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Abstract

Background Drug-disease interactions are situations where pharmacotherapy may have a negative effect on patients’ comor-
bidities. In these cases, it can be necessary to avoid that drug, adjust its dose or monitor therapy. In the Netherlands, phar-
macists have developed a best practice how to systematically evaluate drug-disease interactions based on pharmacological
considerations and implement recommendations for specific drug-disease interactions. Aim To describe the development of
recommendations for drug-disease interactions and the implementation in prescribing and dispensing practice in the Nether-
lands. Setting Pharmacies and physicians’ practices in primary care and hospitals in the Netherlands. Development A multi-
disciplinary expert panel assessed if diseases had clinically relevant drug-disease interactions and evaluated drug-disease
interactions by literature review and expert opinion, and subsequently developed practice recommendations. Implementation
The recommendations were implemented in all clinical decision support systems in primary care and hospitals throughout
the Netherlands. Evaluation Recommendations were developed for 57 diseases and conditions. Cardiovascular diseases
have the most drug-disease interactions (n=12, e.g. long QT-syndrome, heart failure), followed by conditions related to the
reproductive system (n=7, e.g. pregnancy). The number of drugs with recommendations differed between 6 for endometrio-
sis and tympanostomy tubes, and up to 1171 in the case of porphyria or even all drugs for pregnancy. Conclusion Practice
recommendations for drug-disease interactions were developed, and implemented in prescribing and dispensing practice.
These recommendations support both pharmacists and physicians by signalling clinically relevant drug-disease interactions
at point of care, thereby improving medication safety. This practice may be adopted and contribute to safer medication use
in other countries as well.

Keywords Best practice - Clinical decision support - Drug-disease interactions - Medication safety - Pharmacy practice -
The Netherlands
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implementation of this knowledge in settings outside the
Netherlands.

Barriers to best practice

e It is a substantial effort to set up a multi-disciplinary
expert panel and maintain existing drug-disease inter-
actions, since the recommendations need to be revised
regularly and new recommendations have to be devel-
oped for newly marketed drugs.

¢ Differences in organisation in health care in other coun-
tries, other responsibilities of pharmacists and legal
issues may limit implementation of drug-disease inter-
action signalling in other countries.

e Recommendations have been developed mainly in Dutch,
which hampers international dissemination. Publication
of methodology and findings for specific drug-disease
interactions in international, peer-reviewed journals will
contribute to further distribution of this knowledge.

Background

In the Netherlands, pharmacists alter 1.8% of all prescrip-
tions in community pharmacies due to drug related problems
(DRPs). A contra-indication for a morbidity or condition is
the underlying problem in 2.2% of these prescriptions [1].
These figures show that management of medication safety
in patients with multi-morbidity—more than one chronic
disease—is an important task for pharmacists [2]. European
countries are facing an ageing population with more chronic
diseases, so organisation of health care is becoming more
demanding [3]. In many countries, the number of patients
with multi-morbidity is increasing [3], who subsequently
use more medication compared to patients with a single
condition [4]. Because both the number of patients and the
number of medications per patient is increasing, solutions
to assist the pharmacist in managing medication safety are
required.

Pharmacists contribute to medication safety by identify-
ing, resolving and preventing DRPs [5]. DRPs are circum-
stances that involve a patient’s medication treatment that
actually or potentially interfere with the achievement of an
optimal health outcome [1, 5]. Pharmacists most commonly
use well-known handbooks such as Stockley’s Drug Inter-
actions as resources to resolve DRPs regarding drug-drug
interactions. Implementation of alerts for drug-drug inter-
actions in clinical decision support systems (CDSSs) facili-
tates more advanced support to health care professionals
than handbooks do [6]. However, for a wide range of DRPs
health care professionals are not supported by solutions in
their CDSSs.

@ Springer

One of the DRPs where knowledge or practical solu-
tions are not widely available, are drug-disease interactions
(DDSIs). DDSIs are situations where pharmacotherapy
intended to treat one disease may cause worsening of another
comorbidity or condition. In the perspective of this best
practice, this does not have to be a pathological condition.
Other conditions such as pregnancy and wearing contact
lenses are also included as clinically relevant conditions that
can lead to a DDSI.

DDSIs are often described in the Summary of Product
Characteristics (SmPC). These statements are not always
optimal in practice, as advice concerning DDSIs in SmPCs
are sometimes not clearly motivated or give impractical rec-
ommendations. Other sources for recommendations than the
SmPC, are available for some comorbidities and conditions
such as renal impairment, cirrhosis and pregnancy/lactation
[7]. As far as we are aware, guidelines or practical recom-
mendations for DDSIs covering a wide range of comorbidi-
ties are uncommon.

