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Background: Chronic kidney disease (CKD) stages 3-4 present a significant
clinical challenge due to the absence of a systematic approach to managing
associated medication-related problems (MRPs). This lack of a structured
framework hinders the timely identification and effective intervention for
these complications, potentially compromising patient safety and prognosis.

Objective: This study aims to leverage the Delphi method to establish an
evaluation index for a rational drug use evaluation system dedicated to CKD
patients in stages 3-4. This system will function as a platform for the continuous
identification and management of MRPs, ultimately contributing to improved
medication safety and patient outcomes.

Methods: This research uses the modified Delphi technique to develop an
evaluation system for rational drug use in patients with chronic kidney
disease. The initial questionnaire was developed by literature review for
patients with chronic kidney disease. Twenty-six senior experts formed a
panel in order to evaluate items across two Delphi rounds. Consensus was
defined as at least 95% agreement (first round) and 85% agreement (second
round), agreeing with an average score of at least 4.5 (first round) and 4.0 (second
round). Items that fulfill the stipulated criteria are eligible for inclusion in the
consensus list.

Results: All experts participated in both rounds (100% response rate). Consensus
was achieved on three patient-related items in the first round of 34 items. Based
on expert feedback, 18 revised items were included in the second round after
refining, restructuring, and removing some elements. Following two rounds of
consultation, 20 items achieved consensus, encompassing aspects such as drug
selection, dosage assessment, treatment duration, prescription and dispensing
practices, patient-related factors, and other relevant considerations.

Conclusion: This study has successfully identified 20 key evaluation indicators for
a rational drug use evaluation system specifically designed for CKD patients in
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stages 3 and 4. This system will serve as a tool for continuous MRP identification and
timely intervention, ultimately enhancing medication safety and patient prognosis.

KEYWORDS

medication-related problems, chronic kidney disease, Delphi technique, pharmaceutical
services, healthcare, inappropriate prescribing

1 Introduction

A growing number of people are suffering from chronic kidney
disease (CKD), which has becoming a global health concern (Hill
etal,, 2016). Chronic kidney disease is defined by either an estimated
glomerular filtration rate (eGFR) less than 60 mL/min/1.73 m* for
3 months or more or the presence of kidney damage, regardless of
eGFR. Recently, research has indicated that 1.07% of Chinese adults
had CKD, with a prevalence rate of 1.20%, 0.04% and 0.02% for CKD
stages 3, 4, and 5, respectively (Zhuang et al., 2022). CKD stages 3-
4 are critical periods for treatment and delaying the progressive
deterioration of renal function. Timely intervention, including
improved prescribing methods and medication usage, is crucial
to slow the progression (Cardone et al., 2010). However, patients
with CKD are medically complex, and the prevalence of medication-
related problems (MRPs) increases as the disease progresses and
additional medications are used. This is due to their unique
physiology, related comorbidities, and the complex medication
regimens comprised of several necessary medications (Mason and
Bakus, 2010; Mason, 2011; Yang et al., 2016). Medication-related
problems (MRPs) refer to events or circumstances pertaining to
drug therapy that have the potential to either actually or potentially
desired  health
(Pharmaceutical Care Network Europe Association, 2020). In

impede the achievement of outcomes
general, MRPs are generally associated with the risk of kidney
injury and may contribute to the progression of CKD (Cardone
et al., 2010; Fink and Chertow, 2009).

MRPs are common in all stages of CKD (Cardone et al., 2010).
On the one hand, renal impairment significantly affects the
pharmacokinetics of drugs, especially absorption and excretion
(Eyler and Shvets, 2019; Roberts et al, 2018). Drug absorption
may increase due to an impaired or decreased intestinal barrier
function and/or expression of outflow transporters (such as
p-glycoprotein), while drug excretion often decreases in CKD
patients due to the reduced efficiency of biotransformation (Yang
et al,, 2016; Velenosi and Urquhart, 2014). Consequently, this leads
to increased plasma levels of drugs and a greater risk of toxicity.
Therefore, there is a risk of MRPs due to the changes in drug
exposure and potential adverse outcomes. Second, with CKD
progression, patients often develop concurrent conditions that
require the intervention of several drugs at the same time (Tieu
etal., 2016). The average number of medications prescribed to CKD
stage 3 and 4 patients is around 6-8, while 10 to 12 different
medications are prescribed to those of CKD stage 5 (Cardone
et al,, 2010; Mason, 2011). Studies have shown a high prevalence
(93%-100%) of MRPs in CKD patients (Njeri et al., 2018), with
differences between CKD stage 3 and 4 despite similar medication
usage. It has been reported that the possibility of MRPs caused by
inappropriate drug selection and drug overdose in patients with
stage 4 CKD were 5.9 and 4.7 times that in patients with stage
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3 CKD, respectively (Njeri et al., 2018). MRPs are associated with
significant morbidity, leading to preventable hospitalizations and
interfering with expected health outcomes, ultimately increasing the
economic burden on patients (Cardone et al.,, 2010; Njeri et al.,
2018). Evidence suggests that pharmacist interventions can improve
CKD patient outcomes (Salgado et al., 2013; Castelino et al., 2011),
highlighting the importance of continually identifying and
addressing MRPs. While
pharmacists is ideal (Jung-Poppe et al.,, 2022), limited personnel

