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Abstract

Purpose

The management of type 2 diabetes mellitus patients has changed over the past decade,
and a large number of antidiabetic drug treatment options are now available. This complex-
ity poses challenges for healthcare professionals and may result in potentially inappropriate
prescriptions of antidiabetic drugs in patients with type 2 diabetes mellitus which can be lim-
ited using screening tools. The effectiveness of explicit tools such as lists of potentially inap-
propriate prescriptions has been widely demonstrated. The aim was to set up nominal
groups of healthcare professionals from several disciplines and develop a list of explicit defi-
nition of potentially inappropriate prescriptions of antidiabetic drugs.

Methods

In a qualitative, nominal-groups approach, 30 diabetologists, general practitioners, and
pharmacists in France developed explicit definitions of potentially inappropriate prescrip-
tions of antidiabetic drugs in patients with type 2 diabetes mellitus. A nominal group tech-
nique is a structured method that encourages all the participants to contribute and makes it
easier to reach an agreement quickly. Each meeting lasted for two hours.

Results

The three nominal groups comprised 14 pharmacists, 10 diabetologists, and 6 general prac-
titioners and generated 89 explicit definitions. These definitions were subsequently merged
and validated by the steering committee and nominal group participants, resulting in 38
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validated explicit definitions of potentially inappropriate prescriptions of antidiabetic drugs.
The definitions encompassed four contexts: (i) the temporary discontinuation of a medica-
tion during acute iliness (n = 9; 24%), (ii) dose level adjustments (n = 23; 60%), (iii) inappro-
priate treatment initiation (n = 3; 8%), and (iv) the need for further monitoring in the
management of type 2 diabetes mellitus (n = 3; 8%).

Conclusion

The results of our qualitative study show that it is possible to develop a specific list of explicit
definitions of potentially inappropriate prescriptions of antidiabetic drugs in patients with
type 2 diabetes mellitus by gathering the opinions of healthcare professionals caring for
these patients. This list of 38 explicit definitions necessitates additional confirmation by
expert consensus before use in clinical practice.

1. Introduction

Over the last decade, the management of patients with type 2 diabetes mellitus (T2DM) has
undergone many changes; for example, a number of new antidiabetic drugs (ADs, including
SGLT-2 inhibitors, GLP-1 receptor agonists, and DPP-4 inhibitors) have been approved as
first-line treatments (either as monotherapies or in combination with other drugs) [1-5]. Man-
aging diabetes is a challenge for all healthcare professionals, including those who are not diabe-
tes specialists or when patients are managed in an isolated, non-multidisciplinary context.
Therefore, the risk of potentially inappropriate prescriptions (PIPs) in patients with T2DM is
likely to have risen. Improving the appropriateness of prescriptions in routine practice can
also be challenging.

A professional consensus and clinical practice guidelines on the follow-up of patients with
diabetes have been updated recently [6]. Patients with T2DM are mainly followed up by gen-
eral practitioners [7-11]. However, various studies have shown that even after these recent
updates, compliance with the guidelines is suboptimal-notably for patients followed up only
by general practitioners [12-14].

The assessment of the appropriateness of AD prescriptions is generally based on an implicit
approach, referencing to guidelines or medical practice [15, 16]. This approach is defined as
implicit because it requires an expert’s assessment of the quality of care in relation to the
patient’s condition and the medical literature [17, 18].

The Medication Appropriateness Index is currently the most widely used implicit method
[18, 19]. However, implicit approaches have practical limitations because their application is
time-consuming and requires specialized knowledge and skills.

It is also possible to reduced PIPs by applying an explicit approach, i.e. predefined explicit
criteria that combine the various items of information related to the prescription in the
absence of an expert assessment (e.g. a prescription of metformin in a patient with an esti-
mated glomerular filtration rate (eGFR) below 30 mL/min/1.73 m?is a PIP) [19, 20]. The value
of explicit approaches for the detection PIPs has been well documented [21-24].

Some experts recommend that implicit and explicit approaches should be combined for
optimal patient management [24, 25]. With the increasing use of computerized physician
order entry and electronic medical records, the explicit approach becomes more practical and
easier to implement compared to integrating implicit criteria [24, 26-30]. Explicit criteria can
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be coded and integrated into a clinical decision support system, in order to systematically flag
up PIPs to both non-specialist and specialist prescribers [20, 25, 31-34].

A recent systematic review of the literature recorded a total of 56 explicit definitions of PIPs
of ADs (hereafter referred to as AD-PIPs) but highlighted a lack of consensus; the definitions
were heterogenous and focused primarily on the at-risk situations related to (i) biguanide pre-
scriptions in patients with renal dysfunction and (ii) the prescription of sulfonylureas to older
adults [35]. Furthermore, the reviewed definitions were essentially derived from other explicit
tools that are not specific to T2DM (such as the STOPP/START and Beers criteria [36, 37]) or
from research that did not systematically involve clinicians. However, the routine management
of patients with T2DM involves healthcare professionals from different disciplines and medical
specialties (such as general practitioners, diabetologists, and pharmacists), and we reasoned
that their opinions on PIP-ADs would be highly relevant [38, 39]. The nominal group tech-
nique has been widely used to gather the opinions of healthcare professionals and to generate
new ideas [40-45].

Hence, the objective of the present study was to develop a list of explicit definition of
PIP-ADs, based on the opinions of healthcare professionals from different disciplines.

2. Materials and methods
2.1. Study design

Our method for developing explicit definitions of PIP-ADs in patients with T2DM has been
described previously [46]. The present work involved a qualitative approach that had already
been used to set up explicit definitions of PIP-ADs in hospitalized older patients [44]. Here, we
applied a qualitative, nominal-group-based technique [40-43] with expert diabetologists, gen-
eral practitioners and pharmacists in France. A steering committee (comprising a diabetolog-
ist, a general practitioner, a clinical pharmacist, a community pharmacist, and a
pharmacologist) was set up to validate the methodology and to monitor the study’s progress.
The present report complied with the Consolidated Criteria for Reporting Qualitative
Research (COREQ) [47] (S1 Table). These checklists relate to the sampling method, data col-
lection setting, data collection method, respondent validation of findings, method of recording
data, description of the derivation of themes, and inclusion of supporting quotations. The
items are grouped into three domains: (i) research team and reflexivity, (ii) study design and
(iii) data analysis and reporting.

2.2. Study objective

The objective of the present study was to develop a list of explicit definitions of PIP-ADs in
patients with T2DM; we reasoned that such a list might help physicians to prescribe ADs more
effectively and safely.

2.2.1. Explicit definitions. As described in the Introduction, two different types of
approach can be used to evaluate the (in)appropriateness of drug prescriptions in clinical phar-
macology: (i) so-called “implicit” approaches based on expert judgements of the quality of care
with regard to the patient’s situation and guidelines on the use of drugs, and (ii) explicit
approaches based on predefined criteria for the analysis of drug prescriptions and that do not
require intervention by an expert.

