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ARTICLE INFO ABSTRACT

Keywords:

Clinical decision-support system
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Polypharmacy, the consuming of more than five drugs, is a public health problem. It can lead to many in-
teractions and adverse drug reactions and is very expensive. Therapeutic guidelines for managing polypharmacy
in the elderly have been issued, but are highly complex, limiting their use. Decision-support systems have
therefore been developed to automate the execution of these guidelines, or to provide information about drugs

Deprescription N . . . . :
Poll;z phanfl acy adapted to the context of polypharmacy. These systems differ widely in terms of their technical design,
Elderly knowledge sources and evaluation methods.

We present here a scoping review of electronic systems for supporting the management, by healthcare pro-
viders, of polypharmacy in elderly patients. Most existing reviews have focused mainly on evaluation results,
whereas the present review also describes the technical design of these systems and the methodologies for
developing and evaluating them. A systematic bibliographic search identified 19 systems differing considerably
in terms of their technical design (rule-based systems, documentary approach, mixed); outputs (textual report,
alerts and/or visual approaches); and evaluations (impact on clinical practices, impact on patient outcomes,
efficiency and/or user satisfaction). The evaluations performed are minimal (among all the systems identified,
only one system has been evaluated according to all the criteria mentioned above) and no machine learning
systems and/or conflict management systems were retrieved. This review highlights the need to develop new
methodologies, combining various approaches for decision support system in polypharmacy.

1. Introduction

According to a WHO report published in 2019, polypharmacy is a
major and growing public health problem occurring in all healthcare
settings worldwide'. In Sweden, for example, in a study including the
entire population the prevalence of polypharmacy increased from 16.9%
in 2006 to 19.0 % in 2014 [1]. In Denmark, the prevalence of poly-
pharmacy is 12% for the total population and 51% for citizens over the
age of 75 years [2]. In United States, the prevalence in older adults seen
in physician offices from 2009 to 2016 is 36.8% [3]. In China, in a study
conducted from March to May 2021, the prevalence of polypharmacy is
50.14% among the old patients [4]. Polypharmacy is associated with an

* Corresponding author.
E-mail address: malikmouazer@gmail.com (A. Mouazer).

increase of the risk of negative health effects [5] such as adverse drug
events (ADEs), morbidity, hospitalization and death. In a meta-analysis
of 47 studies [6], the authors reported an odds ratio for mortality of 1.08
(p <5%, [95% CI] 1.04-1.12) for each additional drug prescribed. In an
observational study [7], the authors found that patients taking more
than five drugs were almost four times more likely to be hospitalized for
ADEs.

Polypharmacy is particularly frequent in the elderly. Elderly patients
commonly suffer from multiple diseases and therefore take several
drugs. In addition, the physiological changes induced by age in this
population influence the pharmacodynamics and pharmacokinetics of
drugs [8], potentially decreasing the benefit/risk ratio for some drugs.

! https://apps.who.int/iris/bitstream/handle/10665,/325454/WHO-UHC-SDS-2019.11-eng.pdf
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Such drugs are thus classified as “Potentially Inappropriate Medica-
tions” (PIMs), a particular category of Drug Related Problems (DRPs).

Several therapeutic guidelines have been proposed for the manage-
ment of polypharmacy in the elderly. These guidelines provide either a
list of PIMs for this population, or more complex rules for identifying
potentially inappropriate prescriptions involving drugs and other pa-
tient conditions, such as disorders or laboratory test (lab test) results.
Some rules may also identify missing prescriptions,e.g. for tackling
ADEs. The first such guideline to be published, which remains among the
best known, was the BEERS criteria [9]. The first version of the BEERS
criteria [9] was published in the United States in 1991 and focused on
American practices. Another example is provided by the Screening Tool
of Older People’s Prescriptions (STOPP) and the Screening Tool to Alert
to Right Treatment (START) criteria [10], which provides rules for the
detection of inappropriate and missing prescriptions.

However, these guidelines are entirely textual and difficult to use in
daily clinical practice (e.g. STOPP & START V2 [10] includes 115 rules
to be applied to each patient). Electronic Clinical Decision Support
Systems (CDSS) have been developed to overcome this problem. These
systems implement the guidelines and run the rules automatically based
on patient data, either extracted from the Electronic Health Record
(EHR) or manually entered by health professionals. Another approach is
based on documentary systems that display drug knowledge adapted to
the polypharmacy context, by summing the risks of ADEs associated
with each of the drugs on the patient drug order, for example. Finally,
these two approaches have been combined in a number of systems,
associating automated rules with on-demand documentation. The dif-
ficulty and complexity of CDSS implementation is well known. For
instance, P. Anrys et al. [11] reviewed the difficulties encountered in the
implementation of STOPP & START V2: some criteria are not well-
specified, some patient data are difficult to obtain from an EHR, some
patient conditions are difficult to code with medical terminologies, and
some rules lack “unless” conditions, generating a large number of false-
positive alerts.

Several reviews of these CDSS were published from 2014 to 2019. C.
Curtain et al. [12] reviewed CDSS for community pharmacies. K. Dalton
et al. [13] proposed a meta-analysis of computerized interventions for
polypharmacy in the hospital/inpatient setting. K. M. Marasinghe [14]
reviewed CDSS to improve medication safety in long-term care homes. L.
A. Scott et al. [15] proposed a narrative review of EHR-connected de-
cision-support systems reducing PIMs prescription. L. Monteiro et al.
[16] reviewed CDSS for reducing PIMs in the elderly. However, these
reviews focused on the evaluation of the systems, and did not consider
their design and functionalities.

We provide here a scoping review of the decision support systems
created for polypharmacy management in the elderly over the last
decade. This review analyzes the various approaches proposed, the
technical design of the systems, and the methodologies used for their
development and evaluation.

2. Methods

We aimed to select all the articles describing a decision-support
system for managing polypharmacy in the elderly from the articles
written in English and published from January 1, 2010 to May 31, 2021.

2.1. PubMed Requests

We followed the PRISMA-ScR guidelines for systematic reviews
(Preferred Reporting Item for Systematic Review and Meta-Analysis
extension for Scoping Reviews) [17]. The literature search was per-
formed on Medline, the main database of biomedical literature, via the
PubMed interface developed by the National Library of Medicine. We
designed two different queries. The first was a simple query based on
broad keywords, written by a PhD student (AM), and the second was
more complex, making extensive use of MeSH (Medical Subject
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Headings), and was written by a professional documentalist (CL).

The first query was as follows:

(((clinical decision support system) OR (electronic tool)) AND ((poly-
pharmacy[MeSH Terms] OR (potentially inappropriate medication))) AND
(’2010/01/01 [Date - Publication]: ”2021/05/31” [Date - Publication]).

The second query searched for the intersection of three concepts: (1)
geriatrics, (2) a list of inappropriate prescriptions or tools for identifying
inappropriate prescriptions, and (3) a computer system for decision-
support. Articles were excluded if a fourth concept, diagnosis support
tools, was present. These concepts were translated into a PubMed query
as follows:

((("aged”[MH] OR “aged”[TIAB] OR ”Elderly”[TIAB] OR ’geria-
trics”[MH] OR “geriatri*”[TIAB] OR “older”[TIAB]) AND (”Medical
Order Entry Systems”[MH] OR ”Medical Order Entry System*”[TIAB] OR
"CPOE”[TIAB] OR ”Computerized Provider Order Entry”[TIAB] OR
”Computerized Provider Order Entry System*”[TIAB] OR ”"Medication Alert
System*”[TIAB] OR Decision Support*”[TIAB] OR “Medical Record
System*”[TIAB] OR ”Decision Support Techniques”[MH] OR ”Decision
Making, Computer-Assisted”[MH] OR "Computer-Assisted Decision
Making”[TIAB] OR "eDS-tool*”[TIAB] OR "CDSS”[TIAB] OR ”electronic
tool*”[TIAB]) AND (”Potentially Inappropriate Medication List”[MH] OR
”Inappropriate Medication*”[TIAB] OR "PIM List*”[TIAB] OR “Medica-
tion Appropriateness*”[TIAB] OR ”appropriateness of prescription*” [TIAB]
OR "drug burden”[TIAB] OR “inappropriate polypharmacy”[TIAB] OR
”Inappropriate Prescribing”[MH] OR “inappropriate prescri*”[TIAB] OR
”Over Prescribing” [TIAB] OR ”Deprescriptions”[MH] OR “Deprescri*”[-
TIAB])) NOT (’Diagnosis, Computer-Assisted”[MH] OR “diag-
nos*”[TIAB])) AND (”2010/01/01”[Date - Publication]: "2021/05/
317 [Date - Publication]).

Finally, we computed the union of the results of the two queries.

2.2. Article selection

The papers were selected by two reviewers (AM and JBL), in five
steps: (1) exclusion of irrelevant papers based on the title, (2) exclusion
of irrelevant papers based on the abstract, (3) exclusion of irrelevant
papers based on the full text, (4) for systems discussed in several
different articles, we included only articles about their design or eval-
uation, (5) the two reviewers (AM and JBL) came to an agreement on the
papers to be selected by consensus.

