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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 major-
ity of chronic ARM users lack an indication for their use and that their long-term use is associated with adverse out-
comes. 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 prescrip-
tion 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 practi-
tioners (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 sig-
nificant 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 prescrip-
tions. 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.

Trial registration 10/31/2023 NCT06108817.
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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 regurgita-
tion [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 dyspha-
gia [7-11].

Numerous studies have demonstrated an association
between the development of dyspepsia and various life-
style factors including diet, smoking, alcohol consump-
tion, excessive body mass, and mental state [9-12].
Dutch guidelines for general practitioners (GPs) there-
fore 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 gen-
eral practice in 2020, with over 2.2 million users [16—19].
Although short-term ARM prescriptions are an effec-
tive way to control acid-related disease, the chronic pre-
scription of ARM is only indicated in specific situations.
According to the guidelines for Dutch GPs, chronic pre-
scriptions 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 gen-
eral 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 treat-
ment. Patient decision aids help patients comprehend
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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 evi-
dence of their effectiveness is limited. Only one study by
Krol et al., showed that the provision of patient informa-
tion can effectively reduce low-value chronic ARM use
through provision 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 indica-
tions. 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 sub-
set 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, rep-
resenting approximately 2 million registered patients
[28]. Furthermore, the database contains longitudinal
information regarding patient characteristics such as
age, sex, GP consultations, diagnoses, and drug prescrip-
tions. Socioeconomic status (SES) scores (on the level of
Dutch postal codes) were obtained from the Central Sta-
tistical 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 Classifi-
cation of Primary Care version 1 (ICPC-1). Prescriptions
are recorded using the Anatomical Therapeutic Chemi-
cal 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 num-
ber 2022-13,579).

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 dys-
pepsia (Table 1 contains an elaborate description of
the intervention materials). After signing up, practices
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Table 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.

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 treat-
ment of dyspepsia. Additionally, both the flyers and
posters contained a QR-code linking to a decision aid
explaining the correct indications and causes of dys-
pepsia. The intervention materials are added as Supple-
mentary file 1.

Sample size calculation

Based on a z-test sample size calculation using the
proportion of patients that received an inappropri-
ate 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 min-
imum 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 receiv-
ing 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 dyspep-
sia. 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 interven-
tion 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 con-
ducted 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 per-
formed 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 obser-
vations on the level of the patient. Generalised vari-
ance 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 3). 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
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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 prac-
tice 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 visuali-
sation was performed using R (version 4.4.2) [36].
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Results

A total of 24 practices responded to our call for partici-
pation within the recruitment period. These 24 practices
were randomly assigned to either the intervention or
control group, resulting in 13 practices in the interven-
tion 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. Tables 2 and 3 provide a general overview of

Table 2 General overview of patient characteristics over both the 2021 and 2022 cohorts

Intervention group

2022

2021 2022

Variables Control group
2021

Median no. of patients per practice [25-75 3,148 [2,743 — 4,007]

percentile]

Average age [£SD] 40.0[£23.3]

Average socioeconomic status [+SD] 0.087 [£0.23]

3,038 [2,609 - 4,194]

40.2 [£23.3]
0.089 [+0.23]

2,801 [2,492-4,079] 2,771 [2,433-4,055]

422 [£21.1]
0.047 [£0.21]

42.3[£23.1]
0.046 [+0,21]

Table 3 Cohort characteristics of both the control and interventions groups

Variables Control group Intervention group
2021 2022 2021 2022
No. of No. of No. of No. of No. of No. of No. of No. of patients
patients with patients with patients with patients with patients with patients with patients with with a low-
a chronic a low-value a chronic alow-value a chronic alow-value a chronic value chronic
prescription  chronic prescription  chronic prescription  chronic prescription  prescription
prescription prescription prescription
No. of 1,982 996 (50.3%) 1,894 942 (49.7%) 1,733 889 (51.3%) 1,694 899 (53.1%)
patients with
a chronic
ARMs pre-
scription
9% female 54.1% 54.6% 53.3% 54.8% 62.2% 54.7% 54.8% 56.1%
No. of patients per age category
0-49 229 225 229 227 155 152 165 163
50-59 299 291 258 255 275 271 270 266
60-69 456 328 438 302 452 333 435 326
70-79 555 152 560 158 487 133 492 144
80 + 443 0 409 0 364 0 332 0
No. of patients per SES category
Lowest 359 178 315 164 587 335 545 324
Below aver- 269 139 545 241 319 158 298 160
age
Average 678 327 392 183 146 93 131 77
Above aver- 339 158 294 142 601 266 636 298
age
Highest 337 194 348 212 80 37 84 40
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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 inter-
vention 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 analy-
sis of the types of ARMs used over both periods revealed
that the majority of patients used a PPL 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. Further-
more, 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 propor-
tion 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 perfor-
mance 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 signifi-
cant difference in low-value chronic ARM prescrip-
tion 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 4 contains
an overview of the study outcomes after removal of the
patients aged 80+, and Table 5 contains the odds ratio
resulting from the subsequent statistical analysis.

