 70 years or older;
 ii.  Presence of an Ulcus Duodeni (D85) or Ulcus pepticum (D86) in their medical 

history, irrespective of their age.
 iii.  When two or more of the following factors are applicable (the risk of complications 

increases with increasing number of factors present):
  - Age between 60 and 70 years.
  -  Severe disabling rheumatoid arteritis (L88), Hearth failure (K77) or diabetes 

(T90). 
  - Use of high dose non-selective NSAID 
  - Use of comedication which increase the risk of stomach complications.

•  Gastro-protection with an proton pump inhibitor (PPI) in case of a Acetylsalicylic acid 
derivative as platelet aggregation inhibitor and in absence of a non-selective NSAID is 
indicated in case of:

 i. Age 80 years or older.
 ii.  Age 70 or older combined with use of comedication which increases the risk of 

stomach complications (except Acetylsalicylic acid derivatives).
 iii.  Age of 60 or older combined with the presence of an Ulcus Duodeni (D85) or Ulcus 

pepticum (D86) in their medical history.

•  Patients suffering from chronic heartburn, which do not sufficiently benefit from 
alternative acid-reducing medication (or in which these have not been tried).

 i.  Heartburn (D03); we could not identify patients with chronic heartburn because 
we only received data from the requested data period and therefore only could 
identify patients which received a diagnosis of chronic heartburn within the 4 years 
examined.

Calculation of prescription duration

Within Nivel-PCD only the dates on which the general practitioner prescribed the 
medication in question is recorded. The database does not contain the end date of a 
certain prescription. Therefore, in order to be able to define chronic use, we used the 
following method to calculate prescription duration:



93

3

Low-value pharmaceutical care among Dutch general practitioners: a retrospective cohort study

When patients only have had a single prescription, we assumed these patients only 
received a ‘start prescription’. In the Netherlands, a start prescription has a duration 
of 15 days and since there is only one prescription registered, we assumed that these 
patients only received this single prescription and therefore only received acid-reducing 
medication for the duration of 15 days.

Prescription date 1

 
However, when a patient has received more than one prescription we have made the 
assumption that in between both dates the patient used the prescription continuously 
when the in between time is less or equal to 180 days. We chose to use 180 days since 
most prescriptions have a duration of 90 days, but medication is not always picked up 
after exactly 90 days. Furthermore, to assure that we also included patients that use their 
medication every other day instead of daily or patients which use their medication as 
needed we chose to double the prescription duration (e.g. 2 x 90 days) in order for those 
patients to be included. An additional 90 days are added to the latest prescription date of 
the two prescriptions, while a regular refill prescription has a duration of 90 days and the 
latest date of the two prescription dates us also the start date of the second prescription.

Prescription date 1 Prescription date 2 

 
The same principle applies to a patient whom has 3 prescriptions, but who’s prescriptions 
are less than 180 days apart. The duration between prescription 1 and 2 and the duration 
between prescription 2 and 3 are added up, and an additional 90 days are added for the 
duration of the third prescription.

In case a patient has more than 180 days between consecutive prescriptions, the calculate 
will be performed in the following manner:

Prescription date 1 Prescription date 2 Prescription date 3

When two prescriptions are more than 180 days apart, then a new prescription will 
commence which in turn will be treated according to the same rules as described above.
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Supplementary table 3 | Rates of patients over 2019 receiving a low-value prescription for each 
of the types of pharmaceutical GP care examined for each of the practices included. N.A. values 
indicate that no episodes correlating to the type of low-value pharmaceutical GP care were 
identified at that particular practice. However, a zero indicates that we did find episodes of the 
type of pharmaceutical GP care examined, but none of these were considered of low-value.

Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

1 70 1 1.77 1 86.63

2 60.47 2 1.88 2 84.24

3 46.48 3 0.82 3 N.A.

4 63.96 4 1.39 4 N.A.

5 56.25 5 2 5 92.4

6 52.63 6 1.95 6 83.62

7 74.07 7 5.79 7 92.16

8 60.27 8 1.08 8 N.A.

9 73.81 9 1.08 9 83.55

10 47.37 10 2.96 10 N.A.

11 78.46 11 2.94 11 N.A.

12 72.5 12 0.61 12 N.A.

13 60 13 1.94 13 85

14 61.02 14 3.06 14 N.A.

15 66.67 15 5.56 15 93.87

16 30.43 16 5.1 16 83.33

17 68.75 17 3.44 17 82.61

18 61.36 18 2.5 18 84.38

19 56.14 19 1.21 19 N.A.

20 39.02 20 1.68 20 N.A.

21 64.29 21 2.74 21 91.45

22 24.32 22 1.75 22 N.A.

23 50 23 2.88 23 87.78

24 57.38 24 1.89 24 86.36

25 51.52 25 1.79 25 89.83

26 50 26 3.08 26 N.A.

27 32.56 27 0.74 27 N.A.

28 36.84 28 5.43 28 N.A.

29 32.56 29 4.29 29 90.28

30 31.71 30 1.54 30 88.27
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

31 66.67 31 1.21 31 N.A.

32 54.55 32 5.74 32 84.77

33 55.07 33 1.55 33 91.34

34 32.86 34 2.31 34 91.14

35 16 35 1.54 35 87.37

36 46.81 36 6.43 36 N.A.

37 54.17 37 1.12 37 90.28

38 37.04 38 2.72 38 93.2

39 58.33 39 3.43 39 96.84

40 65.62 40 0.92 40 83.17

41 32 41 0.66 41 92.31

42 41.94 42 6.34 42 88.89

43 52 43 5.7 43 90.88

44 60.47 44 4.06 44 N.A.

45 58.7 45 9.12 45 N.A.

46 61.04 46 2.87 46 92.23

47 50 47 5.65 47 N.A.

48 70 48 1.09 48 84.66

49 63.64 49 1.47 49 N.A.

50 61.22 50 1.36 50 87.15

51 72.73 51 3.33 51 81

52 63.79 52 1.15 52 88.26

53 58.93 53 4.22 53 N.A.

54 51.52 54 1.09 54 92.47

55 50.27 55 2.39 55 88.12

56 54.88 56 4.09 56 85.78

57 53.33 57 2.86 57 N.A.

58 47.06 58 1.1 58 N.A.

59 65.62 59 0.88 59 89.76

60 46.88 60 1.59 60 85.33

61 48.84 61 2.92 61 N.A.

62 23.68 62 0.82 62 N.A.

63 55.81 63 1.28 63 N.A.

64 60.61 64 4.73 64 87.86

65 43.4 65 1.64 65 87.19
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

66 15.62 66 0 66 N.A.

67 52.63 67 1.23 67 N.A.

68 57.81 68 2.88 68 83.66

69 33.33 69 7.74 69 N.A.

70 55.26 70 3.03 70 N.A.

71 34.09 71 2.26 71 88.1

72 37.04 72 0 72 88.35

73 69.23 73 2.18 73 85.54

74 56 74 2.9 74 88.57

75 40.26 75 1.64 75 N.A.

76 73.77 76 1.96 76 N.A.

77 53.33 77 1.38 77 86.07

78 50 78 2.56 78 84.44

79 54.35 79 6.23 79 90.14

80 59.68 80 4.18 80 86.48

81 57.14 81 3.88 81 86.26

82 66.67 82 4.02 82 86.82

83 60.53 83 6.43 83 93.81

84 61.7 84 1.52 84 89.65

85 62.71 85 9.13 85 87.5

86 60.87 86 2.78 86 87.17

87 38.95 87 3.45 87 89.89

88 18.75 88 0.71 88 93.26

89 62.79 89 2.96 89 90.34

90 61.84 90 5.41 90 90.81

91 57.95 91 6.36 91 N.A.

92 31.37 92 4.26 92 85.71

93 57.81 93 6.25 93 N.A.

94 66.67 94 0.85 94 87.05

95 78.95 95 2.16 95 89.25

96 46.38 96 3.05 96 87.89

97 39.62 97 3.84 97 N.A.

98 29.03 98 1.65 98 87.34

99 48.57 99 4.6 99 86.57

100 52.38 100 1.93 100 92.95
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

101 66.67 101 2.17 101 N.A.

102 52.17 102 1.08 102 87.22

103 43.75 103 1.56 103 91.42

104 76.09 104 1.89 104 84.23

105 63.22 105 3.39 105 88.67

106 46.91 106 3.25 106 82.66

107 68.29 107 0.32 107 N.A.

108 55.93 108 1.41 108 87.63

109 48.48 109 2.29 109 85.38

110 61.54 110 0.55 110 88.68

111 78.95 111 6.43 111 N.A.

112 32.86 112 0.6 112 90.64

113 48.78 113 3.36 113 88.78

114 17.86 114 1.37 114 N.A.

115 48.75 115 2.39 115 90.54

116 70 116 5.45 116 92.25

117 35.29 117 4.03 117 88.11

118 61.74 118 3.53 118 84.99

119 60.23 119 4.52 119 88.63

120 43.86 120 3.59 120 87.38

121 43.64 121 2.97 121 N.A.

122 57.35 122 3.64 122 90.33

123 57.61 123 1.95 123 90.36

124 57.69 124 0 124 N.A.

125 42.11 125 1.74 125 N.A.

126 28.57 126 2.87 126 N.A.

127 31.71 127 3.37 127 88.69

128 62.16 128 1.92 128 88.14

129 44 129 1.45 129 N.A.

130 41.67 130 4.43 130 N.A.

131 76.6 131 2.52 131 91.32

132 61.54 132 1.65 132 93.6

133 63.08 133 4.49 133 N.A.

134 74.47 134 9.26 134 85.5

135 39.39 135 3.45 135 92.67
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

136 30.28 136 0.96 136 91.59

137 59.72 137 5.79 137 86.54

138 56.52 138 3.49 138 N.A.

139 39.47 139 2 139 84.38

140 44.44 140 0.59 140 84.08

141 56.41 141 3.29 141 88

142 71.43 142 3.81 142 91.2

143 42.62 143 2.82 143 81.03

144 41.38 144 1.69 144 83.33

145 59.55 145 3.43 145 86.96

146 55 146 3.3 146 N.A.

147 44.44 147 4.05 147 N.A.

148 50 148 3.03 148 93.53

149 47.62 149 4.13 149 87.97

150 37.5 150 3.64 150 86.76

151 32 151 1.13 151 N.A.

152 35 152 3.35 152 90.69

153 60.59 153 2.75 153 N.A.

154 50 154 1.26 154 N.A.

155 40.54 155 0 155 91.86

156 32.14 156 1.97 156 86.04

157 58.54 157 5.09 157 89.29

158 42.42 158 2.25 158 89.56

159 47.22 159 3.33 159 89.97

160 58.93 160 2.74 160 79.53

161 30.3 161 1.29 161 92.43

162 74 162 2.93 162 N.A.

163 56.72 163 2.68 163 91.22

164 51.52 164 1.15 164 N.A.

165 66.67 165 4.87 165 92.6

166 55.56 166 3.1 166 91.82

167 51.35 167 3.3 167 92.06

168 40 168 2.02 168 87.31

169 46.67 169 2.42 169 82.26

170 11.11 170 7.25 170 83.76
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

171 52.38 171 10.34 171 82.27

172 65 172 4.42 172 85.35

173 47.06 173 3 173 88.27

174 64.71 174 5.85 174 88.24

175 39.53 175 1.48 175 N.A.

176 53.33 176 2.16 176 N.A.

177 41.67 177 1.65 177 N.A.

178 42.22 178 1.52 178 86.41

179 24.32 179 2.18 179 82.52

180 61.33 180 2.61 180 89.37

181 84.62 181 1.94 181 85.89

182 81.48 182 3.08 182 89.24

183 59.62 183 6.13 183 90.89

184 50.39 184 6.33 184 N.A.

185 44.26 185 3.13 185 88.15

186 50 186 1.12 186 90.57

187 23.08 187 2.38 187 89.47

188 44.44 188 5.88 188 93.43

189 51.85 189 4.94 189 88.49

190 51.85 190 1.13 190 87

191 44 191 0 191 92.31

192 47.44 192 1.87 192 86.1

193 68.97 193 5.22 193 N.A.

194 50.94 194 2.78 194 87.51

195 73.33 195 0.37 195 N.A.

196 45 196 6.72 196 88.12

197 60 197 1.25 197 87.69

198 48.48 198 2.87 198 92.65

199 46.67 199 1.96 199 N.A.

200 44.07 200 6.95 200 81.13

201 51.06 201 3.19 201 83.45

202 47.83 202 1.9 202 89.11

203 43.55 203 8.25 203 N.A.

204 55.56 204 1.86 204 90.63

205 46.15 205 2.91 205 N.A.
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

206 58.62 206 5.83 206 87.76

207 53.57 207 3.54 207 87.83

208 34.62 208 1.08 208 87.99

209 51.92 209 2.51 209 87.44

210 54.76 210 3.98 210 89.46

211 25 211 2.98 211 93.44

212 61.9 212 1.54 212 94.48

213 54.39 213 2.95 213 N.A.

214 66.67 214 4.78 214 86.92

215 78.38 215 5 215 90.79

216 23.33 216 1.82 216 95.21

217 67.53 217 2.17 217 85.62

218 53.85 218 0.85 218 91.4

219 67.44 219 1.98 219 86.39

220 35.48 220 1.51 220 88.93

221 50 221 1.2 221 N.A.

222 60.98 222 0.93 222 N.A.

223 82.35 223 2.7 223 90.24

224 71.43 224 3.41 224 86.22

225 38 225 0.99 225 81.66

226 46.58 226 2.11 226 87.7

227 55 227 5.65 227 88.55

228 48.98 228 4.48 228 N.A.

229 48.28 229 3.42 229 N.A.

230 62.5 230 0.4 230 89.71

231 40.91 231 0.9 231 83.94

232 66.07 232 5.16 232 91.08

233 55.95 233 5.3 233 88.95

234 62.5 234 1.12 234 87.9

235 49.35 235 2.66 235 N.A.

236 67.68 236 2.67 236 89.97

237 37.7 237 0.48 237 85.68

238 45.33 238 3.95 238 N.A.

239 79.03 239 4.02 239 N.A.

240 65.12 240 4.49 240 N.A.
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

241 34.55 241 2.73 241 85.87

242 80.33 242 3.07 242 N.A.

243 53.85 243 2.83 243 86.16

244 46.43 244 3.08 244 87.6

245 55.24 245 6.04 245 79.22

246 43.24 246 1.83 246 N.A.

247 26 247 1.28 247 N.A.

248 59.52 248 1.9 248 87.5

249 44 249 2.21 249 91.31

250 39.13 250 3.83 250 82.34

251 42.06 251 1.85 251 90

252 52.5 252 3.01 252 87.91

253 73.53 253 0.47 253 N.A.

254 26.32 254 4.42 254 90.72

255 64.15 255 2.13 255 N.A.

256 54.08 256 1.18 256 86.38

257 0 257 1.11 257 89.22

258 56 258 2.51 258 87.43

259 40.74 259 4.78 259 N.A.

260 63.64 260 6.83 260 N.A.

261 80.82 261 3.06 261 86

262 35.71 262 0.27 262 N.A.

263 44 263 1.52 263 83.75

264 42.86 264 5.26 264 88.51

265 72 265 7.14 265 87.65

266 58.14 266 2.09 266 N.A.

267 44.44 267 0.62 267 87.85

268 55.1 268 0.55 268 89.62

269 65.31 269 1.76 269 85.92

270 50.43 270 5.15 270 87.47

271 42.5 271 1.95 271 89.02

272 52.63 272 2.4 272 90.08

273 42.11 273 1.6 273 87.06

274 58.06 274 2.62 274 N.A.

275 62.5 275 2.3 275 89.27
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

276 59.52 276 2.64 276 86.6

277 43.48 277 1.58 277 89.36

278 50 278 2.17 278 N.A.

279 81.25 279 4.32 279 87.72

280 32.84 280 1.38 280 80.39

281 52 281 1.12 281 88.51

282 59.62 282 4.58 282 N.A.

283 48.78 283 1.55 283 N.A.

284 61.29 284 1.75 284 91.67

285 63.64 285 0.96 285 84.33

286 63.16 286 1.51 286 N.A.

287 72.55 287 2.56 287 87.25

288 64.1 288 3.33 288 88.46

289 62.5 289 1.8 289 94.58

290 67.19 290 0.43 290 N.A.

291 65 291 2.65 291 85.67

292 50 292 5 292 91.55

293 63.33 293 2.08 293 93.45

294 48.7 294 2.81 294 89.94

295 50 295 1.65 295 84.8

296 55.56 296 2.86 296 87.18

297 59.46 297 3.23 297 83.96

298 33.33 298 2.62 298 N.A.

299 50 299 3.52 299 86.06

300 58.62 300 3.65 300 91.09

301 50 301 1.14 301 91.61

302 37.21 302 3.9 302 80.97

303 50 303 3.54 303 N.A.

304 50 304 0.68 304 87.8

305 18.75 305 2.75 305 86.89

306 64.29 306 0.5 306 N.A.

307 85.71 307 10.68 307 86.49

308 50 308 5.3 308 N.A.

309 45 309 3.24 309 87.5

310 41.18 310 1.65 310 90.85
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Practice 
ID

Rate of non-indicat-
ed antibiotics for 
conjunctivitis (%)

Practice 
ID

Rate of non-indicated 
benzodiazepine pre-
scriptions for LBP (%)

Practice 
ID

Rate of non-in-
dicated chronic 
ARMs use (%)

311 47.37 311 1.57 311 89.16

312 68.42 312 2.66 312 88.14

313 43.1 313 3.16 313 87.38

314 60 314 1.35 314 87.31

315 48.15 315 4.97 315 91.41

316 44.58 316 3.63 316 N.A.

317 46.27 317 2.65 317 88.89

318 46.51 318 3.07 318 87.95

319 38.75 319 1.8 319 79.57

320 80 320 1.66 320 N.A.

321 52.38 321 4.09 321 89.95

322 62.96 322 1.9 322 90.32

323 50 323 4.52 323 85.26

324 72.09 324 4.62 324 90.82

325 63.16 325 3.47 325 N.A.

326 93.55 326 6.71 326 89.69

327 41.38 327 4.49 327 90.93

328 67.24 328 1.99 328 87.77

329 64.71 329 0.84 329 N.A.

330 57.14 330 0.92 330 90.21

331 53.78 331 2.02 331 N.A.

332 55.13 332 2.66 332 88.01

333 45 333 4.1 333 89.86

334 33.33 334 1.09 334 86.89

335 85.71 335 2.19 335 N.A.

336 43.86 336 1.6 336 N.A.

337 57.89 337 2.68 337 N.A.

338 60.32 338 4.79 338 85.43

339 42.59 339 2.54 339 90.2

340 55 340 4.22 340 90.21

341 66.67 341 3.65 341 N.A.

342 58.14 342 3.93 342 N.A.

343 66.67 343 6.42 343 88.32

344 69.57 344 3.88 344 N.A.

345 43.24 345 2.32 345 91.35

346 56.67 346 2.83 346 84.25
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Supplementary table 4 | Overview calculated variance inflation factors.

Recommendation Variable VIF 1/VIF

Do not prescribe local antibiot-
ics for an infectious conjuncti-
vitis due to a banal pathogen, 
unless for a high-risk patient.

Practice size 1.01 0.994160

Socio-economic status category 1.01 0.994656

Age category 1.00 0.995460

Gender 1.00 0.996029

Do not prescribe benzodiaze-
pines in patients with non-spe-
cific lower back pain.

Practice size 1.00 0.996771

Socio-economic status category 1.00 0.997390

Age category 1.00 0.998751

Gender 1.00 0.999346

Do not chronically prescribe or 
continue acid-reducing medi-
cation (ARM), without proper 
indication. 

Practice size 1.01 0.994908

Socio-economic status category 1.01 0.994779

Age category 1.00 0.999174

Gender 1.00 0.999042
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Abstract

Aim: To gain insight into the volume of vitamin B12- and D-tests between 2015-2019.

Design: A retrospective cohort study.

Method: Using claims data from between 3.5 and 3.8 million insured individuals, the 
volume of vitamin B12 and D diagnostic testing was examined between 2015-2019. Both 
trends in the number of vitamin B12- and D-tests as well as the percentage of patients 
that received a test over the examined period were assessed.

Results: Between 2015 and 2019, the number of vitamin B12 tests increased by 98.1%, 
and the number of vitamin D tests increased by 112.0%. The percentage of patients per 
practice with a vitamin B12 test increased from 4.8% to 8.4%, and the percentage with a 
vitamin D test increased from 4.7% to 9.1% over the examined period.

Conclusion: Both the number of vitamin B12- and D-tests conducted by general 
practitioners significantly increased over the examined time period. Additionally, the 
percentage of patients with a vitamin test also show to have significantly risen. The 
findings of the present study emphasise the need for the provision of clear information 
regarding the indications for vitamin testing for both general practitioners and patients, 
in order to limit overdiagnosis.
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Introduction

In the Integraal Zorg Akkoord (IZA), appropriate care is described as the standard for the 
Dutch healthcare system. Appropriate care includes, but is not limited to, providing care 
that has been proven to be effective and reducing inappropriate, or ineffective, care. [1] An 
example of such inappropriate care, also referred to as low-value care, would be vitamin 
B12- or D-testing in patients experiencing non-specific complaints such as fatigue. The 
guidelines of the Dutch College of General Practitioners only describe a few indications 
which would justify vitamin B12- or D-testing. [2-4] For example, a vitamin B12 test is 
indicated in patients suffering from non-microcytic anaemia or neurological symptoms 
(such as paraesthesia or ataxia), while a vitamin D-test, or 25-OH vitamin D-test, is 
indicated for patients with osteoporosis or osteomalacia. However, although only a 
limited number of indications justifying a vitamin B12- or D-test are described, several 
valid indications for supplementing vitamin B12 or D exist. Vitamin B12 suppletion is 
recommended for vegetarians or vegans who do not consume meat substitutes. While 
vitamin D-suppletion is recommended to pregnant women, patients with a dark skin 
complexion, women over 50 years old and patients aged 70 years and older are all 
recommended to supplement. Box 1 provides and overview of the indications for vitamin 
B12- and D-testing and suppletion as described in the guidelines from the Dutch College 
of General practitioners.

Despite there only being a limited number of indications for vitamin B12- or D- testing, 
studies show that the number of vitamin B12- and D-tests has significantly increased over 
the past few years [5-8]. In addition, some studies show that a large part of these tests are 
likely of low-value and lack an appropriate indication [9-11]. Low-value vitamin B12- and 
D-testing promotes medicalization and overdiagnosis [12] and contribute to the increasing 
healthcare costs; in 2022, respectively, €6.69 and €8.75 are charged per vitamin B12- or 
D-test [13].

However, while relatively much is known about the extent of vitamin B12- and D-testing 
in other countries, its extent is not well-known for the Netherlands. The most recent 
insights into vitamin B12- and D-testing in the Netherlands come from a study conducted 
in 2015, which showed that over the previous decade, the number of vitamin B12-tests in 
the Nijmegen region had almost sextupled [14]. However, it is unknown whether this trend 
has continued over the last few years and whether this increase occurred throughout the 
entirety of the Netherlands. However, recent evidence suggest that sufficient room for 
improvement in vitamin B12- and D-testing among general practitioners (GPs) is present 
at the regional level. Hence, a regional study conducted in Utrecht and Rotterdam 
showed that through the provision of GP education, benchmarking information, and 
patient information, the number of requested vitamin tests was reduced by 20-25% [12, 15].

The aim of this study is to examine the trends in the number of vitamin B12- and D-tests 
ordered by Dutch general practitioners over the examined time period. The results can 
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contribute to raising awareness and identifying the extent of potentially inappropriate 
vitamin testing by general practitioners.

Box 1: Indications for vitamin B12 or D testing and supplementation extracted 
from the most recent guidelines of the Dutch College of General Practitioners 
(NHG). [2, 3]

From the current NHG-guidelines the following main recommendations are made 
regarding vitamin B12- and D-testing:

–  Vitamine B12-testing: The general practitioner should consider requesting a 
vitamin B12-test in case of:

  - Non-macrocytic anemia
  - Neurological symptoms (in particular paraesthesia and ataxia)
  -  Nutrient deficient diet and diseases that lead to reduced absorption of 

vitamin B12.
   Routinely requesting vitamin B12 levels tests in case for long-term use of 

metformin, proton pump inhibitors, cognitive disorders, and general complaints 
such as fatigue or muscle weakness without the presence of any other indications 
of vitamin B12 deficiency is not recommended.

   Suppletion: Vitamin B12 supplementation is recommended for patients who are 
vegetarian or vegan and do not consume meat substitutes.

–  Vitamin D-testing: The general practitioner should consider requesting a 
vitamin B12-test in case of:

  -  Individuals for whom it is unclear whether they are being sufficiently exposed 
to sunlight;

  -  Individuals with osteoporosis or a (moderately) increased risk of falls who 
have sufficient dietary intake of calcium;

  -  Individuals with symptoms that may indicate osteomalacia: diffuse bone and 
muscle pain, and proximal muscle weakness;

   Suppletion: the Gezondheidsraad recommends vitamin D-suppletion for large 
population groups, regardless of their vitamin D levels. 

  -  The NHG guideline for Fracture Prevention recommends vitamin 
D-suppletion for patients with osteoporosis and patients at increased risk of 
fractures. 

  -  Patient groups at risk for vitamin D deficiency: The Gezondheidsraad vitamin 
D-suppletion, regardless of vitamin D-levels, for all children under 4 years 
of age, residents of nursing homes, women over 50 years of age, men over 
70 years of age, and individuals with dark skin complexion or who dress in 
clothing that covers most of their skin.
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  -  Pregnant women: The NHG guideline for Pregnancy and Puerperium advises 
against testing for vitamin D-levels and suppletion with vitamin D (unless 
the pregnant woman already has an indication for supplementation due to 
another reason).

Methods

Design and database

To assess the extent of vitamin B12 and D diagnostics by Dutch general practitioners 
(GPs), we conducted a retrospective cohort study using claims data from Coöperatie 
VGZ from the period 2015-2019. The data used encompassed all VGZ claims for vitamin 
B12- and D-tests during the investigated period. In addition, we used pseudonymized 
information regarding the age and postcode-4 of the patients who received a vitamin 
B12- or D-test, the requesting GP, and the GP practice where the vitamin test was 
conducted. Patients were divided into four age categories based on indications described 
in the relevant Dutch College of General Practitioners (NHG) guidelines: 0-29, 30-49, 
50-69, and 70. [2-4] Information on the patient’s socioeconomic status (SES) was obtained 
from the Social and Cultural Planning Office (SCP) and dated from 2017. [16] The SES 
information was linked to the claim data based on postcode-4, and patients were classified 
into categories based on SES quintiles calculated over the entire population. Both age 
and SES were included in our analysis because previous research has shown that these 
patient characteristics could affect the amount of care that patients require, use or need. 
[17-19] VGZ has a 24% market share of the entire Dutch insured population, spread across 
the Netherlands, and is considered representative of the total Dutch insured population. 
[20] Analyses and data visualization were performed in R V3.6.3. [21] The Research Ethics 
Committee (CMO) of the Radboud University Medical Center evaluated the research and 
assessed it as being non-WMO research (file number; 2020-6767).

Trends in vitamin B12- and D-testing over time

To assess trends in vitamin B12- and D-testing, all distinct vitamin B12 and D tests 
between 2015 and 2019 among VGZ-insured individuals in the database were identified. 
Subsequently, the absolute numbers of vitamin B12 and D tests were aggregated by year 
(also for SES and age categories) to make trends in absolute numbers for each year visible. 
Additionally, we also assessed the proportion of patients that received a vitamin B12 or D 
test over the years included in our analysis.
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Results

Between 2015-2019 both the number of vitamin B12- and D-tests, as well as the proportion 
of patients receiving a vitamin B12- and D-tests, show to have increased substantially. 
Specifically, the number of vitamin B12-tests increased by 98.1% and vitamin D-tests by 
112.0%, while the percentage of patients who received a vitamin B12 or D test increased 
from 4.8% to 8.4% and 4.7% to 9.1%, respectively. Furthermore, the range in the number 
of tests per patient within the study population also increased during this period (as is 
shown in supplementary file 1). The study also found that the majority of vitamin B12 
and D tests were ordered for patients in lower socioeconomic status (SES) categories. 
In addition, the number of vitamin B12 and D tests ordered increased with increasing 
age until the 50-69 age group, after which the numbers decreased (supplementary file 
2 shows the distribution over the different age and SES categories). Figure and table 1 
provide an overview of the number included GP practices, GPs, patients and number of 
vitamin B12- and D-tests over the examined period. Supplementary table 1 contains a 
more elaborate version of table 1.

 

Figure 1 | Trends in number of vitamin tests and the proportion of patients with a vitamin test 
between 2015-2019.
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Discussion

This study shows that the number of vitamin B12- and D-tests ordered by general 
practitioners has increased significantly over recent years. Between 2015 and 2019, the 
total number of vitamin B12- and D-test increased by 98.1% and 112.0%, respectively. 
The percentage of patients for whom the general practitioner requested a vitamin B12- 
or D-test increased from 4.8% to 8.4% for vitamin B12 and from 4.7% to 9.1% for vitamin 
D. The number of vitamin assays shows to increase over time, as well as the number 
of patients with an vitamin test (regardless of age and SES categories). The range of 
number of repeated tests per patient per year also shows to increase. These observations 
indicate that vitamin B12 and D assays are still being increasingly requested by general 
practitioners.