We considered the following inclusion criteria: (1) the system had to
target polypharmacy in the elderly, (2) the system must be implemented
as a computer software (but not necessary being used in clinical setting),
and (3) the paper must be published between January 1, 2010 and May
31, 2021. We also considered the following exclusion criteria: (1) ficti-
tious system, e.g. a description of an ideal system that has not been
implemented, (2) system focusing exclusively on a particular thera-
peutic family or scoring system, (3) traditional alert systems based on
drug-drug interactions, for example, and not specific to polypharmacy,
and (4) papers describing the protocol of a clinical trial for evaluating a
system, but not providing the results.

2.3. Article analysis

The systems retrieved from the literature were described according
to the following criteria:

Type: We classified the systems into three categories: rule-based
systems, documentary systems and mixed systems
combining both rule-based and documentary systems.
Each system was classified on the basis of the nature of its
knowledge base: (a) in rule-based systems, the knowledge
base is a set of rules or criteria used to raise alerts by
implementing recommendations from clinical guidelines
or PIM lists, (b) in documentary systems, the knowledge
base is a computer-structured database describing drug
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properties, such as adverse effects or drug-drug, drug-dis-

ease and/or drug-gene interactions. Documentary systems

provide search and/or visualization tools for database
access.

User: The final target user of the system, i.e. the healthcare
professionals expected to use the system: physicians or
pharmacists working in hospitals or in the community.

Intended use: Relevance of the system to the overall management of
polypharmacy, targeting all DRPs, or a more specific focus
on certain elements, such as ADRs (ADR adverse drug
reactions).

Knowledge base/inference system: The knowledge base and infer-
ence system are the two basic components of a CDSS. The
quality of the support provided to the clinicians is condi-
tioned by both the content of the knowledge base and the
reasoning capacity of the inference system. These elements
provide information about the complexity of the CDSS.

Input: The type of data considered by the system, i.e. prescribed
drugs but possibly also patient data (e.g. patient condi-
tions, lab tests, etc.).

Output: The type of output provided by the system, i.e. textual reports,
alerts, or visual representations. By visual representation we
mean information visualization methods based on Visual An-
alytics techniques [18]. Visual representations translate data
into a visible form that highlights the relationships that exist
between these data in order to access complex information
more quickly.

EHR: Automatic or non-automatic (i.e. manual) collection of the
data from the EHR.

Evaluation: Where possible, we extracted the following information:

e Design: The design of the evaluation study. All types of
design were considered, including, but not limited to, RCT
(randomized controlled trials).

e Measurement: The criteria measured during the study, e.
g.: the number of PIMs detected, the time required for use of
the system, usability, etc.

e Participants: The number of the study participants and
their profile.

e Results: The results of the study and if available, their
statistical significance.

For each system, these items of information were extracted
from the corresponding articles. We then contacted each
author by e-mail, both to check the accuracy of the information
extracted and to complete missing information. A second e-
mail was sent to authors who failed to respond to the first
message.

Classification of evaluations : Evaluations are classified according to the
criteria they measure. Three main criteria
were considered: effectiveness, efficiency
and user satisfaction.

o Effectiveness; two subcategories were
considered:

o Impact on clinical practices: assess-
ment of the ability of a system to increase
professional adherence to recommenda-
tions, including decreasing in PIM pre-
scription and the number of potential
DRPs.

o Impact on clinical outcomes:
assessment of the improvement in clinical
outcomes. An increase in PIM prescrip-
tion is associated with poor clinical out-
comes [19], but the converse is not
necessarily true (i.e. decrease in PIM
prescription is not necessarily associated
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with an clinical
outcomes).

o Efficiency: assessment of the time
required to use the system.

e User satisfaction: assessment of the
ease of use of the system and its

acceptability in practice.

improvement in

3. Results

Our search strategy identified 328 articles from MedLine for
screening. Based on these articles, 19 systems were selected. Fig. 1
shows the PRISMA-ScR flow diagram.

Table 1 shows the systems selected based on the bibliographic
search. They were classified into three main categories: (a) rule-based
tools executing rules from a knowledge base to detect specific prob-
lems, (b) documentary tools providing drug-related information to the
user, often associated with querying or visualization functions, and (c)
mixed approaches. The systems in each category were sorted in chro-
nological order (See Table 2).

3.1. Description of the selected articles

All the systems selected were developed to deal with the problems
associated with polypharmacy. Sixteen systems aim to detect DRPs (e.g.
MEDSAFER [27], PIM-CHECK [26], TRIM [30], SMART [32] and
STRIPA [33]). Two systems focused on providing specific information
about the different drug interactions generated by polypharmacy for
Graphsaw [36], or the adverse effects caused by the simultaneous intake
of several drugs for RXplore [40]. Finally, the remnant system, proposed
by A. Grando et al. [34], involves checking the efficiency of a complex
treatment.

Eleven systems were rule-based systems, associated with an ontology
in some cases. Two were based on database searches. Six combined these
two approaches. Three systems were intended for use by pharmacists,
whereas four were intended for use by doctors and 12 systems are
intended for use by both. In addition, one system targeted hospital/
inpatient setting, whereas eight systems targeted primary care and 10
systems did not targeted any particular setting. Finally, systems such as
Graphsaw [36] are also of potential interest to researchers.

3.2. System design

Two kinds of resources were used to build the CDSS knowledge
bases: structured databases and clinical practice guidelines in a textual
format.

Structured databases adhere to a predefined data model. These da-
tabases may be external to the system, such as DRUGBANK [37] or
KEGG [38], as used in Graphsaw [36] and KALIS [42] (Graphsaw being
integrated into KALIS), or they may be internally developed for the
system, such as RXplore [40], for which authors developed a database
for the adverse effects of each drug and their frequency.

Clinical practice guidelines provide recommendations to help
healthcare professionals to optimize patient care. Many guidelines are
available. In this review, we distinguish two types of guidelines: (1)
disease-oriented guidelines are devoted to a particular disorder, such as
those of the system developed by A. Grando et al. [34], which relate to
hypertension and type 2 diabetes; (2) guidelines devoted to poly-
pharmacy, including PIM lists for the elderly with a list of criteria. Each
criterion is presented as either a drug potentially inappropriate in all
situations in the elderly, or as a drug potentially inappropriate under
certain conditions. Many PIM guidelines exist. In Fig. 2, we retrace the
history of the PIM guidelines published and the existing relationships
between them. In this figure, the guidelines used by at least one of the
systems we selected in this review are highlighted in blue.

In addition to using databases and guidelines, some systems compute
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(N=19)

Fig. 1. Flow diagram of article search and inclusion, according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA-Scr).

scores. For example, the system of A. Grando et al. [34] uses the MRCI
score [35] (Medication Regimen Complexity Index). This score is a valid
tool for assessing the complexity of medication regimens. It is based on
the number of drugs prescribed, the dosage form, the frequency of
intake, and additional information about the mode of intake.

The list of drugs taken by the patient is the principal input data
required for the running of these systems. However, some systems also
consider patient diagnoses (i.e. patient conditions), lab test results (N. A.
Zwietering et al. [23]) or pharmacogenetic data (K. Kim et al. [24]).
These data are either entered manually, e.g.in PIM-CHECK [26] and
INTERCHECK® [51], or captured automatically from the EHR, e.g in
STRIPA [33], SMART [32], TRIM [30] and Medsafer [27].

The output is displayed in three formats:

e Textual reports: The system displays all of the detected DRPs in a
textual format. For example, Medsafer [27] displays an online text
and proposes a downloadable PDF report.

e Alerts: The system interrupts the process of prescription or drug
delivery when a PIM is encountered, by displaying an alert message.
This is the case for SMART [32].

Visual approaches: The system synthesizes rich complex informa-
tion into a visually accessible, easily exploitable and interpretative
approach (synthetic visual representation). This is the case for
RXplore [40], which provides a visual synthesis of the information
concerning the adverse effects of polypharmacy. This system repre-
sents all the adverse effects of all drugs on a single graphical inter-
face, with an involvement score for each drug for each adverse effect.
Another system, Graphsaw [36], provides a synthetic summary of the
various interactions of a given drug. This system presents the in-
teractions between drugs and the various entities with they interact
(molecules, diseases, pathways, etc.), as a network.