independent review by clinical
resources often constrain their participation in detecting MRPs.
Therefore, establishing a rational drug use evaluation system for
CKD patients may be a feasible and effective measure to address this
issue. The established evaluation system for rational drug use is a
comprehensive evaluation system, designed to ensure that the
scientific integrity, safety, and economic efficiency of drug
administration. It mainly focuses on the selection of drugs, the
method of use, the dose, the course of treatment, and the matching
degree of drugs and patients’ conditions, so as to achieve the best
drug treatment effect and reduce unnecessary medical risks and
costs. A diverse range of tools and systems exist that facilitate
doctors and patients in achieving enhanced, rational drug
utilization and optimization, thereby augmenting treatment
efficacy, minimizing drug-related side effects, and eliminating
waste. These tools or systems may include electronic prescribing
systems, drug information databases, clinical decision support
systems, etc (Reeve, 2020).

The Delphi technique is a widely used group judgment method
in various disciplines, including pharmacy-related studies, that seeks
expert consensus through structured iteration. This allows
participants to adjust their initial responses and facilitators to
effectively compile the information (Diamond et al, 2014;
Drumm et al, 2022). In this study, we employed the Delphi
method to establish a consensus on rational drug use evaluation
for application in pharmaceutical care. This system aims to identify
potential medication-related problems in advance, thereby reducing
their occurrence.

2 Methods

This study utilized the Delphi technique and adhered to the
Guidance on Conducting and Reporting Delphi Studies (CREDES)
(Junger etal., 2017). As an important international documents, the
Helsinki Declaration clearly define the ethical principles and
restrictions that should be followed in biomedical research
using human beings as subjects (World Medical Association,
2008; Emanuel, 2013). In the context of this research, ethical
approval is not a prerequisite for the consensus-based list, as
the study did not encompass human subjects or involve
human research.
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The indicators for the evaluation system of rational drug use in
CKD were determined through two consecutive rounds of a Delphi
survey. Both rounds were completed electronically using
anonymous questionnaires. Data collection for the first survey
occurred from August 25th to 1 September 2022, followed by the

second survey from October 28th to 4 November 2022.

2.1 Literature review

We searched multiple databases, including PubMed, Web of
Science, China National Knowledge Infrastructure (CNKI), and
some guideline search websites like the National Institute for
Health and Care Excellence (NICE), and the Kidney Disease
Improving Global Outcomes (KDIGO) for English and Chinese
literature published before August 2022. The full search terms used
“Delphi,”
rational drug use,

included: “pharmaceutical care,” “pharmaceutical

» o« » o«

services, pharmaceutical administration,”
“drug related problems,” “medication-related problems,” “chronic
kidney disease,” “clinical pharmacokinetics,” “polypharmacy,”

“medication errors,” and “inappropriate prescription”.

2.2 Expert panel selection

The members of the Delphi panel must have an in-depth
knowledge of the issues under study and diverse perspectives, as
well as a high degree of credibility in the scientific field related to
kidney disease. Drawing upon an exhaustive literature review and
combining with the information of relevant personnel involved in
the issues, we determined the number of participants and formed an
inquiry list. Subsequently, we sent formal email invitations to the
members of the Delphi panel, and comprehensively considered the
feedback from each expert, that is about whether they agreed to
participate in this study. After comprehensive evaluation, we finally
determined the list of experts participating in this study. Finally, the
Delphi study panel consisted of 26 senior experts from different
fields, including nephrologists, nephrology nurses and clinical
pharmacists experienced in caring for patients with CKD, health
policy and management experts, health economists and medical
insurance specialists meeting the requirements of a Delphi study.
Here are the selection criteria for all experts: 1) a bachelor’s degree or
higher; 2) at least intermediate English proficiency; 3) at least 5 years
of working experience; and 4) ensure the completion of two rounds
of questionnaire.