Our findings show that the observed increase in vitamin B12- and D-testing in the first 
half of the 2010s has continued in the following years in the Netherlands. (14, 22) This 
upward trend in the number of vitamin B12- and D-tests is not unique to the Netherlands. 
Studies from the United States (23, 24), Canada (9, 11), Australia (6), England (8, 25), 
and Italy (7) show that the number of vitamin B12- and D-tests has increased over the 
past years, with assessment outcomes ranging from 10% to 600%. The increase observed 
in our study is relatively low compared to increases reported in international studies, 
for which there might be several possible explanations. First, some of these studies 
were limited to, for example, only patients under 65 or performed their assessment in 
only one hospital, region, or province. In contrast, we included a large population in our 
measurement, which is considered to be representative of the entire Dutch population 
(20). Which makes it difficult to compare the results of these studies to our outcomes.

The increase in both the number and proportion of patients receiving a vitamin test 
may be related to the growing pressure patients exert on physicians to perform such 
tests. This is partly due to the large amount of (often) misleading information about 
the benefits of vitamin B12 and D testing that is spread through the media and among 
patients. (26,27) Providing good, reliable patient information about the indications 
for vitamin testing (as shown in Box 1) and updating physicians’ knowledge and the 
provision of feedback regarding their ordering behaviour can help reduce the number of 
vitamin tests performed. (12, 27,28) For example, in the REVERT study, offering feedback 
and physician education reduced the total number of vitamin B12 and D tests by 20% 
and 23%, respectively. Moreover, the same study showed that the provision of patient 
information resulted in an additional reduction of 4% and 10% of the number of vitamin 
B12- and D-tests, respectively.

The available and used data unfortunately was prone to some limitations. First, the 
database contained insufficient clinical information to assess the appropriateness of the 
included vitamin tests. Data with information regarding the diagnosis codes associated 
to the tests or test results are required in order to be able to determine appropriateness. 
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This study is therefore limited to describing the number of tests performed from 2015 
to 2019, without being able to draw any conclusions regarding their appropriateness. 
Second, we cannot say with certainty that our findings at the practice level are caused 
by the ordering behaviour of general practitioners. Because, although the entire 
database can be considered representative of the Netherlands, the level of coverage 
by VGZ may vary among the patient populations of the GP practices included. Both the 
total population size of each practice and the proportion of each practice population 
included in our dataset are unknown. It is therefore also unknown whether or not the 
proportion of the practice population that is present in the data could be considered 
as representative for the total practice population. For these reasons, we are unable to 
reliably assess the proportion of patients receiving a vitamin test on the practice level, 
and compare the proportions of patients receiving one between practices. However, it is 
unlikely that the observed increases in testing can be attributed to changes in the insured 
population over the course of the examined period. While recent analyses of market 
shares of Dutch health insurers show that the market share of VGZ remained relatively 
stable during the study period. (20, 29) Future research conducted with national data 
(such as VEKTIS data) or more complete data per practice (NIVEL) is needed to identify 
differences in vitamin testing among practices and identify target areas for improvement. 
Additionally, follow-up research using data containing information regarding test results 
or associated diagnoses (such as the PHARMO database or the database of the Julius 
General Practitioner Network) could also be used to explore the appropriateness of 
vitamin diagnostics. 

Follow-up – National Campaign

To encourage the appropriate use of vitamin B12- and D-testing among general 
practitioners a nationwide initiative coordinated by the program ‘To do or not to do?’ 
has been started. Various materials for both patients and general practitioners are 
available which encourage appropriate use of vitamin diagnostics (https://doenoflaten.
nl/vitamine/). In addition, a free e-learning is available for all general practice staff, which 
is also accredited for general practitioners. The e-learning provides information on the 
causes and diagnosis of vitamin B12 and D deficiencies, among other topics.

Conclusion

The number of vitamin B12- and D-tests as well as the proportion of patients receiving 
either test have increased significantly over the course of recent years. Further research 
should focus on generating insights into the volume and appropriateness of vitamin B12 
and D diagnostics on a national level, differences between practices, and opportunities 
for further de-implementation. Additionally, more focus should be applied to the 
evaluation of de-implementation strategies, and the scale-up of successful (local) de-
implementation strategies to the rest of the country.



124

Chapter 4

References

1. ActiZ DNg, Federatie Medisch Specialisten, InEen, Nederlandse Federatie van 

Universitair Medische Centra, Nederlandse Vereniging van Ziekenhuizen, Nederlandse 

Zorgautoriteit, Patiëntenfederatie Nederland, Vereniging van Nederlandse Gemeenten, 

Verpleegkundigen & Verzorgenden Nederland, Zelfstandige Klinieken Nederland, 

Zorginstituut Nederland, Zorgthuisnl, Zorgverzekeraars Nederland, Ministerie van 

Volksgezondheid, Welzijn en Sport. Integraal Zorg Akkoord: Samen werken aan gezonde 

zorg. 2022.

2. Nederlands Huisartsen Genootschap. Laboratoriumdiagnostiek Vitamine B12-

deficiëntie (LESA): NHG; 2018 [Available from: https://www.nhg.org/themas/publicaties/

laboratoriumdiagnostiek-vitamine-b12-volledige-tekst.

3. Nederlands Huisartsen Genootschap. Vitamine D-deficiëntie (LESA 

Laboratoriumdiagnostiek): NHG; 2018 [Available from: https://www.nhg.org/themas/

publicaties/vitamine-d-deficientie-samenvatting?tmp-no-mobile=1].

4. Wiersma T, Woutersen-Koch H. NHG-standpunt Diagnostiek van vitamine B12-

deficiëntie. Huisarts Wet. 2014;57:472-5.

5. Essig S, Merlo C, Reich O, Trottmann M. Potentially inappropriate testing for vitamin 

D deficiency: a cross-sectional study in Switzerland. BMC Health Services Research. 

2020;20(1):1097.

6. Bilinski K, Boyages S. Evidence of overtesting for vitamin D in Australia: an analysis of 4.5 

years of Medicare Benefits Schedule (MBS) data. BMJ Open. 2013;3(6):e002955.

7. Lanzoni M, Fornili M, Felicetta I, Maiavacca R, Biganzoli E, Castaldi S. Three-year analysis 

of repeated laboratory tests for the markers total cholesterol, ferritin, vitamin D, vitamin 

B(12) , and folate, in a large research and teaching hospital in Italy. J Eval Clin Pract. 

2017;23(3):654-61.

8. O’Sullivan JW, Stevens S, Hobbs FDR, Salisbury C, Little P, Goldacre B, et al. Temporal 

trends in use of tests in UK primary care, 2000-15: retrospective analysis of 250 million 

tests. Bmj. 2018;363:k4666.

9. Chami N, Simons JE, Sweetman A, Don-Wauchope AC. Rates of inappropriate laboratory 

test utilization in Ontario. Clin Biochem. 2017;50(15):822-7.

10. Morgen EK, Naugler C. Inappropriate repeats of six common tests in a Canadian city: a 

population cohort study within a laboratory informatics framework. Am J Clin Pathol. 

2015;144(5):704-12.

11. Gill P, Guo M, Lau CK, Naugler C. Implementation of an educational province-wide 

intervention to reduce redundant vitamin B12 testing: A cross-sectional study. Clinical 

Biochemistry. 2020;76:1-4.

12. Van Vugt S, de Schepper E, De Wit N, Bindels P. Intervention to reduce vitamin testing 

in primary care: a randomized controlled trial. British Journal of General Practice. 

2019;69(suppl 1):bjgp19X703061.

13. Diagnostiek voor u. Fares 2022 - 2023 2023 [Available from: https://diagnostiekvooru.nl/

tarieven].



125

4

Trends in number of vitamin B12- and D-determinations in the Netherlands

14. Franken P, Geutjes P, van den Ouweland J, Zeeman M, de Kok J. Diagnose van vitamine-

B12-tekort. Huisarts en wetenschap. 2015;58(10):530-1.

15. Vugt Sv, de Schepper E, van Delft S, Zuithoff N, de Wit N, Bindels P. Reducing vitamin test 

ordering in primary care; the effectiveness of professional and patient oriented strategies 

in a Cluster randomized Intervention Study. BJGP Open. 2021:BJGPO.2021.0113.

16. Sociaal Cultureel Plan Bureau (SCP). Statusscores 2017. Netherlands: Sociaal Cultureel 

Plan Bureau (SCP); 2017.

17. Asch SM, Kerr EA, Keesey J, Adams JL, Setodji CM, Malik S, McGlynn EA. Who is at greatest 

risk for receiving poor-quality health care? N Engl J Med. 2006;354(11):1147-56.

18. David JL, Kaplan HB. Gender, social roles and health care utilization. Appl Behav Sci Rev. 

1995;3(1):39-64.

19. McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic Status and Access to 

Healthcare: Interrelated Drivers for Healthy Aging. Front Public Health. 2020;8:231.

20. Vektis. Verzekerden in beeld. 2022.

21. R Core Team. R: A language and environment for statistical computing. v3.6.3 ed. Vienna, 

Austria: R foundation for Statistical Computing; 2019.



126

Chapter 4

Supplementary materials
Su

pp
le

m
en

ta
ry

 fi
le

 1
 | 

El
ab

or
at

e 
ta

bl
e 

1.

Ye
ar

20
15

20
16

20
17

20
18

20
19

N
o.

 o
f u

ni
qu

e 
pr

ac
tic

es
 in

cl
ud

ed
 

5,
13

2
5,

09
6

5,
12

3
5,

01
6

5,
02

2

N
o.

 o
f u

ni
qu

e 
ge

ne
ra

l p
ra

ct
iti

on
er

s 
in

cl
ud

ed
6,

84
9

6,
79

4
6,

77
6

6,
68

6
6,

63
0

N
o.

 o
f u

ni
qu

e 
pa

tie
nt

s 
in

cl
ud

ed
 

3,
45

8,
85

3
3,

44
6,

67
7

3,
57

1,
43

5
3,

62
4,

80
9

3,
82

8,
13

5

N
o.

 o
f u

ni
qu

e 
pa

tie
nt

s 
w

ho
m

 re
ce

iv
ed

 a
t l

ea
st

 o
ne

 v
it

am
in

 B
12

-t
es

t,
16

6,
91

9
21

9,
24

6
25

9,
10

0
29

4,
34

0
32

0,
37

4

Pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ho

m
 re

ce
iv

ed
 a

t l
ea

st
 o

ne
 v

ita
m

in
 B

12
-t

es
t

4.
8

6.
4

7.
3

8.
1

8.
4

N
o.

 o
f u

ni
qu

e 
pa

tie
nt

s 
w

ho
m

 re
ce

iv
ed

 a
t l

ea
st

 o
ne

 v
it

am
in

 D
-t

es
t,

16
1,

81
7

22
8,

20
7

27
7,

94
9

31
6,

27
6

34
8,

91
7

Pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ho

m
 re

ce
iv

ed
 a

t l
ea

st
 o

ne
 v

ita
m

in
 D

-t
es

t
4.

7
6.

6
7.

8
8.

7
9.

1

V
it

am
in

 B
12

To
ta

l n
o.

 o
f v

it
am

in
 B

12
-t

es
ts

20
4,

66
6

27
2,

74
6

32
9,

53
9

37
1,

31
4

40
5,

53
3

M
al

e
64

,7
51

86
,0

51
10

4,
15

5
11

7,
10

4
12

6,
75

4

Fe
m

al
e

13
9,

91
5

18
6,

69
5

22
5,

38
4

25
4,

21
0

27
8,

77
9

A
ve

ra
ge

 n
o.

 o
f v

it
am

in
 B

12
-t

es
ts

 a
m

on
g 

pa
tie

nt
s

0,
06

0,
08

0,
09

0,
10

0,
11

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
pa

tie
nt

s
0 

– 
16

0 
– 

21
 0

 –
 1

6
 0

 –
 1

9
0 

– 
22

M
ed

ia
n

0
0

0
0

0

A
ve

ra
ge

 n
o.

 o
f B

12
-t

es
ts

 a
m

on
g 

ge
ne

ra
l p

ra
ct

iti
on

er
30

40
49

56
61

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
ge

ne
ra

l p
ra

ct
iti

on
er

s
0 

– 
73

4
0 

– 
1,

22
3

0 
– 

1,
40

7
0 

– 
1,

59
4

0 
– 

1,
64

0

M
ed

ia
n

17
22

27
33

37

A
ve

ra
ge

 n
o.

 o
f B

12
-t

es
ts

 a
m

on
g 

G
P 

pr
ac

tic
es

40
54

64
74

81

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
G

P 
pr

ac
tic

es
0 

– 
73

4
0 

– 
1,

22
3

0 
– 

1,
40

7
0 

– 
1,

59
4

0 
– 

1,
64

0

M
ed

ia
n

22
30

36
43

49

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
re

ce
iv

in
g 

at
 le

as
t o

ne
 v

it
am

in
 B

12
-t

es
t

4.
83

6.
36

7.
25

8.
12

8.
37

M
al

e
1.

54
2.

02
2.

31
2.

59
2.

65

Fe
m

al
e

3.
29

4.
34

4.
94

5.
53

5.
72



127

4

Trends in number of vitamin B12- and D-determinations in the Netherlands

Ye
ar

20
15

20
16

20
17

20
18

20
19

N
o 

of
 v

it
am

in
 B

12
-t

es
ts

 /
 p

at
ie

nt
s 

pe
r a

ge
 c

at
eg

or
y

 

0-
29

 –
 N

o.
 o

f t
es

ts
28

,7
49

39
,2

37
47

,8
54

57
,0

60
63

,0
51

N
o.

 o
f p

at
ie

nt
s

   
23

,5
34

 
   

31
,8

12
 

   
38

,0
43

 
   

45
,8

66
 

   
50

,6
95

 

30
 –

 4
9 

– 
N

o.
 o

f t
es

ts
47

,4
31

63
,1

00
78

,9
52

88
,7

89
98

,9
09

N
o.

 o
f p

at
ie

nt
s

   
38

,6
52

 
   

50
,8

46
 

   
62

,1
08

 
   

70
,3

67
 

   
78

,5
36

 

50
 –

 6
9 

– 
N

o.
 o

f t
es

ts
65

,9
48

88
,2

50
10

7,
60

8
11

9,
73

1
13

0,
67

8

N
o.

 o
f p

at
ie

nt
s

   
54

,9
99

 
   

72
,4

75
 

   
86

,5
00

 
   

96
,6

99
 

  1
04

,8
01

 

70
 +

 –
 N

o.
 o

f t
es

ts
62

,5
38

82
,1

59
95

,1
25

10
5,

73
4

11
2,

89
5

N
o.

 o
f p

at
ie

nt
s

 5
0,

05
8 

 6
4,

55
7 

 7
3,

06
2 

 8
1,

95
9 

 8
7,

07
1 

N
o 

of
 v

it
am

in
 B

12
-t

es
ts

 /
 p

at
ie

nt
s 

pe
r s

oc
io

ec
on

om
ic

 s
ta

tu
s 

(S
ES

) 
ca

te
go

ry
 

Lo
w

es
t S

ES
 c

at
eg

or
y 

~
 S

ES
 b

el
ow

 a
ve

ra
ge

 o
r e

qu
al

 to
 -0

,7
8 

– 
N

o.
 o

f 
te

st
s

58
,1

01
82

,2
77

10
8,

43
0

12
3,

79
8

13
5,

32
9

N
o.

 o
f p

at
ie

nt
s

   
48

,3
02

 
   

66
,7

62
 

   
85

,4
21

 
   

97
,7

88
 

  1
07

,0
72

 

Se
co

nd
 to

 la
st

 S
ES

 c
at

eg
or

y 
~

 S
ES

 b
et

w
ee

n 
-0

,7
8 

an
d 

-0
,0

64
 –

 N
o.

 o
f 

te
st

s
49

,6
49

61
,5

39
72

,1
53

80
,5

21
88

,0
56

N
o.

 o
f p

at
ie

nt
s

   
40

,6
50

 
   

50
,9

09
 

   
58

,3
71

 
   

66
,1

26
 

   
72

,2
09

 

Av
er

ag
e 

SE
S 

ca
te

go
ry

 ~
 S

ES
 b

et
w

ee
n 

-0
.0

64
 a

nd
 0

.3
8 

– 
N

o.
 o

f t
es

ts
37

,4
01

49
,8

52
57

,9
46

63
,6

37
69

,9
66

N
o.

 o
f p

at
ie

nt
s

   
31

,5
49

 
   

41
,4

33
 

   
47

,3
10

 
   

53
,2

23
 

   
57

,4
36

 

Se
co

nd
 h

ig
he

st
 S

ES
 c

at
eg

or
y 

~
 S

ES
 b

et
w

ee
n 

0.
38

 a
nd

 0
.8

9 
– 

N
o.

 o
f t

es
ts

30
,2

68
39

,5
96

44
,2

78
51

,2
87

55
,0

11

N
o.

 o
f p

at
ie

nt
s

   
25

,5
35

 
   

32
,9

50
 

   
36

,8
28

 
   

42
,0

97
 

   
45

,2
89

 

H
ig

he
st

 S
ES

 c
at

eg
or

y 
~

 S
ES

 g
re

at
er

 o
r e

qu
al

 to
 0

.8
9 

– 
N

o.
 o

f t
es

ts
26

,3
42

35
,5

80
42

,1
45

48
,1

03
53

,5
61

N
o.

 o
f p

at
ie

nt
s

   
22

,6
91

 
   

29
,7

49
 

   
34

,6
53

 
   

40
,1

97
 

   
44

,9
42

 

M
iss

in
g 

SE
S 

– 
N

o.
 o

f t
es

ts
2,

90
5

3,
90

2
4,

58
7

3,
96

8
3,

61
0

N
o.

 o
f p

at
ie

nt
s

   
 2

,5
37

 
   

 3
,3

04
 

   
 3

,5
23

 
   

 3
,3

70
 

   
 2

,9
77

 



128

Chapter 4

Ye
ar

20
15

20
16

20
17

20
18

20
19

V
it

am
in

 D

To
ta

l n
o.

 o
f v

it
am

in
 D

-t
es

ts
21

0,
76

9
28

9,
34

0
35

8,
14

6
40

4,
01

2
44

6,
90

1

M
al

e
62

,7
64

87
,9

57
10

9,
10

4
12

4,
50

6
13

5,
83

8

Fe
m

al
e

14
8,

00
5

20
1,

38
3

24
9,

04
2

27
9,

50
6

31
1,

06
3

A
ve

ra
ge

 n
o.

 o
f v

it
am

in
 D

-t
es

ts
 a

m
on

g 
pa

tie
nt

s
0.

06
0.

08
0.

10
0.

11
0.

12

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
pa

tie
nt

s
0 

- 1
0

0 
- 1

1
0 

- 2
0

0 
- 1

4
0 

- 1
5

M
ed

ia
n

0
0

0
0

0

A
ve

ra
ge

 n
o.

 o
f D

-t
es

ts
 a

m
on

g 
ge

ne
ra

l p
ra

ct
iti

on
er

31
43

53
60

67

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
ge

ne
ra

l p
ra

ct
iti

on
er

s
0 

– 
99

5
0 

– 
1,

40
4

0 
– 

1,
60

0
0 

– 
1,

65
5

0 
– 

1,
68

1

M
ed

ia
n

17
25

31
37

42

A
ve

ra
ge

 n
o.

 o
f D

-t
es

ts
 a

m
on

g 
G

P 
pr

ac
tic

es
41

57
70

81
89

Ra
ng

e 
in

 n
o.

 o
f v

ita
m

in
 te

st
s a

m
on

g 
G

P 
pr

ac
tic

es
0 

– 
95

5
0 

– 
1,

40
4

0 
– 

1,
60

0
0 

– 
1,

65
5

0 
– 

1,
68

1

M
ed

ia
n

23
33

41
49

55

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
re

ce
iv

in
g 

at
 le

as
t o

ne
 v

it
am

in
 D

-t
es

t
4.

68
6.

62
7.

78
8.

73
9.

11

M
al

e
1.

42
2.

04
2.

42
2.

75
2.

84

Fe
m

al
e

3.
26

4.
58

5.
36

5.
97

6.
27

N
o 

of
 v

it
am

in
 D

-t
es

ts
 /

 p
at

ie
nt

s 
pe

r a
ge

 c
at

eg
or

y
 

0-
29

 –
 N

o.
 o

f t
es

ts
32

,6
52

46
,6

10
58

,3
84

69
,2

06
76

,8
50

N
o.

 o
f p

at
ie

nt
s

   
24

,9
50

 
   

36
,8

66
 

   
45

,1
62

 
   

54
,1

98
 

   
60

,1
38

 

30
 –

 4
9 

– 
N

o.
 o

f t
es

ts
53

,6
38

73
,7

72
92

,6
11

10
3,

76
8

11
7,

09
3

N
o.

 o
f p

at
ie

nt
s

   
40

,2
22

 
   

56
,9

23
 

   
70

,4
04

 
   

79
,3

81
 

   
89

,6
18

 

50
 –

 6
9 

– 
N

o.
 o

f t
es

ts
72

,9
76

99
,7

41
12

3,
69

6
13

6,
89

6
15

1,
13

2

N
o.

 o
f p

at
ie

nt
s

   
56

,8
64

 
   

79
,2

45
 

   
96

,8
60

 
  1

07
,9

23
 

  1
18

,7
24

 

70
 +

 –
 N

o.
 o

f t
es

ts
51

,5
03

69
,2

17
83

,4
55

94
,1

42
10

1,
82

6

N
o.

 o
f p

at
ie

nt
s

   
40

,1
16

 
   

55
,6

95
 

   
66

,2
49

 
   

75
,4

32
 

   
81

,2
47

 



129

4

Trends in number of vitamin B12- and D-determinations in the Netherlands

Ye
ar

20
15

20
16

20
17

20
18

20
19

V
it

am
in

 D

N
o 

of
 v

it
am

in
 D

-t
es

ts
 /

 p
at

ie
nt

s 
pe

r s
oc

io
ec

on
om

ic
 s

ta
tu

s 
(S

ES
) 

ca
te

go
ry

 

Lo
w

es
t S

ES
 c

at
eg

or
y 

~
 S

ES
 b

el
ow

 a
ve

ra
ge

 o
r e

qu
al

 to
 -0

,7
8 

– 
N

o.
 o

f 
te

st
s

59
,8

04
88

,0
33

11
7,

15
5

13
2,

39
1

14
7,

08
3

N
o.

 o
f p

at
ie

nt
s

   
47

,0
27

 
   

69
,2

26
 

   
90

,0
88

 
  1

02
,6

62
 

  1
13

,9
15

 

Se
co

nd
 to

 la
st

 S
ES

 c
at

eg
or

y 
~

 S
ES

 b
et

w
ee

n 
-0

,7
8 

an
d 

-0
,0

64
 –

 N
o.

 o
f 

te
st

s
46

,6
09

57
,4

58
69

,5
60

79
,1

68
87

,9
35

N
o.

 o
f p

at
ie

nt
s

   
35

,2
60

 
   

47
,4

47
 

   
56

,2
44

 
   

64
,6

09
 

   
71

,7
58

 

Av
er

ag
e 

SE
S 

ca
te

go
ry

 ~
 S

ES
 b

et
w

ee
n 

-0
.0

64
 a

nd
 0

.3
8 

– 
N

o.
 o

f t
es

ts
36

,1
68

50
,4

01
61

,9
75

68
,6

82
75

,9
63

N
o.

 o
f p

at
ie

nt
s

   
29

,2
72

 
   

41
,6

61
 

   
50

,3
48

 
   

57
,3

14
 

   
62

,3
05

 

Se
co

nd
 h

ig
he

st
 S

ES
 c

at
eg

or
y 

~
 S

ES
 b

et
w

ee
n 

0.
38

 a
nd

 0
.8

9 
– 

N
o.

 o
f t

es
ts

31
,9

55
42

,8
41

50
,3

88
57

,9
82

63
,6

02

N
o.

 o
f p

at
ie

nt
s

   
25

,1
55

 
   

34
,9

33
 

   
41

,1
27

 
   

47
,3

31
 

   
52

,0
14

 

H
ig

he
st

 S
ES

 c
at

eg
or

y 
~

 S
ES

 g
re

at
er

 o
r e

qu
al

 to
 0

.8
9 

– 
N

o.
 o

f t
es

ts
33

,2
93

46
,5

88
53

,8
66

61
,3

01
68

,3
78

N
o.

 o
f p

at
ie

nt
s

   
27

,2
46

 
   

38
,0

85
 

   
44

,2
01

 
   

50
,2

75
 

   
56

,5
11

 

M
iss

in
g 

SE
S 

– 
N

o.
 o

f t
es

ts
2,

94
0

4,
01

9
5,

20
2

4,
48

8
3,

94
0

N
o.

 o
f p

at
ie

nt
s

   
 2

,4
37

 
   

 3
,3

10
 

   
4,

03
5 

   
 3

,7
49

 
   

 3
,3

18
 



130

Chapter 4

Supplementary file 2: Distribution of the no. of vitamin B12- and D-tests 
over the age and SES-categories
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Abstract

Objectives: to assess the extent of non-indicated vitamin B12- and D-testing among 
Dutch clinicians and its variation among hospitals.

Design: cross-sectional study using registration data from 2015-2019.

Participants: patients aged 18-70 years between that received a vitamin B12- or D-test. 

Primary and secondary outcome measures: the proportion of non-indicated vitamin 
B12- and D-testing among Dutch clinicians and its variation between hospitals (n=68) 
over 2015 to 2019.

Results: Between 2015-2019 at least 79.0% of all vitamin B12- and 82.0% of vitamin 
D-tests lacked a clear indication. The number of vitamin B12-tests increased by 2.0% over 
the examined period, while the number of D-tests increased by 12.2%. The proportion of 
the unexplained variation in non-indicated vitamin B12- and D-tests that can be ascribed 
to differences between hospitals remained low. ICCs ranged between 0.072-0.085 
and 0.081-0.096 for non-indicated vitamin-B12 and D tests respectively. The included 
casemix variables patient age, Socioeconomic Status and hospital size only accounted 
for a small part of the unexplained variation in non-indicated testing. Additionally, a 
significant correlation was observed in non-indicated vitamin B12- and D-testing among 
the included hospitals.

Conclusion: Hospital clinicians order vitamin B12- and D-tests without a clear indication 
on a large scale. Only a small proportion of the unexplained variation could be attributed 
to differences between hospitals.
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Introduction

Low-value diagnostic testing is a serious problem in most health care systems [1]. Low-
value care is defined as care that offers no net benefit for the patient and which can be 
associated with harmful outcomes and wasteful spending. [2-4] Within diagnostic testing, 
studies show that both vitamin B12- and D-tests are frequently ordered within medical 
practice [5-8]. However, there are only a few indications that justify the ordering of a 
vitamin B12- or D-test which are described in international guidelines. Among healthy 
adults, almost no indications for vitamin B12- and D-testing exist. [9, 10] International 
guidelines for hospital clinicians clearly state that vitamin B12- and D-tests should only 
be ordered in specific scenarios, such as in patients with Coeliac or Crohn disease, and 
not in patients with only vague complaints. [9, 11-14]. Assessments indicate that as much as 
77% of vitamin B12- and 91% of vitamin D-tests could lack an indication. [7, 15-23] 

Studies show that between 8% and 28% of vitamin B12-tests, and between 6% and 91% of 
vitamin D-tests could be non-indicated. Most of these studies have been conducted among 
general practitioners (GPs). [17, 19, 21, 23] Only a few studies have clearly specified that their 
assessment of the volume of non-indicated vitamin testing concerned hospital clinicians 
alone. Two studies from Italy reported that on average 17% and 6% of vitamin B12- and 
D-tests were potentially non-indicated. [7, 18] However, these assessments used data from a 
single hospital and therefore do not provide a representative overview. Furthermore, these 
studies based their assessment of appropriateness on a proxy such as testing interval, and 
not directly by examining the diagnose for which the test was requested. 

In order to address non-indicated vitamin B12- and D-testing, an accurate assessment of 
the magnitude and variation of non-indicated testing is needed. We therefore aimed to 
assess both the volume and proportions of patients aged between 18 and 70 years old 
that potentially received non-indicated vitamin B12- and D-tests among Dutch hospital 
clinicians between 2015 and 2019 using clinical registration data. We also examined 
the hospital variation in non-indicated vitamin B12- and D-testing in order to identify 
opportunities for improvement. The proportion of outpatient visits receiving a non-
indicated vitamin B12- or D-test among the hospitals included, and the diagnose codes 
often associated with vitamin B12- and D-testing over 2019 were also explored. In doing 
so, we aimed to gain more insight into the volume of non-indicated vitamin testing 
among hospital clinicians and the diagnoses underlying such testing. 