Some systems combine several types of output. This is the case for
KALIS [42], which integrates Graphsaw [36] into its system in addition
to its textual report. Similarly the PRIMA-EDS system [44] proposes both
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Table 1
Technical description of the CDSS developed for polypharmacy in the elderly
Type System Country/ User Intended use Knowledge base Inference Input Output EHR
Year system
Rule-based E. R-Blanco et Spain/2020 - Physicians Checking for - STOPP [21] NA - Drugs Textual report No
systems al. [20]. PIMs - BEERS [22] - Patient
conditions
N. A. Netherlands/ - Clinicians Checking for - STOPP &START If/Then - Drugs Alerts Yes
Zwietering 2019 DRPs [10] rules - Laboratory
[23] tests
K. Kim et al. USA/2018 NA Checking for - NA NA - Drugs NA NA
[24] DRPs - Pharmaco-
genetic test
results
T. M. G- Spain/2018 - Physicians Checking for - STOPP [10] DB - Drugs Alerts NA
Caballero et al. PIMs querying
[25] with VBA
PIM-Check Switzerland/ - Junior Checking for - Internally If/Then - Drugs Textual report No
[26] 2017 hospital PIMs developed PIM rules - Patient
physician list conditions
- Junior
hospital
pharmacist
Medsafer [27] Canada/2017 - Physicians Checking for - BEERS [22] Ontology - Drugs Textual report Yes
- Pharmacists PIMs - STOPP [10] based - Patient
- Nurse - Choosing Wisely” system conditions
practitioners - Scientific - Measure of
literature on frailty [28]
deprescribing
S. Verdoon et Netherlands/ - Pharmacists Checking for - BEERS [22] NA - Drugs Alerts Yes
al. [29] 2017 DRPs - STOPP & START
[10]
TRIM [30] USA/2016 - Pharmacists Checking for - MRF [31] If/Then - Drugs Textual report Yes
at Veterans PIMs - STOPP [10] rules - Patient
Affairs - BEERS [22] conditions
- Inappropriate
renal dosing
SMART [32] Canada/2016 - Physicians Checking for - BEERS [22] NA - Drugs Alerts Yes
- Geriatricians PIMs
STRIP Switzerland & - Physicians Checking for - STOPP & START Drools rule - Drugs Textual report Yes
Assistant [33] Netherlands/ - Pharmacists PIMs [10] engine3 - Patient
2015 - Drug interactions conditions
DB
A. Grando et USA/2012 - NA Checking the - MRCI [35] Ontology - Drugs Textual report No
al. [34] safety and - Clinical based - Patient
effectiveness of guidelines system conditions
polypharmacy (OWL +
SWRL)
Documentary Graphsaw Germany/ - Health Checking drug - DrugBank [37] Database - Drugs Graph-based No
systems [36] 2015 professionals interactions - KEGG [38] query - Patient representation of
- Researchers and ADRs - ABDA® conditions drug interactions
- SIDER [39]
RXplore [40] USA/2010 - Clinicians Checking ADRs - Adverse effects Database - Drugs Visualization No
developed DB query approach for ADRs
Mixed R-M. Sweden/2017 - Physicians Drug - STOPP & START NA - Drugs NA No
approaches Johanson-P. et and prescribing [10] - Patient
al. [41] registered and - BEERS [22] conditions
nurses in medication
elderly care reviews
settings
KALIS [42] Germany/ - NA Checking for - Drug molecular NA - Drugs Textual report No
2017 prescribing and - Patient -Graphsaw [36]
errors pharmacological conditions (visualization of
DBs interactions )
- HTA guideline
-Priscus list [43]
(PRIMA)-Eds- Finland/2016 - Physicians Checking for - EU(7) PIMs list NA - Drugs - Visualization Yes
tool [44] Graphsaw PIMs [45] - Patient approach for
- SFINX [46] conditions ADRs
- RISKBASE® - Textual report
- RENBASE®
SENATOR Europe/2016 - Clinicians Optimization - STOPP & START NA - Drugs Bullet-point NA
software [47] of medical and [10] - Patient recommendations
non drug - DDI and conditions
therapy indications DB
- CIRS-G [48]
- ONTOP [49]

(continued on next page)
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Type System Country/ User Intended use Knowledge base Inference Input Output EHR
Year system
D. O’Sullivan Ireland/2015 - Pharmacists Checking for - STOPP & START DB - Drugs Textual report No
et al. [50] DRPs [10] -PRISCUS querying - Patient
list [43] conditions
- BEERS [22]-Drug
interactions
- Computerized
SPC
INTERcheck® Italy/2013 - Health Checking for - Base of drug NA - Drugs Textual report No
[51] professionals PIMs interactions [52]
- BEERS [53]

ACB scale [54]

Abbreviations: NA:Not Available; DB: Database; ADR: Adverse Drugs Reaction; PIMs:

Potentially Inappropriate Medications; DRPs: Drug-Related Problems; DDI:

Drug-Drug Interactions; MRCI: Medication Regimen Complexity Index; OWL: Ontology Web Language; SWRL: Semantic Web Rule Language; CIRS-G: Cumulative
Illness Rating Scale for Geriatrics; ONTOP: Optimal Evidence-Based Non-drug Therapies in Older People; VBA: Visual Basic for Applications; MRF: Medication

Regimen Feasibility; SPC: Summary of Product Characteristics; ACB: Anticholinergic Cognitive Burden
2 https://www.choosingwisely.org/getting-started/lists/
3 https://www.drools.org/

“ https://abdata.de/
5 https://www.medbase.fi/en/professionals/riskbase
6 https://www.medbase.fi/en/professionals/renbase

Table 2

Evaluation of the CDSS developed for polypharmacy in the elderly

System

Design

Measurement

Participants

Results

Medsafer [27]

PIM-Check [55]

TRIM [56]

SMART [32]

STRIP Assistant
[57]

RXplore [40]

PRIMA-EDS [58]

INTERcheck®
[51]

D. O’Sullivan et
al. [50]

SENATOR
software [59]

R-M. Johanson-
P.etal [41]

S. Verdoon et al.
[29]

Non-randomized controlled before/after
study

Prospective interventional study

Randomized clinical trial

Invitro qualitative study, focus groups, and
semi-structured interviews
Pre-experiment with a one-group pre-test
post-test design

Comparative in vitro study

Cluster-randomized controlled trial

Non-randomized controlled trial

Cluster randomized controlled trial

Observational study

Quasi-experimental one-group pre-test/

post-test design

Before/after study

The proportion of patients with
one or more PIMs deprescribed

Mean number of potential DRPs
per patient

Number of drugs or decrease in
the number of PIMs.

Workflow interruption

Usability: SUS Score (System
Usability Scale),
Effectiveness of medication
reviews: appropriate decisions
Efficiency: Time taken to perform
the MR

Speed and accuracy of RXplore
for retrieving ADR data relative to
UpToDate’

The number of unplanned
hospital admissions or deaths by
24 months.

Decrease in the number of drugs.

Percentage of patients with at
least one PIM

The proportion of patients
experiencing a non-trivial ADR
during their hospital stay
The degree of clinical relevance
of computer-generated STOPP/
START(2) recommendations.
Comparison of the potential DRPs
identified by nurses with those
identified by the CDSS
The mean number of potential

DRPs identified and resolved

1066 patients, 65 +
years old with >=5
drugs

297 patients
admitted to internal
medicine
departments
3904 patients 75 +
years old with >=8
drugs

359 physicians
15 physicians

42 physicians

24 physicians

3904 patients 75 +
years old with 8>=
drugs

359 physicians

134 patients, 65 +
years old with >=5
drugs

737 patients

204 patients

54 patients

11 registered nurses
121 pharmacies

(patients, 65 + years
old with >=5 drugs)

-Effectiveness: Significant increase in the
proportion of patients with one or more PIMs
deprescribed (54.7% vs. 46.9%)
-Effectiveness: No significant impact on the
mean number of DRPs (2.9 vs. 3.2, p = 0.12)

-Effectiveness: No significant impact on the
number of drugs or decrease in the number of
PIMs

-Efficiency: No significant negative impact on
workflow
Effectiveness: Significant increase of the
appropriate decision rate from 58% to 76% (p
< 0.0001), and decrease in the inappropriate
decision rate from 42% to 24% (p < 0.0001).
- Efficiency: Significant increase in the time
spent optimizing medication (24 vs.13 min; p
< 0.0001).
User satisfaction: SUS score = 63.25 (poor
rating)
Effectiveness: No significant impact
Efficiency: Significant decrease in the time
required to analyze ADRs
-Effectiveness: Significant decrease in the
number of drugs with no detrimental effect on
patient outcomes (p < 0.001); no significant
difference in the number of unplanned hospital
admissions or deaths by 24 months (44.6% vs.
48.4%, p = 0.19)
-Effectiveness: Significant decrease in the
number of patients with at least one PIM
(30.1%, p < 0.001)
-Effectiveness: Significant decrease in the
occurrence rate of ADRs in the intervention
group (13.9% vs. 20.7)
-Effectiveness: 73.6% of recommendations
judged clinically relevant

-Effectiveness: The CDSS detected 205 DRPs;
the nurses independently reported 54 of these
DRPs
-Effectiveness: No significant impact on the
mean number of DRPs resolved (1.6 vs.1.6; p =
0.93)

(continued on next page)
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Table 2 (continued)
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System Design

Measurement

Participants Results

K. Kim et al. [24] Post-hoc analysis of a randomized,
observational trial: 3 intervention arms:
standard MTM (SMTM), MTM
incorporating CDSS (CMTM), and CMTM
further enhanced by PGx
N. A. Zwietering Observational study

etal. [23]

CDSS

- The mean numbers of potential
DRPs identified

- The mean number of potential
DRPs identified by a geriatrician,
an outpatient pharmacist, and the

-Effectiveness: The mean number of DRPs
identified were similar in all three analytical
groups. The total number of DRPs identified did
not differ significantly between the three
groups (ANOVA, p = 0.77)
-Effectiveness: The mean number of DRPs per
patient identified by the geriatrician was 1.3 (+
1.5), vs. 2.7 (+ 1.4) by the outpatient
pharmacist and 4.6 (+ 3.6) by the CDSS (p <
0.05).