In the Netherlands, pharmacists have developed a practice
over several decades to analyse and evaluate possible DDSIs
based on pharmacological considerations, and formulated
practice recommendations for specific drugs [7]. This prac-
tice has resulted in a set of motivated, clinically relevant
DDSIs and practice recommendations. On the other hand,
some comorbidities and drugs were assessed as clinically
irrelevant DDSIs for which no practice recommendations
were developed. The clinically relevant practice recommen-
dations are implemented in CDSSs, which are able to signal
DDSIs and give specified recommendations at point of care.

Aim

The aim of this best practice paper is to describe the devel-
opment of recommendations for drug-disease interactions
and the implementation in prescribing and dispensing prac-
tice in the Netherlands.

Development

DDSIs in prescribing and dispensing practice
in the Dutch healthcare system

Around 2000 pharmacies are established in the Netherlands,
evenly distributed across the country, serving around 8650
patients each [8]. The geographical access to healthcare ser-
vices is good, with a mean distance of 1 km between the
patient’s home and the general practitioner (GP) or pharma-
cist [9]. Residents of the Netherlands register with a single
GP of their choice and also with a single community phar-
macy [10]. The patient can choose his or her own pharmacy,
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yet switching between community pharmacies is rare: almost
90% of the patients visit only their own community phar-
macy [11]. Registering with a pharmacy provides several
benefits: dispensing of chronic medication is organized more
efficiently and the pharmacist has a full medication history
to check medication safety before dispensing a new drug
according to the most recent patient and medication char-
acteristics. Nearly all (80-90%) of the GPs use a system
to allow for standardized exchange of relevant patient data
with community pharmacies (relevant lab results, DDSIs,
medication history) [12]. Diseases or conditions of a patient
are registered by code, making exchange of this informa-
tion with other systems possible. Since July 2007, commu-
nity pharmacists in the Netherlands have been included in
the Dutch Medical Treatment Contracts Act (WGBO). The
WGBO regulates the contract between health care profes-
sional and patient and sets out requirements on professional
confidentiality, maintaining adequate medical records and
patients’ rights [13]. This means pharmaceutical patient care
is a shared responsibility between pharmacist and physician,
and exchange of information and discussion of appropriate
management is an essential part of this process [14].

A referral from a GP is always necessary to see a medical
specialist for the first time in the Netherlands, unless in the
case of an emergency. If a patient is hospitalized or other-
wise sees a specialist other than the GP, the specialist will
inform the GP and/or pharmacist with the most recent medi-
cal data of the patient [15]. The prescribing of medication is,
with a few exceptions, the responsibility of physicians, and
the process starts with identification of the problem (diag-
nosis) and setting a therapeutic goal. Next, the physician
chooses the treatment, and determines whether this option is
suitable for the individual patients by checking, for instance,
potential contra-indications [16]. After prescription, the
community pharmacist dispenses medication to ambulatory
patients. Before dispensing, the pharmacist is responsible for
management of DRPs [5]. Hospital pharmacists are respon-
sible for dispensing medication that is prescribed to patients
admitted to the hospital. Medication prescribed to ambula-
tory patients by consulting physicians in outpatient wards
is dispensed by community pharmacies. In many hospitals,
outpatient pharmacies that are specialised in transitional
aspects of pharmaceutical care are located near the hospital.

In the Netherlands, pharmacies use clinical decision
support implemented in their pharmacy information system
that generates alerts for DRPs, such as drug hypersensitiv-
ity, drug-drug interactions and DDSIs. Alerts are based on
information in one of two national drug databases, called
Pharmabase and G-standaard, which contain 2063 author-
ised drugs. The two databases are very similar and share a
common methodology for the evaluation of most DDSIs (see
also Development) [7]. All pharmacies in the Netherlands
have access to the information on DDSIs described in this

best practice paper. Hospitals in the Netherlands use differ-
ent CDSSs but rely on the same databases for their digital-
ized drug safety information as primary care pharmacists
and physicians [17]. On top of the general information from
the database, hospital pharmacists have often developed
additional clinical rules [18]. Use of these clinical rules is
out of the scope of this article. To provide a better overview
of the Dutch healthcare setting, the patient journey for get-
ting a prescription drug in primary care, and the role of sup-
porting software is illustrated in Fig. 1.

Besides getting a prescription drug from a pharmacy, it is
also possible to buy Over The Counter (OTC) drugs without
a prescription in drugstores or supermarkets. These drugs
are generally recognised as safe, such as nicotine patches,
non-opioid analgesics and some antacids, and are sold in
small packages only. A certified person needs to give advice
when necessary. Patients are advised to inform their phy-
sician and pharmacist of non-prescription drugs bought at
other retailers.