Methods

Design and database

We conducted a cross-sectional study using registration data among Dutch hospital 
clinicians between 2015 and 2019. Data were obtained from the Dutch National Basic 
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Hospital Care Registration (Landelijke Basisregistratie Ziekenhuiszorg, LBZ). [24] The LBZ 
contains medical, financial and administrative information from all patients undergoing 
treatment in any Dutch hospital. All vitamin B12- and D- tests ordered by clinicians in 
Dutch hospitals over the examined time period were extracted; including the associated 
diagnosis codes, patient age, gender and Socioeconomic Status (SES) and hospital size. 
After consulting paediatricians and geriatricians, we limited our analysis to patients 
aged 18 to 70 years old. Both paediatricians and geriatricians indicated that for patients 
below 18 and above 70, there are many regional screenings protocols which also often 
vary between hospitals. Patients were assigned to one of three age categories; 18-29, 
30-49, 50-70. SES scores were derived from a table containing SES-scores on the level 
of four-digit postal codes as published by the Dutch Institute for Social Research (SCP) 
in 2017. [25] Patients were also assigned to one of six SES categories, based on quintiles 
calculated with the SES information from all Dutch neighbourhoods. Hospital size was 
operationalized by assigning a hospital to one of three categories (small/medium/large) 
based on tertiles calculated using the amount of outpatient visits encountered over 2019. 

Patient and public involvement

No patients or members of the public were directly involved in the study. Owing to the 
nature of this study and data privacy constraints, no patients or members of the public 
were involved in the study design, analysis, interpretation of data, or revision of the 
manuscript.

Analysis of trends in proportions of non-indicated vitamin B12- and 
D-testing among hospital clinicians

For the assessment of the proportion of justified indication versus non-indicated vitamin 
B12- and D-testing, we used a service lens, as previously described by Chalmers et al. [26] 

This entails that all vitamin B12- or D-tests ordered were included in our denominator, 
and all vitamin B12- and D-tests ordered with no indication in our numerator. For 
our distinction of non-indicated vitamin testing, we followed several steps. First, all 
recommendations regarding vitamin B12- or D-testing were extracted from the relevant 
guidelines. Initially, we reviewed the Dutch guidelines of hospital clinicians published by 
the federation of medical specialists for indications for vitamin B12- and D-testing. [10] We 
managed to identify little to no recommendations concerning indications regarding the 
use of vitamin B12- or D-tests. We therefore chose to supplement these with indications 
derived from Dutch general practitioners guidelines. [13, 14] Second, the ICD10 codes 
corresponding to the diagnoses which warrant the ordering of a vitamin B12- or D-test 
were collected from these recommendations. Third, the resulting list of ICD10 codes was 
reviewed by the involved experts to prevent missing relevant codes or diagnoses. We 
consulted two expert clinicians (an internal medicine physician and haematologist) in the 
process of generating the list of indications justifying a vitamin B12- or D-test. Fourth, 
after completion the list of ICD10 codes, all Clinical Classification Software (CCS) codes 
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associated to these ICD10 codes were extracted from the LBZ database. Subsequently, 
all Diagnosis-Treatment Combination (DTC) codes associated to the list of relevant CCS 
codes were extracted. The resulting list was, again, checked for completeness before 
starting with the assessment of indicated vitamin tests. This process was repeated until 
all researchers and clinicians agreed on the accuracy of the list of indications justifying 
vitamin B12- and D-testing. Supplementary file S1 lists of ICD10 and DTC codes used to 
determine the appropriateness of the identified vitamin B12- or D-tests. It also contains 
a description of how we identified and linked the identified ICD10 codes to each of the 
patients included. In an effort to provide potential handles for the design of interventions 

Assessment of hospital variation in non-indicated vitamin B12- and 
D-testing

Hospital variation in non-indicated vitamin B12- and D- testing was assessed using a 
multilevel logistic regression analysis, with a random effect for hospital. Separate models 
per year were made to assess whether the variation in non-indicated vitamin B12- and 
D-testing was robust over time. Generalized variance inflation factors (GVIF) were 
calculated to test for collinearity among the included variables before multilevel analysis 
was conducted (supplementary file S2). Models were adjusted for the casemix variables: 
patient age, gender, Socioeconomic Status (SES), and hospital size. We corrected for 
patient age, gender and SES, as previous research showed that these affect the amount 
of care that patients require, receive and have access to. [27-31] We included a proxy for 
hospital size (e.g. the total number of outpatient visits in each year) while recent evidence 
shows that larger healthcare providers tend to provide more low-value care. [32] Vitamin 
tests conducted in patients with a missing SES score or DTC code were excluded from the 
analysis. Intraclass correlation coefficients (ICCs) were calculated to assess which part of 
the unexplained variation in non-indicated vitamin B12- and D-testing could be ascribed 
to differences between the included hospitals, using the method of Snijders and Bosker 
to assess the error variance. [33] 

Correlation in non-indicated vitamin testing over 2019

Additionally, we also examined whether a correlation existed between the proportions 
of outpatient visits that received a non-indicated vitamin B12- or D-test over 2019 
among the hospitals included. Correlations were assessed using the Pearson correlation 
coefficient for normally distributed variables and the Spearman correlation coefficient for 
non-normally distributed variables. Normality was assessed using both density plots and 
the Shapiro-Wilk test. 
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Results

Volume vitamin tests among Dutch hospital clinicians

Table 1 provides a general overview of the population characteristics of the population 
included in our study. Between 2015 and 2019, the number of vitamin B12- and D-tests 
ordered by clinicians increased by 2.0% (from 275,032 to 280,522) and 12.2% (from 
300,013 to 336,736) respectively. A similar trend was also observed in the proportion 
of patients that received at least one vitamin B12- or D-test, increasing by 2.5% and 
11.3% over the examined period. The amount of vitamin B12- and D-tests ordered 
among women remained almost twice as high compared to men over the entire period 
examined. Table 2 provides an overview of the outcomes, supplementary file S3 contains 
a more detailed breakdown by gender, age- and SES-groups on the patient level. The 
number of patients with at least one vitamin test increases rapidly with age. The included 
patients, with at least one vitamin B12 or D-test, showed to be more equally distributed 
over the SES categories. Only in the highest SES category a slight decrease in the number 
of patients with a vitamin determination was observed.

Table 1 | Overview of the study population characteristics of the used population over the entire 
period examined (2015 – 2019). 

Abbreviations; Socioeconomic status (SES), Standard deviation (SD).

Non-indicated testing

Between 2015 and 2019 around 78% of the vitamin B12- tests conducted among patients 
between age 18 and 70, with an registered DTC code, lacked an indication. In case of 
vitamin D-testing, around 82% of determinations had no clear indication. Although the 
number of vitamin tests is higher among women, no large differences in proportions of 

General info regarding the used 
population between 2015 - 2019

Number or
 proportion

Min Max Median
Interquar-
tile range

Total number of unique patients 9,214,425 N.A. N.A. N.A. N.A.

Gender (% female) 64.50% N.A. N.A. N.A. N.A.

Average number of patients among the 
hospitals (+SD)

126,722 (± 169,110) 37 1,244,526 126,722 119,601.8

Average number of  unique patients 
among the hospitals (+SD)

47,561 (± 54317.5) 32 415,673 36,561 38,590

Average age of the patients included 
(+SD)

47.91 (± 14.60) 18 70 N.A. N.A.

Average SES category of the patients 
included (+SD)

2.86 (± 1.43) 1 6 N.A. N.A.

Average no. of outpatient visits among 
the hospitals included 

1,721,337 (± 
819,148) 

470,117 4,659,172 N.A. N.A.



139

5

Non-indicated vitamin B12- and D-testing among Dutch hospital clinicians: a cross-sectional cohort study

non-indicated testing were observed between genders. In case of both age and SES, the 
proportion of patients with a non-indicated vitamin B12- or D-test remains relatively 
constant across all groups over the study period (supplementary file S3). With the 
proportion of non-indicated testing remaining around 80.0% for vitamin B12 and 83.5% 
for vitamin D across the different age and SES. Our analysis of diagnose codes that are 
most often associated with non-indicated vitamin B12- and D-testing revealed that tests 
are ordered for various reasons. Similar diagnostic codes were associated with both non-
indicated vitamin B12 and D tests, including general malaise, fatigue without diagnosis, 
and ulcerative colitis. Supplementary file S4 contains an overview of the top 20 diagnose 
codes for both vitamin B12- and D-tests. 

Hospital variation in non-indicated vitamin B12- and D-tests among 
Dutch hospital clinicians 

The ICCs of the models uncorrected for casemix remained around 9% (ranging from 8,3% 
to 9,5%) and 9,5% (ranging from 8,5% to 10,1%) for the vitamin B12- and D-models over 
time. The ICCs of the casemix corrected vitamin B12- and D-models remained stable 
around 8.0% (ranging between 7,2 and 8,5%) and 9% (ranging between 8,1% and 9.6%), 
respectively, throughout the examined period. Supplementary file S5 contains the ICCs 
of all models. Casemix correction minimally impacted the calculated ICCs in case of both 
the vitamin B12- and D-models. The proportion of outpatient visits receiving a non-
indicated vitamin B12- or D-test over 2019 varied widely among the hospitals included, 
ranging from 0.0% to 27.6% for vitamin B12 and 0.02% to 34.8% for vitamin D (see figure 
1 and supplementary file S6).

Correlation in proportions of non-indicated vitamin B12- and D-testing

Normality testing (and inspection of density plots) revealed that both the proportions of 
vitamin B12- and D-testing observed among the hospitals are non-normally distributed. 
The subsequent correlation analysis revealed the presence of a significant positive 
correlation (Rho: 0.86, p < 0.001) between the proportions of non-indicated vitamin B12- 
and D-testing among the included hospitals. Supplementary file S7 contains the density 
plots, normality tests results and correlation analysis outcomes for both non-indicated 
vitamin B12- and D-tests.
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Figure 1 | Proportion of all outpatient visits at each of the included hospitals that received a low-
value vitamin (A) B12- or (B) D- test over 2019 (n=68).
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Discussion

Between 2015 and 2019, around 78.0% and 82.0% of vitamin B12- and D-tests ordered by 
Dutch hospital clinicians in patients aged 18-70 lacked a clear indication. The total number 
of vitamin B12-tests ordered increased by 2.0%, while the total number of vitamin D-tests 
increased by 12.2%. Although the total number of vitamin determinations increased, the 
proportion of patients with at least one vitamin test remained relatively constant (around 
80% for B12 and 83% for D). Women received approximately twice as many vitamin B12- 
and D-tests, as well as non-indicated tests, over the examined period compared to men. 
Our analysis of hospital variation in non-indicated vitamin B12- and D-testing revealed a 
moderate hospital variation. Furthermore, only a relatively small part of the unexplained 
variation in non-indicated vitamin B12- and D- testing could be ascribed to differences 
between the hospitals included. Suggesting that the problem of non-indicated vitamin 
testing is present among all hospitals. Correlation analysis over 2019 revealed a fairly 
strong positive (Rho: 0.86) correlation between the rates of non-indicated vitamin B12- 
and D-testing among the hospitals included. 

Comparison to existing literature

The proportion of non-indicated vitamin B12- and D-testing among clinicians found in our 
study (78.0% and 82.0% respectively) are substantially larger than the proportions reported 
by other studies. For example, two studies from Italy conducted among hospital clinicians 
report that on average 17.0% and 6.0% of vitamin B12- and D-tests could potentially be non-
indicated. [7, 18] Which is substantially lower than the proportions observed in our study. Our 
findings are more in line with  assessments that are not limited to hospital clinicians. Hence, 
studies conducted among general practitioners indicate that between 8.0% and 28.0% of 
vitamin B12- [7, 15, 16, 18] and between 7.0% and 91.0% of vitamin D-tests could be considered 
non-indicated. [7, 15, 19, 21, 23] Among these studies, only Naugler et al. and Gonalez-Chicas 
reported proportions of non-indicated vitamin D testing which is similar to ours. Naugler et 
al., found that following an intervention the prevalence of non-indicated vitamin D-testing 
decreased by 91.4%. [19] While Gonzalez-Chica reported 76,5% of vitamin D-tests to be 
non-indicated after introduction of new Medicare criteria for rebates. Besides population 
differences (e.g. GPs versus hospital clinicians), varying definitions of non-indicated testing 
and methods used could also account for the large differences in assessment outcomes. For 
example, both our study and that of Naugler et al. utilized diagnosis codes to distinguish 
the appropriateness of vitamin testing. [19] Most assessments of the appropriateness of 
vitamin testing performed to date used testing intervals or laboratory results to discern 
non-indicated testing, as did Gonzalez-Chica. [23] This methodological difference might 
explain the large differences in assessment outcomes. Furthermore, the studies that did 
not limit their assessment to vitamin testing among GPs, were often conducted within a 
single hospital. [7, 18] Moreover, most studies that assessed vitamin B12- or D-testing do not 
specify which type of physicians (GP/hospital clinicians) or vitamin B12- and D-tests were 
included, making comparison to our study challenging. 
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The absence of clear recommendations regarding the “appropriate” use of vitamin testing 
in clinician guidelines, does not aid clinicians to appropriately order vitamin testing. The 
current guidelines for hospital clinicians offer little direction on the appropriate use of 
vitamin B12 or D tests, leaving clinicians with little guidance when deciding whether to 
order such tests. These difficulties are magnified by the large knowledge gaps regarding 
the exact roles of vitamin B12 and D within the human body and its metabolism. [34-37] The 
combination of these factors may provide an explanation for the high proportion of non-
indicated testing. Hence, due to the lack of a clear understanding of the roles of vitamin 
B12 and D within the body and the fear of missing a diagnosis, clinicians may engage in 
defensive behaviour resulting in the ordering of vitamin tests.

Strengths and limitations

A strength of this study is its novelty in examining the ordering and appropriateness 
of vitamin B12- and D-testing among hospital clinicians and its variation over several 
consecutive years. A second strength is that we used a detailed nationally representative 
database. This allowed us to generate an accurate and reliable overview of the extent of 
vitamin B12- and D-testing among solely hospital clinicians. Furthermore, it also enabled 
us to accurately distinguish appropriate from inappropriate vitamin testing using 
diagnose codes rather than the proxy of testing interval. 

However, our study is also prone to limitations. First, we based our distinction of 
appropriateness mainly on expert opinion and indications derived from the Dutch 
GP guidelines, as no universal guideline regarding vitamin testing among hospital 
clinicians exists. We therefore might have misclassified some of the tests from clinicians 
as being non-indicated. However, we tried to minimize the risk of misclassification by  
closely collaborating with the involved experts with respect to the creation of the list 
of indications. Additionally, some differences exist between international and Dutch 
guidelines regarding indications for vitamin B12- and D-testing. For example, guidelines 
from the US indicate that vitamin B12-testing is considered indicated in patients 
with cognitive impairments or dementia. [38] However, these are not considered as an 
indication according to the  nationwide guidelines published by the Dutch federation of 
medical specialists. [10] Potentially, such recommendations could exist in local protocols 
of Dutch hospitals, which unfortunately are not publicly available. This makes it difficult 
to compare international assessment outcomes to our study, while subtle differences 
between guidelines might cause large differences in the used criteria of appropriateness 
(and subsequently the reported outcomes).

Second, the use of DTC codes enabled us to accurately distinguish the appropriateness 
of vitamin tests, but also has a drawback. DTC diagnosis codes are generally less specific 
compared to the ICD10 codes described in the used guidelines. We therefore might 
have misclassified some vitamin tests as being appropriate. Furthermore, although DTC 
diagnosis codes provide a lot of insight into the diagnosis associated with practices, their 
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registration is prone to misregistration. [39] Clinicians have a vast amount of (often similar) 
DTC-codes to choose from when registering a diagnosis code, thereby adding another 
layer of complexity to the correct registration of diagnoses. Furthermore, DTC codes are 
updated as the patient passes through the healthcare system. The registered DTC code 
therefore does not necessarily represent the initial reason (or diagnosis) for which the 
vitamin determination was ordered, but rather reflects the final diagnosis.

Third, some Dutch hospitals outsource their tests to external commercial laboratories, 
which are not registered in the LBZ. Our estimate of vitamin testing by clinicians therefore 
is not complete. However, according to the registration of the national statistical office, 
Statistics Netherlands (CBS), 82 hospitals were active in 2019. Since we were able to 
include data from the majority of the hospitals in the Netherlands in our study (68/82, 
e.g. 83.0% of all hospitals), we do not expect to have missed much in our analysis. [40]

Implications for research and practice

Our assessment reveals that a large proportion of vitamin B12- and D- tests is ordered 
without a clear indication justifying their use. The total volumes of vitamin B12- and 
D-tests have increased over the years and show no inclination of declining. Based on 
publicly available fares, we estimates that roughly 3.8 million euro has been spent on 
non-indicated vitamin B12- and D-tests in 2019 by Dutch hospital clinicians alone. [41] 
This estimate of the potential savings, however, is very rough, while it only accounts 
for the cost price of a vitamin B12- or D-determination. The observed incidence rates 
of non-indicated vitamin B12- and D-testing, however, suggest that there is ample 
opportunity to reduce vitamin testing among Dutch clinicians. Especially since non-
indicated vitamin B12- and D-tests are often ordered for similar diagnoses, and a 
positive correlation exists between the proportions of non-indicated testing within the 
same hospitals. We know that there are effective interventions to reduce inappropriate 
vitamin testing among GPs. A study among Dutch GPs showed that providing both 
education and feedback successfully reduced the amount of vitamin tests ordered with 
20-25%. [42] Similar interventions might therefore also be effective among hospital 
clinicians to reduce (non-indicated) vitamin testing. Alternatively, more emphasis could 
be placed on the institution of fortification and supplementation guidelines to achieve 
adequate vitamin B12 and D intake among the Dutch population. Especially since, the 
implementation of such guidelines have shown to positively affect vitamin status among 
the population rendering vitamin testing obsolete in most cases. [43-45] Future research 
could focus on further examination of patient and physicians’ characteristics associated 
with non-indicated vitamin B12- and D-testing. Unfortunately, information regarding the 
requesting physician (age, sex etc.) of non-indicated tests was not available to us in our 
study. Insight into physician characteristics associated with non-indicated testing could 
aid in the design of interventions aiming to address the problem of non-indicated vitamin 
testing.
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Conclusion

Our research shows that the number of vitamin B12-tests slightly increased over the 
examined time period, while the number of vitamin D tests substantially increased 
among hospital clinicians. Throughout the examined period the proportion of B12- and 
D-tests without clear indication remained high, and are substantially higher compared 
to similar (international) assessments. The observed difference in assessment outcome 
can potentially be explained by differences in methods and definitions used to identify 
and define non-indicated vitamin B12- and D-tests (e.g. the use of associated diagnose 
codes instead of test results or proxy’s such as testing interval). We also observed the 
presence of moderate hospital variation, but that this variation could not be explained by 
the included patient and hospital characteristics age, sex, SES and hospital size. Hospitals 
hardly differ in the task they have to undertake: bring down the number of non-indicated 
B12- and D-tests.
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Supplementary materials

Supplementary file 1: Included International classification of disease (ICD10) 
codes and subsequent diagnose-treatment combination (DTC) codes

The table below contains the codes which were used to distinguish indicated from non-
indicated vitamin B12- and D-tests. In case of vitamin D-testing, tests were considered to 
be appropriate in patients older than 50 with a fracture. We therefore have also provided a 
table of the fractures that were included.

Vitamin B12

ICD-10 
code

Description DTC code DTC-Diagnosis description

D51 Vitamin B12 deficiency anaemia
Excl.: Vitamin B12 deficiency (E53.8)

313 – 701

313 – 702
313 – 709

316 – 6001
316 – 6003
335 – 232 

-  Iron-deficiency anemia  
(not specified)

- Pernicious anemia 
-  Other erytrocital deviations  

(not specified)
- Anemia, Iron-deficiency
- Anemia, remaining
- Anemia

D52 Folate deficiency anaemia

D53 Other nutritional anaemias
Incl.: megaloblastic anaemia unresponsive to vitamin 
B12 or folate therapy

E53.8 Deficiency of other specified B group vitamins
Deficiency:
   • Biotin
   • Cyanocobalamin
   • Folate
   • Folic acid
   • Panthothenic acid
   • Vitamin B12

318 – 207
330 – 301 

- (mal)nutrition
- itamin-deficiencies

E56.8 Deficiency of other vitamins

E56.9 Vitamin deficiency, unspecified

G63.4 Polyneuropathy in nutritional deficiency 327 – 413

330 – 312

330 – 812
335 – 251

-  Pheripheral nervedamage,  
nerve disorder

-  Neurological complication  
systemic disease

- Polyneuropathy, other
-  Diseases of the nerve system  

and senses

R20.2 Paraesthesia of skin
Excl.: acroparaesthesia (I73.8)

R27.0 Ataxia, unspecified

K29.4 Chronic atrophic gastritis 313 – 916
318 – 401

- Erosive gastritis and duodenitis
- Gastritis, miscellaneous

K50 Crohn disease [regional enteritis]
Incl.: granulomatous enteritis
Excl.: ulcerative colitis (K51.-)

303 – 326

313 – 922
- 318 – 601
- 316 - 
3314

- Crohn disease (enteritis regionalis)

- Crohn disease
- Morbus Crohn
-  Inflammatory bowldisease  

(colitis ulcerosa/Morbus crohn)

K52 Other noninfective gastroenteritis and colitis 313 – 932
313 – 938

Chronic diarrhoea without infection
Radiation enteritis

K90 Intestinal malabsorption
Excl.”following gastrointestinal surgery (K91.2)

318 - 409 Coeliac disease

Z98.0 Internal bypass and anastomosis status 303 – 341
303 – 342 

Morbid obesity BMI < 45
Morbid obesity BMI > 45

Table 1 | Overview of the DTC codes considered an indication for a vitamin B12-determination.
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Table 2 | Overview of the DTC codes considered an indication for a vitamin D-determination.

Vitamin D

ICD-10 
code

Description DTC code DTC-Diagnosis description

E20
E21

Hypoparathyroidism
Hyperparathyroidism and other 
disorders of parathyroid gland

- 307 – E00
- 307 – E11
- 313 – 231
- 313 – 232 
- 316 – 7110

- 316 – 7199
- 362 – 304

- Emergency consult Endocrinology
- Endocrinology
- Hyperparathyroidism
- Hypoparathyroidism
-  Small body length/deviant growth 

curve
- Endocrinology, not specified
- Parathyroid glands

E83.5 Disorders of calcium metabolism - 313 – 239

- 313 – 299

- 316 - 7503
- 330 - 399

-  Calcium metabolic disease,  
unspecified

-  Endocrine and metabolic diseases, 
unspecified

- Metabolic disease
-  Deficiencies, metabolic, nutritional, 

unspecified

E84.9 Cystic fibrosis, unspecified - 316 – 3205
- 322 - 1403

- Cystic fibrosis
- Cystic fibrosis

E55 Vitamin D deficiency
Excl.: adult osteomalacia (M83.-), oste-
oporosis (M80-M81), sequelae of rickets 
(E64.3)

- 305 – 1062

- 335 – 221 
- 318 – 207
- 335 – 224 

-  Rachitis and/or vitamin D resistance 
osteomalacia 

-  Endocrine and nutrition disorders 
(mal)nutrition

- Calory/protein malnutrition
M83 Adult osteomalacia

Excl.: osteomalacia:
   • infantile and juvenile (E55.0)
   • vitamin-D-resistant (E83.3)
Renal osteodystrophy (N25.0)
Rickets (active) (E55.0)
Rickets (active)
• sequelae (E64.3)
vitamin-D-resistant (E83.3)

E83.3 Disorders of phosphorus metabolism 
and phosphates
Acid phosphatase deficiency
Familial hypophosphataemia
Hypophosphatasia
Vitamin-D-resistant:
   • Osteomalacia
   • rickets
Excl.: adult osteomalacia (M83.-), osteo-
porosis (M80-M81)

- 316 – 3328
- 316 – 7503

- Food related problems/disorders
- Metabolic disease

K50 Crohn disease [regional enteritis]
Incl.: granulomatous enteritis
Excl.: ulcerative colitis (K51.-)

- 303 – 326

- 313 – 922
- 318 – 601 

- Crohn disease (enteritis regionalis)

- Crohn disease
- Morbus Crohn

K90 Intestinal malabsorption
Excl.”following gastrointestinal surgery 
(K91.2)

- 313 – 920 
- 318 – 409

- Coeliac disease/malabsorption
- Coeliac disease
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Table 3 | Additional DTC codes added after checking the resulting indications.

Vitamin D

ICD-10 
code

Description DTC code DTC-Diagnosis description

M80 Osteoporosis with pathological 
fracture
Incl.: osteoporotic vertebral collapse and 
wedging
Excl.: collapsed vertebra NOS (M48.5), 
pathological fracture NOS (M84.4), 
wedging of vertebra NOS (M48.5)

- 305 – 1395
- 316 – 5105

- Osteoperotic collapse
- Pathological fractures

M81 Osteoporosis without pathological 
fracture
Excl.: osteoporosis with pathological 
fracture (M80.-)

- 313 – 233 - Osteoperosis, osteomalacia

M82 Osteoporosis in diseases classified 
elsewhere

N25.0 Renal osteodystrophy
Azotaemic osteodystrophy
Phosphate-losing tubular disorders
Renal:
   • rickets
   • short stature

- 313 – 399
- 313 – 325 

- Renal diseases, miscellaneous
-  Chronic renal disease (eGFR <30  ml/

min)

Vitamin De-
termination

DTC specialism 
code

DTC diag-
nose code

Associated description No. 

D 0316 3304 Celiac disease 6509

D 0316 4006 Chronic renal failure 1245

D 0318 753 Chronic pancreatitis 3415

B12 0316 3304 Celiac disease 6233

B12 0313 772 Polycythemia vera, essential trombocytosis 5434

B12 0313 763 Myelodysplastic syndrome no specified 4843

B12 0313 920 Celiac disease/malabsorption 4206

B12 0313 773 Chronic myelogenous leukemia (CMMoL) 312
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Table 4 | Bone fractures above 50 included in our analysis, that justify the ordering of a vitamin 
D-test.

DTC specialism 
code

DTC diagnose 
code

Fracture description.

0305 3011 Radius head

0305 3014 Carpus

0305 3029 Metatarsal bones

0303 207 Humerus proximal and shaft

0305 3024 Tibia (with or without fibula, excluding ankle)

0303 210 Radius head

0304 451 Fracture of distal radius surgical

0303 219 Femur, remaining

0303 221 Tibial plateau

0303 222 Tibia (± fibula, excluding ankle)

0305 3023 Tibial plateau

0303 217 Pelvis / sacrum

0303 214 Metacarpal bones 

0305 3008 Humerus proximal and shaft

0303 224 Ankle

0305 3026 Calcaneus

0305 3030 Phalanges of the feet

0308 2301 Trauma vertebral column: conservative treatment

0303 241 Talus

0305 3020 Femur, remaining

0303 237 Tarsus

0303 215 Phalanges of the hand

0305 3027 Talus

0304 420 Fracture / luxation carpalia conservative

0305 3017 Pelvis

0305 3005 Vertebral column with paraplegia 

0303 220 Patella

0303 238 Metatarsal bones

0305 3004 Vertebral column

0305 3009 Distal humerus/(epi)condyl(len)

0305 3015 Metacarpal bones 

0305 3022 Fibula

0305 3025 Ankle
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DTC specialism 
code

DTC diagnose 
code

Fracture description.

0303 239 Phalanges of the feet

0303 209 Olecranon

0303 213 Carpus

0305 3013 Wrist

0308 2311 Trauma vertebral column: Surgical intervention 
including instrumentation c.q. spinal fusion

0304 450 Distal radius facture conservative

0304 8418 Traumatic Vertebral compression fracture

0303 211 Forearm, no further specification

0305 3021 Patella

0304 421 Fracture / luxation carpalia operative

0303 212 Wrist

0303 208 Distal humerus / (epi)condyl(en)

0303 203 Vertebral column

0303 204 Vertebral column with spinal lesion

0308 2305 Treatment of trauma to the vertebral column 
with external fixation or traction

0305 3010 Olecranon

0305 3028 Tarsus

0303 236 Calcaneus

0305 3012 Forearm 

0305 3016 Phalanges of the hand

0303 218 Fracture of neck of femur (disorder)

0305 3019 Femur proximaal (+ collum)
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Supplementary file 2: Overview calculated generalized variance inflation 
factors (GVIF)

Table 1 | Generalized Variation Inflation Factors (GVIF) calculated for the models made using 
DHD data.