- 342 patients

- 200 patients

ADR: adverse drug reaction,DRP: drug related problem, MR: medication review,PIM:Potentially inappropriate medication,CDSS: Clinical Decision Support System.

MTM: medication therapy management, PGx: pharmacogenetics.
7 An Evidence-based Clinical Decision Support, https://www.uptodate.com/

a textual report and a visual approach (it includes PHARAO? decision-
support software for adverse drug reactions) for analyzing adverse
drug effects.

3.3. System evaluation

Below are the results of the evaluations for each category of the
classification described in the method section.

o Effectiveness; two subcategories were considered:

- Impact on clinical practices: A significant impact was detected
for seven of the 12 systems for which this criterion was assessed.
Conversely, the PIM-CHECK [26], TRIM [30], RXplore [40] and S.
Verdoon [29] systems had no significant impact on practices.
Impact on clinical outcomes: This criterion was assessed for two
systems: PRIMA-EDS [44] and the D. O’Sullivan et al. system [50].
In the evaluation of PRIMA-EDS [44], a positive impact on the level
of PIM prescription was demonstrated, but the authors were unable
to draw any firm conclusions about effects on clinical outcomes. By
contrast, the evaluation of the D. O’Sullivan system [50] showed a
significant decrease in the rate of ADRs in the intervention group
(13.9 % vs. 20.7 %).

o Efficiency: This criterion was evaluated for three systems. RXplore
[40], with its visual approach, was found to be associated with a time
gain for the user. For STRIP Assistant [33], participants spent
significantly more time optimizing medication with the system (24
min) than without it (13 min; p < 0.0001). With SMART [32], use of
the system did not significantly interrupt the workflow.

o User satisfaction: This criterion was evaluated for only one system
(STRIPA [33]), for which the results were not good.

o

4. Discussion

This literature review focuses on the design and evaluation of 19
CDSS for polypharmacy management in the elderly published between
January 1, 2010 and May 31, 2021.

The selected systems aim to reduce DRPs via a broad diversity of
approaches. We classified them into three categories: rule-based sys-
tems, documentary systems and mixed systems. Two main resources
were used for the knowledge base design: (1) clinical guidelines, in text
form, which had to be formalized into machine-readable rules and (2)
structured drug databases, which can be queried to extract information
on the drugs taken by the patient.

In terms of input data, all systems require access to the list of drugs
taken by the patient. However, some systems take additional data into
account: patient health conditions, disorders, laboratory test results and
pharmacogenomic data. The output of the selected systems took the

2 http://www.medbase.fi/en/professionals/pharao

form of alerts, text reports, or visual approaches.

Some systems focused on a specific problem, such as RXplore [40],
which aimed to decrease ADR rates. Others such as KALIS [42], focused
on polypharmacy more generally. Beyond the simple detection of DRPs,
some systems suggest alternatives and monitoring strategies. This is the
case for Medsafer [27], which proposes strategies for deprescribing the
detected PIMs, based on published evidence, with annual updates. It is
also the case for SENATOR [47] which suggests non-pharmacological
alternatives. This system is currently only suitable for patients with
delirium, but it could be extended to a larger population of patients in
the future.

We also found that the evaluations of the presented systems were
heterogeneous in terms of both design and the criteria evaluated:
effectiveness, efficiency or user satisfaction.

The results were variable, but more positive results were obtained for
the impact on clinical practices than for impact on clinical outcomes.

4.1. Strengths and limitations of our work

We followed a rigorous and reproducible methodology, PRISMA ScR,
to review the articles indexed by PubMed. Two people were involved in
the bibliographic search, and we contacted the authors of the selected
papers personally to obtain more information. We limited our search to
articles published between January 1, 2010 and May 31, 2021. This may
appear short period and not sufficiently exhaustive, but, given the rapid
evolution of technologies and recent interest in medication reviews and
deprescription, this period was considered the most appropriate. In
addition, the search was limited to articles indexed on PubMed. We may
therefore have missed some articles not indexed by PubMed. However,
PubMed remains the main bibliographic source in the medical domain.
This review did not consider commercial solutions that exist on the
market either. It would be have been difficult to generate an exhaustive
list of the various existing commercial solutions and the publicly
available technical documentation concerning the design and the eval-
uation of these systems is limited. Finally, this review focusing on pol-
ypharmacy was limited to elderly patients, but it is the age group in
which polypharmacy is particularly prevalent.

Most published reviews on this topic have focused on system eval-
uations, without considering their design. By contrast, we considered
here the design of the systems and we also included systems that have
yet to be evaluated, provided that they are implemented and can be
used. We also considered various evaluation designs, whereas previous
reviews focused on controlled trials. We show that different criteria can
be evaluated (effectiveness, efficiency and user satisfaction), each
requiring an appropriate evaluation design. This review is, thus, the first
to consider both system and evaluation design for systems for managing
polypharmacy in elderly. We believe that these results will be helpful to
CDSS designers, as suggested by the review by Fraccaro et al. [60].
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Fig. 2. Genealogical tree of PIM guidelines: PIM lists are organized chronologically from the date of first publication (vertical axis). The arrows show the inspi-
rational relationships between these lists. If one list is linked to another, it implies that it was inspired by the other list. The lists shown here with a blue background

were used in at least one of the electronic systems selected for this review.
4.2. Design limitations identified in CDSS for polypharmacy

The systems we reviewed suffered from several limitations. In terms
of input data, systems considering only the drug order often resulted in
an over-detection of problems, possibly leading, in turn, to “alert fa-
tigue”. By contrast, the integration of patient conditions (e.g diagnoses,
lab test results) as input data made it possible to generate more specific
alerts, possibly decreasing the risk of over-detection. Patient conditions
can be entered manually or extracted from the EHR. Connection to the
EHR is an important feature because it saves the healthcare professionals
time, particularly as clinicians may be reluctant to enter manually data
in clinical practice. However, systems destined for use by primary care
pharmacists are not usually connected to the EHR, which is generally in
the possession of the physician. The only exception we found in this
review was TRIM, which was implemented in a very particular setting:
US Veterans Affairs, which operates specific health centers with both
physicians and pharmacists.

None of the systems included in this review made use of machine
learning algorithms. Machine learning is a process by which the system
learns predictive models from data. It has been widely applied in med-
icine, but more than 80% of the studies concerned targeted diagnosis
decisions rather than therapy and drug prescriptions [61]. Nevertheless,

a recent study used machine learning to identify prescriptions with a
high risk of medication errors [62], and this system performed better
than rule-based systems. This suggests that machine learning is a
promising approach for future CDSS targeting polypharmacy. In terms of
the knowledge base, many lists of PIMS have been published. In a pre-
vious study [63], we used an original method to compare these lists
visually. We found a considerable overlap between these lists. However,
only a small number of these lists have been implemented in CDSS.
Indeed, many systems use the BEERS list [64] and/or STOPP & START
[10]. Other systems use molecular databases, e.g. Graphsaw [36]. These
systems are of interest for researchers, but may be less relevant in
routine practice because molecular drug interactions are not necessarily
clinically significant.

Finally, none of the systems proposed intelligent mechanisms for
managing conflicts between several rules, e.g. in STOPP & START
guidelines [10], the START A2 rule recommends prescribing aspirin in
the presence of chronic atrial fibrillation in cases of contraindication for
antivitamin K and factor Xa inhibitors, whereas rule STOPP C2 recom-
mends stopping aspirin in cases of a history of gastrointestinal ulcers,
thus a conflict occurs if the patient has both chronic atrial fibrillation
and history of gastrointestinal ulcers. Future CDSS should integrate
mechanisms for solving these conflicts.
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4.3. Limitations of evaluations of CDSS for polypharmacy

Very few systems have been evaluated through RCTs (4 of 19), the
gold standard for evaluation [65]. This may be due to the complexity of
setting up RCTs in clinical practice (multiple factors, such as patient
safety and efficacy, workflow integration and financial aspects must be
taken into account). RCTs should also be preceded by early-phase
studies [66].

Evaluation studies should focus on the three factors identified in this
review: effectiveness, efficiency and user satisfaction. In this review, we
found that only one of 19 articles considered two factors (RXplore [40]),
and only one considered the three factors (STRIPA [57]). In a systematic
review on the usability of CDSS [67], the authors also classified the
usability aspects into three factors (effectiveness, efficiency and satis-
faction) as we did and the results are similar to those of this review, few
systems being evaluated according to several factors. Ideally, these
factors should be assessed individually, because they are known to be
independent [68], but they should also be interpreted together. For
instance, a poor efficiency (i.e. long time required for the use of the
system) may be counterbalanced by a better efficacy and may be
explained by the need for training time with the system. In addition,
visual systems (RXplore [40] and Graphsaw [36]) have not been eval-
uated for user satisfaction, which is of considerable importance for the
visual interface. However, each factor may be evaluated through several
different measurements. For example, effectiveness can be measured
through various clinical outcomes (e.g. the number of potential DRPs per
patient (PIM-Check [55]), the number of ADRs per patient or the
decrease in the rate of ADRs (PIM-Check [55])).

Table 3 summarizes the various factors evaluated by the selected
systems and the results obtained (positive or negative). User satisfaction
was evaluated, with the SUS score, in only one of the selected systems
(STRIPA [57]), however, the SUS score is one of a consensual tools for
assessing user satisfaction that has been applied to several CDSS beyond
polypharmacy.