The process of developing the recommendations
for DDSIs

A national, multi-disciplinary expert panel develops recom-
mendations for DDSIs. This panel consists of 12 health care
professionals: community and hospital pharmacists, several
physicians (e.g. GPs, internists), and pharmacists experi-
enced in evidence-based medicine and clinical decision
support. The panel follows a six-step plan starting with a
definition of the scope of the DDSI, describing the relevant
effects for the specific disease or condition (step 1), and the
drugs to be evaluated (step 2). These steps result in a specific
disease or condition for which clinically relevant alerts have
to be developed and specific drugs to be evaluated. Next,
evidence for the DDSI is collected from literature, the prod-
uct information, and secondary sources as guidelines and
handbooks, which is presented in a report (steps 3 and 4).
The panel discusses the reports and concludes about prac-
tice recommendations after which they will be implemented
(steps 5 and 6). The steps of this standardized methodology
are described in more detail in a separate review [7].
Requests for diseases to be evaluated come from health care
professionals based on their needs for guidance in medication
safety in clinical practice. Not all requests result in new DDSIs,
as for many diseases there is no need or insufficient evidence
for practice recommendations. For instance, conditions such as
hyperkalemia or hyponatremia require immediate treatment in
the hospital, and are therefore no longer a relevant comorbid-
ity at discharge. Dementia is another example for which no
practice recommendations were developed. According to the
expert panel, this disease was not specific enough and treat-
ment will often occur in specialized nursing homes where safe

@ Springer
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General Practitioner

Patient interaction

* Define the patient’s problem: e.g. complaint
as described by patient, physical
examination, tests

* Specify therapeutic objective

* Choose preferred treatment

* Verify suitability of treatment in the context
of DDSls.

- Communicationwith pharmacist

Software support

* Consult patient’s entire medical history

* Suggestions to register new conditions or
DDSI’s based on diagnosis

* Prescribe drug electronically, which is sent to
patient’s pharmacy

Ml Drug-disease interaction signalling

Pharmacy/pharmacist

— Software support

* Registration of - if applicable - new DDSI’s

* Consult patient’s medication history

* Dose verification

* Labresults

e Other medication safety alerts (e.g. drug
hypersensitivity, drug-drug interactions)

Ml Drug-disease interaction signalling

-> Communication with physician

Patient interaction

e First-use instruction

* Discuss patient preferences

e Discuss adherence and inform about usage of new
drug with drugs already in use

* Solve logistic and financial issues

* Dispense drug

Fig. 1 Example of patient journey from GP office to pharmacy and the way clinical decision support software can help these health care provid-

ers with signalling and resolving DDSIs

use of medication is guided by protocols developed for this
setting [19].

An important aspect of the development of recommenda-
tions is the authority of the expert panel to exclude a specific
DDSI because it is deemed to be irrelevant for clinical prac-
tice. In this situation, no alert will be generated, even if this is
in contrast with information in the official product information
or evidence from clinical studies. These conclusions aim to
prevent alert fatigue. The motivations of these conclusions are
available to all users in the background information, including
expert opinions. An example of a clinical irrelevant DDSI is
use of the anti-depressant sertraline in diabetic patients. The
SmPC of sertraline gives a warning for the use of the drug in
diabetic patients. There are studies that describe some effect
of sertraline on glucose levels [20]. However, there are also
studies that do not see significant effects [21]. Besides these
contradictory results, the indication of sertraline—depres-
sion—can also affect the patient’s diabetes and subsequently
treatment of this disease as well. Therefore, it was concluded
that evidence and clinical relevance were too little and no prac-
tice recommendation was implemented.

Implementation
If the DDSI is assessed as clinically relevant and prac-

tice recommendations are developed, these practice rec-
ommendations are implemented in the two national drug

@ Springer

information databases and uploaded to the CDSSs of Dutch
pharmacies (circa 2000), general practices (circa 5000) and
hospitals (circa 116) [22]. Integration of these practice rec-
ommendations are part of the CDSSs, so there is no need
for additional software or subscriptions. Hospital pharma-
cists use other CDSS software than community pharmacist.
Often, a selection of all available DDSI recommendations
(e.g. renal impairment) is used, mostly implemented as sepa-
rate clinical rules. Once a disease or condition that is part of
a DDSI is registered in the patient record, the CDSSs will
check if a prescription will lead to a DDSI at point of care.
If so, an alert will show the practice recommendation for the
specific DDSI. To show the routing and possible resolutions
of DDSI alerts, several examples are presented in Fig. 2.