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.
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Table 5 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

Proportion Proportion Odds ratio of receiving a
low-value  low-value low-value ARM between
2021 (%) 2022 (%) control/intervention over
2021/2022 + [95% Cl]
Control 64,7% 63,4% 1.11[0.84-1.47]
Intervention 64,9% 66,0%

Furthermore, no significant difference in the number of
patients receiving a low-value chronic ARM prescrip-
tion 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 pre-
scribed another ARM). This suggests that it is highly
unlikely that the lack of an effect following our inter-
vention 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 interven-
tions 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 com-
pletely 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

Table 4 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

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%
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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 formulat-
ing 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 dem-
onstrated 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 eval-
uation. 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% in the control group (24% reduction vs. 7%, respec-
tively) [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 dif-
ference could explain why we did not observe a difference
in low-value chronic ARM prescribing between the con-
trol 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 ear-
lier 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 cur-
rent 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 gen-
erated on the appropriate use of ARM. Also, the publica-
tion of a report by the Dutch National Health Institute
discussed the state of (appropriate) care provision for
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patients with dyspepsia early in 2021. This public atten-
tion 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 participat-
ing practices might already have affinity with improv-
ing 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 interven-
tion 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 exist-
ence 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 dyspep-
sia. 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 indica-
tions 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 con-
text) [42, 43]. Additionally, it shows that the effectiveness
of deimplementation strategies and interventions depend
on contextual factors, such as workplace culture or eco-
nomic 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 col-
lected 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
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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 inter-
vention. Second, there were also some methodologi-
cal limitations regarding our assessment of low-value
chronic ARM prescription among GPs, as discussed
in our previous study [20]. There is an inherent uncer-
tainty 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 rec-
ommendations 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 dos-
age of a NSAID. However, information regarding
the dosage of the prescribed NSAIDs was unavail-
able in the data used. We were also unable to iden-
tify 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 analy-
sis. 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, mak-
ing defining chronic heartburn challenging. Third,
unfortunately we are unable to monitor the number of
patients that actually accessed or used the monitor fol-
lowing a visit to their GP. We did contact participat-
ing practices to obtain an indication of whether or not
patients used the decision-aid. Unfortunately, the par-
ticipating 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 percep-
tion of ARMs as relatively harmless. ARMs are read-
ily available over the counter at most drugstores in the
Netherlands. Thus, it is likely that our assessment still
underestimates the true extent, as we could not cap-
ture all chronic ARM users in this study, particularly
those using non-prescription ARMs.
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Conclusion

Our educational intervention did not result in a change
in the low-value chronic prescription of ARM, suggest-
ing 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-cen-
tred decision aid and reduce low-value chronic prescrib-
ing ARM.

Abbreviations

ARM Acid Reducing Medication

ATC Anatomical Therapeutic Chemical

CBS Central Statistical Office

@ Confidence Interval

GP General Practitioner

GVIF Generalised variance inflation factors

ICPC-1 International Classification of Primary Care version 1

Nivel-PCD  Nivel-Primary Care Database
OR Odds Ratio

PPI Proton Pump Inhibitor

SES Socioeconomic status

SD Standard deviation

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512875-024-02351-2.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Acknowledgements
Not applicable.

Authors’ contributions

JM, RBK, SvD and GW designed and initiated the study. JM, RBK, SvD were
involved in selection and development of the data definitions for the exam-
ined types of care. JIM performed the data analysis, and was supervised by
RBK, SvD and KH during the process. JM wrote the manuscript with support
from the research team. All authors commented on the manuscript and suc-
cessive drafts to it. All authors contributed to the manuscript. All authors read
and approved the final manuscript.