2.2.2. Potentially inappropriate prescription. Explicit definitions cover situations con-
sidered by experts to be generally inappropriate, as defined in the literature or by expert con-
sensus. However, when an explicit definition is applied to a given prescription, the absence of
expert opinion means that the prescription’s inappropriateness cannot be confirmed. There-
fore, explicit definitions correspond to PIPs.
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2.3. Recruitment of participants

We set up three nominal groups with 5 to 15 participants each following the recommendations
of Allen et al. [41] and McMillian et al. [40]. The participants were recruited by e-mail, with
help from the steering committee members.

Recruitment was started on 10™ March 2022. Recruitment was completed the day before
the corresponding nominal group. If there were not enough participants, a nominal group
could be rescheduled for another date.

The first group was composed of pharmacists (hospital pharmacists and community phar-
macists), the second was composed of diabetologists, and the third was composed of general
practitioners. The study investigators had no contact with the nominal groups members prior
to the study. The participants’ characteristics (age, sex, year of qualification, specialty, and
involvement in training on AD stewardship) were recorded.

This study was approved by the University of Lille Research Ethics Committee. Participants
were informed of the study purpose, questions, and procedure prior to the nominal groups.
Verbal consent was obtained at the beginning of both nominal groups because the study pre-
sented no more than minimal risk of harm to subjects and involved no procedures for which
written consent is normally required outside of the research context.

2.4. The nominal groups’ workflow

The nominal groups met in Lille (France) three times: on May 5" and May 10", 2022, and on
January 11, 2023. Each meeting lasted for two hours. Two investigators were present (EG, a
PharmD studying for a PhD, and PQ, a RN and PhD scientist) and acted as a facilitator and an
observer, respectively. At the start of the meeting, participants viewed a presentation of study’s
background and objectives. Each participant then considered the questions individually and
suggested definitions of PIP-ADs. This process continued until the participants had run out of
suggestions. The suggested definitions were recorded on a computer spreadsheet (Excel ™,
Microsoft Corporation, Redmond, WA, USA) and then shown to the participants. Next, each
definition was discussed, and the latter’s explicit nature was confirmed by the group. If neces-

sary, a definition could be reformulated. New definitions could also be added at this stage.

2.5. The merger of definitions suggested by the nominal groups

In order to eliminate duplicates within and between groups, the suggested definitions were
reviewed by two investigators (EG and PQ). After the removal of duplicates and the merger of
similar definitions (e.g. the terms "nausea", "vomiting" and "diarrhoea" have been merged into
"acute digestive disorders"), a single list of definitions was obtained. Any disagreements were
discussed and resolved by consensus with a third researcher (JBB).

2.6. Validation of the list of explicit definitions

The list of explicit definitions was validated by the members of the steering committee and the
members of the three groups. The included definitions had to be (i) explicit, (ii) related to ADs
(excluding insulin) in the Anatomical Therapeutic Chemical class A10B and in the context of
T2DM. If necessary, a definition could be reformulated. We excluded definitions that (i) were
implicit, (ii) were outside the scope of the study, (iii) had already been stated in the American
Diabetes Association and Société francophone du diabéte guidelines and, (iv) were less rele-
vant with regard to the summary of product characteristics “dosing regimens” or “special
warnings and precautions for use” (e.g. minimum and maximum dose levels, as well as the
times at which they should be taken). The members of the steering committee discussed each
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suggested definition and drew up a list of validated definitions. Lastly, the list of explicit defini-
tions was submitted to all the nominal group members for final validation.

2.7. Classification of definition

PIPs are typically presented in the following format: “it is (always) inappropriate to prescribe a
drug X in a situation Y (e.g. a patient aged 75 or over)” [36, 37]. However, the members of the
nominal groups suggested definitions that appeared to be non-fixed or that depended on the
context. Four contexts were identified by three investigators (EG, PQ, and JBB) and validated
by the steering committee: (i) the potential need to temporarily discontinue a medication in
the event of an acute illness; (ii) the potential need to adjust a dosage regimen in a chronic dis-
ease context for example; (iii) inappropriate treatment initiation; and (iv) the need for addi-
tional monitoring in the management of T2DM.

3. Results
3.1. Nominal groups and the characteristics of the group members

The three nominal groups comprised 30 members in total: 14 in the nominal group of phar-
macists, 10 in the nominal group of diabetologists, and 6 in the nominal group of general prac-
titioners (Table 1).

3.2. Numbers of explicit definitions suggested by the nominal groups

The nominal group of pharmacists generated 179 suggestions, which were merged into 71 def-
initions (Fig 1). The nominal group of diabetologists generated 119 suggestions, which were
merged into 43 definitions. Lastly, the nominal group of general practitioners generated 70
suggestions, which were merged into 28 definitions. The three lists were then merged into a
single list of 89 definitions of PIP-ADs in patients with T2DM.

3.3. Validation of explicit definitions

Six of the 89 definitions (6.7%) were deemed to be non-explicit; for example, the definition
mentioned anorexia without specifying the type and cause of anorexia or giving an explicit def-
inition of anorexia. Eleven definitions (12.4%) were deemed to be outside the scope of the
study; for example, one definition was linked to intensive care and a metformin overdose,
which is an adverse drug event and not a PIP. Eighteen (20.2%) were deemed to be less rele-
vant because they were related to items already described in the summary of product charac-
teristics “dosing regimens” or “special warnings and precautions for use” sections (e.g. the
minimum and maximum dose levels, and the times at which the AD should be taken). Explicit
definitions related to items in the “contraindication” section were not excluded.

During the study period, the American Diabetes Association and Société francophone du
diabete published explicit rules on the treatment of diabetes in patients with chronic kidney

Table 1. Characteristics of the nominal group members.

Characteristics

Age (median (range))

Years since qualification (MD or PharmD,
median (range))

Females

Involved in antidiabetic drug stewardship

https://doi.org/10.1371/journal.pone.0309290.t001

Participants n = 30 General practitioners n = 6 Diabetologists n = 10 Pharmacists n = 14

(100.0%) (20.0%) (33.3%) (46.6%)
42.5 (27; 67) 48.5 (40; 67) 47.0 (29; 59) 39.5 (27; 59)
15 (2;41) 22 (9; 40) 20 (1;31) 9(1;37)
17 (56.6%) 0 (0.0%) 6 (60.0%) 11 (78.6%)
15 (50.0%) 5 (83.3%) 8 (80.0%) 2 (14.3%)
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Pharmacists (n=14) Diabetologist (n=10) General practitioners (n=6)
179 suggested definitions 136 suggested definitions 93 suggested definitions
153 suggested definitions 119 suggested definitions 70 suggested definitions

validated by the group validated by the group validated by the group
v v v
71 unique definitions after 43 unique definitions after 28 unique definitions after
merging and removal of merging and removal of merging and removal of
duplicates duplicates duplicates
v
89 suggested definitions
after merging and removal
of duplicates from the
three nominal group’s list
Excluded definitions:
Reformulated definitions: - 6 were deemed to be non-
- 14 were clarified in explicit
recent ADA and SFD - 11 were deemed out of
recommendations and has scope
been reformulated in one > - 20 were deemed to be
definition to monitor the less relevant because they
therapeutic management of were described in the
a people with type 2 SmPCs
diabetes - 1 was withdrawn because
knowledge of the use of
DPP-4 or SGLT-2
inhibitors in patient whit
T2DM and cardiovascular
v disease was evolving
38 definitions validated by

the steering committee

v

38 definitions validated by
all participants

Fig 1. Study flow chart. ADA = American diabetes association; DPP-4 = dipeptidyl peptidase-4; SFD = Société francophone du

diabete; SGLT-2; sodium-glucose cotransporter-2; T2DM = Type 2 diabetes mellitus.

https://doi.org/10.1371/journal.pone.0309290.9001

disease [48, 49]. For example, the Société francophone du diabéte guideline explicitly states

that metformin can be prescribed to patients with an eGFR between 59 and 30 ml/min/m? but
is not recommended for patients with an eGFR below 30 ml/min/m>. As a result, 14 (15.7%)
definitions described the adjustment of treatment with regard to the eGFR.