Evaluation

Table 1 describes the diseases and conditions that are con-
sidered as clinically relevant DDSIs in the Netherlands, and
for which practice recommendations were developed. For
every disease or condition, the frequency in the Netherlands
is shown to give an idea of the health care burden. The total
number of diseases and conditions with DDSI alerts is 57,
with cardiovascular diseases (n=12) and conditions related
to the reproductive system (n=7) as the largest groups.
The Table illustrates that there is great variation between
the diseases and conditions with respect to the number of
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Patient

Condition

Current medication
Prescription (drug, dosing)

Case |

Caselll

Case lll

Case IV

Male, 68 years old

Heart failure

Enalapril, furosemide, metoprolol
Ibuprofen, 400 mg 3 times daily

Female, 71 years old

Parkinson's disease, QT-prolongation
Levodopa, carbidopa, entacapone
Metoclopramide, 10 mg 3 times daily

Female, 60 years old
Hypothyroidism
Levothyroxine

Digoxin, 0.125 mg once daily

Male, 58 years old

Liver cirrhosis, Child-Pugh score B
None

Pantoprazole, 20 mg once daily

DDSI

NSAIDs inhibit renal prostaglandin Metoclopramide is a non-selective Renal clearance of digoxin can be Pantoprazole is mainly metabolized

production. Renal prostaglandin dopamine antagonist, which can reduced in case of hypothyroidism, by the liver. This hepatic metabolism

maintains the kidney perfusion in cross the blood-brain barrier. This leading to increased exposure to is affected by cirrhosis, leading to an

patients with heart failure. NSAIDs can lead to extrapyramidal side digoxin and possible digoxin toxicity. | increased exposure.

can impair this already vulnerable effects. It also can potentially lead to

kidney perfusion in patients with QT-prolongation or Torsades de

heart failure. Pointes. n n n
Recommendation

Replace NSAID by alternative
analgesic. If alternatives are not an
option: Use minimal dose and inform
prescribing physician to check renal
function at least twice

annually; Inform patient to contact
their physician in case of swollen
ankles/feet, unusual weight gain or
shortness of breath.

n

Parkinson’s Disease:

Replace metoclopramide for
domperidone. If alternative is not an
option, inform patient about possible
worsening of symptoms of
Parkinson’s disease.

QT-prolongation:
Choose an alternative anti-emetic.

n

Verify with patient if thyroid function
is stable. If so, dispense digoxin. If
thyroid function is unknown or not
stable, inform physician of increased
effect of digoxin and potentially
needed dose adjustment when
patient is euthyroid. Inform patient
about symptoms of digoxin toxicity
and to consult physician if symptoms
occur.

n

Choose an alternative proton pump
inhibitor witch is safe to use in
patients with Child-Pugh score B
cirrhosis, e.g. esomeprazole.

n

Action of pharmacist

- Physician was consulted to replace
ibuprofen for paracetamol. However,
this was not a suitable alternative.

- Prescription was altered to:
ibuprofen 200 mg 4 times daily.
Renal function measurement was
planned for in 2 weeks.

- Patient was informed about altered
prescription and instructed to
contact physician in case of
increased symptoms of heart failure.

- Physician was consulted for
replacement of metoclopramide by
domperidone, keeping in mind the
higher risk for QT-prolongation.

- Prescription was altered to:
domperidone 10 mg 3 times daily.
Dosage is cautiously set to minimize
the risk for QT-prolongation.

- Patient was informed about altered
prescription and possible side effects
affecting Parkinson’s Disease or QT-
prolongation.

- Patient was not aware of her
thyroid status. Thyroid status was
not included in patient history.

- Physician was informed about
possible increased effect of digoxin,
dosage did not need to be altered.

- Patient was informed about
possible symptoms of digoxin toxicity
and importance of regular thyroid
function check ups.

- Physician was consulted for
replacement of pantoprazole by
esomeprazole.

- Prescription was altered to:
esomeprazole 20 mg once daily.

- Patient was informed about altered
prescription.

Fig.2 Routing and possible resolutions of several DDSI alerts in pharmacy practice

individual drugs that were assessed as clinically relevant
DDSIs, ranging from 6 to 1171, or even all registered drugs.
For all assessed drugs or drug classes a unique practice rec-
ommendation is developed, of which the number is also
given. This number of unique practice recommendations is
smaller than the number of drugs with the specific disease
as DDSI, because one practice recommendation is often
developed for a drug class (e.g. ACE-inhibitors) instead of
for the individual drugs. An example of the most common
recommendation per disease or condition is given. Some
practice recommendations are a ‘safe to use’-signal. For
these situations, the outcome of the evaluation is given also
when the medication is evaluated as safe. This ‘safe-to-use’
information can be important for the patient and contribute
to improved adherence. The subsequent action for these safe
signals is to inform the patient, for example in the case of
pregnancy. Finally, the Table also depicts the possible phar-
macological mechanisms of the DDSI and an example of
individual drugs or drug classes.