Funding
This work was supported by ZonMw, a Dutch organization for Health Research
and Development (grant number 839205002).

Availability of data and materials

The data that support the findings of this study are available from the Nivel,
but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. However, the
data as presented in this study are available from the authors upon reasonable
request and with permission of the Nivel.

Declarations

Ethics approval and consent to participate

The protocol for this research was approved by the Research Ethics Commit-
tee of the Radboud University Medical Centre (dossier number 2022-13579).
Additionally, this study was approved by the relevant governance bodies of
the Nivel-PCD (nr. NZR00322.017). The research was conducted in accordance
with the Declaration of Helsinki. Practices and their patients contributing to


https://doi.org/10.1186/s12875-024-02351-2
https://doi.org/10.1186/s12875-024-02351-2

Muskens et al. BMC Primary Care

(2024) 25:106

the Nivel-PCD are aware of and have given informed consent to the use of
their data for research.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'1Q Health Science Department, Radboud University Medical Center, Research
Institute for Medical Innovation, Nijmegen, The Netherlands. 2Nivel, Nether-
lands Institute for Health Services Research, Utrecht, The Netherlands.

Received: 9 October 2023 Accepted: 27 March 2024
Published online: 04 April 2024

References

1.

Ford AC, Marwaha A, Sood R, Moayyedi P. Global prevalence of,

and risk factors for, uninvestigated dyspepsia: a meta-analysis. Gut.
2015,64(7):1049-57.

Eusebi LH, Ratnakumaran R, Yuan Y, Solaymani-Dodaran M, Bazzoli F, Ford
AC. Global prevalence of, and risk factors for, gastro-oesophageal reflux
symptoms: a meta-analysis. Gut. 2018;67(3):430-40.

Nirwan JS, Hasan SS, Babar ZU, Conway BR, Ghori MU. Global prevalence
and risk factors of Gastro-oesophageal reflux Disease (GORD): systematic
review with meta-analysis. Sci Rep. 2020;10(1):5814.
ZorginstituutNederland. Verbetersignalement Maagklachten. in Zinnige
Zorg 2021.

Barberio B, Mahadeva S, Black CJ, Savarino EV, Ford AC. Systematic
review with meta-analysis: global prevalence of uninvestigated
dyspepsia according to the Rome criteria. Aliment Pharmacol Ther.
2020;52(5):762-73.

Mahadeva S, Goh KL. Epidemiology of functional dyspepsia: a global
perspective. World J Gastroenterol. 2006;12(17):2661-6.

Talley NJ, Vakil N. Guidelines for the management of dyspepsia. Am J
Gastroenterol. 2005;100(10):2324-37.

Ikenberry SO, Harrison ME, Lichtenstein D, Dominitz JA, Anderson MA,
Jagannath SB, et al. The role of endoscopy in dyspepsia. Gastrointest
Endosc. 2007;66(6):1071-5.

Feinle-Bisset C, Azpiroz F. Dietary and lifestyle factors in functional dys-
pepsia. Nat Rev Gastroenterol Hepatol. 2013;10(3):150-7.

Pesce M, Cargiolli M, Cassarano S, Polese B, De Conno B, Aurino L, et al.
Diet and functional dyspepsia: clinical correlates and therapeutic per-
spectives. World J Gastroenterol. 2020;26(5):456—65.

Zhang M, Hou ZK, Huang ZB, Chen XL, Liu FB. Dietary and lifestyle factors
related to gastroesophageal reflux disease: a systematic review. Ther Clin
Risk Manag. 2021;17:305-23.

Huang ZP, Wang K, Duan YH, Yang G. Correlation between lifestyle and
social factors in functional dyspepsia among college freshmen. J Int Med
Res. 2020;48(8):300060520939702.

Nederlands Huisartsen Genootschap. NHG-Standaard: Maagklachten:
NHG; 2021. Available from: https://richtlijnen.nhg.org/standaarden/
maagklachten. Accessed 15 Sept 2023.

Genootschap NH. NHG behandelrichtlijn Preventie van maagcomplica-
ties door geneesmiddelgebruik: Nederlandse Huisartsen Genootsc-

hap; 2021. Available from: https://richtlijnen.nhg.org/behandelri
chtlijnen/preventie-van-maagcomplicaties-door-geneesmiddelgeb

ruik. Accessed 15 Sept 2023.