We identified and classified the validated explicit definitions in the following contexts: (i)
the potential need to temporarily discontinue a medication in the event of acute illness (n = 9;
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23.6%), (ii) the potential need to adjust the dosage regimen (n = 23; 60.5%), (iii) inappropriate
treatment initiation (n = 3; 7.9%), and (iv) the need for additional monitoring in the manage-
ment of a patient with T2DM (n = 3; 7.9%) (Table 2).

3.4. The final list of PIP-ADs

A final list of 38 explicit definitions was submitted to the nominal group members for valida-
tion (Table 2). All the definitions and their classification were validated by the steering com-
mittee and the nominal group members. Six Anatomical Therapeutic Chemical classes were
mentioned at least once: biguanides, SGLT-2, inhibitors, GLP-1 receptor agonists, DPP-4
inhibitors, sulfonylureas, and repaglinide.

Most of definitions covered all six classes of AD (n = 22; 6%), including one specific defini-
tion for injectable ADs (“It may be necessary to reassess and adjust the prescription of an
injectable AD if it is difficult to use this administration route (e.g. in a patient with a fear of
injections)”) and one specific definition for oral ADs (“It may be necessary to reassess and
adjust the prescription of oral ADs in a patient who has difficulty swallowing pills”). Most of
the definitions related to a single drug class concerned sulfonylureas and repaglinide (n = 7;
18.4%). Other definitions were related to GLP-1 receptor agonists (n = 4, 10.5%), SGLT-2
inhibitors (n = 4, 10.5%), biguanides (n = 2; 5.2%), and DPP-4 inhibitors (n = 2; 5.2%).

4. Discussion

4.1. Main findings

The present study listed 38 explicit definitions of PIP-ADs in patients with T2DM. To the best
of our knowledge, this qualitative study of clinicians is the first to have generated a list of
explicit definitions of PIPs specifically in patients with T2DM. The nominal group method
enabled 30 healthcare professionals from various disciplines and specialties to generate and
classify definitions. However, the selected definitions must be validated by expert consensus
(e.g. in a Delphi survey) before they can be used in routine clinical practice [40, 43, 50].

Our previous systematic review highlighted the variable levels of precision and written for-
mulation of explicit definitions [35]. Our present work focused on the management of patient
with T2DM, whereas most published lists of explicit criteria were related to older patients [51].
Indeed, Succurro et al. highlighted poor adherence to current guidelines on diabetes manage-
ment [52], and a meta-analysis by Mahmoud et al. identified various factors to be considered
when deciding on the most appropriate ADs for patients with T2DM [53]. Screening tools
based on explicit criteria have proven their worth in reducing PIPs [54]. In particular, these
tools could help non-specialists, whose lack of training [55] or reluctance to alter prescriptions
by colleagues can constitute barriers to appropriate prescribing [56].

4.2. The need for validation by expert consensus

Explicit definitions of PIP-ADs listed by nominal groups have not been approved by an expert
consensus and must be validated in a Delphi survey [57]. The objective of the present qualita-
tive study was to draw up a rigorous list of explicit definitions. However, the study’s methodol-
ogy prevented us from modifying the recorded content; for example, some of the content was
suggested by a single participant might not considered to be relevant by all clinicians. The list
of explicit definitions of AD-PIPs obtained in a literature review and the list generated by the
present qualitative study should be merged. The merged list should then be submitted to a
panel of experts, assessed for relevance, and then agreed by consensus.
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Table 2. List of validated explicit definitions of AD-PIPs (excluding insulin) in patients with T2DM. It must be
borne in mind that these definitions require external validation in a Delphi survey before they can be used in practice.
It may be necessary to temporarily discontinue. . .

the prescription of ADs in a patient requiring general anaesthesia for surgery.

the prescription of ADs in a patient with an acute digestive disorder (nausea, diarrhoea, vomiting, etc.)

the prescription of ADs in a patient with acute liver injury

the prescription of ADs in a patient with signs and/or symptoms of infection (such as fever, sepsis, the prescription
of antibiotics, etc.).

the prescription of ADs in a patient with a diagnosis of acute pancreatitis, including suspected acute pancreatitis
(elevated lipase levels, abdominal pain, etc.).

the prescription of an SGLT-2 inhibitor in a patient with a skin infection (an abscess, Verneuil’s disease, etc.)
the prescription of an SGLT-2 inhibitor in a patient with unstable grade 4 peripheral arterial disease
the prescription of metformin for 48 hours when a patient requires an injection of iodinated contrast medium

the prescription of repaglinide or sulfonylureas in a patient with a capillary blood glucose level < 0.8g/L at the time
of taking the medication

It may be necessary to not initiate. . .

ADs in a patient whose diagnosis of type 2 diabetes is uncertain (2 venous glycaemia measurements of at least 1.26
g/L or 1 venous glycaemia measurement of at least 2 g/L)

Repaglinide or sulfonylureas in a patient aged over 75

Repaglinide or sulfonylureas in a patient with an Hb1Ac level < 7%

It may be necessary to reassess and adjust. . .

the prescription of ADs in a patient with a chronic digestive condition (Crohn’s disease, ulcerative colitis, etc.)
the prescription of ADs in a patient aged over 75

the prescription of ADs in a patient who does not tolerate the treatment well

the prescription of ADs in a dependent patient (e.g. with a movement disorders or cognitive disorder) who does not
receive from home care or who is not in an institution

the therapeutic strategy in two- or three-drug combination treatments involving repaglinide or sulfonylureas in a
patient with an HbAlc level < 7%.

the prescription of ADs in a patient with a history of ketoacidosis

the prescription of ADs in a patient with a chronic liver condition

the prescription of ADs in a patient with a chronic pancreatic condition or a history of acute pancreatitis

the prescription of ADs if refusal of this treatment is clearly stated in the patient’s medical records

the prescription of ADs for a patient taking more than eight prescription drugs daily and with an HbAlc level < 7%
the prescription of a combination of two ADs from the same drug class

the prescription of injectable ADs if it is difficult to use this administration route (e.g. in a patient with a fear of
injections)

the prescription of oral ADs in a patient who has difficulty swallowing pills

the prescription of GLP-1 receptor agonist in a patient with a history of gallstones

the prescription of metformin, a GLP-1 receptor agonist or a DPP4 inhibitor in a patient with a 1.5-fold increase in
creatinine in 7 days

the combination of a GLP-1 receptor agonist and a DPP4 inhibitor

the prescription of an SGLT-2 inhibitor in a patient with past or ongoing genito-urinary tract involvement (a lower
urinary tract infection in men or recurrent low urinary tract infections (4 or more times over 12 months) in
women), upper urinary tract infection, micturition disorder, genital mycosis, etc.)