Year Vitamin test Variable GVIF
GVIF^(1/
(2*DF))

2015

Vitamin B12 Gender 1.038412 1.019025

Age category 1.039533 1.009740

Socio-economic status category 1.016783 1.002083

Hospital size 1.016361 1.004065

Vitamin D Gender 1.013052 1.006505

Age category 1.015735 1.003911

Socio-economic status category 1.028674 1.003540

Hospital size 1.028064 1.006943

2016

Vitamin B12 Gender 1.036084 1.017882

Age category 1.037416 1.009225

Socio-economic status category 1.013498 1.001677

Hospital size 1.013126 1.003266

Vitamin D Gender 1.011964 1.005964

Age category 1.013244 1.003295

Socio-economic status category 1.019246 1.002386

Hospital size 1.019576 1.004858

2017

Vitamin B12 Gender 1.034843 1.017272

Age category 1.036149 1.008917

Socio-economic status category 1.017334 1.002150

Hospital size 1.017386 1.004319

Vitamin D Gender 1.013020 1.006489

Age category 1.014772 1.003673

Socio-economic status category 1.022610 1.002799

Hospital size 1.022912 1.005679

2018

Vitamin B12 Gender 1.037842 1.018745

Age category 1.039502 1.009733

Socio-economic status category 1.024565 1.003038

Hospital size 1.024302 1.006021

Vitamin D Gender 1.015657 1.007798

Age category 1.017710 1.004398

Socio-economic status category 1.029201 1.003604

Hospital size 1.029685 1.007340
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Year Vitamin test Variable GVIF
GVIF^(1/
(2*DF))

2019

Vitamin B12 Gender 1.035305 1.017499

Age category 1.036884 1.009096

Socio-economic status category 1.034798 1.004285

Hospital size 1.034633 1.008548

Vitamin D Gender 1.014550 1.007249

Age category 1.016820 1.004179

Socio-economic status category 1.039715 1.004880

Hospital size 1.039941 1.009839
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Supplementary file 3: Extended table 1; distribution of vitamin B12- and 
D-testing across the sex, age and SES categories

Table 1 | Extended table 1 for vitamin B12.

1. Vitamin B12

  2015 2016 2017 2018 2019

No. of hospitals included 63 64 66 69 68

Total no. of unique patients with (at least) one 
vitamin B12 test

233.541 226.999 239.033 240.063 239.351

Total no. of unique patients with (at least) one 
vitamin B12 test with an associated DBC code

103.540 141.507 162.900 178.933 183.204

Total no. of unique patients with (at least) one 
non-indicated vitamin B12 test

83.549 111.986 128.872 141.914 145.039

  Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Male No. of male patients receiving 
at least one vitamin-B12 test

38.308 31.731 82,8 52.360 42.758 81,7 60.511 49.222 81,3 66.724 54.567 81,8 67.869 55.148 81,3

Age cat. 18-29 3.152 2.461 78,1 4.473 3.421 76,5 5.262 4.094 77,8 5.921 4.579 77,3 6.468 4.886 75,5

 30-49 9.785 7.967 81,4 13.346 10.598 79,4 15.247 12.119 79,5 16.397 13.175 80,4 16.864 13.572 80,5

 50-69 25.371 21.303 84,0 34.541 28.739 83,2 40.002 33.009 82,5 44.406 36.813 82,9 44.537 36.690 82,4

Neighbourhood Lowest socio-economic status 8.070 6.693 82,9 11.346 9.271 81,7 13.512 11.082 82,0 14.632 12.008 82,1 15.099 12.346 81,8

SES cat. Socio-economic status below 
average

8.484 7.022 82,8 11.347 9.236 81,4 13.601 11.078 81,4 14.686 12.001 81,7 14.962 12.116 81,0

 Average socio-economic status 7.790 6.472 83,1 10.372 8.472 81,7 11.669 9.447 81,0 13.296 10.908 82,0 13.086 10.593 80,9

 Socio-economic status above 
average

8.067 6.698 83,0 10.481 8.576 81,8 11.738 9.480 80,8 12.914 10.527 81,5 13.150 10.687 81,3

 Highest socio-economic status 5.639 4.625 82,0 8.426 6.860 81,4 9.564 7.766 81,2 10.666 8.665 81,2 10.985 8.915 81,2

 Missing 258 221 85,7 388 343 88,4 427 369 86,4 530 458 86,4 587 491 83,6

Female No. of female patients receiving 
at least one vitamin-B12 test

65.232 51.818 79,4 89.147 69.228 77,7 102.389 79.650 77,8 112.209 87.347 77,8 115.335 89.891 77,9

Age cat. 18-29 9.138 7.155 78,3 12.781 9.751 76,3 14.863 11.415 76,8 16.799 13.011 77,5 17.371 13.487 77,6

 30-49 24.905 18.991 76,3 34.030 25.313 74,4 38.672 28.996 75,0 42.186 31.649 75,0 43.276 32.826 75,9

 50-69 31.189 25.672 82,3 42.336 34.164 80,7 48.854 39.239 80,3 53.224 42.687 80,2 54.688 43.578 79,7

Neighbourhood Lowest socio-economic status 14.351 11.223 78,2 19.935 15.267 76,6 23.709 18.370 77,5 25.526 19.832 77,7 26.005 20.190 77,6

SES cat. Socio-economic status below 
average

14.520 11.513 79,3 19.865 15.328 77,2 23.072 17.820 77,2 25.157 19.555 77,7 25.860 20.112 77,8

 Average socio-economic status 13.035 10.453 80,2 17.656 13.737 77,8 19.669 15.213 77,3 21.936 17.000 77,5 22.334 17.366 77,8

 Socio-economic status above 
average

13.122 10.459 79,7 17.006 13.245 77,9 19.098 14.899 78,0 21.366 16.625 77,8 21.984 17.079 77,7

 Highest socio-economic status 9.850 7.871 79,9 14.226 11.277 79,3 16.294 12.914 79,3 17.601 13.813 78,5 18.532 14.643 79,0

 Missing 354 299 84,5 459 374 81,5 547 434 79,3 623 522 83,8 620 501 80,8
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1. Vitamin B12

  2015 2016 2017 2018 2019

No. of hospitals included 63 64 66 69 68

Total no. of unique patients with (at least) one 
vitamin B12 test

233.541 226.999 239.033 240.063 239.351

Total no. of unique patients with (at least) one 
vitamin B12 test with an associated DBC code

103.540 141.507 162.900 178.933 183.204

Total no. of unique patients with (at least) one 
non-indicated vitamin B12 test

83.549 111.986 128.872 141.914 145.039

  Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Male No. of male patients receiving 
at least one vitamin-B12 test

38.308 31.731 82,8 52.360 42.758 81,7 60.511 49.222 81,3 66.724 54.567 81,8 67.869 55.148 81,3

Age cat. 18-29 3.152 2.461 78,1 4.473 3.421 76,5 5.262 4.094 77,8 5.921 4.579 77,3 6.468 4.886 75,5

 30-49 9.785 7.967 81,4 13.346 10.598 79,4 15.247 12.119 79,5 16.397 13.175 80,4 16.864 13.572 80,5

 50-69 25.371 21.303 84,0 34.541 28.739 83,2 40.002 33.009 82,5 44.406 36.813 82,9 44.537 36.690 82,4

Neighbourhood Lowest socio-economic status 8.070 6.693 82,9 11.346 9.271 81,7 13.512 11.082 82,0 14.632 12.008 82,1 15.099 12.346 81,8

SES cat. Socio-economic status below 
average

8.484 7.022 82,8 11.347 9.236 81,4 13.601 11.078 81,4 14.686 12.001 81,7 14.962 12.116 81,0

 Average socio-economic status 7.790 6.472 83,1 10.372 8.472 81,7 11.669 9.447 81,0 13.296 10.908 82,0 13.086 10.593 80,9

 Socio-economic status above 
average

8.067 6.698 83,0 10.481 8.576 81,8 11.738 9.480 80,8 12.914 10.527 81,5 13.150 10.687 81,3

 Highest socio-economic status 5.639 4.625 82,0 8.426 6.860 81,4 9.564 7.766 81,2 10.666 8.665 81,2 10.985 8.915 81,2

 Missing 258 221 85,7 388 343 88,4 427 369 86,4 530 458 86,4 587 491 83,6

Female No. of female patients receiving 
at least one vitamin-B12 test

65.232 51.818 79,4 89.147 69.228 77,7 102.389 79.650 77,8 112.209 87.347 77,8 115.335 89.891 77,9

Age cat. 18-29 9.138 7.155 78,3 12.781 9.751 76,3 14.863 11.415 76,8 16.799 13.011 77,5 17.371 13.487 77,6

 30-49 24.905 18.991 76,3 34.030 25.313 74,4 38.672 28.996 75,0 42.186 31.649 75,0 43.276 32.826 75,9

 50-69 31.189 25.672 82,3 42.336 34.164 80,7 48.854 39.239 80,3 53.224 42.687 80,2 54.688 43.578 79,7

Neighbourhood Lowest socio-economic status 14.351 11.223 78,2 19.935 15.267 76,6 23.709 18.370 77,5 25.526 19.832 77,7 26.005 20.190 77,6

SES cat. Socio-economic status below 
average

14.520 11.513 79,3 19.865 15.328 77,2 23.072 17.820 77,2 25.157 19.555 77,7 25.860 20.112 77,8

 Average socio-economic status 13.035 10.453 80,2 17.656 13.737 77,8 19.669 15.213 77,3 21.936 17.000 77,5 22.334 17.366 77,8

 Socio-economic status above 
average

13.122 10.459 79,7 17.006 13.245 77,9 19.098 14.899 78,0 21.366 16.625 77,8 21.984 17.079 77,7

 Highest socio-economic status 9.850 7.871 79,9 14.226 11.277 79,3 16.294 12.914 79,3 17.601 13.813 78,5 18.532 14.643 79,0

 Missing 354 299 84,5 459 374 81,5 547 434 79,3 623 522 83,8 620 501 80,8
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Table 2 | Extended table 1 for vitamin D.

1. Vitamin D

  2015 2016 2017 2018 2019

No. of hospitals included 62 61 63 65 65

Total no. of patients with (at least) one vitamin 
D test

244.834 247.186 264.811 265.362 272.380

Total no. of patients with (at least) one vitamin 
D test with an associated DBC code

101.932 148.660 172.342 189.423 196.452

Total no. of patients with (at least) one non-
indicated vitamin D test

84.414 124.162 143.408 157.431 162.345

  Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Male No. of male patients receiving 
at least one vitamin-D test

31.660 26.363 83,3 47.794 40.211 84,1 56.211 47.313 84,2 61.749 51.845 84,0 63.295 52.656 83,2

Age cat. 18-29 2.689 2.220 82,6 4.201 3.426 81,6 5.185 4.179 80,6 5.992 4.779 79,8 6.529 5.052 77,4

 30-49 8.684 7.658 88,2 13.086 11.536 88,2 15.614 13.701 87,7 16.964 14.750 86,9 17.483 15.123 86,5

 50-69 20.287 16.485 81,3 30.507 25.249 82,8 35.412 29.433 83,1 38.793 32.316 83,3 39.283 32.481 82,7

Neighbourhood Lowest socio-economic status 6.358 5.326 83,8 10.349 8.813 85,2 12.430 10.559 84,9 13.295 11.272 84,8 13.578 11.323 83,4

SES cat. Socio-economic status below 
average

6.758 5.584 82,6 9.964 8.342 83,7 12.199 10.201 83,6 13.249 11.079 83,6 13.818 11.496 83,2

 Average socio-economic status 6.331 5.233 82,7 9.311 7.755 83,3 10.677 8.851 82,9 12.292 10.249 83,4 12.287 10.092 82,1

 Socio-economic status above 
average

6.855 5.746 83,8 9.476 7.955 83,9 10.833 9.090 83,9 11.678 9.739 83,4 12.134 10.134 83,5

 Highest socio-economic status 5.164 4.309 83,4 8.405 7.092 84,4 9.735 8.315 85,4 10.825 9.151 84,5 11.025 9.238 83,8

 Missing 194 165 85,1 289 254 87,9 337 297 88,1 410 355 86,6 453 373 82,3

Female No. of female patients receiving 
at least one vitamin-D test

70.272 58.051 82,6 100.866 83.951 83,2 116.131 96.095 82,7 127.674 105.586 82,7 133.157 109.689 82,4

Age cat. 18-29 8.105 7.198 88,8 11.485 10.030 87,3 14.038 12.120 86,3 16.091 13.864 86,2 17.271 14.855 86,0

 30-49 25.045 22.802 91,0 35.377 32.119 90,8 40.982 37.028 90,4 45.932 41.407 90,1 47.884 42.896 89,6

 50-69 37.122 28.051 75,6 54.004 41.802 77,4 61.111 46.947 76,8 65.651 50.315 76,6 68.002 51.938 76,4

Neighbourhood Lowest socio-economic status 15.024 12.710 84,6 22.104 18.873 85,4 26.254 22.286 84,9 28.219 23.903 84,7 29.182 24.613 84,3

SES cat. Socio-economic status below 
average

15.087 12.344 81,8 21.509 17.770 82,6 25.087 20.641 82,3 27.646 22.868 82,7 28.971 23.760 82,0

 Average socio-economic status 13.987 11.419 81,6 19.561 16.032 82,0 22.374 18.184 81,3 24.947 20.169 80,8 25.582 20.690 80,9

 Socio-economic status above 
average

14.302 11.739 82,1 19.405 15.976 82,3 21.663 17.576 81,1 24.007 19.542 81,4 25.303 20.528 81,1

 Highest socio-economic status 11.581 9.608 83,0 17.823 14.923 83,7 20.248 17.011 84,0 22.235 18.618 83,7 23.500 19.606 83,4

 Missing 291 231 79,4 464 377 81,3 505 397 78,6 620 486 78,4 619 492 79,5
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1. Vitamin D

  2015 2016 2017 2018 2019

No. of hospitals included 62 61 63 65 65

Total no. of patients with (at least) one vitamin 
D test

244.834 247.186 264.811 265.362 272.380

Total no. of patients with (at least) one vitamin 
D test with an associated DBC code

101.932 148.660 172.342 189.423 196.452

Total no. of patients with (at least) one non-
indicated vitamin D test

84.414 124.162 143.408 157.431 162.345

  Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Total Without 
(clear) 

indication

% without 
(clear 

indication

Male No. of male patients receiving 
at least one vitamin-D test

31.660 26.363 83,3 47.794 40.211 84,1 56.211 47.313 84,2 61.749 51.845 84,0 63.295 52.656 83,2

Age cat. 18-29 2.689 2.220 82,6 4.201 3.426 81,6 5.185 4.179 80,6 5.992 4.779 79,8 6.529 5.052 77,4

 30-49 8.684 7.658 88,2 13.086 11.536 88,2 15.614 13.701 87,7 16.964 14.750 86,9 17.483 15.123 86,5

 50-69 20.287 16.485 81,3 30.507 25.249 82,8 35.412 29.433 83,1 38.793 32.316 83,3 39.283 32.481 82,7

Neighbourhood Lowest socio-economic status 6.358 5.326 83,8 10.349 8.813 85,2 12.430 10.559 84,9 13.295 11.272 84,8 13.578 11.323 83,4

SES cat. Socio-economic status below 
average

6.758 5.584 82,6 9.964 8.342 83,7 12.199 10.201 83,6 13.249 11.079 83,6 13.818 11.496 83,2

 Average socio-economic status 6.331 5.233 82,7 9.311 7.755 83,3 10.677 8.851 82,9 12.292 10.249 83,4 12.287 10.092 82,1

 Socio-economic status above 
average

6.855 5.746 83,8 9.476 7.955 83,9 10.833 9.090 83,9 11.678 9.739 83,4 12.134 10.134 83,5

 Highest socio-economic status 5.164 4.309 83,4 8.405 7.092 84,4 9.735 8.315 85,4 10.825 9.151 84,5 11.025 9.238 83,8

 Missing 194 165 85,1 289 254 87,9 337 297 88,1 410 355 86,6 453 373 82,3

Female No. of female patients receiving 
at least one vitamin-D test

70.272 58.051 82,6 100.866 83.951 83,2 116.131 96.095 82,7 127.674 105.586 82,7 133.157 109.689 82,4

Age cat. 18-29 8.105 7.198 88,8 11.485 10.030 87,3 14.038 12.120 86,3 16.091 13.864 86,2 17.271 14.855 86,0

 30-49 25.045 22.802 91,0 35.377 32.119 90,8 40.982 37.028 90,4 45.932 41.407 90,1 47.884 42.896 89,6

 50-69 37.122 28.051 75,6 54.004 41.802 77,4 61.111 46.947 76,8 65.651 50.315 76,6 68.002 51.938 76,4

Neighbourhood Lowest socio-economic status 15.024 12.710 84,6 22.104 18.873 85,4 26.254 22.286 84,9 28.219 23.903 84,7 29.182 24.613 84,3

SES cat. Socio-economic status below 
average

15.087 12.344 81,8 21.509 17.770 82,6 25.087 20.641 82,3 27.646 22.868 82,7 28.971 23.760 82,0

 Average socio-economic status 13.987 11.419 81,6 19.561 16.032 82,0 22.374 18.184 81,3 24.947 20.169 80,8 25.582 20.690 80,9

 Socio-economic status above 
average

14.302 11.739 82,1 19.405 15.976 82,3 21.663 17.576 81,1 24.007 19.542 81,4 25.303 20.528 81,1

 Highest socio-economic status 11.581 9.608 83,0 17.823 14.923 83,7 20.248 17.011 84,0 22.235 18.618 83,7 23.500 19.606 83,4

 Missing 291 231 79,4 464 377 81,3 505 397 78,6 620 486 78,4 619 492 79,5
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Supplementary file 4: Top 20 diagnose codes associated with non-
indicated vitamin B12- and D-testing.
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Supplementary file S5: Hospital variation; overview of Intraclass 
correlation coefficient across years (ICC) of both the casemix adjusted 
and unadjusted models for vitamin B12- and D-testing included in our 
analysis (2015 – 2019)
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Supplementary file 6: Overview of the raw data and proportions of the 
total outpatient visits that received a vitamin B12- and D- test for each 
of the included hospitals over 2019
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Non-indicated vitamin B12- and D-testing among Dutch hospital clinicians: a cross-sectional cohort study

Supplementary file 7: Density plots and Shapiro-Wilk normality test 
outcomes and the correlation test outcomes (before removal of the 
outliers)

Table 1 | Normality testing outcomes.

Figure 1 | Density plots of rates of vitamin B12- and D-testing among the hospitals included.

Variable Shapiro-Wilk 
normality test

P-value (significance 
p<0.05)

Outcome

Rate of non-indicated 
vitamin-B12 tests

0.59 1.46e-12 Not normally distributed

Rate of non-indicated 
vitamin-D tests

0.58 1.19e -12 Not normally distributed
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Table 2 | Spearman’s rank correlation Rho test outcomes.

Figure 2 | Rates of non-indicated vitamin B12- and D-testing before removal of the outlier.

Rho P-value

0.8571538 P < 2.2e-16 







CHAPTER 6

 

Trends in low-value GP 
care during the COVID-19 
pandemic: a retrospective 

cohort study

Joris L.J.M. Müskens
Tim C. Olde Hartman

Henk J. Schers
Reinier P. Akkermans

Gert P. Westert
Rudolf B. Kool

Simone A. van Dulmen

Published in BMC Primary Care, Volume 25, Article number 73. 2024

173



Abstract

Background: Several studies showed that during the pandemic patients have refrained 
from visiting their general practitioner (GP). This resulted in medical care being delayed, 
postponed or completely forgone. The provision of low-value care, i.e. care which offers 
no net benefit for the patient, also could have been affected. We therefore assessed the 
impact of the COVID-19 restrictions on three types of low-value GP care: 1) imaging 
for back or knee problems, 2) antibiotics for otitis media acuta (OMA), and 3) repeated 
opioid prescriptions, without a prior GP visit.

Methods: We performed a retrospective cohort study using registration data from GPs 
part of an academic GP network over the period 2017-2022. The COVID-19 period was 
defined as the period between April 2020 to December 2021. The periods before (January 
2017 to April 2020) and after the COVID-19 period (January 2022 to December 2022) 
are the pre- and post-restrictions periods. The three clinical practices examined were 
selected by two practicing GPs from a top 30 of recommendations originating from the 
Dutch GP guidelines, based on their perceived prevalence and relevance in practice. [1] 

Multilevel Poisson regression models were built to examine changes in the incidence 
rates (IR) of both registered episodes and episodes receiving low-value treatment.

Results: During the COVID-19 restrictions period, the IRs of episodes of all three types 
of GP care decreased significantly. The IR of episodes of back or knee pain decreased by 
12%, OMA episodes by 54% and opioid prescription rate by 13%. Only the IR of OMA 
episodes remained significantly lower (22%) during the post-restrictions period. The 
provision of low-value care also changed. The IR of imaging for back or knee pain and 
low-value prescription of antibiotics for OMA both decreased significantly during the 
COVID-restrictions period (by 21% and 78%), but only the low-value prescription rate of 
antibiotics for OMA remained significantly lower (by 63%) during the post-restrictions 
period. The IR of inappropriately repeated opioid prescriptions remained unchanged over 
all three periods.

Conclusions: This study shows that both the rate of episodes as well as the rate at which 
low-value care was provided have generally been affected by the COVID-19 restrictions. 
Furthermore, it shows that the magnitude of the impact of the restrictions varies 
depending on the type of low-value care.

This indicates that deimplementation of low-value care requires tailored (multiple) 
interventions and may not be achieved through a single disruption or intervention alone.  
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Trends in low-value GP care during the COVID-19 pandemic: a retrospective cohort study

Introduction

The COVID-19 pandemic has greatly impacted healthcare. Governments introduced 
several social restrictions, such as lockdowns, to prevent the spread of COVID-19 and 
to mitigate pressure on healthcare systems. [2] Recent studies have shown that during 
COVID-19, patients have refrained from visiting their general practitioner (GP). [3-8] 

A report from the Dutch National Institute for Public Health and the Environment 
estimated that during first months of COVID-19 (March - June 2020), the number of GP 
consultations decreased by approximately 11% compared to the same period in 2019. 
[9] This decrease in visits has been linked to medical examinations and treatments being 
delayed, postponed or completely forgone. Additionally, the decrease in GP visits is only 
partially accounted for by an increase in telemedicine visits [10-14], indicating some patients 
did not receive the same care they would have received before the pandemic. However, 
the actual impact of these restrictions applied during the COVID-19 pandemic remains 
largely unknown. 

The COVID-19 restrictions might have resulted in patients missing (necessary) care 
during the pandemic. Since the COVID-19 pandemic affected both the number of GP 
visits and provided care, it is also broadly hypothesized that COVID-19 could also have 
impacted the provision of low-value care among GPs. [15-21] Low-value care is defined as 
care which offers no net benefit for the patient and could be associated with harmful 
outcomes and wasteful spending. [22-24] The COVID-19 pandemic therefore might provide 
an unique opportunity to study changes in high- and low-value care provision, and where 
changes might be sustained or stopped. During the COVID-19 pandemic, patients could 
have been shielded from unnecessary or harmful medicine while they were unable to 
visit their GP or receive treatment. A process which is also referred to as quaternary 
prevention, thereby improving the quality of care these patients have received. [25, 26]. The 
provision of low-value care could lead to unnecessary time and costs due to additional 
prescriptions, laboratory tests, extra consultations and referrals. [1]

A study from the US indicated that COVID-19 reduced the amount of low-value care 
provided. [27] Using claims data Shahzad et al., showed that on average the amount of low-
value services decreased by 56.2% during the initial month of the pandemic (April 2020), 
before rebounding to 83.1% of baseline by January of 2021. Unfortunately, apart from this 
study, knowledge regarding the impact of COVID-19 on the provision of low-value care 
is limited. Most studies to date have examined its impact on hospital care, Knowledge 
regarding its impact on (low-value) healthcare provision among GPs is lacking. We 
therefore studied the effect of COVID-19 on the provision of three types of low-value GP 
care derived from the Dutch GP guidelines in a primary care practice research network in 
the Netherlands, using routinely collected healthcare registration data: 
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1  Use of imaging in the diagnosis of musculoskeletal complaints related to the back or 
knee. [28-30].

2   Prescription of antibiotics for otitis media acuta (OMA) in children without severe 
symptoms. [31]

3 Prescription of repeat opioid prescriptions, without a prior GP visit. [32]

Through quantification of the number and rates of both episodes, as well as episodes 
receiving low-value treatment, before, during and after the peak of COVID-19 to gain 
insight into its effect on the provision of (low-value) GP care.

Methods

Design and database

We conducted a retrospective cohort study using registration data from the database of 
the department of primary and community care of the Radboud university medical center. 
This database contains routinely collected registration data of approximately 40.000 
registered patients of the GP network FaMe-net (32 GPs, six primary care practices). In 
FaMe-Net, all morbidity is registered in episodes of care. The title of an episode of care is 
the episode diagnosis, classified with the ICPC-2. The episode diagnosis can be modified 
during the episode of care. For example, when abdominal pain turns out to be a colon 
carcinoma on further diagnosis. Medication prescriptions are recorded using Anatomical 
Therapeutic Chemical (ATC) codes, and are linked to the relevant episode diagnosis. [33] 

Data collected between the 1st of January of 2017 and 31st of December 2022 were used 
to examine the impact of COVID-19 on both the number and rates of episodes and the 
provision of low-value services for three types of low-value care. 

Outcome measures

The following outcome measures were used to quantify the impact of the COVID-19 
pandemic on the occurrence of episodes and the provision of low-value GP care.

1  The rate of episodes or prescriptions recorded during the pre-, COVID-19 and post-
restrictions period.

2  The rate of episodes or prescriptions that could be considered of low-value during the 
pre-, COVID-19 and post-restrictions period.

Incidence rates (IR) were calculated by dividing the total number of (low-value) episodes 
or prescriptions recorded by the total amount of years patients were present over each 
period. Thereby correcting for the time patients were able to visit the GP practice. 
However, apart from calculating the rates for each of these, we also first report on the raw 
numbers of episodes and low-value care provision recorded as supporting information.
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Selection of the types of low-value GP care & cohort selection

In a previous study, a prioritization was made of “do-not-do” recommendations present 
in Dutch GP guidelines resulting in a top 30 of recommendations perceived as being 
highly relevant (through means of an online survey among 5000 GPs). [1] The resulting 
top 30 was presented to two authors (ToH and HS), whom are also active as GPs in 
clinical practice. They selected “do-not-do” recommendations based on their perceived 
relevance and occurrence in current daily practice. After having discussed the outcomes 
of their selections, the selected recommendations by both authors were clustered into 
three topics while multiple recommendations concerned similar topics (see Box 1). 
Details regarding the operationalization of the topics (e.g. the data definitions) can be 
found in Additional file 1. 

Following operationalization of the different topics, all patients matching the diagnose 
codes included in our data definitions over the examined period (2017 – 2022) were 
extracted from the database. We did not limit ourselves to patients visiting the included 
practices with COVID-19 related complaints. All relevant contact were included 
for either of the included practices, especially since research has shown that during 
COVID-19 GP the way GPs were visited substantially changed. With more and more visits 
being conducted remotely, and less in a face-to-face manner. [34, 35] Furthermore, while 
within the Dutch healthcare system, all citizens are required by law to be registered at 
a GP and to have healthcare insurance (covering the costs of GP visits). Furthermore, 
patients can only gain access to (non-emergency) hospital care through referral of their 
GP. Guaranteeing that almost all relevant episodes of patients registered at the included 
practices (apart for medical emergencies) were included in the different cohorts of this 
study.
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Box 1: short descriptions of the operationalization of the different types of low-
value GP care, including from which guidelines they were derived (additional file 1 
contains an elaborate description of the specific diagnose codes included):

1 | The use of imaging in the diagnosis of musculoskeletal complaints related to the back 
or knee. 
Dutch GP guidelines do not recommend to order imaging in case of non-specific 
knee or back pain. For our assessment we selected all episodes related to back or 
knee pain were selected. Next, all contacts with a code indicating they resulted in 
an imaging procedure were matched to each episode based on their unique episode 
identifier. The episodes with an associated contact indicating the performance of an 
imaging procedure were considered to have received low-value imaging. [28-30]

2  | The prescription of antibiotics for otitis media acuta (OMA) in children without severe 
symptoms.
Guidelines recommend not to prescribe antibiotics in case of otitis media in 
children without the patient being seriously ill or without them being at risk of 
complications. For our assessment, we selected all episodes of otitis media acuta 
among children (<18 years old). Next, all prescriptions of antimicrobial agents were 
matched to the distinct OMA episode based on episode number and prescription 
date. The Dutch GP guidelines only advice the prescription of an antibiotic in case 
of OMA when no improvement of both the present fever or pain occurs after three 
days of appropriate pain management. We therefore defined severe symptoms as 
children which had a reason for encounter for OMA of at least 72 hours.. In case 
a child did not have a reason for encounter of at least 72 hours, but had received a 
prescription for antibiotics within this time frame we marked that prescription as 
being of low-value. [31]

3 | Repeat opioid prescriptions, without a prior GP visit.
Guidelines advice repeat opioid prescriptions only to be prescribed following a 
consultation with a GP. We therefore included all opioid prescriptions over the 
examined period in our examination of low-value repeated opioid prescriptions in 
our assessment. In our analysis of appropriateness, we did not include the initial 
opioid prescriptions, while these simply cannot be considered repeat prescriptions. 
Next, the identified GP contacts were matched to each of the repeat opioid 
prescriptions based on their respective contact and prescription dates. These 
had to match in order for the repeat opioid prescription to be considered as being 
appropriate. Repeat prescriptions that did not have a contact associated to them 
were considered as being of low-value. [32]
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Defining the assessment numerator and denominator: Assessment lenses

Two types of assessment lenses were used depending on the type of care examined: 
the patient-indication and service lens. [36] The patient-indication lens was applied in 
our assessment of the inappropriate use of imaging for musculoskeletal problems, and 
antibiotic prescriptions in case of OMA. Which implies that only patients with a certain 
indication were included in the denominator for these assessments, the numerator 
consisted of patients that received the types of low-value care for at least one episode. 
For our assessment of inappropriate repeat opioid prescriptions a service lens was used. 
Implying that all registered opioid prescriptions were included in the denominator, and 
all prescriptions considered to be inappropriately repeated in the numerator. 