This best practice is not a static given, but is updated
monthly. Up to 2020, the development of recommenda-
tions was a combination of ad-hoc searches for evidence
and expert opinion. However, the standardized and therefore
more transparent methodology that has been developed, will

gradually replace the older evaluations when DDSIs will be
periodically re-assessed [7]. The SmPCs of newly marketed
drugs will be screened for potential DDSIs and updates of
SmPCs will be assessed as well. Lastly, updates of existing
recommendations happen after periodical revisions or are
initiated by questions from health care professionals.

Discussion

A comprehensive way in signalling DDSIs has been devel-
oped in the Netherlands. This best practice includes 57 dis-
eases and conditions for which practice recommendations
have been implemented in CDSSs and for which—online—
background information can be consulted. In primary care,
in about half of the patient records at least one disease or
condition that could lead to a DDSI was registered by phar-
macists [23]. The resolution of these DDSIs is an integrated
part of the responsibilities of pharmacists. This practice
therefore brings added value to the medication safety of
patients in the Netherlands [5, 24, 25].

The largest group of diseases that can lead to a DDSI
was the group of cardiovascular diseases. Cardiovascular
diseases are the most frequent causes of death and highly

@ Springer
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long period of time, and the experience of pharmacists with
implementation in clinical decision support in daily practice.
DDSI signalling has been a part of clinical decision support
since the eighties [31] and this practice evolved from expert
opinions to a transparent, standardized methodology that
combines systematic literature review with a multi-disci-
plinary expert panel [7]. Another advantage is the fact that
these DDSI alerts occur at the point of care during prescrib-
ing (physician) or dispensing (pharmacist) in all systems and
practices. If action is required, both health care professionals
can intervene immediately. In the Netherlands, pharmacists
and physicians have accepted DDSIs as one of the topics in
good prescribing and inter-professional communication for
medication safety [29]. This practice stimulates this inter-
professional communication: alerts may have consequences
for physicians active in another discipline. A pharmacist is
the ideal intermediary to signal these situations and conduct
proper communication and actions since he/she has a more
complete overview of a patient’s medication history.

Three barriers for wider implementation and adoption in
other countries of our best practice need to be discussed.
First, alert fatigue may occur. This is a situation in which a
health care professional is exposed to too many alerts by a
CDSS, which can lead to—accidentally—overriding some
potentially important signals. Alerts without acute risk for
the patient or that do not require action of the pharmacist
contribute to alert fatigue and overriding of signals. A lack
of specificity or sensitivity of alerts could contribute to alert
fatigue as well. This could be solved by implementing more
patient characteristics into the alerts, yet this requires mul-
tidisciplinary agreements on exchange of essential data fol-
lowed by major adjustment in CDSS software that facilitates
complex decision rules and interdisciplinary data exchange
[23, 32]. To minimize the risk of alert fatigue, the balance
between completeness and feasibility in clinical practice is
kept in mind during the entire assessment of a DDSI. Sec-
ondly, a significant number of DDSIs requires substantial
efforts concerning maintenance [33]. The implemented rec-
ommendations are subject to changing clinical insights and
newly marketed drugs. Approximately five pharmacists are
responsible for general maintenance and organisation of two
annual meetings with the multi-disciplinary expert panel.
Finally, this practice is embedded in the Dutch health care
system and regulation. Practice organisation or legislation in
other countries can be different, and may limit the possibili-
ties of direct implementation of this practice. In Germany
for example, electronic patient records were introduced only
recently in community pharmacies [34], contributing to a
more complete medical overview and possibilities to detect
DRPs. A legal prerequisite to perform this best practice is
to have the professional freedom to deviate from documents
such as the SmPC. This best practice sometimes allows pre-
scribing a drug to a patient with a condition contraindicated

@ Springer

by the SmPC. Although off-label prescribing is allowed in
most European countries to some degree, legal restrictions
need to be followed [35]. Another legal restriction may be
the new Medical Device Regulation (MDR). This new Euro-
pean regulation states certain software—such as CDSSs—as
a medical device, which has to comply with this regulation
mandatorily. It is not yet clear if the MDR will affect the
pharmacological knowledge or other aspects that have been
developed in this best practice and implemented in CDSSs.