the prescription of an SGLT-2 inhibitor or a GLP-1 receptor agonist in a patient with a body mass index < 18 kg/m*

the prescription of metformin in a patient with a condition that may lead to hypoxia (respiratory pathology, sleep
apnoea syndrome, oxygen therapy, etc.)

the combination of repaglinide and sulfonylureas
the prescription of repaglinide or sulfonylureas in a patient with a hypocaloric diet (with weight loss)

the prescription of repaglinide or sulfonylureas in a patient reporting symptomatic hypoglycaemia (malaise,
sweating, palpitation, intense hunger, dizziness, “jelly legs” etc.).

the prescription of repaglinide or sulfonylureas in a patient with a body mass index > 30 kg/m>.

(Continued)
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Table 2. (Continued)

It may be necessary to monitor. . .
the eGFR in a patient with T2DM at least once a year
the HbAlc level in a patient with T2DM at least once a year

the patient’s treatment adherence and involvement in a patient education programme

https://doi.org/10.1371/journal.pone.0309290.t002

4.3. Perspectives for applying explicit definitions of PIP-ADs

A recent literature review emphasized the value of using explicit tools to detect PIPs [58].
Moreover, explicit definitions could advantageously be included in clinical decision support
system, with a view to the automated detection of at-risk situations in routine practice [59, 60]
and an increase in the proportion of PIPs detected [33]. A recent review highlighted the role of
clinical decision support system in improving high quality medication use and enhancing the
quality of care [61]. Interventions within the scope of pharmacists’ practice span a variety of
domains, including dynamic monitoring, ensuring drug safety for patients with renal
impairment, addressing medication safety concerns related to QT prolongation, performing
dosing calculations, conducting medication reconciliations, and overseeing general medica-
tion usage and safety. However, the effectiveness of a clinical decision support system based on
PIP definitions would have to be assessed in the context of care (primary care, hospital care,
etc.) [62]. Some of the explicit definitions of PIP-ADs mentioned in our study may be more
relevant in a hospital setting, whereas others may be more applicable to primary care. It will
also be necessary to target the practitioners for whom these definitions will be useful: some def-
initions are certainly intended for general practitioners, with others for pharmacists, and yet
others for nurses [63]. Two approaches could be used to assess the relevance of these defini-
tions, once validated in a Delphi survey. Firstly, the definitions could be used in clinical deci-
sion support system, and their relevance to clinical practice could be evaluated [59]. Secondly,
one could reuse data from a health data warehouse and apply data-mining methods [64, 65].

4.4. Strengths and limitations

Our study methodology made it possible to gather suggestions from 30 healthcare profession-
als who are direct in contact with patients and prescriptions, i.e. general practitioners, pharma-
cists and diabetologists. Each part of the merging, validation and classification processes was
carried out independently by two investigators, and any disagreements were discussed and
resolved by consensus with a third researcher. All steps were discussed and validated by a
steering committee. At the end of the study, the final list of definition was validated by all the
nominal group members. We completed 26 of the 32 COREQ items: six items were not applied
because they were not applicable to the nominal group technique. However, the COREQ
checklist was drawn up to help researchers to report important aspects of qualitative studies in
general and focus groups and interviews in particular; in contrast, our qualitative study was
based on the nominal groups technique [42].

Our study also had some limitations. All participants are based in France, the scope of some
of the definitions proposed here may be limited. In particular, these definitions do not include
diabetes therapies that are not prescribed in France, such as thiazolidinediones. Our study was
qualitative; thus, our reporting did not depend on the number of times a given definition was
mentioned in the nominal groups or by other study participants. The definitions reported here
must be validated by expert consensus (e.g., in a Delphi survey) and cannot be used in practice
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at this stage. Lastly, the applicability of explicit definitions and the potential for implementa-
tion in computer systems will need to be addressed in further research.

5. Conclusion

Our qualitative study involved 30 healthcare professionals (10 diabetologists, 6 general practi-
tioners, and 14 pharmacists) and generated 38 explicit definitions of PIP-ADs classified with
regard to four contexts: (i) the potential need to temporarily discontinue a medication in the
event of acute illness, (ii) the potential need to adjust the dosage regimen, (iii) inappropriate
treatment initiation, and (iv) the need for additional monitoring of a patient with T2DM. This
list of 38 explicit definitions necessitates additional confirmation by expert consensus before
use in clinical practice.

Supporting information

S1 Table. COREQ checKklist.
(PDF)

Acknowledgments

We thank all the participants in the nominal groups. We thank David Fraser (Biotech Com-
munication SARL, Ploudalmézeau, France) for copy-editing assistance.

Author Contributions

Conceptualization: Erwin Gerard, Paul Quindroit, Jean-Baptiste Beuscart.
Methodology: Erwin Gerard, Paul Quindroit, Jean-Baptiste Beuscart.

Project administration: Jean-Baptiste Beuscart.

Supervision: Matthieu Calafiore, Jan Baran, Anne Vambergue, Jean-Baptiste Beuscart.

Validation: Matthieu Calafiore, Jan Baran, Sophie Gautier, Bertrand Decaudin, Madleen
Lemaitre, Anne Vambergue, Jean-Baptiste Beuscart.

Writing - original draft: Erwin Gerard, Paul Quindroit, Jean-Baptiste Beuscart.

Writing - review & editing: Erwin Gerard, Paul Quindroit, Matthieu Calafiore, Jan Baran,
Sophie Gautier, Stéphanie Genay, Bertrand Decaudin, Madleen Lemaitre, Anne
Vambergue.

References

1. Scheen AJ (2015) A review of gliptins for 2014. Expert Opinion on Pharmacotherapy 16(1):43-62.
https://doi.org/10.1517/14656566.2015.978289 PMID: 25381751

2. Scheen AJ (2015) Pharmacodynamics, Efficacy and Safety of Sodium—Glucose Co-Transporter Type 2
(SGLT2) Inhibitors for the Treatment of Type 2 Diabetes Mellitus. Drugs 75(1):33-59. https://doi.org/
10.1007/s40265-014-0337-y PMID: 25488697

3. ShiQ, Nong K, Vandvik PO, et al (2023) Benefits and harms of drug treatment for type 2 diabetes: sys-
tematic review and network meta-analysis of randomised controlled trials. BMJ 381:€074068. https://
doi.org/10.1136/bmj-2022-074068 PMID: 37024129

4. ChongK, Chang JK-J, Chuang L-M (2024) Recent advances in the treatment of type 2 diabetes mellitus
using new drug therapies. The Kaohsiung Journal of Medical Sciences 40(3):212—220. https://doi.org/
10.1002/kjm2.12800 PMID: 38183334