Definitions of the Pre-, COVID-19 and Post-restrictions periods 

We defined the COVID-19 period as the period during which strong COVID-19 related 
restrictions, such as lockdowns, were imposed on the Dutch population as described on 
the website of the Dutch Government. [37] Resulting in the period between the 1st of April 
2020 (the second quarter of 2020) and the 31st of December 2021 (the fourth quarter 
of 2021) to be referred to as the COVID-19 period. While the periods before (January 
1st 2017 to April 2020) and after the COVID-19 period (the 1st of January 2022 up to the 
31st of December 2022) are referred to as the pre- and post-restrictions periods. Figure 1 
provides an overview of the timeline and restrictions. Additional file 2 presents a detailed 
overview of the restrictions used to define the COVID-19 period.

Data analysis 

Assessing differences in incidence rates of episodes and low-value care 
provision 

To test the differences in IRs between each of the periods, Poisson multilevel regression 
models were built, and checked for overdispersion. In case overdispersion was detected, 
negative binomial models were built to account for the over-dispersed data. Separate 
models were built to examine whether changes in the IR of episodes/prescriptions or 
the provision of low-value care could be detected between the three periods. In each 
of the models a fixed effects of period was included and we aimed to include random 
effects for both the patient and practice level when possible. Furthermore, we included 
an offset for the number of years a patient was present in each period, to correct for any 
differences in duration patients were present over the different periods. [38] Patient age 
and sex were included as case-mix variables in the models, while previous research has 
shown they could affect the amount of care a patient requires, receives or has access to. 
[39-41] Differences in IRs between periods were expressed as Rate Ratio (including 95% 
confidence intervals [95% CI]). The pre-COVID-19 period was taken as reference period. 
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A P-value smaller or equal to 0.05 was considered statistically significant for all analyses, 
based on two-sided testing. Data analysis and visualization was performed using R 
(version 4.1.3).
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Results

Trends in number of recorded episodes and recorded episodes receiving 
low-value care

Over the COVID-19 restrictions period, both the number of recorded episodes or 
prescriptions across the three types of GP care examined show distinct patterns. Table 
1 contains an overview of the population characteristics of the populations used to 
examine each type of care. The average number of episodes and number of episodes 
receiving low-value care over the periods examined is shown in table 2 (additional file 
3 contains an extended version of table 2). Both the number of episodes of back and 
knee pain and prescriptions of antibiotics for OMA sharply decrease at the onset of 
the COVID-19 period (plots and data concerning separate back and knee episodes are 
shown in additional file 4). With the average number of episodes of back and knee pain 
decreasing from 848.4 to 692.9, and episodes of OMA from 145.7 to 99.0.The number of 
opioid prescriptions also showed to slightly decrease from 988.3 to 1016.8, but already 
showed to slightly decrease before onset of the restrictions (as shown in additional file 3). 
The number of episodes of all three types of care show to gradually increase again over 
the course of the COVID-19 restrictions period.

Regarding low-value treatment (table 2), both the number of (low-value) imaging 
procedures and antibiotic prescriptions for OMA slightly decreased (from 80.5 to 62.6, 
and from 9.6 to 3.0 respectively. In both cases the observed decrease was reverted during 
the post-restrictions period. The low-value prescription of opioids was not affected by the 
introduction and removal of the restrictions since its low-value prescription remained 
high over the entire period remaining relatively high (with an average decrease from 
249.2 to 217.3). However, since these raw numbers are not corrected for either exposure 
period nor any patient characteristics, we have performed our main analysis using the 
rates of provision as described below. 
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Trends in rates of episodes between the different periods

TThe IR of the episodes of the examined types of GP care all significantly decreased over 
the COVID-19 period (figure 2, and table 3). Both the IRs of back and knee pain and opioid 
prescriptions only moderately decreased by 12% (p<0.001) and 13% (p<0.01) over the 
restrictions period. However, these decreases did not sustain during the post-restrictions 
period. Both the IRs of episodes of back and knee pain and opioid prescriptions did not 
significantly differ from the pre-restrictions period (p>0.05). In case of OMA among 
children the IR of episodes decreased by 54% during the restrictions period (p<0.001). In 
contrast to the other two types of care, the IR of OMA episodes remained significantly 
(22%) lower during the post-restrictions period (p<0.001). The IR of OMA episodes shows 
a clear seasonal tendency. The rate of episodes peaks around the first quarter of the 
included years, apart from the first quarter of 2021.

Trends in incidence rates of low-value care between the different periods

The IRs of two out of the three types of low-value GP care significantly decreased during 
the COVID-19 restrictions period (figure 3 and table 3). The IR of episodes of back or knee 
receiving low-value imaging decreased by 21% (p<0.001) and the IR of OMA episodes 
receiving low-value antibiotics by 78% (p<0.001). The IR of low-value repeat opioid 
prescriptions also showed to have decreased by 7%, however did not significantly differ 
from the IR of the pre-restrictions period (p>0.05). During the post-restrictions period, the 
IR of low-value imaging for back and knee pain and low-value repeat opioid prescription 
both returned to pre-restrictions period levels. Conversely, the IR of low-value antibiotics 
prescriptions for OMA remained 63% lower during the post-restrictions period (p<0.001). 
In case of the IR of low-value antibiotic prescriptions for OMA in children we did not 
observe a clear seasonal trend as was the case with the rate of OMA episodes. Additional 
file 5 contains the IRs for the different types of care examined.
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Figure 2 | Trends in incidence rates of episodes or prescriptions per 1,000 patient years 
corresponding to each of the three types care examined. Significance levels: * indicates 
significance at 0.05 level,** indicates significance at 0.01 level, *** indicates significance at 
0.001 level, NS indicates no significance difference was found.
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Figure 3 | Trends in incidence rates of low-value care provision per 1,000 patient years for 
the three types of care examined. Significance levels: * indicates significance at 0.05 level,** 
indicates significance at 0.01 level, *** indicates significance at 0.001 level, NS indicates no 
significant difference was observed.
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Table 3 | Rate ratios over the different periods.  

* significant at 0.05 level,** significant at 0.01 level, *** significant at 0.001 level.

Discussion

Summary

This study shows that the COVID-19 related restrictions have affected both the IRs of 
episodes and low-value care provision among the clinical scenarios examined. The 
IRs of episodes of all three types of care significantly decreased during the COVID-19 
restrictions period. Only the IR of antibiotic prescriptions for OMA remained significantly 
lower (22%) over the post-COVID-19 restrictions period. The rates at which low-value 
care was provided during the COVID-19 period, significantly decreased in case of back and 
knee imaging (21%) and the prescription of antibiotics for OMA (78%). During the post-
restrictions period, only the decrease in IR of the low-value antibiotic prescription for 
OMA remained lower (p<0.001). The IR of inappropriately repeated opioid prescriptions 
remained unchanged over all three periods (p>0.05).

Strengths and limitations

This is the first study to examine the effects of the COVID-19 restrictions on the provision 
of low-value care among GPs. We used routinely collected, highly detailed and high 
quality clinical information. GPs part of the FaMe-Net meet regularly to discuss and 

Rate ratio of episodes /
prescriptions (incl. 95% CI)

Rate ratio of low-value episodes /
prescriptions (incl. 95% CI)

Pre COVID-19 
restrictions 

period (refer-
ence period)

COVID-19 
restrictions 

period

Post 
COVID-19 

restrictions 
period

Pre COVID-19 
restrictions 

period (refer-
ence period)

COVID-19 
restrictions 

period

Post 
COVID-19 

restrictions 
period

The use of imaging 
in the diagnosis of 
musculoskeletal 
complaints related 
to the back or knee.

1.0
0.88 ***

[0.85 – 0.91]
0.96

[0.92 – 1.0]
1.0

0.79 *** 
[0.71 - 0.88] 

0.93
[0.83 - 1.06]

The prescription 
of antibiotics for 
otitis media acuta 
(OMA) in children 
without severe 
symptoms.

1.0
0.46 ***

[0.42 – 0.51]
0.78 ***

[0.71 – 0.86]
1.0

0.22 ***
[0.14 – 0.36]

0.37 ***
[0.23 – 0.61]

Repeat opioid pre-
scriptions, without 
a prior GP visit.

1.0
0.87 **

[0.79 – 0.96]
1.06

[0.96 – 1.18]
1.0

0.93
[0.79 – 1.09]

1.05
[0.88 – 1.24]
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review the coding system to ensure that the quality and validity of data registration 
remains high. [42] The availability of such reliable and detailed clinical information enabled 
us to accurately distinguish the appropriateness of the examined clinical scenarios. 
However, this study is also prone to some limitations. First, this study was conducted 
using data collected from only 6 out of approximately 4,874 practices in the Netherlands. 
[43] However, the patient population of the GP practices included in the network has 
been shown to be representative for the Netherlands with respect to age, sex and social 
class. [44, 45] We therefore expect our findings to be generalizable to the entire Dutch 
population. Second, due to the use of a reasonably small network of practices, we 
were limited with respect to the depth of our analysis. For example, we observed that 
we had to few data points of our outcome measure over the included months or even 
quarters to include an seasonal effect in our models. Third, our assessment of low-value 
repeat opioid prescriptions could be an underestimate as we limited ourselves to the 
prescriptions prescribed within the time period examined. Some opioid prescriptions 
might therefore have been wrongly classified as appropriate, while we did not take into 
account prescriptions prescribed shortly before the inclusion period. However, we do not 
expect this to have a large impact on the found results while opioids prescriptions are 
generally short. Fourth, we were only able to include several patient characteristics in our 
models, but were not able to correct for GP characteristics (such as age and sex). Lastly, 
we want to note that indeed the operationalization of recommendations in guidelines is 
often a challenging task, mainly because we were limited with respect to the applicable 
Dutch guidelines for GPs and subsequent assumptions that had to be made. For example, 
in our examination of the prescription of antibiotics for OMA in children we had to rely 
on the information presented to us in the Dutch GP guidelines. Stating that OMA related 
complaints generally will resolve themselves within 48 – 72 hours, and that after 72 hours 
of complaints the prescription of antibiotics is considered appropriate. [31] We were unable 
to find any other information regarding the proper definition of severe symptoms in case 
of OMA, applicable to Dutch GP care. Additionally, some countries issued temporary 
modified guidelines for GP care during COVID-19, such as in long-term pain management 
with opioids. [46] However, the relevant GP bodies in the Netherlands have not adjusted 
their guidelines during COVID-19, resulting in us needing to use the existing guidelines.  

Comparison with existing literature

Our findings regarding the observed differences in both trends in episodes [47-51] and low-
value services are in line with previous studies in hospital care. [27, 52-54] Hence, both the 
number and rates of episodes and low-value care provision were largely affected during 
the first months of the COVID-19 pandemic. Furthermore, our finding that the pandemic 
differentially affected the provision of the different types of low-value service, complies 
with assessments regarding the impact of COVID-19 healthcare from the US, albeit it being 
conducted in hospitals. [27] Hence Shahzad et al. demonstrated that the pandemic had 
varying effects on low-value care provision, with some types not rebounding afterward.  
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Implications for research and/or practice

The results of our assessment show that the introduction of the COVID-19 restrictions 
have differentially affected low-value GP care. Reasons for which could be found in the 
severity of the complaints of the different clinical scenarios examined. In both the case of 
imaging for back or knee pain or the prescription of OMA, the implemented restrictions 
did not affect the patients’ complaint status. Hence, the symptoms of a patient with back 
or knee pain do not diminish after having received an imaging procedure. Additionally, 
OMA related complaints often resolve themselves over time (e.g. 2-3 days) without the 
prescription of an antibiotic. In both cases, the patient conditions do not necessarily 
deteriorates but could potentially even improve. Conversely, in case of the prescriptions 
of opioids, generally the patient’s condition deteriorates while these are often prescribed 
for patients suffering from long-term or chronic pain syndromes. This notion could 
provide an explanation as to why we observed that in case of opioids (almost) no change 
in prescription rates was observed, while the rates of the other types of care did show to 
change (and the number and distribution of patients remained the same over the period 
examined). Furthermore, the observation that the COVID-19 restrictions differentially 
affected low-value GP care provision supports the idea that deïmplementation of low-
value care requires tailored interventions. [55, 56] A recently published review showed 
that among the existing studies examining the impact of deïmplementation strategies 
showed that strategies targeting healthcare providers, patients or organizational context 
are often more effective. [55] Suggesting that the provision of low-value care is often 
the result of an interplay of factors existing on multiple levels. For example, although 
healthcare providers often try to provide the best care possible, implemented systems on 
the level of the hospital could often hinder them in its provision. However, because the 
COVID-19 pandemic affected the entire healthcare system and was noticeable across all 
levels of healthcare provision it might have alleviated some of the barriers which earlier 
prevented the provision of appropriate care.    

Future research should investigate both the (potential) mechanisms underlying the 
observed changes in the IR of low-value care provision over the COVID-19 period for 
some of the examined types of care, as well as the GPs’ perspective as to why these 
changes in the IR of low-value care shows such different patterns. Hence, the IR of some 
of the examined types of care decreased during COVID-19, but rebounded afterwards in 
some cases (however, this was not the case in the IRs associated to OMA). Additionally, 
further examination of patient and physician characteristics associated with either the 
provision or reception of low-value GP care is warranted. While these insights could also 
be used to further develop interventions aiming to reduce low-value care. Furthermore, 
exploring whether similar trends can be observed in the use of high-value GP services 
could also be valuable.
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Conclusion

This study shows that both the IRs of episodes and low-value care provision among Dutch 
GPs are affected by the COVID-19 restrictions, although differences between the clinical 
scenarios were identified Additionally, our findings indicate that only in some cases the 
COVID-19 restrictions could have had a lasting effect on the provision of low-value care. 
The combination of these findings confirm the idea that reducing low-value care is a 
complex challenge; which requires tailormade interventions and which is not easily nor 
quickly achieved.  
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Additional file 2: overview of COVID-19 restrictions implemented over 
the examined period

1 2020:
–  March 12th: first restrictions implemented to prevent spread of the COVID-19 virus; 

intelligent lockdown, Dutch citizens are advised to remain at home when experiencing 
mild COVID-19 symptoms.

–  March 15th: closure of food and drinking venues, schools and day-cares. Society is 
recommended to keep at least 1,5m distance to one another. 

–  October 14th: second wave of COVID-19, partial lockdown is implemented. Facemasks 
are made mandatory in public domains and transport, and a maximum number of 
three people that are allowed to be received at home. All food and drinking venues are 
required to close their business until further notice (take away still a possibility). 

–  November 4th: the initial restrictions do not reduce the amount of COVID-19 infections, 
more severe restrictions are therefore implemented. The Dutch population is advised 
to remain at home when possible. Furthermore, visitors both inside and outside are 
further limited to two a day, or one household and public accessible venues are closed. 
Exercising is limited to two persons (group workouts are prohibited), while remaining 
at 1.5 m distance (exception for children up to 17 years old and professional athletes) 

–  December 14th: Closure of non-essential stores, gyms, day-cares and primary schools. 
Other schools are required to teach digitally.

2 2021:
– January 6th: start of vaccination campaign among healthcare personnel.
– January 20rd: Visiting policy tightened to only 1 visitor (aged 13 and older), once a day.
–  January 23rd: evening curfew for the entire Dutch population is implemented, and 

continuation of the lockdown that started in the previous month. Vaccination of the 
Dutch population is started.

– March 23rd: Start third COVID-19 wave, continuation of the lockdown restrictions.
– June 5th: end of lockdown, most restrictions are revoked and society is re-opened. 
–  November 13th: after a sharp increase in COVID-19 related infections, several 

COVID-19 restrictions are reinstated including an a (partial) evening lockdown (from 
05:00 P.M. most non-essential venues are closed). Furthermore, society is advised to 
work from home again and the number visitors (aged 13 and over) is limited to four per 
household.

–  December 19th: Hard lockdown is implemented, following detection of the Omicron 
variant of COVID-19. Resulting in the closure of primary and higher education (high 
schools, universities and vocational schools), food and drinking venues, non-essential 
stores, sport club, cultural venues and all public meeting places.
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3 2022:
–  January 10th: first alleviations of the COVID-19 restrictions implemented during the 

hard lockdown of 2021 are announced; reopening of both primary and high school 
education and day-cares.

–  January 15th: reopening of universities, universities of applied sciences and vocational 
schools and most sport clubs and shops, shops are allowed to open until 5 pm in the 
afternoon. An general advise is given to wear facemasks when 1,5m distance cannot 
be uphold. Furthermore, up to 4 visitors are allowed each day, excluding children up 
until 12 years old.

–  January 26th: reopening of restaurants, music and theatre venues (including zoos, 
cinemas, museums and amusement parks. 

–  February 15th: no more restrictions with respect to visitors. Furthermore, remote 
working is no longer mandatory, up to half the time one is now allowed to work at the 
office.

–  February 22nd: Regular opening times for shops are reintroduced and the 1,5m distance 
rule is discontinued.

– March 15th: COVID-19 rules are now considered to be advises.
–  March 23rd: last COVID-19 restrictions (such as mandatory masks required in public 

transportation) are alleviated.
– April 1st: No more COVID-19 restrictions implemented.
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Additional file 4: separate graphs of both the number of episodes of 
lower-back and the number of lower-back and knee pain episodes 
receiving low-value imaging

Figure S1 | Trends in both the number of episodes of lower-back pain and the number of 
episodes receiving low-value imaging.
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Quarter
Total number of episodes of 

 lower-back pain
Total number of episodes of 

 lower-back pain receiving imaging

2017 Q1 423 47

2017 Q2 407 33

2017 Q3 416 31

2017 Q4 411 35

2018 Q1 389 38

2018 Q2 409 37

2018 Q3 352 31

2018 Q4 400 44

2019 Q1 374 35

2019 Q2 313 23

2019 Q3 320 38

2019 Q4 327 30

2020 Q1 326 27

2020 Q2 251 26

2020 Q3 319 32

2020 Q4 323 30

2021 Q1 328 30

2021 Q2 323 18

2021 Q3 329 34

2021 Q4 321 28

2022 Q1 326 37

2022 Q2 298 36

2022 Q3 297 34

2022 Q4 328 32
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Figure S2 | Trends in both the number of episodes of knee pain and the number of episodes 
receiving low-value imaging.
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Quarter
Total number of episodes of knee 

pain
Total number of episodes of knee 

pain receiving imaging

2017 Q1 532 45

2017 Q2 548 36

2017 Q3 466 40

2017 Q4 483 44

2018 Q1 472 54

2018 Q2 471 41

2018 Q3 471 50

2018 Q4 487 54

2019 Q1 507 51

2019 Q2 464 56

2019 Q3 465 51

2019 Q4 423 40

2020 Q1 373 35

2020 Q2 293 23

2020 Q3 432 36

2020 Q4 328 28

2021 Q1 333 28

2021 Q2 427 40

2021 Q3 435 43

2021 Q4 408 42

2022 Q1 424 37

2022 Q2 390 42

2022 Q3 402 44

2022 Q4 389 34
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Additional file 5: Incidence rates of episodes and provision of low-
value care for each type of care examined over the examined period 
corresponding to figure 1. Including rough calculations of the compared 
incidence rates over the entire periods (e.g. uncorrected for patient 
characteristics)

1. The use of imaging in the diagnosis of musculoskeletal complaints related to the 
back or knee

1. The use of imaging in the diagnosis of musculoskeletal complaints related to the back or knee.

Year - 
Quarter

Total number 
of episodes

Total no. of 
episodes receiving 

low-value care

Total no. of 
patient years 

(per 1000)

Incidence rate 
episodes per 1000 

patient years

Incidence rate 
low-value per 

1000 patient years

2017 ~ Q1 778 91 2.164 359.52 42.05

2017 ~ Q2 818 71 2.241 365.02 31.68

2017 ~ Q3 735 75 2.303 319.15 32.57

2017 ~ Q4 766 82 2.344 326.79 34.98

2018 ~ Q1 753 95 2.333 322.76 40.72

2018 ~ Q2 781 80 2.396 325.96 33.39

2018 ~ Q3 748 86 2.448 305.56 35.13

2018 ~ Q4 782 99 2.466 317.11 40.15

2019 ~ Q1 779 92 2.314 336.65 39.76

2019 ~ Q2 689 82 2.357 292.32 34.79

2019 ~ Q3 711 90 2.398 296.50 37.53

2019 ~ Q4 707 74 2.420 292.15 30.58

2020 ~ Q1 643 62 2.408 267.03 25.75

2020 ~ Q2 510 51 2.414 211.27 21.13

2020 ~ Q3 719 68 2.442 294.43 27.85

2020 ~ Q4 621 60 2.441 254.40 24.58

2021 ~ Q1 613 59 2.379 257.67 24.80

2021 ~ Q2 726 61 2.402 302.25 25.40

2021 ~ Q3 756 81 2.426 311.62 33.39

2021 ~ Q4 736 78 2.418 304.38 32.26

2022 ~ Q1 738 75 2.351 313.91 31.90

2022 ~ Q2 697 80 2.365 294.71 33.83

2022 ~ Q3 714 82 2.376 300.51 34.51

2022 ~ Q4 745 68 2.355 316.35 28.87
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1. The use of imaging in the diagnosis of musculoskeletal complaints related to the back or knee.

Period
Sum of 

episodes

Sum of epi-
sodes receiving 
low-value care

Sum of 
patient years 

(per 1,000)

Uncorrected -inci-
dence rate episodes 

over the entire 
period per 1,000 

patient years

Uncorrected -inci-
dence rate low-val-
ue over the entire 
period per 1,000 

patient years

Pre-COVID-19 9,690 1,079 30.59 316.75 35.27

COVID-19 4,681 458 16.92 276.62 27.07

Post-COVID-19 2,894 305 9.45 306.34 32.29
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2. The prescription of antibiotics for otitis media acuta (OMA) in children without 
severe symptoms

2. The prescription of antibiotics for otitis media acuta (OMA) in children without severe symptoms.

Year - 
Quarter

Total number 
of prescrip-

tions

Total no. of 
low-repeat 

prescriptions

Total no. of 
patient years 

(per 1,000)

Incidence rate 
prescriptions per 

1,000 patient years

Incidence rate 
low-value per 
1,000 patient 

years

2017 ~ Q1 225 18 0.22 1022.73 81.82

2017 ~ Q2 133 5 0.241 551.87 20.75

2017 ~ Q3 90 10 0.264 340.91 37.88

2017 ~ Q4 143 15 0.286 500.00 52.45

2018 ~ Q1 176 9 0.293 600.68 30.72

2018 ~ Q2 129 6 0.31 416.13 19.35

2018 ~ Q3 106 10 0.327 324.16 30.58

2018 ~ Q4 168 12 0.339 495.58 35.40

2019 ~ Q1 179 10 0.336 532.74 29.76

2019 ~ Q2 112 7 0.35 320.00 20.00

2019 ~ Q3 79 6 0.365 216.44 16.44

2019 ~ Q4 131 6 0.378 346.56 15.87

2020 ~ Q1 223 11 0.385 579.22 28.57

2020 ~ Q2 28 3 0.395 70.89 7.59

2020 ~ Q3 65 3 0.409 158.92 7.33

2020 ~ Q4 61 3 0.417 146.28 7.19

2021 ~ Q1 75 2 0.413 181.60 4.84

2021 ~ Q2 106 1 0.424 250.00 2.36

2021 ~ Q3 165 2 0.438 376.71 4.57

2021 ~ Q4 193 7 0.446 432.74 15.70

2022 ~ Q1 147 3 0.438 335.62 6.85

2022 ~ Q2 244 2 0.443 550.79 4.51

2022 ~ Q3 144 9 0.446 322.87 20.18

2022 ~ Q4 194 9 0.446 434.98 20.18
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2. The prescription of antibiotics for otitis media acuta (OMA) in children without severe symptoms.

Year - 
Quarter

Total number 
of prescrip-

tions

Total no. of 
low-repeat 

prescriptions

Total no. of 
patient years 

(per 1,000)

Incidence rate 
prescriptions per 

1,000 patient years

Incidence rate 
low-value per 
1,000 patient 

years

2017 ~ Q1 225 18 0.22 1022.73 81.82

2017 ~ Q2 133 5 0.241 551.87 20.75

2017 ~ Q3 90 10 0.264 340.91 37.88

2017 ~ Q4 143 15 0.286 500.00 52.45

2018 ~ Q1 176 9 0.293 600.68 30.72

2018 ~ Q2 129 6 0.31 416.13 19.35

2018 ~ Q3 106 10 0.327 324.16 30.58

2018 ~ Q4 168 12 0.339 495.58 35.40

2019 ~ Q1 179 10 0.336 532.74 29.76

2019 ~ Q2 112 7 0.35 320.00 20.00

2019 ~ Q3 79 6 0.365 216.44 16.44

2019 ~ Q4 131 6 0.378 346.56 15.87

2020 ~ Q1 223 11 0.385 579.22 28.57

2020 ~ Q2 28 3 0.395 70.89 7.59

2020 ~ Q3 65 3 0.409 158.92 7.33

2020 ~ Q4 61 3 0.417 146.28 7.19

2021 ~ Q1 75 2 0.413 181.60 4.84

2021 ~ Q2 106 1 0.424 250.00 2.36

2021 ~ Q3 165 2 0.438 376.71 4.57

2021 ~ Q4 193 7 0.446 432.74 15.70

2022 ~ Q1 147 3 0.438 335.62 6.85

2022 ~ Q2 244 2 0.443 550.79 4.51

2022 ~ Q3 144 9 0.446 322.87 20.18

2022 ~ Q4 194 9 0.446 434.98 20.18

2. The prescription of antibiotics for otitis media acuta (OMA) in children without severe symptoms.

Period
Sum of 

episodes

Sum of epi-
sodes receiving 
low-value care

Sum of 
patient years 

(per 1,000)

Uncorrected -inci-
dence rate episodes 

over the entire 
period per 1,000 

patient years

Uncorrected -inci-
dence rate low-val-
ue over the entire 
period per 1,000 

patient years

Pre-COVID-19 1,894 125 4.09 462.63 30.53

COVID-19 693 21 2.94 235.55 7.14

Post-COVID-19 729 23 1.77 411.17 12.97
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3. Repeat opioid prescriptions, without a prior visit

3. Repeat opioid prescriptions, without a prior visit

Year - 
Quarter

Total 
number of 
episodes

Total no. of epi-
sodes receiving 
low-value care

Total no. of 
patient years 

(per 1,000)

Incidence rate 
episodes per 
1,000 patient 

years

Incidence rate 
low-value per 

1,000 patient years

2017 ~ Q1 1,096 225 0.705 1554.61 319.15

2017 ~ Q2 997 224 0.718 1388.58 311.98

2017 ~ Q3 1,023 267 0.731 1399.45 365.25

2017 ~ Q4 1,049 244 0.736 1425.27 331.52

2018 ~ Q1 1,233 317 0.725 1700.69 437.24

2018 ~ Q2 1,080 298 0.736 1467.39 404.89

2018 ~ Q3 1,067 255 0.748 1426.47 340.91

2018 ~ Q4 1,151 296 0.747 1540.83 396.25

2019 ~ Q1 866 224 0.68 1273.53 329.41

2019 ~ Q2 839 226 0.688 1219.48 328.49

2019 ~ Q3 855 196 0.696 1228.45 281.61

2019 ~ Q4 787 208 0.696 1130.75 298.85

2020 ~ Q1 805 259 0.687 1171.76 377.00

2020 ~ Q2 843 268 0.683 1234.26 392.39

2020 ~ Q3 883 215 0.684 1290.94 314.33

2020 ~ Q4 893 226 0.678 1317.11 333.33

2021 ~ Q1 814 212 0.656 1240.85 323.17

2021 ~ Q2 780 166 0.656 1189.02 253.05

2021 ~ Q3 908 223 0.66 1375.76 337.88

2021 ~ Q4 952 211 0.657 1449.01 321.16

2022 ~ Q1 1,023 220 0.637 1605.97 345.37

2022 ~ Q2 983 251 0.637 1543.17 394.03

2022 ~ Q3 939 238 0.634 1481.07 375.39

2022 ~ Q4 1,122 267 0.626 1792.33 426.52
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3. Repeat opioid prescriptions, without a prior visit

Period
Sum of 

episodes

Sum of epi-
sodes receiving 
low-value care

Sum of 
patient 

years (per 
1,000)

Uncorrected 
-incidence rate 

episodes over the 
entire period per 

1,000 patient years

Uncorrected 
-incidence rate 

low-value over the 
entire period per 

1,000 patient years

Pre-COVID-19 12,848 3,239 9.29 1382.55 348.54

COVID-19 6073 1521 4.67 1299.32 325.42

Post-COVID-19 4067 976 2.53 1604.97 385.16
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Abstract

Background: Dyspepsia is a commonly encountered clinical condition in Dutch general 
practice, which is often treated through the prescription of acid-reducing medication 
(ARM). However, recent studies indicate that the majority of chronic ARM users lack an 
indication for their use and that their long-term use is associated with adverse outcomes. 
We developed a patient-focussed educational intervention aiming to reduce low-value 
(chronic) use of ARM.