Shanika LGT, Reynolds A, Pattison S, Braund R. Proton pump inhibitor use:
systematic review of global trends and practices. Eur J Clin Pharmacol.
2023;79(9):1159-72.

Nielen M, Hek K, Korevaar J, van Dijk L, Weesie Y. Cijfers huisartsen - Voor-
geschreven geneesmiddelen. www.nivel.nl 2021 [updated 18-11-2021].
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/voorgeschreven-
geneesmiddelen-cijfers-huisartsen. Accessed 24 May 2023.

Nielen M, Hek K. Jaarcijfers aandoeningen - Huisartsenregistraties www.
nivel.nl 2022. https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

Page 8 of 9

jaarcijfers-aandoeningen-huisartsenregistraties. Accessed 24 May 2023.
Updated 07-02-2022.

. GlIPdatabank. Aantal gebruikers 2017-2021 voor ATC-subgroep A02B :

Middelen bij ulcus pepticum en gastro-oesofageale reflux gipdatabank.
nl: Zorginstituut Nederland; 2022. Available from: https://www.gipda
tabank.nl/databank?infotype=g&label=00-totaal&tabel=B_01-basis&
geg=gebr&item=A02B. Accessed 24 May 2023.

. Lanas A. We are using too many PPIs, and we need to stop: a European

perspective. Am J Gastroenterol. 2016;111(8):1085-6.

Muskens JL, van Dulmen SA, Wiersma T, Burgers JS, Hek K, Westert GP,
Kool RB. Low-value pharmaceutical care among Dutch GPs: a retrospec-
tive cohort study. Br J Gen Pract. 2022;72(718):e369-377.

Jung SB, Nagaraja V, Kapur A, Eslick GD. Association between vitamin

B12 deficiency and long-term use of acid-lowering agents: a systematic
review and meta-analysis. Intern Med J. 2015;45(4):409-16.

Nochaiwong S, Ruengorn C, Awiphan R, Koyratkoson K, Chaisai C, Noppa-
kun K, et al. The association between Proton pump inhibitor use and the
risk of adverse kidney outcomes: a systematic review and meta-analysis.
Nephrol Dial Transpl. 2018;33(2):331-42.

Willems RPJ, van Dijk K, Ket JCF, Vandenbroucke-Grauls C. Evaluation of
the Association between gastric acid suppression and risk of intestinal
colonization with Multidrug-resistant microorganisms: a systematic
review and Meta-analysis. JAMA Intern Med. 2020;180(4):561-71.

Trifan A, Stanciu C, Girleanu |, Stoica OC, Singeap AM, Maxim R, et al.
Proton pump inhibitors therapy and risk of clostridium difficile infec-
tion: systematic review and meta-analysis. World J Gastroenterol.
2017;23(35):6500-15.

Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision
aids for people facing health treatment or screening decisions. Cochrane
Database Syst Rev. 2017;4(4):Cd001431.

Ankolekar A, Dekker A, Fijten R, Berlanga A. The benefits and challenges
of using patient decision aids to support shared decision making in
health care. JCO Clin Cancer Inf. 2018;2:1-10.

Krol N, Wensing M, Haaijer-Ruskamp F, Muris JW, Numans ME, Schatten-
berg G, et al. Patient-directed strategy to reduce prescribing for patients
with dyspepsia in general practice: a randomized trial. Aliment Pharmacol
Ther. 2004;19(8):917-22.

Hendriksen J, Hooiveld M, Nielen M, Hek K. Methoden vaststellen cijfers
Nivel Zorgregistraties Eerste Lijn 2021. https://www.nivel.nl/nl/zorgregist
raties-eerste-lijn/methoden. Accessed 10 Aug 2023.

(CBS) CSO. Sociaal-Economische status per postcode 2019. In: (CBS) CSO,
editor,; 2022.

Thuisarts. Decision-aid dyspepsia 2023. Available from: https://www.thuis
arts.nl/keuzehulp/maagklachten. Accessed 22 Sept 2023.

Chalmers K, Pearson SA, Elshaug AG. Quantifying low-value

care: a patient-centric versus service-centric lens. BMJ Qual Saf.
2017;26(10):855-8.