5. Galindo RJ, Trujillo JM, Low Wang CC, McCoy RG (2023) Advances in the management of type 2 dia-
betes in adults. bmjmed 2(1):e000372. https://doi.org/10.1136/bmjmed-2022-000372 PMID: 37680340

PLOS ONE | https://doi.org/10.1371/journal.pone.0309290  September 27, 2024

10/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309290.s001
https://doi.org/10.1517/14656566.2015.978289
http://www.ncbi.nlm.nih.gov/pubmed/25381751
https://doi.org/10.1007/s40265-014-0337-y
https://doi.org/10.1007/s40265-014-0337-y
http://www.ncbi.nlm.nih.gov/pubmed/25488697
https://doi.org/10.1136/bmj-2022-074068
https://doi.org/10.1136/bmj-2022-074068
http://www.ncbi.nlm.nih.gov/pubmed/37024129
https://doi.org/10.1002/kjm2.12800
https://doi.org/10.1002/kjm2.12800
http://www.ncbi.nlm.nih.gov/pubmed/38183334
https://doi.org/10.1136/bmjmed-2022-000372
http://www.ncbi.nlm.nih.gov/pubmed/37680340
https://doi.org/10.1371/journal.pone.0309290

PLOS ONE

Explicit definitions of potentially inappropriate prescriptions for patients with type 2 diabetes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Davies MJ, Aroda VR, Collins BS, et al (2022) Management of hyperglycaemia in type 2 diabetes,
2022. A consensus report by the American Diabetes Association (ADA) and the European Association
for the Study of Diabetes (EASD). Diabetologia 65(12):1925—-1966. https://doi.org/10.1007/s00125-
022-05787-2 PMID: 36151309

Taylor R, Acharya S, Parsons M, et al (2023) Australian general practitioners’ perspectives on integrat-
ing specialist diabetes care with primary care: qualitative study. BMC Health Serv Res 23(1):1264.
https://doi.org/10.1186/s12913-023-10131-4 PMID: 37974197

Ngkleby K, Berg TJ, Mdala I, et al (2021) High adherence to recommended diabetes follow-up proce-
dures by general practitioners is associated with lower estimated cardiovascular risk. Diabetic Medicine
38(8):e14586. https://doi.org/10.1111/dme.14586 PMID: 33876447

Jingi AM, Nansseu JRN, Noubiap JJN (2015) Primary care physicians’ practice regarding diabetes mel-
litus diagnosis, evaluation and management in the West region of Cameroon. BMC Endocr Disord 15
(1):18. https://doi.org/10.1186/s12902-015-0016-3 PMID: 25881080

Gensichen J, Von Korff M, Rutter CM, et al (2009) Physician support for diabetes patients and clinical
outcomes. BMC Public Health 9(1):367. https://doi.org/10.1186/1471-2458-9-367 PMID: 19788726

Tiv M, Viel J-F, Mauny F, et al (2012) Medication Adherence in Type 2 Diabetes: The ENTRED Study
2007, a French Population-Based Study. PLoS ONE 7(3):e32412. https://doi.org/10.1371/journal.
pone.0032412 PMID: 22403654

Boyer L, Francgois P, Fourny M, et al (2008) Managed care’s clinical and economic impact on patients
with type |l diabetes in France: a controlled population-based study. Int J Health Care Qual Assur 21
(8):297-307. https://doi.org/10.1108/09526860810868238 PMID: 18578214

Kirkman MS, Williams SR, Caffrey HH, Marrero DG (2002) Impact of a program to improve adherence
to diabetes guidelines by primary care physicians. Diabetes Care 25(11):1946—1951. https://doi.org/
10.2337/diacare.25.11.1946 PMID: 12401737

Monnier L, Grimaldi A, Charbonnel B, et al (2004) Management of French patients with type 2 diabetes
mellitus in medical general practice: report of the Mediab observatory. Diabetes Metab 30(1):35—-42.
https://doi.org/10.1016/s1262-3636(07)70087-3 PMID: 15029096

Buse JB, Wexler DJ, Tsapas A, et al (2020) 2019 update to: Management of hyperglycaemia in type 2
diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetologia 63(2):221-228. https://doi.org/10.1007/
s00125-019-05039-w PMID: 31853556

American Diabetes Association (2021) Introduction: Standards of Medical Care in Diabetes-2021. Dia-
betes Care 44(Suppl 1):S1-S2. https://doi.org/10.2337/dc21-Sint PMID: 33298409

Spinewine A, Schmader KE, Barber N, et al (2007) Appropriate prescribing in elderly people: how well
can it be measured and optimised? Lancet 370(9582):173—184. https://doi.org/10.1016/S0140-6736
(07)61091-5 PMID: 17630041

Hanlon JT, Schmader KE (2013) The Medication Appropriateness Index at 20: Where It Started, Where
It Has Been, and Where It May Be Going. Drugs Aging 30(11):893-900. https://doi.org/10.1007/
$40266-013-0118-4 PMID: 24062215

Hanlon JT, Schmader KE, Samsa GP, et al (1992) A method for assessing drug therapy appropriate-
ness. Journal of Clinical Epidemiology 45(10):1045—-1051. https://doi.org/10.1016/0895-4356(92)
90144-C PMID: 1474400

Robert L, Rousseliere C, Beuscart J-B, et al (2021) Integration of Explicit Criteria in a Clinical Decision
Support System Through Evaluation of Acute Kidney Injury Events. Stud Health Technol Inform
281:640-644. https://doi.org/10.3233/SHTI1210249 PMID: 34042654

Hill-Taylor B, Sketris |, Hayden J, Byrne S, O’Sullivan D, Christie R (2013) Application of the STOPP/
START criteria: a systematic review of the prevalence of potentially inappropriate prescribing in older
adults, and evidence of clinical, humanistic and economic impact. Journal of Clinical Pharmacy and
Therapeutics 38(5):360-372. https://doi.org/10.1111/jcpt.12059 PMID: 23550814

Thomas RE, Thomas BC (2019) A Systematic Review of Studies of the STOPP/START 2015 and
American Geriatric Society Beers 2015 Criteria in Patients > 65 Years. Curr Aging Sci 12(2):121-154.
https://doi.org/10.2174/1874609812666190516093742 PMID: 31096900

Hill-Taylor B, Walsh KA, Stewart S, Hayden J, Byrne S, Sketris IS (2016) Effectiveness of the STOPP/
START (Screening Tool of Older Persons’ potentially inappropriate Prescriptions/Screening Tool to

Alert doctors to the Right Treatment) criteria: systematic review and meta-analysis of randomized con-
trolled studies. J Clin Pharm Ther 41(2):158-169. https://doi.org/10.1111/jcpt. 12372 PMID: 26990017

Lopez-Rodriguez JA, Rogero-Blanco E, Aza-Pascual-Salcedo M, et al (2020) Potentially inappropriate
prescriptions according to explicit and implicit criteria in patients with multimorbidity and polypharmacy.
MULTIPAP: A cross-sectional study. PLoS One 15(8):e0237186. https://doi.org/10.1371/journal.pone.
0237186 PMID: 32785232