Although complete implementation of this best prac-
tice can be prone to some legal, technical and practical
hurdles, implementation is possible. As implementation
costs in a CDSS can be substantial, gradual implementa-
tion in clinical rules or via protocols can be organised
easier with lower costs. A technical requisite is that the
data are coded to guarantee compatibility and exchange
between systems and health care providers. This paper
could be a start for implementing a practice for DDSI sig-
nalling. The pharmacological background will be similar
in all countries, but assessment of clinical relevance might
differ per medical speciality and country. Therefore, the
authors would recommend to ‘start low, and go slow’ by
implementing DDSI signalling one by one, and expand
the amount of signals over time. Implementing the prac-
tice internationally will contribute to a wider perspective
and will generate input for discussion and improvement of
the recommendations in the Netherlands. Future research
should also be conducted to study the clinical impact of
the best practice described in this paper, by evaluating the
amount of generated alerts and the actions taken by health
care professionals.

Conclusion

In the Netherlands, practice recommendations for drug-dis-
ease interactions based on pharmacological considerations
and expert opinion have been developed for 57 diseases and
conditions. These recommendations have been implemented
in clinical decision support systems, supporting both phar-
macists and physicians by signalling drug-disease interac-
tions at point of care, thereby improving medication safety.
This practice may be adopted and contribute to safer medica-
tion use in other countries as well.

Conflicts of interest Maaike M. E. Diesveld, Suzanne de Klerk and
Sander D. Borgsteede are employed at Health Base Foundation (HBF),
an independent, non-commercial foundation that maintains a drug
information database (Pharmabase) and supports health care profes-
sional with a clinical decision support system. The drug-disease inter-
actions studied in this manuscript are subject to medical information
provided by HBF.



International Journal of Clinical Pharmacy (2021) 43:1437-1450

1449

References

10.

11.

12.

14.

15.

16.

17.

18.

van Loon WE, Borgsteede SD, Baas GW, Kruijtbosch M, Buurma
H, De Smet PAGM, et al. Nature and frequency of prescription
modifications in community pharmacies: a nationwide study in
the Netherlands. Br J Clin Pharmacol. 2021;87(3):1455-65.
Hailu BY, Berhe DF, Gudina EK, Gidey K, Getachew M. Drug
related problems in admitted geriatric patients: the impact of clini-
cal pharmacist interventions. BMC Geriatr. 2020;20(1):13.
Garin N, Koyanagi A, Chatterji S, Tyrovolas S, Olaya B, Leon-
ardi M, et al. Global multimorbidity patterns: a cross-sectional,
population-based, multi-country study. J Gerontol A Biol Sci Med
Sci. 2016;71(2):205-14.

Hopman P, Heins MJ, Korevaar JC, Rijken M, Schellevis FG.
Health care utilization of patients with multiple chronic diseases
in the Netherlands: Differences and underlying factors. Eur J
Intern Med. 2016;35:44-50.

Royal Dutch Pharmacists Assosciation (KNMP). KNMP-rich-
tlijn Medicatiebewaking [Guideline]. https://www.knmp.nl/patie
ntenzorg/medicatiebewaking/knmp-richtlijn-medicatiebewaking
Accessed 01 April 2021.

Kheshti R, Aalipour M, Namazi S. A comparison of five common
drug-drug interaction software programs regarding accuracy and
comprehensiveness. J Res Pharm Pract. 2016;5(4):257-63.

van Tongeren JMZ, Harkes-Idzinga SF, van der Sijs H, Atiqi R,
van den Bemt BJF, Draijer LW, et al. The development of prac-
tice recommendations for drug-disease interactions by literature
review and expert opinion. Front Pharmacol. 2020;11:707.
Dutch Foundation for Pharmaceutical Statistics (SFK). Data en
feiten 2020 - Het jaar 2019 in cijfers. 2020.

CBS StatLine. Nabijheid voorzieningen; afstand locatie, regionale
cijfers [updated 22 February 2021. https://opendata.cbs.nl/statl
ine/#/CBS/nl/dataset/80305ned/table?fromstatweb. Accessed 11
May 2021

The Dutch College of General Practitioners (NHG). GPs and the
Dutch healthcare system. https://www.nhg.org/english/gp-dutch-
healthcare-system. Accessed: 11 May 2021

Buurma H, Bouvy ML, De Smet PA, Floor-Schreudering A,
Leufkens HG, Egberts AC. Prevalence and determinants of phar-
macy shopping behaviour. J Clin Pharm Ther. 2008;33(1):17-23.
Nictiz. eHealth-monitor - Electronic data exchange and commu-
nication between healthcare providers 2019. https://www.nictiz.
nl/wp-content/uploads/Theme-discussion-5-Electronic-data-excha
nge.pdf.