2.3 The initial questionnaire

Based on the literature review, a clinical pharmacist with an
academic background in nephrology drafted the initial
questionnaire for the rational drug use evaluation system for
CKD. The questionnaire included 8 first-level indicators and
34 second-level indicators. The first level indicators are designed
to establish a distinct classification of the secondary indicators,
ensuring a systematic and organized evaluation and analysis
system. Panelists were requested to assess and provide comments

on the secondary indicators.
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2.4 Data collection

The first round questionnaires were emailed separately to the
experts and asked for an anonymous email return, followed by a
subsequent round via a professional online survey platform
(www.wjx.cn). In the first round, experts were asked not to
include their names and other details of their identity in the
they
complexity of filling out the questionnaire by email and the

questionnaire returned by email. Considering the
potential risk of human error, we have opted to adopt an
online approach for the second round. This approach,
boasting its automated data capture capabilities, is anticipated
to enhance not just efficiency, but also the overall accuracy of our
results. This decision was taken to mitigate any potential issues
that may arise from the traditional email-based method. Through
the carefully designed online questionnaire, experts only need to
choose their own opinions for each item, which not only greatly
facilitates the participation of experts, but also ensures the
accuracy of their opinions. To maximize the response rates,
each round of survey remained open for 1 week, with
reminder emails sent at the beginning and end of the week
(Hasson et al., 2000; Zhang et al., 2022).

2.5 Delphi rounds

2.5.1 First round

An email, containing the study details, was sent to panelists in
August 2022 for the first round questionnaire. The instructions were
provided on the first page, followed by questions regarding basic
information on the experts, such as gender, work experience,
occupation, education, and job title. In this study, we asked
experts to score the level of agreement for each indicator to be
included in the rational drug use evaluation system for CKD.
Panelists rated their opinions on each indicator using a 5-point
Likert rating scale [strongly disagree 1), disagree 2), neutral 3), agree
4) and strongly agree 5)]. The initial practice of pharmaceutical care
for CKD medication management was evaluated across 8 themes.
Drug selection (theme A), dosage form (theme B), dose selection
(theme C), treatment course (theme D), prescription versus
modulator (theme E), drug use process (theme F), patient-related
(theme G), other (theme H). Panelists were able to suggest their
modifications to any themes, including wording changes, exclusions,
additions, or integrations. However, to ensure the rigor of the review
process and decision-making, as well as the rationality of the advice
provided by the expert group members, it is imperative to formulate
a clear change rationale.

After the first round, the average score, coefficient of variation
and percentage of agreement (the proportion of experts who agreed
and strongly agreed) were calculated. The conditions of consensus
were as follows: 1) at least 95% of the panelists agreed, 2) an average
score >4.5, 3) coefficient of variation <0.15, and 4) no other
objections. Items with agreement of less than 80% or a coefficient
of variation >0.20 were excluded. Based on expert feedback, some
items were modified. Finally, items not meeting the established
consensus conditions or underwent revisions based on feedback
were deemed to have not attained consensus (“No”), this being
included in the second round for re-rating.
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TABLE 1 Participants demographic characteristics.

Characteristics  Distribution Percentage
(%)

Gender Male 7 26.92

Female 19 73.08
Work experience <10 10 38.46
(years)

11-15 9 34.62

16-20 5 19.23

>20 2 7.69
Highest level of Doctorate 5 19.23
education

Master 14 53.85

Bachelor 6 23.08

Other 1 3.85
Professional title Director 1 3.85

Associate director | 9 34.62

Intermediate 14 53.85

Other 2 7.69
The current area of Pharmacist 11 4231
work

Nephrologist 12 46.15

Health policy and | 1 3.85

health

management

Health economy 1 3.85

Medical security 1 3.85

2.5.2 Second round

The modified questionnaire for the second round was presented
to panelists who completed the first round. They were asked to re-
rate items that had not reached consensus in the previous round,
according to their own opinions and feedback. Items that achieved at
least 85% agreement and an average score of at least 4.0 were
considered to be a consensus.

2.6 Statistical analyses

According to published authoritative literature (Zhang et al.,
2022; Lin et al., 2022), the voting results of experts are summarized,
and the average score and coefficient of variation were calculated.

Microsoft Office Excel 2021 and SPSS 27.0 were used to collect and
analyze the data.

3 Results
3.1 Basic characteristics of the experts
There were 26 complete responses in the first round Delphi

survey from 26 panelists. The gender distribution was approximately
1:3 (males:females). These panelists worked in clinical or academic
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fields, with work experience of 5 years or above. Over 60% (61.5%)
had an experience of more than 10 years. One panelist was a
director, and 9 were associate directors. All panelists held higher
education degrees, 5 had a Ph.D., and 14 had a master’s
degree (Table 1).