PLOS ONE | https://doi.org/10.1371/journal.pone.0309290  September 27, 2024 11/14


https://doi.org/10.1007/s00125-022-05787-2
https://doi.org/10.1007/s00125-022-05787-2
http://www.ncbi.nlm.nih.gov/pubmed/36151309
https://doi.org/10.1186/s12913-023-10131-4
http://www.ncbi.nlm.nih.gov/pubmed/37974197
https://doi.org/10.1111/dme.14586
http://www.ncbi.nlm.nih.gov/pubmed/33876447
https://doi.org/10.1186/s12902-015-0016-3
http://www.ncbi.nlm.nih.gov/pubmed/25881080
https://doi.org/10.1186/1471-2458-9-367
http://www.ncbi.nlm.nih.gov/pubmed/19788726
https://doi.org/10.1371/journal.pone.0032412
https://doi.org/10.1371/journal.pone.0032412
http://www.ncbi.nlm.nih.gov/pubmed/22403654
https://doi.org/10.1108/09526860810868238
http://www.ncbi.nlm.nih.gov/pubmed/18578214
https://doi.org/10.2337/diacare.25.11.1946
https://doi.org/10.2337/diacare.25.11.1946
http://www.ncbi.nlm.nih.gov/pubmed/12401737
https://doi.org/10.1016/s1262-3636%2807%2970087-3
http://www.ncbi.nlm.nih.gov/pubmed/15029096
https://doi.org/10.1007/s00125-019-05039-w
https://doi.org/10.1007/s00125-019-05039-w
http://www.ncbi.nlm.nih.gov/pubmed/31853556
https://doi.org/10.2337/dc21-Sint
http://www.ncbi.nlm.nih.gov/pubmed/33298409
https://doi.org/10.1016/S0140-6736%2807%2961091-5
https://doi.org/10.1016/S0140-6736%2807%2961091-5
http://www.ncbi.nlm.nih.gov/pubmed/17630041
https://doi.org/10.1007/s40266-013-0118-4
https://doi.org/10.1007/s40266-013-0118-4
http://www.ncbi.nlm.nih.gov/pubmed/24062215
https://doi.org/10.1016/0895-4356%2892%2990144-C
https://doi.org/10.1016/0895-4356%2892%2990144-C
http://www.ncbi.nlm.nih.gov/pubmed/1474400
https://doi.org/10.3233/SHTI210249
http://www.ncbi.nlm.nih.gov/pubmed/34042654
https://doi.org/10.1111/jcpt.12059
http://www.ncbi.nlm.nih.gov/pubmed/23550814
https://doi.org/10.2174/1874609812666190516093742
http://www.ncbi.nlm.nih.gov/pubmed/31096900
https://doi.org/10.1111/jcpt.12372
http://www.ncbi.nlm.nih.gov/pubmed/26990017
https://doi.org/10.1371/journal.pone.0237186
https://doi.org/10.1371/journal.pone.0237186
http://www.ncbi.nlm.nih.gov/pubmed/32785232
https://doi.org/10.1371/journal.pone.0309290

PLOS ONE

Explicit definitions of potentially inappropriate prescriptions for patients with type 2 diabetes

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Drenth-van Maanen AC, Leendertse AJ, Jansen PAF, et al (2018) The Systematic Tool to Reduce Inap-
propriate Prescribing (STRIP): Combining implicit and explicit prescribing tools to improve appropriate
prescribing. J Eval Clin Pract 24(2):317-322. https://doi.org/10.1111/jep.12787 PMID: 28776873

Soiza RL, Subbarayan S, Antonio C, et al (2017) 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):81-85. https://doi.org/10.
1177/2042098616675851 PMID: 28382196

Lavan AH, O’Mahony D, Gallagher P, et al (2019) The effect of SENATOR (Software ENgine for the
Assessment and optimisation of drug and non-drug Therapy in Older peRsons) on incident adverse
drug reactions (ADRs) in an older hospital cohort—Trial Protocol. BMC Geriatr 19:40. https://doi.org/10.
1186/s12877-019-1047-9 PMID: 30760204

Nauta KJ, Groenhof F, Schuling J, et al (2017) Application of the STOPP/START criteria to a medical
record database. Pharmacoepidemiology and Drug Safety 26(10):1242—1247. https://doi.org/10.1002/
pds.4283 PMID: 28799295

Crowley EK, Sallevelt BTGM, Huibers CJA, et al (2020) Intervention protocol: OPtimising thERapy to
prevent avoidable hospital Admission in the Multi-morbid elderly (OPERAM): a structured medication
review with support of a computerised decision support system. BMC Health Serv Res 20(1):220.
https://doi.org/10.1186/s12913-020-5056-3 PMID: 32183810

Tsopra R, Sedki K, Courtine M, et al (2019) Helping GPs to extrapolate guideline recommendations to
patients for whom there are no explicit recommendations, through the visualization of drug properties.
The example of AntibioHelp® in bacterial diseases. J Am Med Inform Assoc 26(10):1010—1019. https:/
doi.org/10.1093/jamia/ocz057 PMID: 31077275

Verdoorn S, Kwint H f., Hoogland P, Gussekloo J, Bouvy M I. (2018) Drug-related problems identified dur-
ing medication review before and after the introduction of a clinical decision support system. Journal of
Clinical Pharmacy and Therapeutics 43(2):224—231. https://doi.org/10.1111/jcpt. 12637 PMID: 28971492

Huibers CJA, Sallevelt BTGM, De Groot DA, et al (2019) Conversion of STOPP/START version 2 into
coded algorithms for software implementation: A multidisciplinary consensus procedure. International
Journal of Medical Informatics 125:110-117. https://doi.org/10.1016/j.ijmedinf.2018.12.010 PMID:
30914175

McDonald EG, Wu PE, Rashidi B, et al (2019) The MedSafer Study: A Controlled Trial of an Electronic
Decision Support Tool for Deprescribing in Acute Care. J Am Geriatr Soc 67(9):1843-1850. https://doi.
org/10.1111/jgs.16040 PMID: 31250427

Ruhland Daniel J, Bellone Jessica M, Wilkes E (2017) Implementation and Assessment of an Ambula-
tory Prescribing Guidance Tool to Improve Patient Safety in the Geriatric Population. consult pharm 32
(3):169—174. https://doi.org/10.4140/TCP.n.2017.169 PMID: 28270272

Gerard E, Quindroit P, Lemaitre M, et al (2022) Defining explicit definitions of potentially inappropriate
prescriptions for antidiabetic drugs in patients with type 2 diabetes: A systematic review. PLOS ONE 17
(9):0274256. https://doi.org/10.1371/journal.pone.0274256 PMID: 36094919

By the 2019 American Geriatrics Society Beers Criteria® Update Expert Panel (2019) American Geriat-
rics Society 2019 Updated AGS Beers Criteria® for Potentially Inappropriate Medication Use in Older
Adults. J Am Geriatr Soc 67(4):674—694. https://doi.org/10.1111/jgs. 15767 PMID: 30693946

O’Mahony D, Cherubini A, Guiteras AR, et al (2023) STOPP/START criteria for potentially inappropriate
prescribing in older people: version 3. Eur Geriatr Med 14(4):625-632. https://doi.org/10.1007/s41999-
023-00777-y PMID: 37256475