. Cheung KC, de Bie J. Pharmacist in the WGBO. Practice, knowl-

edge and expectations of pharmacists and pharmacy technicians
for inclusion of the pharmacist in the WGBO.: KNMP/SIR; 2007.
van Mil JW. Pharmaceutical care in community pharmacy:
practice and research in the Netherlands. Ann Pharmacother.
2005;39(10):1720-5.

Multidisciplinary. Richtlijn Overdracht van Medicatiegegevens in
de keten - Revision 2018/2019 [Guideline]. https://www.knmp.
nl/downloads/herziene-richtlijn-overdracht-van-medicatiegegeve
ns-in-de-keten.pdf. Accessed: 11 May 2021

Vries T, Richir M, Tichelaar J. WHO Guide to Good Prescrib-
ing. The Politics of Medicines (e-Encyclopaedia). 2012. https://
haiweb.org/encyclopaedia/who-guide-togood-prescribing/.
Accessed 11 May 2021

Eppenga WL, Derijks HJ, Conemans JM, Hermens WA, Wens-
ing M, De Smet PA. Comparison of a basic and an advanced
pharmacotherapy-related clinical decision support system in a
hospital care setting in the Netherlands. ] Am Med Inform Assoc.
2012;19(1):66-71.

Becker ML, Baypinar F, Pereboom M, Lilih S, Kingma HJ, van
der Hoeven RTM. Het positieve effect van klinische beslisregels

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

getoond op het moment van voorschrijven. https://www.npfo.nl/
artikel/het-positieve-effect-van-klinische-beslisregels-getoond-op-
het-moment-van-voorschrijven. Accessed 11 May 2021
Zuidema S, Smalbrugge M, Bil W, Geelen R, Kok R, Luijendijk
H, et al. Multidisciplinaire Richtlijn probleemgedrag bij demen-
tie 2018. https://www.verenso.nl/richtlijnen-en-praktijkvoering/
richtlijnendatabase/probleemgedrag-bij-mensen-met-dementie.
Accessed 11 May 2021

Echeverry D, Duran P, Bonds C, Lee M, Davidson MB. Effect of
pharmacological treatment of depression on A1C and quality of
life in low-income Hispanics and African Americans with diabe-
tes: a randomized, double-blind, placebo-controlled trial. Diabetes
Care. 2009;32(12):2156-60.

Derijks HJ, Heerdink ER, De Koning FH, Janknegt R, Klungel
OH, Egberts AC. The association between antidepressant use and
hypoglycaemia in diabetic patients: a nested case-control study.
Pharmacoepidemiol Drug Saf. 2008;17(4):336-44.
Volksgezondheidenzorg.info Bilthoven: RIVM; 2021. https://
www.volksgezondheidenzorg.info/. Accessed 18 May 2021
Heringa M, Floor-Schreudering A, Tromp PC, de Smet PA, Bouvy
ML. Nature and frequency of drug therapy alerts generated by
clinical decision support in community pharmacy. Pharmacoepi-
demiol Drug Saf. 2016;25(1):82-9.

Medicines Information Centre. Contra-indicatie aandoeningen.
Royal Dutch Pharmacists Association (Koninklijke Nederlandse
Maatschappij ter bevordering der Pharmacie, KNMP), the Neth-
erlands. https://kennisbank.knmp.nl. Accessed: 4 June 2021
Borgsteede SD, Pham TKL, Eimermann VM, De Klerk S, Tsoi
KY, (Eds.). Commentaren Medicatiebewaking; Health Base Foun-
dation, the Netherlands. 2020. www.commentarenmedicatiebewak
ing.nl. Accessed 04 June 2021

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E,
Baddour LM, et al. Global burden of cardiovascular diseases and
risk factors, 1990-2019: Update From the GBD 2019 Study. ] Am
Coll Cardiol. 2020;76(25):2982-3021.

Vinks AA, Peck RW, Neely M, Mould DR. Development and
implementation of electronic health record-integrated model-
informed clinical decision support tools for the precision dosing
of drugs. Clin Pharmacol Ther. 2020;107(1):129-35.

Brabers AE, Van Dijk L, Bouvy ML, De Jong JD. Where to buy
OTC medications? A cross-sectional survey investigating con-
sumers’ confidence in over-the-counter (OTC) skills and their
attitudes towards the availability of OTC painkillers. BMJ Open.
2013;3(9):e003455.

Sinnige J, Korevaar JC, van Lieshout J, Westert GP, Schellevis
FG, Braspenning JC. Medication management strategy for older
people with polypharmacy in general practice: a qualitative
study on prescribing behaviour in primary care. Br J Gen Pract.
2016;66(649):e540-51.