N. A. Zwietering et al. [23] evaluated not only the number, but also
the type of DRPs. The electronic system used in this evaluation detected
more DRPs than pharmacists and geriatricians. But their performance
differs between the various types of DRPs. For example, the pharmacist
and the geriatrician detected significantly more drugs prescribed
without indication than the CDSS. However, this may be because the

Table 3
Summary of evaluation results. The “+” symbol indicates a positive result for the
considered factor and the “-” symbol indicates a negative result.

System Effectiveness Effi- User
Impact on Impact on ciency satisfaction
clinical clinical
practice outcomes

Medsafer [27] +

PIM-Check [55]

TRIM [56] -

SMART [32] +

STRIP Assistant + - -

[57]
RXplore [40] - +
PRIMA-EDS [58] +
INTERcheck® +
[51]

D. O’Sullivan et +
al. [50]

SENATOR +

software [59]
R-M. Johansson- +
P.etal [41]
S. Verdoorn et al.
[29]
K. Kim et al. [24] -
N. A. Zwietering +
etal [23]
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CDSS had no access to information about patients conditions. The design
of the system can, therefore, significantly modify the results of the
evaluation. It is, thus, of the utmost importance to think out the design of
the system well, in advance, to ensure an accurate evaluation.

There is still no standardized protocol for evaluation design or for the
measurement of each factor, to provide a reliable basis for the com-
parison of different systems. Such standardization is urgently required
and would facilitate comparisons. In addition, retrospective real-world
datasets from clinical data warehouses could also be used for the
assessment of efficacy and patient safety in early-phase studies [69].
This would make it possible to measure both the performance and safety
of CDSS rapidly and reliably in conditions close to those of real life. This
validation process would save both money and time. If a CDSS is
considered sufficiently efficient and safe after such validation, then it
could be tested in a RCT in real-life conditions.

4.4. Perspectives

Based on the findings of this review, we identified the main recom-
mendations for an ideal system, which we summarize in Table 4. Several
key recommendations had already been identified by J. Turgeon & V.
Michaud [70], whereas others, such as a synthetic visual representation
and system evaluation, are new.

In our view, the ideal system for managing polypharmacy should be
connected to the EHR and destined for use by both pharmacists and
physicians for better cooperation. The ideal system would allow
healthcare providers to exchange structured medical information for
better decision-making. Additionally, the ideal system should also
combine textual reports, alerts and visual representation. In the dual-
coding theory of cognition [71], it is postulated that both visual and
verbal information can be used for representing information to a human
user, and that both follow distinct channels in the mind. Consequently, it
is expected that combining visual and verbal information yields better
results for various tests, than when image or text is present alone. It
should provide information about all types of DRPs, including in-
teractions between different drugs, adverse effects and PIMs, aggregated
into a global view through visual approaches to have a global vision on
DRPs and the relationships that may exist between them. For example
several drug interactions can contribute to the appearance of the same
side effect. It should ultimately propose an optimized and simplified
drug treatment with fewer DRPs, while maintaining optimal efficiency.
Finally, the ideal system should also consider machine learning and
conflict management, in addition to the implementation of PIM lists and
the presentation of knowledge extracted from drug databases. Indeed, in
the context of multi-morbidity and polypharmacy, interactions and
conflicts can exist between the recommendations intended to treat each
problem. It is in this context that V. Zamborlin et al. [72] proposed a
conflict management approach and that A. Hassaine et al. [73] show that
machine learning techniques are promising for untangling the
complexity of multi-morbidity.

5. Conclusion

We presented here a scoping review of CDSS for polypharmacy, with
19 selected systems. This review provides a global overview of the
different systems that currently exist for the management of poly-
pharmacy, in terms of design approaches, and evaluation protocols and
results. Regarding design, we encountered a wide range of approaches,
from rule-based systems to visual knowledge representation, and none
of the systems combined all these approaches. We consider there is a
considerable potential in the combination of the different approaches
identified, and their association with machine learning, to achieve a
synergistic interaction for managing polypharmacy more effectively.
Regarding system evaluation, there is still a major lack of standardiza-
tion in terms of protocols and the parameters measured.
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Table 4
Ideal system recommendations

System design

System evaluation

The ideal system should:

integrate the following input:

produce the following outputs:

Theideal system should be evaluated

simultaneously for:

be connected to the electronic effectiveness
health record®

be shared between healthcare

professionals®

e Impact on clinical outcomes
[50,58]

e Impact on drug related problems
detection and decreases in their

rate®
drugs (prescribed and over the counter)?
patient conditions® efficiency®
laboratory tests [24] usersatisfaction®

pharmacogenomic data [24]

Early-phase studies should precede
randomized clinical
trials Retrospective
real-world datasets
from clinical data
warehouses [69]

a standard evaluation
protocol should be
developed.”

alerts®

detailed textual reports®

suggestions of alternatives and
deprescribing strategies [27] [47]
synthetic visual representation [36] [40]
[42] [44]

Ideally,

have a knowledge base providing
information about:
The following drug related
problems:

e drug-drug interactions®
o drug-disease interactions®
o adverse effects”

The following molecular
information:

e metabolic pathways,
pharmacokinetics and
pharmacodynamics [70]

e pharmacokinetic and
pharmacodynamic
interactions [70]

implement guidelines:

potentially inappropriate medications
lists (need for medical experts to develop
and update these guidelines regularly)®
specific disease guidelines®

integrate various inference systems

ontology/ if-then-else rules®
machine learning/deep learning®
conflict management”

% The recommendation comes from a consensus between the articles we
reviewed.

b: The recommendation comes from authors brainstorming.

Other recommendations come from the papers cited.

Declaration of Competing Interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

10

Journal of Biomedical Informatics 130 (2022) 104074

Acknowledgments

the

This work was funded by the French Research Agency (ANR) through
ABiMed project [Grant No. ANR-20-CE19-0017-02].

References

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

N. Zhang, J. Sundquist, K. Sundquist, J. Ji, An Increasing Trend in the Prevalence of
Polypharmacy in Sweden: A Nationwide Register-Based Study, Frontiers in
Pharmacology 11.

J. Kornholt, M.B. Christensen, Prevalence of polypharmacy in Denmark, Danish
Medical Journal 67 (6) (2020) A12190680.

E.H. Young, S. Pan, A.G. Yap, K.R. Reveles, K. Bhakta, Polypharmacy prevalence in
older adults seen in United States physician offices from 2009 to 2016, PloS One 16
(8) (2021) e0255642, https://doi.org/10.1371/journal.pone.0255642.

C. Chen, Z. Feng, Q. Fu, J. Wang, Z. Zheng, H. Chen, D. Feng, Predictors of
Polypharmacy Among Elderly Patients in China: The Role of Decision Involvement,
Depression, and Taking Chinese Medicine Behavior, Frontiers in Pharmacology 12.
J.W. Wastesson, L. Morin, E.C. Tan, K. Johnell, An update on the clinical
consequences of polypharmacy in older adults: a narrative review, Expert Opinion
on Drug Safety 17 (12) (2018) 1185-1196, https://doi.org/10.1080/
14740338.2018.1546841.

N. Leelakanok, A.L. Holcombe, B.C. Lund, X. Gu, M.L. Schweizer, Association
between polypharmacy and death: A systematic review and meta-analysis, Journal
of the American Pharmacists Association 57 (6) (2017), https://doi.org/10.1016/j.
japh.2017.06.002, 729-738.e10.

Z.A. Marcum, M.E. Amuan, J.T. Hanlon, S.L. Aspinall, S.M. Handler, C.M. Ruby, M.
J.V. Pugh, Prevalence of Unplanned Hospitalizations Caused by Adverse Drug
Reactions Among Older Veterans, J. Am. Geriatr. Soc. 60 (1) (2012) 34-41,
https://doi.org/10.1111/§.1532-5415.2011.03772.x.

T.M. Andres, T. McGrane, M.D. McEvoy, B.F.S. Allen, Geriatric Pharmacology: An
Update, Anesthesiology Clinics 37 (3) (2019) 475-492, https://doi.org/10.1016/j.
anclin.2019.04.007.

M.H. Beers, J.G. Ouslander, I. Rollingher, D.B. Reuben, J. Brooks, J.C. Beck,
Explicit criteria for determining inappropriate medication use in nursing home
residents, UCLA Division of Geriatric Medicine, Archives of Internal Medicine 151
(9) (1991) 1825-1832.

D. O’Mahony, D. O’Sullivan, S. Byrne, M.N. O’Connor, C. Ryan, P. Gallagher,
STOPP/START criteria for potentially inappropriate prescribing in older people:
version 2, Age Ageing 44 (2) (2015) 213-218, https://doi.org/10.1093/ageing/
aful4s.

P. Anrys, B. Boland, J.-M. Degryse, J. De Lepeleire, M. Petrovic, S. Marien,

O. Dalleur, G. Strauven, V. Foulon, A. Spinewine, STOPP/START version 2-devel-
opment of software applications: easier said than done? Age Ageing 45 (5) (2016)
589-592, https://doi.org/10.1093/ageing/afw114.