McGill M, Felton A-M (2007) New global recommendations: A multidisciplinary approach to improving
outcomes in diabetes. Primary Care Diabetes 1(1):49-55. https://doi.org/10.1016/j.pcd.2006.07.004
PMID: 18632019

McGill M, Blonde L, Chan JCN, et al (2017) The interdisciplinary team in type 2 diabetes management:
Challenges and best practice solutions from real-world scenarios. J Clin Transl Endocrinol 7:21-27.
https://doi.org/10.1016/j.jcte.2016.12.001 PMID: 29067246

McMillan SS, King M, Tully MP (2016) How to use the nominal group and Delphi techniques. Int J Clin
Pharm 38(3):655-662. https://doi.org/10.1007/s11096-016-0257-x PMID: 26846316

Jones JAJDM (2013) Building consensus in health care: a guide to using the nominal group technique.
British Journal of Community Nursing. https://doi.org/10.12968/bjcn.2004.9.3.12432 PMID: 15028996

Gallagher M, Hares T, Spencer J, Bradshaw C, Webb | (1993) The Nominal Group Technique: A
Research Tool for General Practice? Fam Pract 10(1):76-81. https://doi.org/10.1093/fampra/10.1.76
PMID: 8477899

Humphrey-Murto S, Varpio L, Gonsalves C, Wood TJ (2017) Using consensus group methods such as
Delphi and Nominal Group in medical education research. Med Teach 39(1):14-19. hitps://doi.org/10.
1080/0142159X.2017.1245856 PMID: 27841062

PLOS ONE | https://doi.org/10.1371/journal.pone.0309290  September 27, 2024 12/14


https://doi.org/10.1111/jep.12787
http://www.ncbi.nlm.nih.gov/pubmed/28776873
https://doi.org/10.1177/2042098616675851
https://doi.org/10.1177/2042098616675851
http://www.ncbi.nlm.nih.gov/pubmed/28382196
https://doi.org/10.1186/s12877-019-1047-9
https://doi.org/10.1186/s12877-019-1047-9
http://www.ncbi.nlm.nih.gov/pubmed/30760204
https://doi.org/10.1002/pds.4283
https://doi.org/10.1002/pds.4283
http://www.ncbi.nlm.nih.gov/pubmed/28799295
https://doi.org/10.1186/s12913-020-5056-3
http://www.ncbi.nlm.nih.gov/pubmed/32183810
https://doi.org/10.1093/jamia/ocz057
https://doi.org/10.1093/jamia/ocz057
http://www.ncbi.nlm.nih.gov/pubmed/31077275
https://doi.org/10.1111/jcpt.12637
http://www.ncbi.nlm.nih.gov/pubmed/28971492
https://doi.org/10.1016/j.ijmedinf.2018.12.010
http://www.ncbi.nlm.nih.gov/pubmed/30914175
https://doi.org/10.1111/jgs.16040
https://doi.org/10.1111/jgs.16040
http://www.ncbi.nlm.nih.gov/pubmed/31250427
https://doi.org/10.4140/TCP.n.2017.169
http://www.ncbi.nlm.nih.gov/pubmed/28270272
https://doi.org/10.1371/journal.pone.0274256
http://www.ncbi.nlm.nih.gov/pubmed/36094919
https://doi.org/10.1111/jgs.15767
http://www.ncbi.nlm.nih.gov/pubmed/30693946
https://doi.org/10.1007/s41999-023-00777-y
https://doi.org/10.1007/s41999-023-00777-y
http://www.ncbi.nlm.nih.gov/pubmed/37256475
https://doi.org/10.1016/j.pcd.2006.07.004
http://www.ncbi.nlm.nih.gov/pubmed/18632019
https://doi.org/10.1016/j.jcte.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29067246
https://doi.org/10.1007/s11096-016-0257-x
http://www.ncbi.nlm.nih.gov/pubmed/26846316
https://doi.org/10.12968/bjcn.2004.9.3.12432
http://www.ncbi.nlm.nih.gov/pubmed/15028996
https://doi.org/10.1093/fampra/10.1.76
http://www.ncbi.nlm.nih.gov/pubmed/8477899
https://doi.org/10.1080/0142159X.2017.1245856
https://doi.org/10.1080/0142159X.2017.1245856
http://www.ncbi.nlm.nih.gov/pubmed/27841062
https://doi.org/10.1371/journal.pone.0309290

PLOS ONE

Explicit definitions of potentially inappropriate prescriptions for patients with type 2 diabetes

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Baclet N, Calafiore M, Fregnac C, et al (2022) Explicit definitions of potentially inappropriate prescrip-
tions of antibiotics in hospitalized older patients. Infect Dis Now S2666-9919(22)00037-9. https://doi.
org/10.1016/j.idnow.2022.02.004 PMID: 35158094

Beuscart J-B, Knol W, Cullinan S, et al (2018) International core outcome set for clinical trials of medica-
tion review in multi-morbid older patients with polypharmacy. BMC Med 16(1):21. https://doi.org/10.
1186/s12916-018-1007-9 PMID: 29433501

Quindroit P, Baclet N, Gerard E, et al (2021) Defining Potentially Inappropriate Prescriptions for Hypo-
glycaemic Agents to Improve Computerised Decision Support: A Study Protocol. Healthcare 9
(11):1539. https://doi.org/10.3390/healthcare9111539 PMID: 34828585

Tong A, Sainsbury P, Craig J (2007) Consolidated criteria for reporting qualitative research (COREQ): a
32-item checklist for interviews and focus groups. Int J Qual Health Care 19(6):349-357. https://doi.
org/10.1093/intghc/mzm042 PMID: 17872937

ElSayed NA, Aleppo G, Aroda VR, et al (2023) 11. Chronic Kidney Disease and Risk Management:
Standards of Care in Diabetes—2023. Diabetes Care 46(Supplement_1):S191-S202. https://doi.org/
10.2337/dc23-S011 PMID: 36507634

Darmon P, Bauduceau B, Bordier L, et al (2021) Prise de position de la Société Francophone du Dia-
bete (SFD) sur les stratégies d'utilisation des traitements anti-hyperglycémiants dans le diabéte de type
2-2021. Médecine des Maladies Métaboliques 15(8):781-801. https://doi.org/10.1016/j.mmm.2021.
10.014

Okoli C, Pawlowski SD (2004) The Delphi method as a research tool: an example, design considerations
and applications. Information & Management 42(1):15-29. https://doi.org/10.1016/j.im.2003.11.002

Ayalew MB, Spark MJ, Quirk F, Dieberg G (2022) Potentially inappropriate prescribing for adults living
with diabetes mellitus: a scoping review. Int J Clin Pharm 44(4):860-872. https://doi.org/10.1007/
$11096-022-01414-7 PMID: 35776376

Succurro E, Novella A, Nobili A, et al (2023) Prescription appropriateness of anti-diabetes drugs in
elderly patients hospitalized in a clinical setting: evidence from the REPOSI Register. Intern Emerg Med
18(4):1049-1063. https://doi.org/10.1007/s11739-023-03254-3 PMID: 36964858