Methods: We conducted a randomized controlled study, and evaluated its effect on the 
low-value chronic prescription of ARM using data from a subset (n=26) of practices from 
the Nivel Primary Care Database. The intervention involved distributing an educational 
waiting room posters and flyers informing both patients and general practitioners (GPs) 
regarding the appropriate indications for prescription of an ARM for dyspepsia, which 
also referred to an online decision aid. The interventions’ effect was evaluated through 
calculation of the odds ratio of a patient receiving a low-value chronic ARM prescription 
over the second half of 2021 and 2022 (i.e. pre-intervention vs. post-intervention).  

Results: In both the control and intervention groups, the proportion of patients receiving 
chronic low-value ARM prescriptions slightly increased. In the control group, it decreased 
from 50.3% in 2021 to 49.7% in 2022, and in the intervention group it increased from 
51.3% in 2021 to 53.1% in 2022. Subsequent statistical analysis revealed no significant 
difference in low-value chronic prescriptions between the control and intervention 
groups (Odds ratio: 1.11 [0.84 – 1.47] , p>0.05).

Conclusion: Our educational intervention did not result in a change in the low-value 
chronic prescription of ARM; approximately half of the patients of the intervention and 
control still received low-value chronic ARM prescriptions. The absence of effect might be 
explained by selection bias of participating practices, awareness on the topic of chronic 
AMR prescriptions and the relative low proportion of low-value chronic ARM prescribing 
in the intervention as well as the control group compared to an assessment conducted 
two years prior. 
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Low-value chronic prescription of ARM among Dutch GPs: impact of a patient education intervention

Introduction 

Dyspepsia is one of the most commonly encountered clinical conditions in general 
practice, with a pooled prevalence ranging between 15 and 21% of the global population. 
[1-3] Dyspepsia is generally defined as a symptom complex characterised by a predominant 
pain or discomfort in the upper abdominal region, such as epigastric discomfort or 
pain, heartburn or regurgitation. [1] In the Netherlands alone, approximately 800,000 
patients reporting symptoms of dyspepsia annually. [4] International assessments of 
the prevalence of dyspepsia reveal significant variation between countries, with rates 
ranging from less than 1% to as high as 57%. [1, 5, 6] As dyspepsia mostly is not caused by 
an identifiable disease or organic abnormalities, it is generally perceived as a harmless 
condition, in absence of alarm symptoms such as bleeding, anaemia, unintended weight 
loss, or dysphagia. [7-11] 

Numerous studies have demonstrated an association between the development of 
dyspepsia and various lifestyle factors including diet, smoking, alcohol consumption, 
excessive body mass, and mental state. [9-12] Dutch guidelines for general practitioners 
(GPs) therefore recommend GPs to provide lifestyle advice prior to treatment with acid 
reducing medication (ARM), such as antacids or H2-receptor antagonist and proton-
pump inhibitors (PPIs). [13, 14] However, a recent review indicated that around a quarter of 
the adult population worldwide uses ARM. [15] Additionally, ARM was the most frequently 
prescribed drug category in Dutch general practice in 2020, with over 2.2 million users. 
[16-19] Although short-term ARM prescriptions are an effective way to control acid-
related disease, the chronic prescription of ARM is only indicated in specific situations. 
According to the guidelines for Dutch GPs, chronic prescriptions of ARMs should only 
be considered in patients with Barrett’s oesophagus, Zollinger-Ellison syndrome, or in 
patients at high risk of gastrointestinal bleeding. [14] However, a recent study showed that 
around 88% of patients with a chronic ARM prescription in Dutch general practice lacked 
an appropriate indication, so called low-value prescription. [20] Although PPIs used to be 
considered effective and safe, there is growing concern regarding their long-term use as 
it is associated with numerous adverse effects such as vitamin deficiencies, development 
of multidrug resistance, decreased bone density, and enteric infections. [21-24] Moreover, 
the use of ARM can cover potential lifestyle risks. It therefore is necessary to reduce the 
(chronic) prescription of ARMs among Dutch general practitioners.

Previous studies have demonstrated the effectiveness of patient decision aids in 
reducing low-value treatment. Patient decision aids help patients comprehend the 
potential benefits and risks associated with their treatment options, empowering 
them to actively engage in healthcare decisions and make choices that align with their 
values. [25, 26] However, the effectiveness of the introduction of patient decision aids 
varies. Furthermore, in the context of chronic ARM provision, the existing evidence of 
their effectiveness is limited. Only one study by Krol et al., showed that the provision of 
patient information can effectively reduce low-value chronic ARM use through provision 
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of an educational flyer to chronic ARM users. [27] However, the educational materials used 
were limited to discussing the newly updated GP guidelines on dyspepsia management 
and did not provide information regarding potential underlying causes, associated risks 
and benefits of stopping ARM use, or appropriate indications. In this study, we therefore 
investigated the impact of an patient focused educational intervention containing these 
elements on the chronic prescription of ARM. 

Methods

Study design, phases and setting

We conducted a randomized controlled interventional study and evaluated this 
using data derived from a subset of practices participating in the Nivel Primary Care 
Database (Nivel-PCD). The Nivel-PCD contains care data routinely collected from 
the electronic medical records from 529 GP practices throughout the Netherlands, 
representing approximately 2 million registered patients. [28] Furthermore, the database 
contains longitudinal information regarding patient characteristics such as age, sex, 
GP consultations, diagnoses, and drug prescriptions. Socioeconomic status (SES) 
scores (on the level of Dutch postal codes) were obtained from the Central Statistical 
Office (CBS). [29] Patients were assigned to one of five categories (lowest, below average, 
average, above average, highest) based on quintiles. Age categories were defined based 
on the available GP guidelines [13, 14] Diagnoses are recorded using the International 
Classification of Primary Care version 1 (ICPC-1). Prescriptions are recorded using the 
Anatomical Therapeutic Chemical classification system (ATC). This study was approved 
by the relevant governance bodies of the Nivel-PCD (nr. NZR00322.017) and by the 
Research Ethics Committee of the Radboud University Medical Centre (dossier number 
2022-13579).

Intervention and recruitment

The intervention consisted of the distribution of a poster for the waiting room and flyers 
to be given to patients aiming to inform both patients and GPs with respect to the correct 
indications for treatment of dyspepsia (box 1 contains an elaborate description of the 
intervention materials). After signing up, practices assigned to the intervention group 
received a package containing 60 flyers and one waiting room poster to use during 
consultations. The flyer and poster provide a short description of the correct indications 
for treatment of dyspepsia. Additionally, both the flyers and posters contained a QR-code 
linking to a decision aid explaining the correct indications and causes of dyspepsia. The 
intervention materials are added as supplementary file 1.

Recruitment of the practices took place from July until October of 2022. Practices 
were recruited from the pool of practices that provide their registration data to the 
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Nivel. The recruitment involved sending several e-mails asking for their participation, 
with the promise of receiving a €20 gift card when consenting to participation. The 
responding practices were randomly assigned to either the intervention or control group. 
Throughout the recruitment process, no information regarding the exact research topic 
or the intervention was provided, ensuring the blind participation of the practices.

BOX 1: Intervention materials

WEB-BASED EDUCATIONAL DECISION-AID FOR PATIENTS
The educational web-based decision-aid was developed in collaboration with 
thuisarts.nl (homedoctor.nl), a Dutch website created by the Dutch GP association. 
The interactive tool provides patients with information about dyspepsia and its 
pathogenesis and explains treatment options as well as conservative management. 
The aim is to reassure patients, to give patients insight in their complaints and to 
learn them what they can do themselves to reduce complaints.

FLYERS AND POSTERS FOR PATIENTS
Flyers and posters were available to raise awareness about appropriate care in 
dyspepsia and inform patients about the available decision-aid. A QR-code led 
patients directly to the online tool. 

Sample size calculation

Based on a z-test sample size calculation using the proportion of patients that received 
an inappropriate chronic ARM prescription observed in an earlier assessment in the 
Netherlands (88% of chronic ARMs users do not have an indication), an alpha of 0.05, 
power of 0.80 and an expected reduction of 10%, a minimum number of 28 GP practices 
(with a mean of 328 patients that are inappropriately using a chronic ARM) were required 
to achieve significance. [20]

Randomisation

The participating general practitioners were recruited in a blinded manner from the 
Nivel-PCD. Meaning that the GPs were approached by the Nivel-PCD without receiving 
information regarding the purpose of the study. After having consented to participation, 
GPs were randomly assigned to either the intervention or control group. When a GP was 
assigned to the intervention group, the entire practice was seen as being exposed. GPs 
assigned to the intervention group received the poster and flyers, to be shared with the 
patients suffering from dyspepsia. GPs assigned to the control group received nothing. 
However, it is important to note that the access to the decision aid was not limited to 
the GPs of the intervention group and their patients, it was freely accessible to anyone 
through the website Thuisarts.nl. [30]
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Assessment of the low-value chronic prescription of acid reducing 
medication

Our assessment of the amount of ARM users was conducted using a patient-indication 
lens, as described by Chalmers et al. [31] Implying that all patients that were chronic ARM 
users were included in our denominator and all patients without indication for chronic use 
in our numerator. Individuals were considered chronic ARM users when they had received 
acid reducing medication for at least 180 days in the previous year. We defined a patient’s 
chronic prescription as being of low-value when for at least 75% of all prescription days 
there was no clear indication for chronic ARM prescription present. [20] Supplementary 
file 2 contains an overview of the way we operationalised our assessment of low-value 
chronic ARM prescription. This part of the analysis was performed using STATA 16. [32] 

Statistical analysis of the difference in prescribing over the two periods

To assess the differences in ARM prescriptions we compared the incidence rate of 
(inappropriate) chronic ARM prescriptions in the same 6 months before and after the 
intervention (i.e. last 6 months of 2021 and last 6 months of 2022). Our primary outcome 
therefore would be the odds ratio (OR) of patients receiving a low-value chronic ARM 
prescription between the pre- and post-intervention periods. For this purpose, we built a 
multilevel binomial model, with an interaction term between both the indicator of cohort 
(i.e. 2021 vs 2022) and an indicator indicating whether a patient was part of a practice 
belonging to the intervention or control group. We aimed to include random effects for 
both the patient and practice level when possible. However, we ended up using models 
only including a practice level because of the limited number of observations on the 
level of the patient. Generalised variance inflation factors (GVIF) were calculated to test 
for collinearity among the included variables before multilevel analysis was conducted 
(supplementary file 3). Patient age, socioeconomic status (SES) and sex were included 
as case-mix variables in the models, since previous research has shown they could affect 
the amount of care a patient requires, receives or has access to. [33-35] Patients for which 
either the age or socioeconomic status was unknown were excluded from the multilevel 
analysis, but were included in the table showing the general description of both cohorts 
(as presented in table 2). Following our analysis of the baseline characteristics of the 
included population, we were forced to exclude patients above the age of 80 from this 
analysis while no cases of low-value care provision were present, which would result in 
too little variation on the practice level. We therefore chose to exclude patients aged 80 
and above from our analysis, prioritising the recognition of clustering at the practice level 
over the inclusion of this age group in our model. The pre-intervention period (2021) was 
taken as reference period. A P-value smaller or equal to 0.05 was considered statistically 
significant for all analyses, based on two-sided testing. Data analysis and visualisation 
was performed using R (version 4.4.2). [36]
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Results

A total of 24 practices responded to our call for participation within the recruitment 
period. These 24 practices were randomly assigned to either the intervention or control 
group, resulting in 13 practices in the intervention group and 11 practices in the control 
group. To even out the number of practices in each of the groups, the two practices were 
randomly selected from the Nivel-PCD to be added to the control group, resulting in a 
total of 26 participating practices. These additional practices were selected based on the 
similarities in size and degree of urbanisation compared to the other practices included 
in our analysis. Table 1 and table 2 provide a general overview of the characteristics, and 
recorded number of (low-value) episodes in both the intervention and control group. The 
initial outcomes indicate a slight increase in chronic low-value ARM prescriptions for 
both the control and intervention groups. In the control group, the proportion of patients 
with a low-value chronic ARM decreased from 50.3% in 2021 to 49.7% in 2022, and in 
the intervention group, it increased from 51.3% in 2021 to 53.1% in 2022. Most patients 
were prescribed PPI’s as subsequent analysis of the types of ARMs used over both periods 
revealed that the majority of patients used a PPI. In the 2021 and 2022 cohort, 99.7% 
and 99.3% of the patients received an PPI (ATC-codes starting with A02BC), while 2.1% 
and 2.4% of patients were prescribed another ARM. Furthermore, 35% of the ARM users 
included in the 2021 cohort were also present in the 2022 cohort. Conversely, 37% of 
patients included in our 2022 cohort were also present in the 2021 cohort. Our results 
also show that the number of prescription increases with age, however the proportion 
of inappropriate prescribing decreases. This can be explained by the notion that with 
increasing age, the number of indications for appropriate chronic ARM use also increases. 
Analysis of the VIF factors before performance of the multilevel analysis revealed that 
little or no collinearity exists among the variables included in our analysis (supplementary 
table 3). 

Subsequent multilevel regression analysis revealed that albeit the proportions showing 
to have slightly increased in both the control and intervention group. no significant 
difference in low-value chronic ARM prescription between the two groups was observed. 
The odds of receiving a chronic low-value ARM prescription showed to not- significantly 
differ when comparing the control to the intervention group over the examined periods 
(Odds ratio: 1.11 [95% CI: 0.84 – 1.47], p>0.05). Table 3 contains an overview of the study 
outcomes after removal of the patients aged 80+, and table 4 contains the odds ratio 
resulting from the subsequent statistical analysis. 
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Table 1 | General overview of patient characteristics over both the 2021 and 2022 cohorts.

Variables Control group Intervention group

 2021 2022 2021 2022

Median no. of patients 
per practice [25 - 75 
percentile]

3,148 [2,743 –  4,007] 3,038 [2,609 –  4,194] 2,801 [2,492 – 4,079] 2,771 [2,433 – 4,055]

Average age [± SD] 40.0 [± 23.3] 40.2 [± 23.3] 42.2 [± 21.1] 42.3 [± 23.1] 

Average socioeconomic 
status [± SD]

0.087 [± 0.23] 0.089  [± 0.23] 0.047 [± 0.21] 0.046 [± 0,21]
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Variables Control group Intervention group

 2021 2022 2021 2022

Median no. of patients 
per practice [25 - 75 
percentile]

3,148 [2,743 –  4,007] 3,038 [2,609 –  4,194] 2,801 [2,492 – 4,079] 2,771 [2,433 – 4,055]

Average age [± SD] 40.0 [± 23.3] 40.2 [± 23.3] 42.2 [± 21.1] 42.3 [± 23.1] 

Average socioeconomic 
status [± SD]

0.087 [± 0.23] 0.089  [± 0.23] 0.047 [± 0.21] 0.046 [± 0,21]
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Table 3 | Overview of study outcomes. The number of chronic ARM users for each of the periods, 
including the proportion of these that receive a chronic low-value ARM prescription.

Table 4 | Overview of the outcome of our analysis of the impact of our intervention on the 
odds of receiving an low-value chronic ARM prescription over the compared periods. The table 
contains both the proportions of chronic ARM users that received a low-value chronic ARM and 
the subsequently calculated odds ratio.

 
2021 – Total

2021 – 
Low-value

% Low-value 2022 – Total
2022 – 

Low-value
% Low-value

Control 1,539 996 64.7% 1,485 942 63.4%

Intervention 1,369 889 64.9% 1,362 899 66.0%

Proportion 
low-value
2021 (%)

Proportion 
low-value
2022 (%)

Odds ratio of receiving a low- 
value ARM between  

control/intervention over 
2021/2022 + [95% CI]

Control 64,7% 63,4%
 1.11 [0.84 – 1.47]

Intervention 64,9% 66,0%
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Discussion

Our study shows that over the last half year of 2021 and 2022 in both the intervention 
and control group approximately half of the patients received low-value chronic ARM 
prescription. This indicates that ARM was still regularly prescribed over the investigated 
periods. Furthermore, no significant difference in the number of patients receiving a 
low-value chronic ARM prescription was observed between the control and intervention 
group (Odds ratio: 1.11 [0.84 – 1.47], p>0.05). Additional analysis revealed that in both 
the 2021 and in the 2022 cohort, the majority of patients used a PPI (ATC-codes starting 
with A02BC, prescribed to 99.7% and 99.3% of the patients respectively while only 2.1% 
and 2.4 of patients in either the 2021 and 2022 cohort were prescribed another ARM). 
This suggests that it is highly unlikely that the lack of an effect following our intervention 
cannot be ascribed due to a large proportion of patients stepping down from an PPI to 
antacids.

Comparison with other research

It seems that the intervention in itself did not alter the inappropriate prescription of ARM 
among the included GPs. This finding is not unique, however there is quite some variation 
in the effectiveness of similar interventions addressing low-value ARM prescribing using 
a patient educational tool exists. 

In a study of Boster et al., the treating primary care physicians directly discussed the 
appropriate indications for ARM use with their patients. Using this method, they 
successfully reduced the patients’ ARM dosage or completely stopped ARM usage in 44% 
of the identified ARM users within a military hospital over a 6-month period. [37] Apart 
from this one study, most studies regarding the reduction of ARM use rely on providing 
patients the tools needed for appropriate self-management of their dyspepsia. These 
tools included the provision of intensive support by a specialist nurse, the formulation of 
an action plan and an explanation of the appropriate indications as well as the benefits 
of decreasing or discontinuing ARM usage. However, the outcomes of these studies vary. 
For example, both the study by Murie et al. and the study by Coyle et al. managed to 
stop or reduce PPI use (by 83% and 35%, respectively) by providing patients the tools 
for self-management of their ARM use, such as formulating an action plan and providing 
information regarding appropriate ARM use. [38, 39] Conversely, the study by Dibly et al. 
provided similar support to ARM users, but their study did not show to change ARM use 
among the included patients. [40] This observation is consistent with a previous study by 
Batuwitage et al., which demonstrated that providing education to patients about the 
appropriate indications for ARM use did not lead to a significant change in ARM utilisation. 
[41] However, it is worth noting that none of these studies specifically focused on chronic 
ARM users in their intervention evaluation. As previously mentioned, only the study by 
Krol et al., specifically assess the impact of their intervention on chronic ARM users, and 
managed to reduce chronic ARM use by 24% in the intervention group compared to 7% 
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in the control group (24% reduction vs. 7%, respectively). [27] The difference between our 
study outcome and theirs can probably be that in our study the practices assigned to the 
control group in our study could also had access to the intervention materials, while these 
were freely accessible online. This could have led to exposure of the control practices 
to the intervention, which was not possible in the study by Krol et al., since they only 
actively approached the intervention practices. This difference could explain why we did 
not observe a difference in low-value chronic ARM prescribing between the control and 
intervention groups. 

Analysis absence of effect

Our intervention did not lead to a significant reduction in low-value chronic ARM 
prescriptions between the intervention and control group. The present study does 
show a much lower percentage of low-value chronic ARM users compared to a previous 
assessment. Our earlier study, which examined chronic ARM use from 2016 to 2019, 
found that approximately 88% of chronic ARM users in the Netherlands lacked an 
indication. In the current study, this baseline was 66%. [20] Several possible reasons 
could explain the lower baseline for the included practices. First, since our previous 
assessment, a lot of (media) attention such as reports by national newspapers and an 
item during the eight o’clock news, has been generated on the appropriate use of ARM. 
Also, the publication of a report by the Dutch National Health Institute discussed the 
state of (appropriate) care provision for patients with dyspepsia early in 2021. This public 
attention might have had an effect on the prescription of ARM by GPs. [4] Second, the 
overarching national campaign started well before our distribution of the intervention 
materials among the intervention practices. Therefore, we cannot guarantee that before 
onset of our assessment the included practices (in both control and intervention groups) 
were not already affected. Third, the participating practices might already have affinity 
with improving the quality of care provision as they willingly joined the study unaware 
of the research topic or intervention. These practices might therefore already have a 
critical attitude towards the (chronic) prescription of ARMs, providing an explanation for 
the lower baseline observed in our study. Fourth, contact with the different intervention 
practices a few months after having distributed the materials revealed that the degree 
of exposure to the intervention varied amongst the intervention practices. Most GPs 
indicated that they were aware of the existence of the decision-aid. However, we do not 
know to what extent all GPs in the intervention practices have used the materials when 
seeing patients with dyspepsia. The fifth and final reason which could explain the absence 
of an effect following our intervention could be that our intervention was not sufficiently 
tailored to be effective. Hence, our intervention focussed on explaining the potential 
causes of dyspepsia and appropriate indications for ARMs use to both GPs and patients. 
However, as previous research indicated, the provision of low-value care is often the result 
of an interplay of multiple factors existing on multiple levels (e.g. the patient, healthcare 
provider and organizational or even medical society context). [42, 43] Additionally, it shows 
that the effectiveness of deimplementation strategies and interventions depend on 
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contextual factors, such as workplace culture or economic factors. Factors which we 
could not control in our intervention. Potentially, our intervention could have shown an 
effect if we had proactively put more emphasis on the use and implementation of the 
materials as well as improving knowledge of the existing guidelines. While in the current 
setup, our intervention heavily relies on the pro-active participation of the participating 
healthcare providers to improve ARM prescribing; something which has proven hard to 
monitor.

Strengths & Limitations

A strength of this study is that it used routinely collected administrative data containing 
high-quality and clinical information. This use of highly detailed data enabled us to 
accurately differentiation between appropriate and inappropriate prescriptions of ARM 
among patients. However, our study is also prone to limitations. Firstly, we were unable 
to reach the required number of practices to achieve significance according to our power 
calculation. Despite extensive efforts, we only managed to include 26 of the required 28 
practices, making it challenging to draw definitive conclusions regarding the effectiveness 
of our intervention. Second, there were also some methodological limitations regarding 
our assessment of low-value chronic ARM prescription among GPs, as discussed in our 
previous study. [20] There is an inherent uncertainty in identifying whether a prescription is 
of low-value. Recommendations contain terms that do not map directly to data variables; 
also, diagnosis and procedure codes may not precisely identify patients for whom care 
is of low value. For instance, the recommendations regarding chronic ARM use lacked 
enough detail or required variables which are absent in the data to accurately distinguish 
appropriate from inappropriate prescribing. An illustrative example is the guideline 
stating that gastro-protection using a non-selective non-steroidal anti-inflammatory drug 
(NSAID) is justified if a patient is using a high dosage of a NSAID. However, information 
regarding the dosage of the prescribed NSAIDs was unavailable in the data used. We were 
also unable to identify patients suffering from chronic heartburn, as we only had access to 
diagnosis established within data of the years (and one year prior) included in our analysis. 
Patients diagnosed with heartburn outside of this period could therefore potentially be 
missed. More crucially, heartburn often only persists until patients take ARM (albeit via 
a prescription or obtained over the counter). The use of ARM often resolves the patients’ 
symptoms, resulting in the removal of the heartburn diagnosis from their medical records, 
making defining chronic heartburn challenging. Third, unfortunately we are unable to 
monitor the number of patients that actually accessed or used the monitor following a 
visit to their GP. We did contact participating practices to obtain an indication of whether 
or not patients used the decision-aid. Unfortunately, the participating GPs indicated that 
they did not have insight into whether the patients actually did use the decision aid and 
reported that patient never mentioned its use in any of the subsequent visits. Finally, 
the persistent relatively high prevalence of inappropriate chronic ARM prescriptions 
could be attributed to the perception of ARMs as relatively harmless. ARMs are readily 
available over the counter at most drugstores in the Netherlands. Thus, it is likely that our 
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assessment still underestimates the true extent, as we could not capture all chronic ARM 
users in this study, particularly those using non-prescription ARMs.

Conclusion

Our educational intervention did not result in a change in the low-value chronic 
prescription of ARM, suggesting that (low-value) chronic prescribing ARM remains an 
important issue in current medical practice. Future research therefore should focus on 
what is needed for practices to successfully adopt the use of a patient-centred decision 
aid and reduce low-value chronic prescribing ARM.
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Supplementary materials

Supplementary file 1: Overview of the campaign materials

 

Figure 1 | Front view of the folder used in our intervention.

Maagklachten?
Doe de keuzehulp!

met de keuzehulp
begrijpt u beter hoe

maagklachten ontstaan

krijgt u persoonlijk advies 
over wat u kunt doen om 
klachten te verminderen
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Figure 2 | Back view of the folder used in our intervention.

 
Wat kunt u doen?
Gezond leven en voedingsadviezen kunnen maagklachten verminderen.  
Dit is belangrijk bij alle maagklachten. Ook als u maagmedicijnen gebruikt of  
gaat gebruiken. De keuzehulp van Thuisarts.nl kan u helpen.

Doe de keuzehulp!
De keuzehulp:
✱ geeft informatie over maagklachten
✱ legt uit hoe de maag werkt
✱ geeft informatie of onderzoeken nodig zijn
✱ geeft u persoonlijk advies. 

Let op:  De keuzehulp is niet geschikt voor kinderen, als u zwanger bent of  
 een maagverkleining heeft gehad.

 Bij ernstige klachten belt u direct de huisarts 
 of huisartsenpost.

Voor toegang tot de keuzehulp:  
Scan de QR-code met de camera van uw telefoon of  
ga naar www.thuisarts.nl/keuzehulp/maagklachten 

Maagklachten
Maagklachten komen veel voor. U kunt last hebben van  
pijn boven in de buik, brandend maagzuur of opboeren.  
De oorzaak van de klachten is niet altijd duidelijk. De meeste 
mensen met maagklachten hebben geen ziekte en geen  
beschadigde maag. Meestal gaan de klachten vanzelf over  
en zijn medicijnen niet nodig. 

Meer informatie over maagklachten leest u op www.thuisarts.nl
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Figure 3 | Example of the poster used in the intervention.

Maagklachten?
Doe de keuzehulp!

Meer informatie over 
maagklachten leest u  
op www.thuisarts.nl

met de keuzehulp
begrijpt u beter hoe

maagklachten ontstaan

krijgt u persoonlijk advies 
over wat u kunt doen om  
klachten te verminderen

Scan de QR-code met de camera van uw  
telefoon of ga naar www.thuisarts.nl/ 

keuzehulp/maagklachten 
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Supplementary file 2: detailed description the underlying 
recommendation and their operationalization
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More elaborate description of the ARM recommendation

Do not chronically prescribe or continue acid-reducing medication (ARM), without 
proper indication. ARM prescriptions are indicated in the following cases according to 
the guideline:

•  Gastro-protection with an proton pump inhibitor (PPI) in case of a non-selective 
nonsteroidal anti-inflammatory drug (NSAID)

 ii. Age of 70 years or older;
 iii.  Presence of an Ulcus Duodeni (D85) or Ulcus pepticum (D86) in their medical 

history, irrespective of their age.
 iv.  When two or more of the following factors are applicable (the risk of complications 

increases with increasing number of factors present):
  o Age between 60 and 70 years.
  o  Severe disabling rheumatoid arteritis (L88), Hearth failure (K77) or diabetes 

(T90). 
  o Use of high dose non-selective NSAID 
  o Use of comedication which increase the risk of stomach complications.

•  Gastro-protection with an proton pump inhibitor (PPI) in case of a Acetylsalicylic acid 
derivative as platelet aggregation inhibitor and in absence of a non-selective NSAID is 
indicated in case of:

i. Age 80 years or older.
ii.  Age 70 or older combined with use of comedication which increases the risk of 

stomach complications (except Acetylsalicylic acid derivatives).
iii.  Age of 60 or older combined with the presence of an Ulcus Duodeni (D85) or Ulcus 

pepticum (D86) in their medical history.

•  Patients suffering from chronic heartburn, which do not sufficiently benefit from 
alternative acid-reducing medication (or in which these have not been tried).

 i.  Heartburn (D03); we could not identify patients with chronic heartburn because 
we only received data from the requested data period and therefore only could 
identify patients which received a diagnosis of chronic heartburn within the 4 years 
examined.
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Calculation of prescription duration

Within Nivel-PCD only the dates on which the general practitioner prescribed the 
medication in question is recorded. The database does not contain the end date of a 
certain prescription. Therefore, in order to be able to define chronic use, we used the 
following method to calculate prescription duration :

When patients only have had a single prescription, we assumed these patients only 
received a ‘start prescription’. In the Netherlands, a start prescription has a duration 
of 15 days and since there is only one prescription registered, we assumed that these 
patients only received this single prescription and therefore only received acid-reducing 
medication for the duration of 15 days.  

However, when a patient has received more than one prescription we have made the 
assumption that in between both dates the patient used the prescription continuously 
when the in between time is less or equal to 180 days. We chose to use 180 days since 
most prescriptions have a duration of 90 days, but medication is not always picked up 
after exactly 90 days. Furthermore, to assure that we also included patients that use their 
medication every other day instead of daily or patients which use their medication as 
needed we chose to double the prescription duration (e.g. 2 x 90 days) in order for those 
patients to be included. An additional 90 days are added to the latest prescription date of 
the two prescriptions, while a regular refill prescription has a duration of 90 days and the 
latest date of the two prescription dates us also the start date of the second prescription.