C. Curtain, G.M. Peterson, Review of computerized clinical decision support in
community pharmacy, J. Clin. Pharm. Ther. 39 (4) (2014) 343-348, https://doi.
org/10.1111/jcpt.12168.

K. Dalton, G. O’Brien, D. O’Mahony, S. Byrne, Computerised interventions
designed to reduce potentially inappropriate prescribing in hospitalised older
adults: a systematic review and meta-analysis, Age and ageing 47 (5) (2018)
670-678, https://doi.org/10.1093/ageing/afy086.

K.M. Marasinghe, Computerised clinical decision support systems to improve
medication safety in long-term care homes: a systematic review, BMJ Open 5 (5).
doi:10.1136/bmjopen-2014-006539.

L.A. Scott, P.I. Pillans, M. Barras, C. Morris, Using EMR-enabled computerized
decision support systems to reduce prescribing of potentially inappropriate
medications: a narrative review, Therapeutic Advances in Drug Safety 9 (9) (2018)
559-573, https://doi.org/10.1177,/2042098618784809.

L. Monteiro, T. Maricoto, I. Solha, I. Ribeiro-Vaz, C. Martins, M. Monteiro-Soares,
Reducing Potentially Inappropriate Prescriptions for Older Patients Using
Computerized Decision Support Tools: Systematic Review, Journal of Medical
Internet Research 21 (11) (2019) €15385, https://doi.org/10.2196,/15385.

A.C. Tricco, E. Lillie, W. Zarin, K.K. O’Brien, H. Colquhoun, D. Levac, D. Moher, M.
D. Peters, T. Horsley, L. Weeks, S. Hempel, E.A. Akl, C. Chang, J. McGowan, L.
Stewart, L. Hartling, A. Aldcroft, M.G. Wilson, C. Garritty, S. Lewin, C.M. Godfrey,
M.T. Macdonald, E.V. Langlois, K. Soares-Weiser, J. Moriarty, T. Clifford, O.
Tuncalp, S.E. Straus, PRISMA Extension for Scoping Reviews (PRISMA-ScR):
Checklist and Explanation, Annals of Internal Medicine 169 (7) (2018) 467-473,
publisher: American College of Physicians. doi:10.7326,/M18-0850.

C. Chen, H. Hou, Z. Hu, S. Liu, An Illuminated Path: The Impact of the Work of Jim
Thomas, in: J. Dill, R. Earnshaw, D. Kasik, J. Vince, P.C. Wong (Eds.), Expanding
the Frontiers of Visual Analytics and Visualization, Springer, London, 2012,

pp. 9-30.

C.K. Floroff, P.W. Slattum, S.E. Harpe, P. Taylor, G.M. Brophy, Potentially
inappropriate medication use is associated with clinical outcomes in critically ill
elderly patients with neurological injury, Neurocrit. Care 21 (3) (2014) 526-533,
https://doi.org/10.1007/512028-014-9985-8.

E. Rogero-Blanco, J.A. Lopez-Rodriguez, T. Sanz-Cuesta, M. Aza-Pascual-Salcedo,
M.J. Bujalance-Zafra, 1. Cura-Gonzalez, Use of an Electronic Clinical Decision
Support System in Primary Care to Assess Inappropriate Polypharmacy in Young
Seniors With Multimorbidity: Observational, Descriptive, Cross-Sectional Study,
JMIR Medical Informatics 8 (3). doi:10.2196,/14130.


http://refhub.elsevier.com/S1532-0464(22)00090-9/h0010
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0010
https://doi.org/10.1371/journal.pone.0255642
https://doi.org/10.1080/14740338.2018.1546841
https://doi.org/10.1080/14740338.2018.1546841
https://doi.org/10.1016/j.japh.2017.06.002
https://doi.org/10.1016/j.japh.2017.06.002
https://doi.org/10.1111/j.1532-5415.2011.03772.x
https://doi.org/10.1016/j.anclin.2019.04.007
https://doi.org/10.1016/j.anclin.2019.04.007
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0045
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0045
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0045
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0045
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afw114
https://doi.org/10.1111/jcpt.12168
https://doi.org/10.1111/jcpt.12168
https://doi.org/10.1093/ageing/afy086
https://doi.org/10.1177/2042098618784809
https://doi.org/10.2196/15385
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0090
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0090
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0090
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0090
https://doi.org/10.1007/s12028-014-9985-8

A. Mouazer et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

E. Delgado Silveira, B. Montero Errasquin, M. Munoz Garcia, M. Vélez-Diaz-
Pallarés, 1. Lozano Montoya, C. Sanchez-Castellano, A.J. Cruz-Jentoft, [Improving
drug prescribing in the elderly: a new edition of STOPP/START criteria], Revista
Espanola De Geriatria Y Gerontologia 50 (2) (2015) 89-96, https://doi.org/
10.1016/j.regg.2014.10.005.

By the American Geriatrics Society 2015 Beers Criteria Update Expert Panel,
American Geriatrics Society 2015 Updated Beers Criteria for Potentially
Inappropriate Medication Use in Older Adults, Journal of the American Geriatrics
Society 63 (11) (2015) 2227-2246. doi:10.1111/jgs.13702.

N.A. Zwietering, D. Westra, B. Winkens, H. Cremers, P.H.M. van der Kuy, K.

P. Hurkens, Medication in older patients reviewed multiple ways (MORE) study,
International Journal of Clinical Pharmacy 41 (5) (2019) 1262-1271, https://doi.
org/10.1007/s11096-019-00879-3.

K. Kim, J.W. Magness, R. Nelson, V. Baron, D.I. Brixner, Clinical Utility of
Pharmacogenetic Testing and a Clinical Decision Support Tool to Enhance the
Identification of Drug Therapy Problems Through Medication Therapy
Management in Polypharmacy Patients, Journal of Managed Care & Specialty
Pharmacy 24 (12) (2018) 1250-1259, https://doi.org/10.18553/

jmep.2018.24.12.1250.

T.M. Garcia-Caballero, J. Lojo, C. Menéndez, R. Fernandez-Alvarez, R. Mateos, A.
Garcia-Caballero, Polimedication: applicability of a computer tool to reduce
polypharmacy in nursing homes., International psychogeriatrics 30 (7) (2018)
1001-1008. doi:10.1017/51041610217002411.

A. Desnoyer, A.-L. Blanc, V. Pourcher, M. Besson, C. Fonzo-Christe, J. Desmeules,
A. Perrier, P. Bonnabry, C. Samer, B. Guignard, PIM-Check: development of an
international prescription-screening checklist designed by a Delphi method for
internal medicine patients, BMJ Open 7 (7). doi:10.1136/bmjopen-2017-016070.
E.G. McDonald, P.E. Wu, B. Rashidi, A.J. Forster, A. Huang, L. Pilote, L. Papillon-
Ferland, A. Bonnici, R. Tamblyn, R. Whitty, S. Porter, K. Battu, J. Downar, T.C. Lee,
The MedSafer Study: A Controlled Trial of an Electronic Decision Support Tool for
Deprescribing in Acute Care, J. Am. Geriatr. Soc. 67 (9) (2019) 1843-1850,
https://doi.org/10.1111/jgs.16040.

K. Rockwood, X. Song, C. MacKnight, H. Bergman, D.B. Hogan, I. McDowell, A.
Mitnitski, A global clinical measure of fitness and frailty in elderly people, CMAJ:
Canadian Medical Association journal = journal de I’Association medicale
canadienne 173 (5) (2005) 489-495. doi:10.1503/cmaj.050051.

S. Verdoorn, H. Kwint, P. Hoogland, J. Gussekloo, M. Bouvy, Drug-related
problems identified during medication review before and after the introduction of
a clinical decision support system, J. Clin. Pharm. Ther. 43 (2) (2018) 224-231,
https://doi.org/10.1111/jcpt.12637.

K.M. Niehoff, N. Rajeevan, P.A. Charpentier, P.L. Miller, M.K. Goldstein, T.R. Fried,
Development of the Tool to Reduce Inappropriate Medications (TRIM): A Clinical
Decision Support System to Improve Medication Prescribing for Older Adults,
Pharmacotherapy 36 (6) (2016) 694-701, https://doi.org/10.1002/phar.1751.
D.E. Morisky, A. Ang, M. Krousel-Wood, H.J. Ward, Predictive validity of a
medication adherence measure in an outpatient setting, Journal of Clinical
Hypertension (Greenwich, Conn.) 10 (5) (2008) 348-354, https://doi.org/
10.1111/j.1751-7176.2008.07572.x.

K. Alagiakrishnan, P. Wilson, C.A. Sadowski, D. Rolfson, M. Ballermann,

A. Ausford, K. Vermeer, K. Mohindra, J. Romney, R.S. Hayward, Physicians’ use of
computerized clinical decision supports to improve medication management in the
elderly — the Seniors Medication Alert and Review Technology intervention, Clin.
Interv. Aging 11 (2016) 73-81, https://doi.org/10.2147/CIA.S94126.

M. Meulendijk, M. Spruit, P. Jansen, M. Numans, S. Brinkkemper, STRIPA: A Rule-
Based Decision Support System for Medication Reviews in Primary Care, ECIS 2015
Research-in-Progress Papers.