Mahmoud F, Mullen A, Sainsbury C, et al (2023) Meta-analysis of factors associated with antidiabetic
drug prescribing for type 2 diabetes mellitus. European Journal of Clinical Investigation 53(8):e13997.
https://doi.org/10.1111/eci.13997 PMID: 37002856

Lavan AH, Gallagher PF, O’'Mahony D (2016) Methods to reduce prescribing errors in elderly patients
with multimorbidity. Clin Interv Aging 11:857-866. https://doi.org/10.2147/CIA.S80280 PMID:
27382268

Cullinan S, Raae Hansen C, Byrne S, O’Mahony D, Kearney P, Sahm L (2017) Challenges of depre-
scribing in the multimorbid patient. Eur J Hosp Pharm 24(1):43—46. https://doi.org/10.1136/ejhpharm-
2016-000921 PMID: 31156897

Lun P, Tang JY, Lee JQ, Tan KT, Ang W, Ding YY (2021) Barriers to appropriate prescribing in older
adults with multimorbidity: A modified Delphi study. Aging Med (Milton) 4(3):180-192. https://doi.org/
10.1002/agm2.12169 PMID: 34553115

Quindroit P, Baclet N, Gerard E, et al (2021) Defining Potentially Inappropriate Prescriptions for Hypo-
glycaemic Agents to Improve Computerised Decision Support: A Study Protocol. Healthcare (Basel) 9
(11):1539. https://doi.org/10.3390/healthcare9111539 PMID: 34828585

Alshammari H, Al-Saeed E, Ahmed Z, Aslanpour Z (2021) Reviewing Potentially Inappropriate Medica-
tion in Hospitalized Patients Over 65 Using Explicit Criteria: A Systematic Literature Review. DHPS
13:183-210. https://doi.org/10.2147/DHPS.S303101 PMID: 34764701

Robert L, Cuvelier E, Rousseliére C, et al (2023) Detection of Drug-Related Problems through a Clinical
Decision Support System Used by a Clinical Pharmacy Team. Healthcare 11(6):827. https://doi.org/10.
3390/healthcare11060827 PMID: 36981484

Dalton K, O’Brien G, O’'Mahony D, Byrne S (2018) Computerised interventions designed to reduce
potentially inappropriate prescribing in hospitalised older adults: a systematic review and meta-analysis.
Age Ageing 47(5):670-678. https://doi.org/10.1093/ageing/afy086 PMID: 29893779

Yan L, Reese T, Nelson SD (2021) A Narrative Review of Clinical Decision Support for Inpatient Clinical
Pharmacists. Appl Clin Inform 12(02):199-207. https://doi.org/10.1055/s-0041-1722916 PMID:
33730757

Roshanov PS, Fernandes N, Wilczynski JM, et al (2013) Features of effective computerised clinical
decision support systems: meta-regression of 162 randomised trials. BMJ 346:f657. https://doi.org/10.
1136/bmj.f657 PMID: 23412440

Marcilly R, Colliaux J, Robert L, et al (2023) Improving the usability and usefulness of computerized
decision support systems for medication review by clinical pharmacists: A convergent, parallel

PLOS ONE | https://doi.org/10.1371/journal.pone.0309290  September 27, 2024 13/14


https://doi.org/10.1016/j.idnow.2022.02.004
https://doi.org/10.1016/j.idnow.2022.02.004
http://www.ncbi.nlm.nih.gov/pubmed/35158094
https://doi.org/10.1186/s12916-018-1007-9
https://doi.org/10.1186/s12916-018-1007-9
http://www.ncbi.nlm.nih.gov/pubmed/29433501
https://doi.org/10.3390/healthcare9111539
http://www.ncbi.nlm.nih.gov/pubmed/34828585
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://doi.org/10.2337/dc23-S011
https://doi.org/10.2337/dc23-S011
http://www.ncbi.nlm.nih.gov/pubmed/36507634
https://doi.org/10.1016/j.mmm.2021.10.014
https://doi.org/10.1016/j.mmm.2021.10.014
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.1007/s11096-022-01414-7
https://doi.org/10.1007/s11096-022-01414-7
http://www.ncbi.nlm.nih.gov/pubmed/35776376
https://doi.org/10.1007/s11739-023-03254-3
http://www.ncbi.nlm.nih.gov/pubmed/36964858
https://doi.org/10.1111/eci.13997
http://www.ncbi.nlm.nih.gov/pubmed/37002856
https://doi.org/10.2147/CIA.S80280
http://www.ncbi.nlm.nih.gov/pubmed/27382268
https://doi.org/10.1136/ejhpharm-2016-000921
https://doi.org/10.1136/ejhpharm-2016-000921
http://www.ncbi.nlm.nih.gov/pubmed/31156897
https://doi.org/10.1002/agm2.12169
https://doi.org/10.1002/agm2.12169
http://www.ncbi.nlm.nih.gov/pubmed/34553115
https://doi.org/10.3390/healthcare9111539
http://www.ncbi.nlm.nih.gov/pubmed/34828585
https://doi.org/10.2147/DHPS.S303101
http://www.ncbi.nlm.nih.gov/pubmed/34764701
https://doi.org/10.3390/healthcare11060827
https://doi.org/10.3390/healthcare11060827
http://www.ncbi.nlm.nih.gov/pubmed/36981484
https://doi.org/10.1093/ageing/afy086
http://www.ncbi.nlm.nih.gov/pubmed/29893779
https://doi.org/10.1055/s-0041-1722916
http://www.ncbi.nlm.nih.gov/pubmed/33730757
https://doi.org/10.1136/bmj.f657
https://doi.org/10.1136/bmj.f657
http://www.ncbi.nlm.nih.gov/pubmed/23412440
https://doi.org/10.1371/journal.pone.0309290

PLOS ONE Explicit definitions of potentially inappropriate prescriptions for patients with type 2 diabetes

evaluation. Res Social Adm Pharm 19(1):144—154. https://doi.org/10.1016/j.sapharm.2022.08.012
PMID: 36088188

64. Chazard E, Ficheur G, Caron A, et al (2018) Secondary Use of Healthcare Structured Data: The Chal-
lenge of Domain-Knowledge Based Extraction of Features. Stud Health Technol Inform 255:15-19.
PMID: 30306898

65. Meystre SM, Lovis C, Burkle T, Tognola G, Budrionis A, Lehmann CU (2017) Clinical Data Reuse or
Secondary Use: Current Status and Potential Future Progress. Yearb Med Inform 26(1):38-52. hitps://
doi.org/10.15265/1Y-2017-007 PMID: 28480475

PLOS ONE | https://doi.org/10.1371/journal.pone.0309290  September 27, 2024 14/14


https://doi.org/10.1016/j.sapharm.2022.08.012
http://www.ncbi.nlm.nih.gov/pubmed/36088188
http://www.ncbi.nlm.nih.gov/pubmed/30306898
https://doi.org/10.15265/IY-2017-007
https://doi.org/10.15265/IY-2017-007
http://www.ncbi.nlm.nih.gov/pubmed/28480475
https://doi.org/10.1371/journal.pone.0309290