 
The same principle applies to a patient whom has 3 prescriptions, but who’s prescriptions 
are less than 180 days apart. The duration between prescription 1 and 2 and the duration 
between prescription 2 and 3 are added up, and an additional 90 days are added for the 
duration of the third prescription.
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In case a patient has more than 180 days between consecutive prescriptions, the calculate 
will be performed in the following manner:

 
When two prescriptions are more than 180 days apart, then a new prescription will 
commence which in turn will be treated according to the same rules as described above.
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Supplementary file 3: Overview calculated generalized variance inflation 
factors (GVIF) 

Table 1 | Generalized Variation Inflation Factors (GVIF) calculated for the model made.

GVIF
Degrees 

of freedom
GVIF^(1/

(2*Df))

Studygroup (control/intervention) 1.715815 1 1.309891

Cohort (Cohort2021/Cohort2022) 1.913168 1 1.383173

Gender 1.010374 1 1.005174

Age category 1.012668 3 1.002100

Socioeconomic status category 1.024646 1 1.012248

Interaction Studygroup*Cohort 2.632136 1 1.622386
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In this thesis we aimed to gain insight into the presence of low-value care in the Dutch 
healthcare system and explore the methods used in its assessment. Obtaining accurate 
insight into both its presence and variation is essential to create a sense of urgency and 
a foundation to address it. We therefore conducted several assessments of the extent 
of low-value care in the Dutch healthcare system using routinely collected data. In this 
chapter, the outcomes of the performed assessments will be briefly summarised, after 
which the current knowledge regarding the presence of low-value care in the Netherlands 
will be discussed. Thereafter, we will present prerequisites for the performance and clear 
interpretation of low-value care assessments, based on the lessons learned from the 
assessments part of this thesis. Lastly, we will discuss the implications of this thesis and 
end with concluding remarks.

Main findings

In chapter two we examined the underlying reasons why assessments of similar low-
value diagnostic tests yielded vastly different results. We performed a systematic review, 
in which we included studies that performed assessments regarding low-value diagnostic 
testing originating from countries part of the Organisation for Economic Co-operation 
and Development (OECD). Our results showed that differences in included population, 
definitions of low-value care (e.g. use of guidelines vs. expert opinion) and methodology 
were potential reasons underlying the differences observed between assessment 
outcomes. Especially the use of different methods, particularly the type of “assessment 
lens”, and the type of data used in an assessment showed to greatly impact the outcome 
of an assessment. This suggests that these factors should (preferably) be well regarded 
when designing an assessment or in the interpretation of its outcomes.

In chapter 3 to 6 we put the lessons learned from chapter 2 into practice. We performed 
several assessments using different data sources, among both general practitioners 
and hospital clinicians. Chapter 3 describes our assessment of three types of low-value 
pharmaceutical care among Dutch general practitioners (GPs) between 2016 and 2019. 
This assessment, using registration data from around 300 Dutch GP practices, showed 
that the magnitude of and variation in low-value care provision largely differs between 
clinical scenarios and GP practices over the examined period. Between 2016 and 2019, 
between 53%-61% of patients received an inappropriate antibiotics prescription for their 
conjunctivitis episode, around 3% of patients with lower back pain (LBP) received an 
inappropriate benzodiazepine prescription and 88% inappropriately received an chronic 
prescription of acid reducing medication (ARMs). Chapter 4 describes our examination 
of (potentially low-value) vitamin B12- and D-testing among Dutch GPs using claims 
data obtained from one of the four large healthcare insurers of the Netherlands. The 
results of this study show that between 2015 and 2019, the number of vitamin B12 
tests increased by 98.1%, and the number of vitamin D tests by 112.0%. Furthermore, 
the proportion of patients per practice that received a vitamin B12 test increased from 
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4.8% to 8.4%, and the proportion of patients with a vitamin D test from 4.7% to 9.1%. 
The observed increase in both the number of determinations and proportion of patients 
receiving one, could be indicative of increased low-value vitamin testing. Because no 
substantial changes in indications for vitamin B12- or D-testing have been made in the 
GP guidelines over the examined time period. However, due to the limitations of the 
claims data, we were unable to reliably assess the appropriateness of each determination. 
Therefore, further examination of low-value vitamin B12- and D-testing among GPs is 
warranted. Chapter 5 describes our examination of low-value vitamin B12- and D-testing 
among hospital clinicians. For this examination we were able to use more rich clinical 
data obtained from hospitals (Dutch National Basic Hospital Care Registration), thereby 
enabling us to provide an indication of appropriateness of each test. Our examination 
showed that at least 79% of vitamin B12- and 82% of D-determinations were ordered 
inappropriately over the years examined. Furthermore, our examination revealed that 
a wide range of associated diagnoses not warranting a determination were associated 
to them. The observed proportion of low-value vitamin testing combined with the wide 
range of associated diagnose codes provide all information necessary to start a discussion 
regarding the suitability of either the existing guidelines, or the use of vitamin B12- and 
D-determinations among clinicians. In chapter 6 we examined the effect of the COVID-19 
pandemic on the provision of three types of low-value care by GPs. The following types 
of low-value care were selected in collaboration with the participating GPs: the use of 
imaging in the diagnosis of musculoskeletal complaints related to the back or knee, 
the prescription of antibiotics for otitis media acuta (OMA) in children without severe 
symptoms and repeat opioid prescriptions, without a prior GP visit. During the COVID-19 
restrictions period, the incidence rates (IR) of episodes related to back or knee pain 
decreased by 12%, otitis media acuta (OMA) episodes by 54% and opioid prescription rate 
by 13%. However, only the IR of OMA prescriptions remained significantly lower (22%) 
during the post-restrictions period. The IRs related to the provision of low-value care also 
showed to change over the different periods. The IR of imaging for back or knee pain and 
low-value prescription of antibiotics for OMA both decreased significantly during the 
COVID-19 restrictions period (by 21% and 78%), but only the low-value prescription rate 
of antibiotics for OMA remained significantly lower (by 63%) during the post-restrictions 
period. The IR of inappropriately repeated opioid prescriptions remained unchanged over 
all three periods. These findings indicate that both the number of episodes and low-value 
care practices are differentially affected by the COVID-19 restrictions. Suggesting that 
even if the provision of low-value care is reduced, maintaining its reduction could prove 
challenging and will not automatically occur. 

Chapter 7 provides a description of the evaluation of the campaign regarding the 
reduction of inappropriate chronic use of acid reducing medication (ARM) among Dutch 
GPs. Following our findings from chapter 3 that around 88% of chronic ARM users did 
not have an indication, we started a campaign aiming to improve its appropriate use. We 
provided a group of GPs with educational flyers and a poster referring to a decision aid 
regarding the appropriate use of acid reducing medication. Our analysis of the odds ratio 



251

General discussion

8

associated with receiving a low-value chronic ARM prescription between the two periods 
revealed no significant change in chronic low-value ARM use between the control and 
intervention groups (Odds ratio: 0.95 [95% CI: 0.72 – 1.25], p>0.05). However, while this 
study did not find a significant reduction in low-value chronic ARM prescriptions, it does 
suggest the number of chronic ARM users has decreased. In the present study, we found 
that approximately half of the chronic ARM users lacked an indication, compared to the 
88% identified in a previous assessment.

Low-value care in the Netherlands

The last years, low-value care has received increasing attention within the Netherlands, 
resulting in some assessments being conducted. These studies examine a wide variety 
of different healthcare services and show great variation with respect to the reported 
outcomes and the assessment methods used. For example, in a study by Kool et al., from 
2020, the presence of three types of low-value care were examined among Dutch general 
practitioners using claims data from one of the four major healthcare insurers. [1] This 
study reported that approximately 8% of the identified patients received a low-value 
doppler or plethysmography procedure for the diagnosis of varices, and around 0.4% 
received low-value screening for colorectal cancer. This study also provided an indication 
that approximately 1 in 12 GPs ordered low-value x-ray once a week for lower back pain. 
Another study from 2020, by Laan et al., indirectly showed that a large proportion of 
patients within seven hospitals received inappropriate peripheral intravenous or urinary 
catheter using data obtained through chart review [2] Based on the indications described 
in both national and international guidelines, they were able to show that 22.0% of 
patients lacked an appropriate indication for their peripheral intravenous and 32.4% 
for an urinary catheter during the baseline period. A study by Koggel. et al from 2022 
showed that around 66% of patients that started a proton pump inhibitor (PPI) lacked an 
appropriate indication, using clinical registration data. [3] Although only a few examples 
have been presented here, these studies generally provide highly detailed insights into 
the provision of specific low-value services and provide detailed descriptions of the 
underlying assessment methods used. This often includes elaborate descriptions of both 
the used (data) definitions of the types of low-value care examined. Unfortunately, the 
included samples are often relatively small and limited to one or a few hospitals, practices 
or regions of the Netherlands.

Apart from contributions published in peer-reviewed journals to unrevealing the 
provision of low-value care in the Netherlands, there are several reports of national 
low-value care provision by Dutch public institutes and government bodies, such as the 
National Health Care institute or the Netherlands Institute for Health Services Research 
(NIVEL). These reports often vary in quality regarding the underlying method, but do 
still provide valuable insights regarding the current status of healthcare. The NIVEL, for 
example, has examined the provision of several types of low-value care among Dutch 
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GPs, such as the appropriate use of antibiotics or tympanostomy tubes in children 
with OMA or appropriate treatment of osteoarthritis. [4] These reports showed that the 
amount of inappropriate care is decreasingly being provided, but still requires attention. 
[5-7] Another report from the Nivel examined the proportion of patients with knee and hip 
osteoarthritis (KHOA) that received joint replacement surgery. International guidelines 
published from 2012 onwards recommend to only consider joint replacement surgery for 
KHOA when maximal conservative treatments rendered insufficient results. Conservative 
treatments include education, (lifestyle) advice, pain medication, intra-articular 
injections and physio/exercise therapy (PET). The report showed that between 2013 
and 2019, both the proportion of patients receiving joint replacement surgery for knee 
and hip osteoarthritis decreased while the use of conservative treatment had increased 
following a change in health insurance coverage. [5] This study thereby indirectly assesses 
the volume of low-value care, while simultaneously showing the effect of implementation 
of policy measures. Additionally, governmental agencies, such as The National Health 
Care Institute, also regularly publish reports discussing the state of healthcare provision 
for specific topics. These reports sometimes also include assessments of low-value care in 
for example patients with asthma, lower respiratory tract infections, chronic obstructive 
pulmonary disease, urinary tract infections and osteoporosis. [8-12] These assessments, 
often conducted on a larger scale, confirm the notion that the low-value care provision 
varies greatly between different types of care examined and different providers. 

Overall, we can conclude that, to date, some assessments of low-value care have been 
conducted in the Netherlands. However, insight into low-value care provision in the 
Netherlands remains limited, which is comparable to many other countries. Worldwide, 
countries have only scratched the surface with respect to gaining insight into the total 
magnitude of the problem of low-value care. Additionally, most existing assessments lack 
a detailed description of the methods and definitions used to conduct their assessment. 
Thereby making it difficult to judge their quality, accuracy and usefulness. 

Conceptual roadmap for the assessment of low-value care 

The large variation in both the methods used and reported outcomes might partially be 
explained by the absence of a clear and unambiguous method of assessing low-value care. 
The review as shown in chapter 2 revealed that differences in both methods (assessment 
lenses) and definitions used in an assessment can greatly impact their outcomes. 
Unfortunately, as previously mentioned in the introduction, to date only one framework 
by Miller et al. regarding the assessment of low-value care exists. [13] This framework, 
however, appears to be unsuitable for guiding the assessment of low-value are. The main 
reasons for this are, first, that this framework has been developed to assess the total 
expenditure of low-value care within health systems, states or on the national level, and 
not the volume of low-value care per se. While it does require to assess the volume of low-
value care, its focus is on identifying the total expenditure on low-value care rather than 
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to facilitating the identification of the proportion of services to be of low-value. Second, it 
proposes that the identified proportion of low-value treatment (e.g. expenditure) among 
the high-expenditure services should be considered as a predictor of the proportion of 
low-value care among low-expenditure services. However, the provision of low-value 
care shows to large variation between different types of low-value procedures, as showed 
in the different studies in this thesis. For example, both our review and analysis of three 
types of low-value care among Dutch GPs (chapter 3) revealed that both the utilisation 
of low-value care and its variation largely differs between types of care and healthcare 
providers. We, therefore, argue that due to the variability in low-value care provision 
among procedures, one should never use one assessment as a predictor for others. We 
therefore do not expect the methods as described by Miller et al., will yield a reliable 
estimate of low-value care provision.

The existence of large variation in healthcare utilisation is not a novel finding and is already 
widely known and recognized. In 2018, Westert et al. described a cycle which explains 
which steps should be taken to address and reduce unwarranted variation. [14] Even 
though this cycle does not primarily focus on addressing low-value care provision, it does 
have connection to it while the presence of large variation in healthcare utilisation often 
(indirectly) indicates the provision of low-value care. The described Value Improvement 
Cycle (VIC), especially shows large similarities to the process of the assessment of low-
value care. Based on the similarities of the VIC and the lessons from the studies described 
in this thesis, we have formulated a roadmap for the design and performance of a 
successful and accurate assessment of low-value care in the next paragraphs. Figure 1 
depicts the steps considered essential for the assessment of low-value care based on the 
lessons learned in this thesis. However, we would like to stress that these steps should 
still be validated and tested before being viewed as a valid method of assessing low-value 
care.
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Figure 1 | schematic depiction of the phases of the assessment of low-value care.
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Phase 1: Selecting types of low-value care and obtaining an 
unambiguous definition

The first step in the assessment of low-value care is selecting the type(s) of care to 
be examined. For the selection of the types of low-value care to be examined, most 
assessments rely on either guidelines published by professional associations [1, 15-

18], Choosing Wisely (CW) recommendations [1, 19-24] or a multidisciplinary iterative 
process with the involved (medical) stakeholders. [25] However, whichever method one 
chooses to apply, it is crucial to involve healthcare professionals or their associations 
when making your selection. Healthcare professionals will have insight into whether 
or not the healthcare services provided, the appropriate indications and whether it is 
conceived as a problem in practice. Additionally, because of their close interactions with 
patients and their knowledge of (low-value) treatments, they can provide an indication 
with respect to which types of low-value care should be prioritized. he involvement of 
healthcare professionals early in the assessment process also provides the opportunity 
to probe whether or not the planned assessment is conceived as being feasible or 
relevant. In selecting the type of low-value care it is also essential to assess the evidence 
behind recommendations labelling certain care as low-value. Especially since for a 
large proportion of available (low-value) care procedures are backed up by little to no 
evidence. [25, 26] Selecting a type of low-value care backed up by a large amount of evidence 
will greatly improve the validity of your assessment and the ability to build a clear and 
unambiguous definition.

After having selected the type of low-value care to be examined, it is crucial to build a correct, 
complete and unambiguous data definition for the low-value service(s) to be examined. 
All relevant indications which justify the use of the examined service and all relevant 
exclusions should be included in the final draft. Often guidelines and CW recommendations 
form the basis of data definitions used in the assessment of low-value care. However, as 
argued before, both of these sources are not exhaustive with respect to the amount of 
information they contain and provide. Therefore, it is wise to consult the relevant healthcare 
professionals and associations with respect to the completeness of the data definition. 

Phase 2: Selecting a suitable data source and an appropriate assessment 
method

After having obtained a suitable data definition it is important to select an appropriate 
data source for a valid assessment of low-value care. Especially since not all data sources 
contain the needed (clinical) information, to distinguish appropriate from inappropriate 
care. [27] Additionally, not all information is also easily accessible or even (publicly) 
available. It is therefore important to consider the limitations of each database before 
making your selection. While the chosen data source will also greatly impact the amount 
of (clinical) detail that can be included in the data definition built in phase one (and while 
both phase 1 and 2 have start rather simultaneously). 
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Besides selecting a suitable data source, it is also important to provide a clear description 
of the methods used in the assessment. Providing a clear description of the exact analyses 
to be performed, the outcome variables, the included population and procedures all aid in 
the correct interpretation of the assessment results. For example, if a multilevel analysis 
will be used, the type and which levels or confounders that will be included should be 
specified. Additionally, it should also be clear how you eventually will operationalized 
each of the types of low-value care to be examined. For example, which Anatomical 
Therapeutic Chemical (ATC), International Classification of Primary Care (ICPC) or 
International Classification of Disease (ICD) or Diagnosis Treatment Combination (DTC) 
codes will be used to identify the relevant patient groups, and how will these be coupled 
to the individual patients. [28-31] Second it also has to be clear which type of assessment lens 
will be applied (patient-indication, patient-population or service lens), as described by 
Chalmers et al., in 2017. [32] While different assessment lenses use different denominators, 
and as previously shown these can affect the amount of low-value care that could be 
detected. Clear understanding of the denominator that will be used is essential to put 
assessment outcomes in perspective, thereby enabling the correct interpretation. 

Phase 3: Performance and evaluation of assessment outcomes

After having carefully defined your definition(s), operationalization and assessment 
methods, phase 3 relates to the performance of the assessment. After having performed 
your assessment and obtained the results, it is of prime importance to carefully evaluate 
them. Before publishing your results, it is recommended to consult relevant healthcare 
professionals and involved in building your data definition to provide feedback on your 
results. These feedback rounds can provide some explanations or insights with respect to 
the observed outcomes or methods and the interpretation. Which in turn could indicate 
any limitations or lacks in your data definition which previously had been overlooked 
or passed through unnoticed. Therefore, these feedback moments provide an excellent 
opportunity to adjust your data definition and assessment methods, or provide valuable 
input for the next phase of the assessment. Thereby preventing any codes or insights 
from being missed, and eventually ensuring the validity of your assessment outcomes. 

Phase 4: Communication regarding assessment outcomes

Following the iterative process of validating the assessment outcomes with the involved 
healthcare professionals, it is time to communicate the outcomes. The most important 
thing to keep in mind is to ensure there is sufficient information for the correct 
interpretation of your findings. Both the assumptions made by the research team, as 
well as the limitations of your assessment should be clearly communicated in the light of 
your findings. Especially since inherent uncertainty exists with respect to distinguishing 
a low-value treatment in the assessment of low-value care using database data. Which 
partly can be explained by recommendations of low-value care often containing terms 
that do not map directly to data variables, diagnosis and procedure codes not precisely 
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identifying patients for whom care is of low value or the existence of multiple codes for 
the registration of similar diagnosis. Transparency with respect to both the measuring 
methods and the used data definition are essential for the correct interpretation of the 
assessment outcomes.

The importance of accurate assessments of low-value care

In a utopian world, low-value care would be absent from the entire healthcare system. 
However, in reality entirely removing low-value care is considered to be impossible and 
also should not be regarded as the goal. Most people see the problem of low-value care 
as something that can easily be fixed; e.g. physicians should just stop providing care that 
has no net benefit, but they do not fully grasp the complexity of low-value care. Hence, 
almost no type of care is considered of low-value in all clinical scenarios. And although 
assessments of low-value care are a way to gain insight into the presence of low-value 
care, their outcomes are also restricted with respect to their validity. 

Despite their shortcomings, assessments of low-value care are still considered an 
important first step in the reduction of low-value care. [33] The reason for the importance 
of assessments of low-value care is twofold. First, although physicians are generally aware 
that they provide low-value care to their patients, they often do not know to what extent 
and what the impact of its provision is on the healthcare system. [34, 35] By conducting 
assessments we provide healthcare providers with some general indication with respect 
to the extent of low-value care provision. This provides an opportunity for healthcare 
professionals and policy makers to judge whether there is room for improvement or not. 
The second reason is that these assessments can facilitate discussions on how to improve 
the examined services. This is particularly valuable as they often offer insights into 
the factors associated with the provision of low-value care, which can then be used to 
address it. In contrast, assessments aimed at providing insight into the overall presence 
of low-value care within an entire health system or country do not yield these insights; 
instead, they may create incorrect expectations. As previously mentioned, estimates of 
the total volume of low-value care are often based on extrapolations from assessments of 
individual low-value services. However, previous research has demonstrated significant 
variations in the provision of low-value care across clinical practices, healthcare providers, 
health systems, and countries [1, 16, 17, 19-22, 36-38] Therefore, it’s expected that estimates of the 
total magnitude of low-value care based on assessments of a subset of clinical practices, 
such as those by Shrank et al. [39] and Schwartz et al. [19] , may yield inaccurate results. More 
importantly, such assessments do not contribute to its reduction because they do not 
provide actionable insights or levers for addressing it.

After the assessment of low-value care it is essential that some party, either government, 
professional association or healthcare providers themselves undertake action to address 
the provision of low-value care. Unfortunately addressing the provision of low-value 
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care is highly intricate, and no single quick and universal fix exists. [40] The main reason 
for this is that low-value care provision often is affected by a multitude of drivers. [34, 

41, 42] Addressing the problem of low-value care therefore requires a tailor-made de-
implementation strategy, targeting multiple actors and facets in order to be successful. [43-

45] The reduction of low-value care often requires substantial system and culture changes, 
even in case of the seemingly easy targets (such as low-value screening for prostate 
cancer). [43, 46-48] However, by starting your de-implementation trajectory with an accurate 
assessment, provides you with the solid foundation (and potentially the support) needed 
to further develop your de-implementation strategy. 

Implications for practice

Based on our studies we see two main requirements which could contribute to securing 
a successful and effective process of assessing low-value care. First, it is important to 
improve both the quality and validity of the data. Hence, as previously discussed, not 
all data sources contain equal amounts of clinical information, and are therefore not 
equally suited for the assessment of low-value care. [27] Because of this, we should 
consider establishing which type of data should be used for which purpose. As previously 
discussed, claims data lack the clinical information required to distinguish appropriate 
from inappropriate care. These data therefore should preferably not be used with the 
purpose to accurately trying to assess the presence of low-value care. [13, 33] We therefore 
suggest if that in the case of a detailed assessment, one should always opt for the use 
of (clinical or administrative) registration, and not for claims, data if these are available. 
However, in case of explorative studies, claims data are a great option for a first scan 
to identify potential areas of low-value care provision (e.g. examining variations in 
healthcare utilisation between healthcare providers). 

Apart from requiring data containing sufficient clinical detail, the validity of the available 
information should be of a higher standard. Currently, the available databases are 
prone to (some extent of) misregistration and are often incomplete. [33] It is therefore 
of importance to improve the quality of data registries, and improving their ease of 
use and general functionality of the registration programs and methods used. Both the 
application of (external) validation of registration databases and increased consensus 
regarding the registration of diseases or treatments are important factors which facilitate 
this improvement. [49-53] By improving data quality and standardization of the registration 
methods, we believe both the quality and validity of assessments will also increase. 
Additionally, both efforts could also aid in reducing the administrative burden healthcare 
professionals currently face. [54-58] 

Second, the willingness among healthcare providers in hospitals, general practitioners 
and professional associations with respect to the reduction of low-value care and 
changing practice is important and should be nurtured. Throughout the process of 
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assessing low-value care, the input and time of healthcare professionals are essential. 
These professionals play a vital role in both obtaining a correct data definition and 
assisting with the correct interpretation of the outcomes, often doing so voluntarily. 
Moreover, while assessments of low-value care provide essential insights into its 
presence, the actual change can only be realised by healthcare professionals themselves. 
Therefore, both the government and professional societies should therefore actively 
support clinical leaders (and healthcare professionals in general) aiming to examine and 
reduce low-value care. This support can be achieved through allocation of funding and 
general support (e.g. data availability, support from professional societies) to clinical 
leaders aiming to address low-value care. Future research should focus on building a 
framework that describes an accurate and uniform method for assessing low-value 
care. In the discussion of this thesis, we have proposed the initial steps towards such 
a framework. Even though assessments of low-value care primarily serve gain insight 
and are a starting point for reducing its provision, it is important to acknowledge that 
low-value care will probably never be completely removed from the healthcare system. 
The reasons for this are inherently tied to the current state of healthcare provision. First, 
healthcare professionals face the enormous task to continuously stay up-to-date with 
relevant guidelines and evidence. However, due to the continuous development of the 
underlying evidence for different treatments this has become an almost impossible task, 
given the time they spend providing care to their patients. [25, 59-61] Second, recent evidence 
shows that over the past decades, physicians have perceived increased pressure from 
their patients to provide low-value care. Some patients hold (inaccurate) assumptions or 
personal believes, such as ‘more care is always better’ or ‘newer technologies are better 
than older ones’. These pervasive assumptions or beliefs, often started or reinforced 
by either the patients’ peers, the (social) media, or the internet, often lead to patients 
requesting low-value care from their healthcare providers. [34, 35, 41, 45, 62-64] Although the 
motives of healthcare professionals to help or reassure their patients through providing a 
low-value service are understandable, they still do not justify it. In the end, not providing 
low-value care is often, if not always, more beneficial for the patient.

Conclusion

The general conclusion of this thesis is that it is possible to assess the extent of low-value 
care in the Netherlands. This assessment should be a meticulous process. It requires a 
clear definition of low-value care, selection of an adequate database, operationalization 
of the definition and the general assessment methods (e.g. lenses) of assessment. 
Furthermore, we can conclude that a large variation exists in the provision of low-value 
care between both clinical practices and healthcare providers. We would therefore like to 
argue that general assessments of the total magnitude of low-value care within countries 
or healthcare systems do not contribute to the discussion of how to reduce low-value 
care provision. Hence, these assessments often generalise the findings of a subset of care 
practices to the entire healthcare system, without regarding the differences in occurrence 



260

Chapter 8

of low-value care between different practices. In order to address the problem of low-
value care, more nuanced and specific assessments at the level of individual clinical 
practices are required. These nuanced assessments should include detailed descriptions 
of the assessment methods employed, the definitions of low-value care that were used, 
their operationalization (including assumptions), and should provide ample information 
to correctly interpret their results. But most importantly, these assessments should be 
performed in collaboration with the appropriate healthcare professionals. While they 
have the (medical) knowhow to assist in building the correct definitions, and can provide 
context to the eventual assessment outcomes. In conclusion, we believe that nuanced 
assessments are an important first step to sparking a discussion regarding the problem of 
low-value care and improving the quality of healthcare. 
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Summary

Low-value care is defined as care that is unlikely to benefit the patient given the harms, 
costs and available alternatives. Despite physicians’ aiming to provide care that achieves 
the best results with the most efficient use of resources, international studies show that 
low-value care is still abundantly provided. The provision of low-value care provision is 
problematic since it unnecessarily exposes patients to potential harm and could waste 
the already limited healthcare resources. Its reduction is therefore indispensable to 
improve both the quality and affordability of healthcare. However, in order to reduce 
it, one first needs to gain insight into whether or not it is actually present and posts a 
problem. Unfortunately, the magnitude of its provision in the Netherlands is still largely 
unknown. We therefore aimed to assess the volume of several types of low-value care 
within the Dutch healthcare system.

To achieve our aim, we were first needed to examine the methods used to assess the 
volume of low-value care and gain insight into how differences in methods can impact 
assessment outcomes. Chapter 2 describes our systematic analysis of the outcomes and 
underlying methods of low-value diagnostic testing. The results reveal the presence of 
significant variation in outcomes of assessments of (often similar) low-value diagnostic 
tests. Closer examination revealed that the observed differences in assessment outcomes 
can largely be attributed to differences in definitions of low-value tests used, their 
operationalisation and the used assessment methods (in particular assessment lenses). 
Additionally, we also observed that these factors are often not taken into account when 
describing or comparing assessments outcomes, making their interpretation challenging. 
Therefore, we argue that to make assessments of low-value care usable and comparable, 
standardized definitions and assessment methods are required.

After our examination of the methods used to assess the volume of low-value care, 
we put the newly acquired insights into practice. We conducted multiple assessments 
among Dutch general practitioners (chapter 3, 4 and 6) and hospital clinicians (chapter 
5) in order to gain insight into the extent of low-value care in the Netherlands. 

Chapter 3 describes our retrospective analysis of three types of low-value pharmaceutical 
care among Dutch general practitioners (GPs) using Dutch GP clinical registration data 
from the Nivel. We examined the low-value prescription of antibiotics for conjunctivitis, 
benzodiazepines for lower-back pain, and chronic prescription of acid reducing 
medication. Through the use of data containing clinical detail, we were able to accurately 
assess the provision of three types of low-value pharmaceutical care between 2016 and 
2019. The assessment outcomes revealed that between 53% - 61% of patients received 
an low-value antibiotics prescription for conjunctivitis, approximately 3% of patients 
with lower back pain received an inappropriate benzodiazepine prescription, and 88% 
received an inappropriate chronic ARM prescription. Furthermore it showed that also 
large variation in low-value utilisation existed between the included practices. These 
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observations highlight that low-value care provision differs between different types of 
care and practices, each having its own distinct patterns and utilisation rates. Thereby 
emphasizing the need for customizing de-implementation efforts to the type(s) of low-
value care you aim to reduce. 

Chapter 4 presents the outcomes of our assessment of vitamin B12- and D-testing among 
Dutch general practitioners, using claims data from of one of the four big Dutch health 
insurers (VGZ). Between 2015 and 2019, we observed a 98.1% increase in vitamin B12 
tests and a 112.0% increase in vitamin D tests. The percentage of patients per practice 
receiving a vitamin B12 test increased from 4.8% to 8.4%, and for vitamin D tests, it 
increased from 4.7% to 9.1% over the examined period. These observed increase in both 
vitamin B12 and D-testing, as well as the rising proportion of patients receiving these 
tests are indicative of increased non-indicated testing. However, due to a lack of clinical 
information in the used claims data, we were unable to assess the appropriateness of the 
included vitamin tests. 