A. Grando, S. Farrish, C. Boyd, A. Boxwala, Ontological approach for safe and
effective polypharmacy prescription, AMIA Annual Symposium Proceedings 2012
(2012) 291-300.

J. George, Y.-T. Phun, M.J. Bailey, D.C.M. Kong, K. Stewart, Development and
validation of the medication regimen complexity index, The Annals of
Pharmacotherapy 38 (9) (2004) 1369-1376, https://doi.org/10.1345/aph.1D479.
A. Shoshi, T. Hoppe, B. Kormeier, V. Ogultarhan, R. Hofestadt, GraphSAW: A web-
based system for graphical analysis of drug interactions and side effects using
pharmaceutical and molecular data, BMC Med. Inform. Decis. Mak. 15 (1) (2015)
15, https://doi.org/10.1186,/5s12911-015-0139-5.

C. Knox, V. Law, T. Jewison, P. Liu, S. Ly, A. Frolkis, A. Pon, K. Banco, C. Mak,
V. Neveu, Y. Djoumbou, R. Eisner, A.C. Guo, D.S. Wishart, DrugBank 3.0: a
comprehensive resource for ‘Omics’ research on drugs, Nucleic Acids Res. 39
(suppl_1) (2011) D1035-D1041, https://doi.org/10.1093/nar/gkql126.

M. Kanehisa, S. Goto, Y. Sato, M. Furumichi, M. Tanabe, KEGG for integration and
interpretation of large-scale molecular data sets, Nucleic Acids Res. 40 (Database
issue) (2012) D109-114, https://doi.org/10.1093/nar/gkr988.

M. Kuhn, M. Campillos, I. Letunic, L.J. Jensen, P. Bork, A side effect resource to
capture phenotypic effects of drugs, Molecular Systems Biology 6 (2010) 343,
https://doi.org/10.1038/msb.2009.98.

J.D. Duke, X. Li, S.J. Grannis, Data visualization speeds review of potential adverse
drug events in patients on multiple medications, J. Biomed. Inform. 43 (2) (2010)
326-331, https://doi.org/10.1016/j.jbi.2009.12.001.

R.-M. Johansson-Pajala, L. Martin, K. Jorsater Blomgren, Registered nurses’ use of
computerised decision support in medication reviews, Int. J. Health Care Qual.
Assuran. 31 (6) (2018) 531-544, https://doi.org/10.1108/IJHCQA-01-2017-0009.
A. Shoshi, U. Miiller, A. Shoshi, V. Ogultarhan, R. Hofestadt, KALIS - An eHealth
System for Biomedical Risk Analysis of Drugs, Studies in Health Technology and
Informatics 236 (2017) 128-135.

11

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Journal of Biomedical Informatics 130 (2022) 104074

S. Holt, S. Schmiedl, P.A. Thiirmann, Potentially inappropriate medications in the
elderly: the PRISCUS list, Deutsches Arzteblatt International 107 (31-32) (2010)
543-551, https://doi.org/10.3238/arztebl.2010.0543.

A. Sonnichsen, U.S. Trampisch, A. Rieckert, G. Piccoliori, A. Vogele, M. Flamm,
T. Johansson, A. Esmail, D. Reeves, C. Loffler, J. Hock, R. Klaassen-Mielke, H.

J. Trampisch, I. Kunnamo, Polypharmacy in chronic diseases-Reduction of
Inappropriate Medication and Adverse drug events in older populations by
electronic Decision Support (PRIMA-eDS): study protocol for a randomized
controlled trial, Trials 17 (2016) 57, https://doi.org/10.1186/s13063-016-1177-8.
A. Renom-Guiteras, G. Meyer, P.A. Thiirmann, The EU(7)-PIM list: a list of
potentially inappropriate medications for older people consented by experts from
seven European countries, Eur. J. Clin. Pharmacol. 71 (7) (2015) 861-875, https://
doi.org/10.1007/500228-015-1860-9.

Y. Bottiger, K. Laine, M.L. Andersson, T. Korhonen, B. Molin, M.-L. Oves;jo,

T. Tirkkonen, A. Rane, L.L. Gustafsson, B. Eiermann, SFINX-a drug-drug interaction
database designed for clinical decision support systems, Eur. J. Clin. Pharmacol. 65
(6) (2009) 627-633, https://doi.org/10.1007/s00228-008-0612-5.

R.L. Soiza, S. Subbarayan, C. Antonio, A.J. Cruz-Jentoft, M. Petrovic,

A. Gudmundsson, D. O’Mahony, The SENATOR project: developing and trialling a
novel software engine to optimize medications and nonpharmacological therapy in
older people with multimorbidity and polypharmacy, Therapeutic Advances in
Drug Safety 8 (3) (2017) 81-85, https://doi.org/10.1177/2042098616675851.
M.D. Miller, C.F. Paradis, P.R. Houck, S. Mazumdar, J.A. Stack, A.H. Rifai,

B. Mulsant, C.F. Reynolds, Rating chronic medical illness burden in geropsychiatric
practice and research: application of the Cumulative Illness Rating Scale,
Psychiatry Res. 41 (3) (1992) 237-248, https://doi.org/10.1016/0165-1781(92)
90005-n.

1. Abraha, F. Trotta, J.M. Rimland, A. Cruz-Jentoft, I. Lozano-Montoya, R.L. Soiza,
V. Pierini, P.D. Fulgheri, F. Lattanzio, D. O’'Mahony, A. Cherubini, Efficacy of Non-
Pharmacological Interventions to Prevent and Treat Delirium in Older Patients: A
Systematic Overview. The SENATOR project ONTOP Series, PLOS ONE 10 (6)
(2015) e0123090, https://doi.org/10.1371/journal.pone.0123090.

D. O’Sullivan, D. O’Mahony, M.N. O’Connor, P. Gallagher, J. Gallagher, S.
Cullinan, R. O’Sullivan, J. Eustace, S. Byrne, Prevention of Adverse Drug Reactions
in Hospitalised Older Patients Using a Software-Supported Structured Pharmacist
Intervention: A Cluster Randomised Controlled Trial., Drugs & aging 33 (1) (2016)
63-73. doi:10.1007/540266-015-0329-y.

S. Ghibelli, A. Marengoni, C.D. Djade, A. Nobili, M. Tettamanti, C. Franchi,

S. Caccia, F. Giovarruscio, A. Remuzzi, L. Pasina, Prevention of inappropriate
prescribing in hospitalized older patients using a computerized prescription
support system (INTERcheck(®)), Drugs & Aging 30 (10) (2013) 821-828, https://
doi.org/10.1007/540266-013-0109-5.

A. Nobili, L. Pasina, M. Tettamanti, U. Lucca, E. Riva, I. Marzona, L. Monesi, R.
Cucchiani, A. Bortolotti, I. Fortino, L. Merlino, G. Walter Locatelli, G. Giuliani,
Potentially severe drug interactions in elderly outpatients: results of an
observational study of an administrative prescription database, Journal of Clinical
Pharmacy and Therapeutics 34 (4) (2009) 377-386. doi:10.1111/j.1365-
2710.2009.01021.x.

American Geriatrics Society 2012 Beers Criteria Update Expert Panel, American
Geriatrics Society updated Beers Criteria for potentially inappropriate medication
use in older adults, Journal of the American Geriatrics Society 60 (4) (2012)
616-631. doi:10.1111/§.1532-5415.2012.03923.x.

M. Boustani, N. Campbell, S. Munger, I. Maidment, C. Fox, Impact of
anticholinergics on the aging brain: a review and practical application, Aging
Health 4 (3) (2008) 311-320, https://doi.org/10.2217,/1745509X.4.3.311.

B. A, G. B, D. A, G. O, M. G, S. C, B. P, Prevention of potentially inappropriate
medication in internal medicine patients: A prospective study using the electronic
application PIM-Check, publication Title: Journal of clinical pharmacy and
therapeutics (Dec. 2018). doi:10.1111/jcpt.12733.

T.R. Fried, K.M. Niehoff, R.L. Street, P.A. Charpentier, N. Rajeevan, P.L. Miller, M.
K. Goldstein, J.R. O’Leary, B.T. Fenton, Effect of the Tool to Reduce Inappropriate
Medications (TRIM) on Medication Communication and Deprescribing, J. Am.
Geriatr. Soc. 65 (10) (2017) 2265-2271, https://doi.org/10.1111/jgs.15042.
M.C. Meulendijk, M.R. Spruit, A.C. Drenth-van Maanen, M.E. Numans, S.
Brinkkemper, P.A.F. Jansen, W. Knol, Computerized Decision Support Improves
Medication Review Effectiveness: An Experiment Evaluating the STRIP Assistant’s
Usability, Drugs & Aging 32 (6) (2015) 495-503. doi:10.1007/540266-015-0270-0.
A. Rieckert, D. Reeves, A. Altiner, E. Drewelow, A. Esmail, M. Flamm, M. Hann,
T. Johansson, R. Klaassen-Mielke, I. Kunnamo, C. Loffler, G. Piccoliori,

C. Sommerauer, U.S. Trampisch, A. Vogele, A. Woodham, A. Sonnichsen, Use of an
electronic decision support tool to reduce polypharmacy in elderly people with
chronic diseases: cluster randomised controlled trial, BMJ (Clinical research ed.)
369 (2020) m1822, https://doi.org/10.1136/bmj.m1822.