Weissenborn M, Haefeli WE, Peters-Klimm F, Seidling HM.
Interprofessional communication between community phar-
macists and general practitioners: a qualitative study. Int J Clin
Pharm. 2017;39(3):495-506.

De Gier JJ. Commentaren Medicatiebewaking Pharmacom Sticht-
ing Health Base. Houten: Data Partners BV; 1986.

van der Sijs H, Aarts J, Vulto A, Berg M. Overriding of drug
safety alerts in computerized physician order entry. J Am Med
Inform Assoc. 2006;13(2):138-47.

Bates DW, Kuperman GJ, Wang S, Gandhi T, Kittler A, Volk L,
et al. Ten commandments for effective clinical decision support:
making the practice of evidence-based medicine a reality. ] Am
Med Inform Assoc. 2003;10(6):523-30.

Eickhoff C, Griese-Mammen N, Miieller U, Said A, Schulz
M. Primary healthcare policy and vision for community phar-
macy and pharmacists in Germany. Pharm Pract (Granada).
2021;19(1):2248.

@ Springer


https://www.knmp.nl/patientenzorg/medicatiebewaking/knmp-richtlijn-medicatiebewaking
https://www.knmp.nl/patientenzorg/medicatiebewaking/knmp-richtlijn-medicatiebewaking
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/80305ned/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/80305ned/table?fromstatweb
https://www.nhg.org/english/gp-dutch-healthcare-system
https://www.nhg.org/english/gp-dutch-healthcare-system
https://www.nictiz.nl/wp-content/uploads/Theme-discussion-5-Electronic-data-exchange.pdf
https://www.nictiz.nl/wp-content/uploads/Theme-discussion-5-Electronic-data-exchange.pdf
https://www.nictiz.nl/wp-content/uploads/Theme-discussion-5-Electronic-data-exchange.pdf
https://www.knmp.nl/downloads/herziene-richtlijn-overdracht-van-medicatiegegevens-in-de-keten.pdf
https://www.knmp.nl/downloads/herziene-richtlijn-overdracht-van-medicatiegegevens-in-de-keten.pdf
https://www.knmp.nl/downloads/herziene-richtlijn-overdracht-van-medicatiegegevens-in-de-keten.pdf
https://haiweb.org/encyclopaedia/who-guide-togood-prescribing/
https://haiweb.org/encyclopaedia/who-guide-togood-prescribing/
https://www.npfo.nl/artikel/het-positieve-effect-van-klinische-beslisregels-getoond-op-het-moment-van-voorschrijven
https://www.npfo.nl/artikel/het-positieve-effect-van-klinische-beslisregels-getoond-op-het-moment-van-voorschrijven
https://www.npfo.nl/artikel/het-positieve-effect-van-klinische-beslisregels-getoond-op-het-moment-van-voorschrijven
https://www.verenso.nl/richtlijnen-en-praktijkvoering/richtlijnendatabase/probleemgedrag-bij-mensen-met-dementie
https://www.verenso.nl/richtlijnen-en-praktijkvoering/richtlijnendatabase/probleemgedrag-bij-mensen-met-dementie
https://www.volksgezondheidenzorg.info/
https://www.volksgezondheidenzorg.info/
https://kennisbank.knmp.nl
http://www.commentarenmedicatiebewaking.nl
http://www.commentarenmedicatiebewaking.nl

1450 International Journal of Clinical Pharmacy (2021) 43:1437-1450

35. Weda M, Hoebert J, Vervloet M, Puigmarti CM, Damen N, Publisher’s Note Springer Nature remains neutral with regard to
Marchange S, et al. Study on off-label use of medicinal products jurisdictional claims in published maps and institutional affiliations.
in the European Union: European Commission; 2017. https://ec.
europa.eu/health/sites/default/files/files/documents/2017_02_28_
final_study_report_on_off-label_use_.pdf. Accessed 11 May 2021

@ Springer


https://ec.europa.eu/health/sites/default/files/files/documents/2017_02_28_final_study_report_on_off-label_use_.pdf
https://ec.europa.eu/health/sites/default/files/files/documents/2017_02_28_final_study_report_on_off-label_use_.pdf
https://ec.europa.eu/health/sites/default/files/files/documents/2017_02_28_final_study_report_on_off-label_use_.pdf

	Management of drug-disease interactions: a best practice from the Netherlands
	Abstract
	Facilitators of best practice
	Barriers to best practice
	Background
	Aim
	Development
	DDSIs in prescribing and dispensing practice in the Dutch healthcare system
	The process of developing the recommendations for DDSIs

	Implementation
	Evaluation
	Discussion
	Conclusion
	References