LLCSS, Station C, editors. Stata Statistical Software: release 16. p. StataCorp.
2019. Stata Statistical Software: release 16. TX: StataCorp LLC.: StataCorp
LLC; 2019.

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.

David JL, Kaplan HB. Gender, social roles and health care utilization. Appl
Behav Sci Rev. 1995;3(1):39-64.

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender differences
in the utilization of health care services. J Fam Pract. 2000,49(2):147-52.

R Core Team. R: a language and environment for statistical computing.
v3.6.3 ed. Vienna, Austria: R foundation for Statistical Computing; 2019.
Boster J, Lowry LE, Bezzant ML, Kuiper B, Surry L. Reducing the Inappro-
priate Use of Proton Pump inhibitors in an Internal Medicine Residency
Clinic. Cureus. 2020;12(1):6609.

Murie J, Allen J, Simmonds R, de Wet C. Glad you brought it up: a patient-
centred programme to reduce proton-pump inhibitor prescribing in
general medical practice. Qual Prim Care. 2012;20(2):141-8.

. Coyle C, Symonds R, Allan J, Dawson S, Russell S, Smith A, et al. Sustained

proton pump inhibitor deprescribing among dyspeptic patients in
general practice: a return to self-management through a programme
of education and alginate rescue therapy. A prospective interventional
study. BJGP Open. 2019;3(3):bjgpopen19X101651.


https://richtlijnen.nhg.org/standaarden/maagklachten
https://richtlijnen.nhg.org/standaarden/maagklachten
https://richtlijnen.nhg.org/behandelrichtlijnen/preventie-van-maagcomplicaties-door-geneesmiddelgebruik
https://richtlijnen.nhg.org/behandelrichtlijnen/preventie-van-maagcomplicaties-door-geneesmiddelgebruik
https://richtlijnen.nhg.org/behandelrichtlijnen/preventie-van-maagcomplicaties-door-geneesmiddelgebruik
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/voorgeschreven-geneesmiddelen-cijfers-huisartsen
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/voorgeschreven-geneesmiddelen-cijfers-huisartsen
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/jaarcijfers-aandoeningen-huisartsenregistraties
https://www.nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/jaarcijfers-aandoeningen-huisartsenregistraties
https://www.gipdatabank.nl/databank?infotype=g&label=00-totaal&tabel=B_01-basis&geg=gebr&item=A02B
https://www.gipdatabank.nl/databank?infotype=g&label=00-totaal&tabel=B_01-basis&geg=gebr&item=A02B
https://www.gipdatabank.nl/databank?infotype=g&label=00-totaal&tabel=B_01-basis&geg=gebr&item=A02B
https://www.nivel.nl/nl/zorgregistraties-eerste-lijn/methoden
https://www.nivel.nl/nl/zorgregistraties-eerste-lijn/methoden
https://www.thuisarts.nl/keuzehulp/maagklachten
https://www.thuisarts.nl/keuzehulp/maagklachten

Muskens et al. BMC Primary Care (2024) 25:106

40.

41.

42.

43.

Dibley LB, Norton C, Jones R. Non-pharmacological intervention for
gastro-oesophageal reflux disease in primary care. Br J Gen Pract.
2010,60(581):2459-465.

Batuwitage BT, Kingham JG, Morgan NE, Bartlett RL. Inappropriate
prescribing of proton pump inhibitors in primary care. Postgrad Med J.
2007;83(975):66-8.

Heus P, van Dulmen SA, Weenink JW, Naaktgeboren CA, Takada T, Verkerk
EW, et al. What are effective strategies to Reduce Low-Value Care? An
analysis of 121 randomized Deimplementation studies. J Healthc Qual.
2023;45(5):261-71.

Ingvarsson S, Hasson H, von Thiele Schwarz U, Nilsen P, Powell BJ, Lind-
berg C, Augustsson H. Strategies for de-implementation of low-value
care—a scoping review. Implement Sci. 2022;17(1):73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9



	Low-value chronic prescription of acid reducing medication among Dutch general practitioners: impact of a patient education intervention
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Study design, phases and setting
	Intervention and recruitment
	Sample size calculation
	Randomisation
	Assessment of the low-value chronic prescription of acid reducing medication
	Statistical analysis of the difference in prescribing over the two periods

	Results
	Discussion
	Comparison with other research
	Analysis absence of effect
	Strengths & limitations

	Conclusion
	Acknowledgements
	References