K. Dalton, D. Curtin, D. O’Mahony, S. Byrne, Computer-generated STOPP/START
recommendations for hospitalised older adults: evaluation of the relationship
between clinical relevance and rate of implementation in the SENATOR trial, Age
Ageing 49 (4) (2020) 615-621, https://doi.org/10.1093/ageing/afaa062.

P. Fraccaro, M. Arguello Casteleiro, J. Ainsworth, 1. Buchan, Adoption of Clinical
Decision Support in Multimorbidity: A Systematic Review, JMIR Medical
Informatics 3 (1). doi:10.2196/medinform.3503.

A. Nogales, A.J. Garcia-Tejedor, D. Monge, J.S. Vara, C. Antén, A survey of deep
learning models in medical therapeutic areas, Artif. Intell. Med. 112 (2021)
102020, https://doi.org/10.1016/j.artmed.2021.102020.

J. Corny, A. Rajkumar, O. Martin, X. Dode, J.-P. Lajonchere, O. Billuart, Y. Bézie,
A. Buronfosse, A machine learning-based clinical decision support system to
identify prescriptions with a high risk of medication error, Journal of the American


https://doi.org/10.1016/j.regg.2014.10.005
https://doi.org/10.1016/j.regg.2014.10.005
https://doi.org/10.1007/s11096-019-00879-3
https://doi.org/10.1007/s11096-019-00879-3
https://doi.org/10.18553/jmcp.2018.24.12.1250
https://doi.org/10.18553/jmcp.2018.24.12.1250
https://doi.org/10.1111/jgs.16040
https://doi.org/10.1111/jcpt.12637
https://doi.org/10.1002/phar.1751
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://doi.org/10.2147/CIA.S94126
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0170
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0170
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0170
https://doi.org/10.1345/aph.1D479
https://doi.org/10.1186/s12911-015-0139-5
https://doi.org/10.1093/nar/gkq1126
https://doi.org/10.1093/nar/gkr988
https://doi.org/10.1038/msb.2009.98
https://doi.org/10.1016/j.jbi.2009.12.001
https://doi.org/10.1108/IJHCQA-01-2017-0009
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0210
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0210
http://refhub.elsevier.com/S1532-0464(22)00090-9/h0210
https://doi.org/10.3238/arztebl.2010.0543
https://doi.org/10.1186/s13063-016-1177-8
https://doi.org/10.1007/s00228-015-1860-9
https://doi.org/10.1007/s00228-015-1860-9
https://doi.org/10.1007/s00228-008-0612-5
https://doi.org/10.1177/2042098616675851
https://doi.org/10.1016/0165-1781(92)90005-n
https://doi.org/10.1016/0165-1781(92)90005-n
https://doi.org/10.1371/journal.pone.0123090
https://doi.org/10.1007/s40266-013-0109-5
https://doi.org/10.1007/s40266-013-0109-5
https://doi.org/10.2217/1745509X.4.3.311
https://doi.org/10.1111/jgs.15042
https://doi.org/10.1136/bmj.m1822
https://doi.org/10.1093/ageing/afaa062
https://doi.org/10.1016/j.artmed.2021.102020

A. Mouazer et al.

[63]

[64]

[65]

[66]

[67]

Medical Informatics Association: JAMIA 27 (11) (2020) 1688-1694, https://doi.
org/10.1093/jamia/ocaal54.

A. Mouazer, K. Sedki, R. Tsopra, J.-B. Lamy, Visual Comparison of Guidelines:
Method and Application to Potentially Inappropriate Medication Lists, Studies in
Health Technology and Informatics 281 (2021) 248-252, https://doi.org/
10.3233/SHTI210158.

By the 2019 American Geriatrics Society Beers Criteria Update Expert Panel,
American Geriatrics Society 2019 Updated AGS Beers Criteria for Potentially
Inappropriate Medication Use in Older Adults: 2019 AGS BEERS CRITERIA
UPDATE EXPERT PANEL, Journal of the American Geriatrics Society 67 (4) (2019)
674-694. doi:10.1111/jgs.15767.

L. Moja, H. Polo Friz, M. Capobussi, K. Kwag, R. Banzi, F. Ruggiero, M. Gonzalez-
Lorenzo, E.G. Liberati, M. Mangia, P. Nyberg, I. Kunnamo, C. Cimminiello,

G. Vighi, J.M. Grimshaw, G. Delgrossi, S. Bonovas, Effectiveness of a Hospital-
Based Computerized Decision Support System on Clinician Recommendations and
Patient Outcomes: A Randomized Clinical Trial, JAMA network open 2 (12) (2019)
€1917094, https://doi.org/10.1001/jamanetworkopen.2019.17094.

M.D. Abramoff, P.T. Lavin, M. Birch, N. Shah, J.C. Folk, Pivotal trial of an
autonomous Al-based diagnostic system for detection of diabetic retinopathy in
primary care offices, npj Digital Medicine 1 (1) (2018) 1-8, bandiera_abtest: a Cc_
license_type: cc_by Cg_type: Nature Research Journals Number: 1 Primary_atype:
Research Publisher: Nature Publishing Group Subject_term: Biomedical
engineering;Eye manifestations Subject_term_id: biomedical-engineering;eye-
manifestations. doi:10.1038/s41746-018-0040-6.

A.X. Hardenbol, B. Knols, M. Louws, M. Meulendijk, M. Askari, Usability aspects of
medication-related decision support systems in the outpatient setting: A systematic

12

[68]

[69]

[70]

[71]

[72]

[73]

Journal of Biomedical Informatics 130 (2022) 104074

literature review, Health Informatics Journal 26 (1) (2020) 72-87, publisher: SAGE
Publications Ltd. doi:10.1177/1460458218813732.

E. Frokjeer, M. Hertzum, K. Hornbeek, Measuring usability: Are effectiveness,
efficiency, and satisfaction really correlated?, in: Conference proceedings, ACM
Press, 2000, pp. 345-352.

R. Tsopra, X. Fernandez, C. Luchinat, L. Alberghina, H. Lehrach, M. Vanoni,

F. Dreher, O.U. Sezerman, M. Cuggia, M. de Tayrac, E. Miklasevics, L.M. Itu,

M. Geanta, L. Ogilvie, F. Godey, C.N. Boldisor, B. Campillo-Gimenez, C. Cioroboiu,
C.F. Ciusdel, S. Coman, O. Hijano Cubelos, A. Itu, B. Lange, M. Le Gallo,

A. Lespagnol, G. Mauri, H.O. Soykam, B. Rance, P. Turano, L. Tenori, A. Vignoli,
C. Wierling, N. Benhabiles, A. Burgun, A framework for validating Al in precision
medicine: considerations from the European ITFoC consortium, BMC medical
informatics and decision making 21 (1) (2021) 274, https://doi.org/10.1186/
§12911-021-01634-3.

J. Turgeon, V. Michaud, Clinical decision support systems: great promises for
better management of patients’ drug therapy, Expert Opinion on Drug Metabolism
& Toxicology 12 (9) (2016) 993-995, https://doi.org/10.1517/
17425255.2016.1171317.

J.M. Clark, A. Paivio, Dual coding theory and education, Educational Psychology
Review 3 (3) (1991) 149-210, https://doi.org/10.1007/BF01320076.

V. Zamborlini, M. da Silveira, C. Pruski, A. ten Teije, E. Geleijn, M. van der Leeden,
M. Stuiver, F. van Harmelen, Analyzing interactions on combining multiple clinical
guidelines, Artif. Intell. Med. 81 (2017) 78-93, https://doi.org/10.1016/j.
artmed.2017.03.012.

A. Hassaine, G. Salimi-Khorshidi, D. Canoy, K. Rahimi, Untangling the complexity
of multimorbidity with machine learning, Mech. Ageing Dev. 190 (2020) 111325,
https://doi.org/10.1016/j.mad.2020.111325.


https://doi.org/10.1093/jamia/ocaa154
https://doi.org/10.1093/jamia/ocaa154
https://doi.org/10.3233/SHTI210158
https://doi.org/10.3233/SHTI210158
https://doi.org/10.1001/jamanetworkopen.2019.17094
https://doi.org/10.1186/s12911-021-01634-3
https://doi.org/10.1186/s12911-021-01634-3
https://doi.org/10.1517/17425255.2016.1171317
https://doi.org/10.1517/17425255.2016.1171317
https://doi.org/10.1007/BF01320076
https://doi.org/10.1016/j.artmed.2017.03.012
https://doi.org/10.1016/j.artmed.2017.03.012
https://doi.org/10.1016/j.mad.2020.111325

	Decision-support systems for managing polypharmacy in the elderly: A scoping review
	1 Introduction
	2 Methods
	2.1 PubMed Requests
	2.2 Article selection
	2.3 Article analysis

	3 Results
	3.1 Description of the selected articles
	3.2 System design
	3.3 System evaluation

	4 Discussion
	4.1 Strengths and limitations of our work
	4.2 Design limitations identified in CDSS for polypharmacy
	4.3 Limitations of evaluations of CDSS for polypharmacy
	4.4 Perspectives

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgments
	References