Chapter 5 describes our examination of low-value vitamin B12- and D-testing among 
Dutch hospital clinicians using administrative registration data from the Dutch Hospital 
Data. The assessment outcomes reveal that over 2015-2019, at least 79.0% of vitamin 
B12- and 82.0% of D-test ordered in patients aged 18-70 were considered low-value. The 
total number of vitamin B12-tests increased by 2.0%, and the number of D-tests by 12.2% 
over the examined period. Furthermore, our study showed that the proportion of the 
unexplained variation in non-indicated vitamin B12- and D-tests attributed to differences 
between hospitals remained consistently low during the examined period. We also 
observed the presence of a fairly strong positive correlation in non-indicated vitamin 
B12- and D-testing among the included hospitals (Rho: 0.86). Combined these findings 
suggest that vitamin B12- and D-tests are frequently utilized inappropriately among 
clinicians, and that high rates of inappropriate utilisation are often observed within the 
same hospital. Suggesting that all hospitals face a similar challenge, which is to reduce 
the number of non-indicated B12- and D-tests.

Chapter 6 describes our assessment of the provision of three types of low-value care 
among Dutch GPs before, during, and after the COVID-19 restrictions using clinical 
registration data from 2017 to 2022. The following three types of low-value care were 
selected in collaboration with the participating GPs: the use of imaging in the diagnosis 
of musculoskeletal complaints related to the back or knee, the prescription of antibiotics 
for otitis media acuta (OMA) in children without severe symptoms and repeat opioid 
prescriptions, without a prior GP visit. During the COVID-19 restrictions period, 
the Incidence Rates (IRs) of episodes related to all three types of GP care decreased 
significantly. The IR of episodes of back or knee pain decreased by 12%, OMA episodes 
by 54% and opioid prescription rate by 13%. Only the IR of OMA prescriptions remained 
significantly lower (22%) during the post-restrictions period. The provision of low-value 
care also changed. The IR of imaging for back or knee pain and prescription of antibiotics 
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for OMA both decreased significantly during the COVID-restrictions period (by 21% 
and 78%, respectively), but only the rate of the low-value prescription of antibiotics for 
OMA remained significantly lower (by 63%) during the post-restrictions period. The IR 
of inappropriately repeated opioid prescriptions remained unchanged over all three 
periods. These findings indicate that both the presence and the effect of the COVID-19 
restrictions differ between the different types of low-value care. The combination of 
the findings of this study confirm the notion that reducing low-value care is a complex 
challenge that requires tailored interventions and is not easily nor quickly achieved.

In chapter 7 we examined the impact of an educational intervention on the low-value 
(chronic) prescription of acid reducing medication (ARM) in case of dyspepsia. The 
intervention involved distributing an educational waiting room posters and flyers 
informing both patients and GPs regarding the appropriate indications for prescription 
of an ARM for dyspepsia, which also referred to an online decision aid. Using registration 
data obtained from the Nivel, we next examined whether the intervention had changed 
the amount of chronic ARM users between the second halves of 2021 and 2022. Our 
analysis of the odds ratio associated with receiving a low-value chronic ARM prescription 
between the two period, revealed no significant difference in low-value chronic ARM 
use between the control and intervention group (Odds ratio: 0.95 [95% CI: 0.72 – 1.25], 
p>0.05). However, even though this study did not find a significant reduction in low-value 
chronic ARM prescriptions, it does provide an indication that the number of chronic ARM 
users has reduced. In the present study we found that among the included practices, 
approximately half of the chronic ARM users lacked an indication compared to the 88% 
found in a previous assessment.

In chapter 8 of this thesis, we conclude that low-value is also widely provided within the 
Netherlands, displaying wide variation in its utilisation between different types of care. 
Moreover, we observed throughout this thesis that the methods used in assessments in 
general are rarely standardized or clearly described, thereby hindering the meaningful 
comparison. We therefore propose a conceptual roadmap for the assessment of low-
value care, to improve the quality and comparability of assessments of low-value care. 
Based on the studies presented in this thesis, we believe that there are four important 
phases that constitute a comprehensive and reliable assessment. In the first phase, 
low-value care should be selected and a clear data definition built. This selection (or 
prioritization) process should preferably be based on high quality evidence and performed 
in collaboration with medical professionals. In the second phase, an appropriate database 
and assessment method is selected. It is crucial to ensure that the selected database 
contains the necessary amount of clinical detail required to accurately distinguish 
appropriate from inappropriate care as described in the data definition. Similarly, 
the choice of assessment method should align with the level at which you intend to 
communicate the assessment outcomes, as this will impact the assessment denominator 
and, ultimately, the assessment outcomes. The third phase involves the process of 
actually performing your assessment. In this phase it is important to thoroughly evaluate 
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the results obtained, and engage in discussions with the involved stakeholders regarding 
their meaning. These feedback moments could provide valuable insights and may lead 
to adjustments in your data definition or methods, thereby improving the validity of 
your assessment which is crucial for the final phase. In the fourth and final phase, the 
assessment outcomes are ready for publication and can be communicated. It is of vital 
importance to provide sufficient information accompanying the information, to ensure 
the correct interpretation of your findings. Transparency and clarity are vital aspects in 
this communication process. We think that following the abovementioned steps will 
enhance both the comparability and quality of assessments of low-value care. This will 
ultimately contribute to the improvement of the quality of healthcare.
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Dutch summary (Samenvatting)

Niet-gepaste zorg is zorg die weinig toegevoegde waarde heeft voor de patiënt gezien de 
schadelijke effecten, kosten, beschikbare alternatieven en patiëntvoorkeur. Voorbeelden 
zijn antibiotica bij virale luchtweginfecties of röntgenfoto’s bij lage-rugklachten zonder 
alarmsymptomen. Ondanks dat artsen de beste zorg willen bieden met een zo efficiënt 
mogelijk gebruik van middelen, tonen internationale studies aan dat niet-gepaste zorg 
veelvuldig voorkomt. Het verlenen van niet-gepaste zorg moet worden voorkomen 
omdat het patiënten onnodig blootstelt aan schade en de beperkte middelen voor zorg 
verspilt. Het verminderen van niet-gepaste zorg is daarom cruciaal om zowel de kwaliteit 
als de betaalbaarheid van de gezondheidszorg te verbeteren. Om niet-gepaste zorg te 
verminderen, moet het duidelijk zijn of de zorg daadwerkelijk wordt geleverd en of het 
een probleem vormt. Er is nog weinig bekend over de omvang van niet-gepaste zorg 
in Nederland. Het doel van deze thesis was daarom om het volume van verschillende 
soorten niet-gepaste zorg in het Nederlandse gezondheidssysteem in kaart te brengen.

Hiervoor hebben we eerst de methoden onderzocht die gebruikt worden bij het 
bepalen van het volume van niet-gepaste zorg. Zo kunnen we zicht krijgen op de 
invloed hiervan op de uitkomsten. Hoofdstuk 2 beschrijft een systematische analyse 
van de invloed van verschillen in meetmethoden op de uitkomsten van metingen 
over niet-gepaste diagnostische testen. De resultaten laten zien dat er aanzienlijke 
variatie in metingsuitkomsten bestaat tussen metingen over (vaak vergelijkbare) 
diagnostische testen. Nader onderzoek toonde aan dat de waargenomen verschillen in 
beoordelingsresultaten grotendeels kunnen worden toegeschreven aan verschillen in de 
gebruikte definities van niet-gepaste testen, hun operationalisatie en de onderliggende 
meetmethoden. En dan met name het gebruik van verschillende beoordelingslenzen. 
Bij het gebruik van de patiënt-indicatielens wordt het percentage patiënten dat de 
niet-gepaste zorg ontvangt gerapporteerd. Bij een service-indicatielens worden 
alle handelingen in een bepaalde praktijk/database meegenomen en onderzocht op 
juiste indicaties. Bovendien viel ook op dat de bovengenoemde factoren (definities, 
operationalisatie en meetmethoden) vaak niet worden meegenomen bij het beschrijven 
of vergelijken van de uitkomsten. Dit maakt een correcte interpretatie hiervan uitdagend. 
Wij betogen daarom dat voor het verkrijgen van bruikbare en vergelijkbare metingen van 
niet-gepaste zorg, gestandaardiseerde definities en beoordelingsmethoden vereist zijn.

Hierna hebben we de nieuwverworven inzichten in de praktijk gebracht. We hebben 
meerdere studies uitgevoerd onder zowel Nederlandse huisartsen (hoofdstuk 3, 4 en 
6) als medisch specialisten (hoofdstuk 5), om inzicht te krijgen in de omvang van niet-
gepaste zorg in Nederland.

Hoofdstuk 3 beschrijft onze retrospectieve analyse van drie soorten niet-gepaste 
farmaceutische zorg onder Nederlandse huisartsen tussen 2016 en 2019. Voor 
deze analyse hebben wij gebruik gemaakt van registratiegegevens van het Nivel uit 
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het huisartseninformatiesysteem van Nederlandse huisartsen. We onderzochten 
het onnodig voorschrijven van antibiotica voor een ooginfectie (conjunctivitis), 
kalmeringsmiddelen (benzodiazepinen) voor lage rugpijn en chronisch voorschrijven van 
maagzuurremmers. Doordat de gebruikte data veel klinische informatie bevat, was het 
mogelijk om het voorkomen van deze drie vormen van niet-gepaste farmaceutische zorg 
nauwkeurig te beoordelen. De resultaten lieten zien dat in de periode 2016 - 2019 er 
tussen de 53% en 61% van de patiënten een niet-gepast antibiotica-recept kregen voor 
conjunctivitis. Verder bleek dat er grote variatie was in het onnodig voorschrijven tussen 
de geïncludeerde praktijken. Ongeveer 3% van de patiënten met lage rugpijn kreeg 
een niet-gepaste benzodiazepine-recept en 88% een niet-gepast langdurig recept voor 
maagzuurremmers. Deze observaties benadrukken dat het aanbieden van niet-gepaste 
zorg verschilt per soort zorg en per praktijk. Dit wijst erop dat het noodzakelijk is om de 
inspanningen voor het verminderen van het gebruik van niet-gepaste zorg aan te passen 
aan het type niet-gepaste zorg dat men wil verminderen.

Hoofdstuk 4 bevat de resultaten van onze analyse van het gebruik van vitamine B12- 
en D-bepalingen onder Nederlandse huisartsen tussen 2015 en 2019. In deze studie 
is gebruik gemaakt van declaratiegegevens van een van de vier grote Nederlandse 
zorgverzekeraars (VGZ). Tussen 2015 en 2019 observeerden we een toename van 98,1% 
in vitamine B12-bepalingen, en een toename van 112,0% in vitamine D-bepalingen. Het 
percentage patiënten per praktijk dat een vitamine B12-bepaling kreeg, steeg van 4,8% 
naar 8,4%, en voor vitamine D-bepaling van 4,7% naar 9,1% over de onderzochte periode. 
De toename in zowel vitamine B12- als D-testen, evenals het stijgende percentage 
patiënten dat deze bepalingen kreeg, duiden op een toename van niet-geïndiceerde 
testen. Vanwege het gebrek aan klinische informatie in de gebruikte data, was het echter 
niet mogelijk om inzicht te krijgen in de gepastheid van de vitaminebepalingen.

Hoofdstuk 5 beschrijft de uitkomsten van het onderzoek naar niet-gepast gebruik van 
vitamine B12- en D-bepalingen onder medisch specialisten in Nederlandse ziekenhuizen. 
We gebruikten hiervoor administratieve registratiegegevens van Dutch Hospital Data. 
De resultaten hiervan tonen aan dat tussen 2015-2019 ten minste 79,0% van de vitamine 
B12- en 82,0% van de D-bepalingen aangevraagd onder patiënten tussen de 18 en 70 
jaar oud als niet-gepast konden worden beschouwd. Het aantal vitamine B12-bepalingen 
nam toe met 2,0% en het aantal D-bepalingen met 12,2%. Verder toonde onze studie 
aan dat het aandeel van de onverklaarde variatie in niet-geïndiceerde vitamine B12- 
en D-bepalingen dat toegeschreven kan worden aan verschillen tussen ziekenhuizen, 
consistent laag bleef over de onderzochte periode. Daarnaast was er sprake van een 
vrij sterke positieve correlatie in niet-geïndiceerde vitamine B12- en D-bepalingen. 
Nederlandse ziekenhuizen staan voor een vergelijkbare uitdaging om het aantal niet-
geïndiceerde B12- en D-bepalingen te verminderen.

Hoofdstuk 6 beschrijft de evaluatie van het leveren van drie soorten niet-gepaste 
zorg onder Nederlandse huisartsen vóór, tijdens en na de COVID-19-beperkingen met 
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behulp van klinische registratiegegevens van 2017 tot 2022 van een huisartsennetwerk. 
In samenwerking met enkele huisartsen hebben we hiervoor de volgende drie soorten 
niet-gepaste zorg geselecteerd: het gebruik van beeldvorming bij de diagnose van 
klachten aan rug of knie, het voorschrijven van antibiotica voor middenoorontsteking 
(otitis media acuta, OMA) in kinderen zonder ernstige symptomen en het herhalen van 
opioïderecepten zonder een voorafgaand huisartsenbezoek. Gedurende de periode van 
COVID-19-beperkingen daalden de incidentie ratios (IR’s) van episodes die verband 
houden met alle drie de soorten huisartsenzorg significant. De IR van episodes van rug- 
of kniepijn daalde met 12%, episodes van OMA met 54% en het voorschrijfpercentage 
van opioïden met 13%. Alleen de IR van voorschriften voor OMA bleef significant lager 
(22%) nadat de beperkingen waren opgeheven. Ook de verstrekking van niet-gepaste 
zorg veranderde in de meetperiode. De IR van beeldvorming voor rug- of kniepijn en 
het voorschrijven van antibiotica voor OMA daalden beide significant ten tijde van 
de COVID-beperkingen (met respectievelijk 21% en 78%). Echter, alleen de IR van het 
onnodig voorschrijven van antibiotica voor OMA bleef significant lager (met 63%) 
gedurende de post-beperkingsperiode. De IR van ongepaste herhaalde opioïde recepten 
bleef onveranderd gedurende alle drie de perioden. Deze bevindingen geven aan dat 
zowel de aanwezigheid als het effect van de COVID-19-beperkingen verschillen tussen 
de verschillende soorten niet-gepaste zorg. De combinatie van de bevindingen van dit 
onderzoek bevestigt het idee dat het verminderen van niet-gepaste zorg een complexe 
uitdaging is die op maat gemaakte interventies vereist.

In hoofdstuk 7 onderzochten we de impact van een educatieve interventie op het 
chronisch voorschrijven van maagzuurremmers in geval van bovenbuikklachten 
(dyspepsie). De educatieve interventie bestond uit het verstrekken van flyers en een 
poster aan huisartsen om uit te delen aan patiënten, met daarop een verwijzing naar een 
online keuzehulp. De keuzehulp had als doel patiënten gerust te tellen en te informeren 
wat ze er zelf aan kunnen doen behalve het slikken van geneesmiddelen. Met behulp 
van registratiegegevens verkregen van het Nivel hebben we vervolgens onderzocht of 
de interventie het aantal gebruikers van chronische maagzuurremmers had verminderd 
tussen de tweede helft van 2021 en 2022. Onze analyse van de odds ratio geassocieerd 
met het ontvangen van een niet-gepast chronisch voorschrift voor maagzuurremmers 
tussen de twee periodes, toonde geen significante vermindering tussen de controlegroep 
en de interventiegroep (Odds ratio: 1,02 [95% CI: 0,76 - 1,37], p>0,05). Het onderzoek 
geeft wel een indicatie dat het aantal gebruikers van chronische maagzuurremmers is 
afgenomen. Dit onderzoek laat zien dat ongeveer de helft van de mensen die chronische 
maagzuurremmers gebruiken geen indicatie had, in vergelijking met de 88% die werd 
gevonden in een eerdere studie.

In hoofdstuk 8 van deze thesis concluderen we dat niet-gepaste zorg ook in Nederland 
wordt verleend, en dat er aanzienlijke variatie aanwezig is in de aanwezigheid ervan 
tussen verschillende vormen van zorg. Ook concluderen we dat de gebruikte methoden 
voor het meten over het algemeen niet gestandaardiseerd zijn of voldoende duidelijk 
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zijn beschreven. Dit maakt een zinvolle vergelijking van metingen en duiding van de 
resultaten moeilijk. aarom formuleren we, gebaseerd op de ervaringen opgedaan in de 
studies onderdeel van deze thesis, een conceptueel raamwerk voor het meten van niet-
gepaste zorg. We verwachten dat zo de kwaliteit en vergelijkbaarheid van metingen van 
niet-gepaste zorg kan verbeteren. Het raamwerk bestaat uit vier belangrijke fasen die een 
uitgebreide en betrouwbare meting vormen. In de eerste fase moet de te onderzoeken 
vorm van niet-gepaste zorg worden geselecteerd en een duidelijke definitie van de 
gegevens worden opgebouwd. Dit selectie- (of prioriterings)proces moet bij voorkeur 
gebaseerd zijn op hoogwaardig bewijs dat de zorg niet-gepast is en worden uitgevoerd 
in samenwerking met zorgverleners. In de tweede fase moet een geschikte database 
en beoordelingsmethode worden gekozen. Het is cruciaal om ervoor te zorgen dat de 
geselecteerde database de benodigde hoeveelheid klinische details bevat om nauwkeurig 
onderscheid te maken tussen passende en niet-gepaste zorg zoals beschreven in de 
datadefinitie. Ook moet de keuze van de beoordelingsmethode in lijn zijn met het niveau 
waarop de resultaten worden gecommuniceerd. Dit heeft immers impact op de noemer 
van de meting en uiteindelijk op de resultaten. De derde fase omvat het daadwerkelijke 
uitvoeren van de meting. In deze fase is het belangrijk om de verkregen resultaten 
grondig te evalueren en in gesprek te gaan met de betrokken belanghebbenden over hun 
betekenis. Deze feedbackmomenten kunnen waardevolle inzichten opleveren en kunnen 
leiden tot aanpassingen in de datadefinitie of methoden. Hierdoor wordt de validiteit van 
de meting verbeterd wat cruciaal is voor de laatste fase. In de vierde en laatste fase zijn de 
metingsresultaten klaar voor publicatie en kan erover worden gecommuniceerd. Het is 
belangrijk om voldoende informatie te verstrekken bij de uitkomsten, om de bevindingen 
juist te interpreteren en te duiden. Transparantie en duidelijkheid zijn essentiële aspecten 
in dit communicatieproces. We denken dat het volgen van de hierboven genoemde 
stappen zowel de vergelijkbaarheid als de kwaliteit van metingen van niet-gepaste zorg 
zullen verbeteren. Dit zal uiteindelijk bijdragen aan de verbetering van de kwaliteit van de 
gezondheidszorg.
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Dankwoord

Vier en een half jaar heb ik met veel plezier mogen werken aan dit proefschrift. Ik ben blij 
met het resultaat, maar weet ook dat ik het nooit had gehaald zonder de steun en hulp van 
iedereen om mij heen. Ik wil daarom allen uitgebreid bedanken voor hun ondersteuning 
tijdens dit traject. Echter, in het licht van de onderliggende boodschap uit mijn proefschrift 
– meer is niet altijd beter – wil ik graag een aantal personen in het bijzonder bedanken. 
Ik wil echter nog wel vooropstellen dat ik eenieder die heeft bijgedragen in de vorm van 
enige (inhoudelijke) input, zeer dankbaar ben.

Allereerst, ben ik veel dank verschuldigd aan mijn promotieteam: Prof. dr. Tijn Kool, dr. 
Simone van Dulmen en prof. dr. Gert Westert. Jullie enthousiasme en expertise rondom 
het onderwerp ‘Niet-gepaste zorg’ hebben mij oprecht aangestoken en gemotiveerd om 
dit geheel tot een goed en mooi einde te willen brengen. Ik wil jullie graag bedanken 
voor jullie vertrouwen, steun in zowel werk als privé gerelateerde onderwerpen. Geen 
probleem was te groot of ik kon het wel met jullie bespreken; er stond altijd wel een van 
jullie klaar om mij verder te helpen en te werken naar een oplossing. Gezamenlijk had ik 
geen beter team kunnen wensen, mede dankzij jullie was ik in staat om het geheel naar 
behoren af te ronden. Jullie enthousiasme, betrokkenheid en kritische blik hielden mij 
scherp en hebben persoonlijke groei gestimuleerd, waarvoor nogmaals dank. Gelukkig 
is het mij niet gelukt om jullie gedurende deze 4,5 jaar te vermoeien met mijn eindeloze 
lappen tekst die ik bij vlagen rondstuurde. Als dank daarvoor houd ik dit laatste stukje wat 
beknopter; dat hebben jullie wel verdiend!

Geachte leden van de promotiecommissie, prof. dr. M.G.M. Olde Rikkert, prof. dr. R. 
Verheij en prof. dr. D.L.M. Zwart. Ik wil jullie allen danken voor het kritisch doornemen 
van het proefschrift en uw bereidheid te opponeren tijdens de openbare verdediging.

Onderzoek doe je wat mij betreft nooit alleen. Naast natuurlijk de steun vanuit mijn 
promotieteam waren er natuurlijk nog velen anderen die hebben bijgedragen aan dit 
traject. Allereerst, natuurlijk mijn mede ‘Doen of Laten’ teamleden. Naast Tijn en Simone 
waren ook Eva, Daniëlle en Angelique gedurende mijn promotietraject altijd van de 
partij. Jullie kritische blikken, luchtige praatjes, (snelle) adviezen en vooral de gezelligheid 
hebben zeker bijgedragen aan mijn boekje.

Dan volgen kort daarop natuurlijk al snel mijn IQ-collega’s. Ik wil graag Irah, Reinier, 
Femke, Janine en de vele anderen bedanken voor de (statistische) ondersteuning bij 
mijn onderzoek en de algemene gesprekken. Echter verdient Irah natuurlijk nog wel 
een speciaal bedankje. Jouw warme welkom elke ochtend en de vele gesprekken die wij 
hebben gehad, zijn altijd zeer gewaardeerd en zullen zeker worden gemist. Ik hoop dat je 
snel een nieuwe secondant vindt die mijn plekje over kan nemen om je te ondersteunen 
(hoewel dat wel grote schoenen zijn om te vullen).
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De junioren van IQ hebben allen een speciaal plekje in mijn hart, en in het bijzonder: Koen, 
Julie, Ester, Nynke, Laura, Toine, Carlijn, Sijmen, Gijs (en alle andere kelderkanjers). De 
vermakelijke gesprekken tijdens de lunchwandelingen door Park Brakkenstein, borrels, 
samenwerkingen en vooral (soms) nutteloze discussies hebben allen bijgedragen aan het 
draagbaar en leuk houden van de solistische reis dat een promotietraject heet. Hiervoor 
ben ik jullie allen zeer dankbaar, en ik hoop dat er snel een nieuwe promovendus de “troon 
van ellende” overneemt in kamer 0.10. Enkele ex-collega’s verdienen daarnaast ook zeker 
een eervolle vermelding: Joëlle en Anna. Ondanks jullie (jammerlijke) afwezigheid in de 
laatste anderhalf jaar van het traject hebben jullie echt impact op mij gehad tijdens jullie 
aanwezigheid.

Naast IQ-collega’s heb ik gedurende mijn promotie ook velen anderen ontmoet die mij 
ondersteund en geïnspireerd hebben. Met name Karin en Maarten verdienen veel dank 
voor het klaarzetten van de vele datasets en het meedenken met de analyses. Gedurende 
mijn tripjes naar zowel het Nivel als de DHD heb ik mij bij vlagen geschaamd om het 
wederom moeten laten aanpassen van de gevraagde datasets. Jullie hadden gelukkig 
begrip voor het feit dat dit bij onderzoek doen hoort, en hebben mij hierin elke keer weer 
hartelijk ontvangen en gesteund.

Ook alle coauteurs van de artikelen die zijn opgenomen in dit proefschrift wil ik graag 
bedanken. Jullie (medisch) inhoudelijke kennis, kritische blik en input hebben allen 
bijgedragen aan de totstandkoming van de inhoud van deze thesis waarvoor mijn dank. 

Lieve familie en vrienden, voor wie het nog niet duidelijk was, wil ik graag benadrukken 
dat ik dit proefschrift nooit had kunnen afronden zonder jullie. Pap, Mam, Rick, Rens, 
Annika, Cas en Noor; hoewel inhoudelijk jullie mij vaak niet goed konden volgen, heb ik 
toch altijd mijn hart bij jullie kunnen luchten. Jullie luisterend oor was iets wat ik geregeld 
nodig had, en daar ben ik dan ook dankbaar voor. Jullie onvoorwaardelijke steun, kritische 
blikken, nieuwe invalshoeken en de daaruit volgende fantastische discussies hebben op 
hun gekke manier ook bijgedragen aan dit proefschrift. 

En dan last but not least, mijn dierbare vrienden. Jullie stonden mogelijk allen nog het 
dichts op de vuurlinie door jullie makkelijke bereikbaarheid.  Startende met Dirk, oftewel 
mijn nepbroer. We kennen elkaar al zo lang dat ik mij eigenlijk niet herinner dat je niet 
aan mijn zijde stond. Samen hebben we veel meegemaakt en ook in dit traject was je er 
voor mij. Ik kan je niet vertellen hoe zeer ik je daarvoor dankbaar ben, maar hoop dat je 
dit beseft. Jouw manier van steunen en adviseren is misschien niet de meest alledaagse 
manier, maar wel iets dat bij mij zeer goed werkt en wat ik ook zeker nodig heb (bij vlagen). 
Anthony, Luke, Peter, Wouter, Lino, Ruud oftewel mijn Aries. Deze vriendengroep is wat 
mij betreft het levende bewijs van het bestaan van het natuurfenomeen entropie. Want 
wie had verwacht dat een groep die zo aan elkaar hangt van willekeur en chaos, toch kon 
blijven voortbestaan. De willekeurige gesprekken en activiteiten hebben door de jaren 
heen mijn geest en blik helder gehouden, waarvoor ik jullie zeer dankbaar ben. Hiervoor 
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ben ik ook mijn dank verschuldigd aan Maartje en Yara, hoewel jullie wat meer op afstand 
staan, stonden ook jullie altijd voor mij klaar. Jullie gekke belletjes en vooral willekeurige 
bezoekjes deden mij altijd goed. En tot slot Laurie, aan jou ben ik mogelijk nog de meeste 
dank verschuldigd. Voor het grootste deel van mijn PhD-avontuur, ben jij mijn rots in de 
branding geweest waarvoor ik mijn dank niet hard genoeg kan benadrukken. Zonder 
jouw steun en gezelligheid betwijfel ik of het geheel wel succesvol zou hebben kunnen 
afronden; iets waarvoor ik je altijd dankbaar blijf.
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Research Data Management

Ethics & Privacy

Most of the chapters as described in this thesis used data obtained from human 
participants (chapters 3, 4, 5, 6, 7). All of these studies were conducted in accordance with 
the principles of the Declaration of Helsinki and the guidelines of Good Clinical Practice. 
Informed consent for the use of their personal data of all patients and physicians was 
previously obtained from the different data suppliers whom supplied us with their data. 
For all studies, the medical ethical committee CMO Radboudumc, Nijmegen, judged 
that the studies included in this thesis did all within the Dutch National Law (Medical 
Research Involving Human Subject Act (WMO)), because no patients were subjected to 
any actions or interventions. The studies therefore are considered as non-WMO research.

Data collection and storage

For all these studies the analyses were conducted within the (digital) environment of 
the data suppliers, under supervision of one of the contributing employees. None of 
the original source data have left the digital environment of each of the data suppliers. 
Only in case of the study of chapter 7, we received sensitive information regarding 
participants; e.g. personal information of the general practitioners that signed up for 
our study. The collected data were pseudonymized and stored in a secured folder at the 
Radboudumc server of the department of IQ healthcare. Only authorized project team 
members have access to these data. Identifiable data collected within the Radboudumc 
were stored in a local secured folder of the department of IQ healthcare, separately from 
the pseudonymised data.

Availability of data

All studies are published open access (chapter 2, 3, 4) or will be published as such 
(submitted: chapters 4, 5; in preparation: chapter 6). The data for all chapters will be 
archived and available upon reasonable request from each of the respective participating 
data suppliers for 15 years after termination of the study. Reusing the data for future 
research is only possible after filing a renewed data request at each of the involved data 
suppliers. The processed anonymous meta-data of the papers included in this thesis are 
available from the corresponding author upon reasonable request.  



281

Addendum

About the author

Joris Müskens was born on September 8th, 1992 in Nijmegen, 
the Netherlands. He completed his secondary school in 2010 at 
the Canisius College om Nijmegen, over the course of which he 
developed an interest in research and the workings of the human 
body. These interests led him starting his bachelor in medical 
biology in 2011 at the Radboud University Nijmegen. Over the 
course of his bachelor, he became particularly interested in 
neurobiology and the associated research. Eventually leading 
into him following an research masters in medical biology (with 
a focus on neurobiology) at the Radboud university. 

After his graduation in 2017, Joris started his career as a Quality assurance and 
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