3.2 Results of the Delphi rounds

3.2.1 The first round

Panelists were invited to evaluate 34 items initially listed in
Table 2. Three items (8.8%) reached consensus, meaning at least
95% of panelists agreed and the average score was at least 4.5.
Notably, all these items belonged to theme G (Patient-related).
Conversely, four items (11.8%) with an agreement below 80%
and a coefficient of variation >0.20 were excluded. Two of these
exclusions were from theme A (Drug selection), and two from theme
E (Prescription and dispensing practices).

The coefficient of variation was not reached for five items in
theme A (Drug selection), one in theme B (Drug dosage forms), five
in theme C (Dosage assessment), two each in theme D (treatment
duration) and E (Prescription and dispensing practices), five in
theme F (Drug use process), six in theme G (Patient-related factors),
and one in theme H (Other relevant considerations). In addition,
based on expert feedback, we adjusted one item and integrated
thirteen items according to expert opinions (Table 3). Experts
proposed several changes: 1) moving item C5 to theme E due to
overlap with existing indicators, 2) merging overlapping themes like
A and B, F and G, 3) removing item G9 as a duplicate of G8, and 4)
placing item HI at the beginning for better flow. Following these
suggestions and the lack of consensus, eighteen items progressed to
the second round for re-evaluation.

3.2.2 The second round

Based on the first round results, the new questionnaire was
revised to include 18 items (Table 4). This revision led to seventeen
(94.4%) items achieving consensus, meaning they had at least 85%
agreement and an average score of at least 4.0. These items were
categorized into five groups: four (22.2%) on drug selection, four
(22.2%) on dosage assessment, two (11.1%) on treatment duration,
two (11.1%) on prescription and dispensing practices, four (22.2%)
on patient-related factors and one (5.6%) on other relevant
Notably, the
medication was excluded due to panelists’ disagreement.

considerations. item regarding non-indicated

3.2.3 Delphi consultation results

The process of the Delphi study is shown in Figure 1. This study
conducted two rounds of expert consultation with a perfect response
rate (26/26) for both questionnaires. After the first round, consensus
was reached on 3 out of 34 items. Subsequently, 4 items were
excluded, 13 items were merged into 4 new items, and 1 was
rewritten. The remaining 13 original and 5 modified items were
carried over to the second round. Here, 1 item was excluded and
17 were considered to reach a consensus. Through this process,
20 items for the rational drug use evaluation system for CKD were
initially established. Notably, consensus was reached on 3 items in
the first round and 17 in the second, covering aspects like drug
selection, dosage assessment, treatment duration, prescription and
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TABLE 2 Evaluation index of the first round.

NO  Item description Agreement Average Coefficient of Consensus

rate (%) score+SD variation (%)

Theme A: Drug selection

Al Inappropriate drug selection (not recommended by the | 96.15 4.692 + 0.679 0.145 NO
guidelines)
A2 Inappropriate drug selection (recommended by 96.15 4.538 + 0.582 0.128 NO

guidelines, but with other contraindications)

A3 Non-indicated medication 84.62 4.462 + 0.761 0.170 NO
A4 Interaction (drug to drug, drug to herbal) 88.46 4.385 + 0.697 0.159 NO
A5 Repeated use of drugs (same pharmacological action or = 92.31 4.385 + 0.637 0.145 NO

same active ingredient)

A6 No medication, despite indications 80.77 4.269 + 0.874 0.205 Exclude

A7 Overtreatment 76.92 4231 + 0.815 0.193 Exclude

Theme B: Drug dosage forms

Bl Unreasonable drug dosage forms (for patients) 88.46 4.346 + 0.689 0.159 NO

Theme C: Dosage assessment

Cl Too low drug dosage 88.46 4.423 + 0.703 0.159 NO
C2 Too high drug dosage 96.15 4.577 + 0.578 0.126 NO
C3 Insufficient frequency of administration 84.62 4.269 + 0.724 0.170 NO
C4 Excessive dosing frequency 92.31 4.462 + 0.647 0.145 NO
C5 Dose timing setting is wrong, unclear or omitted 96.15 4.423 +0.703 0.159 NO

Theme D: Treatment duration

D1 Too short a course 92.31 4.500 + 0.648 0.144 NO

D2 Too long a course 96.15 4.500 + 0.583 0.130 NO

Theme E: Prescription and dispensing practices

E1 Unavailable drugs 76.92 4.077 + 0.935 0.229 Exclude

E2 Necessary information not provided 76.92 4.308 + 1.011 0.235 Exclude

E3 ‘Wrong medication, size, and dosage (OTC) was 92.31 4731 + 0.604 0.128 NO
suggested

E4 Dispensing the wrong medication, specification 92.31 4.731 + 0.604 0.128 NO

Theme F: Drug use process

F1 Improper timing or spacing of medication 100.00 4.423 + 0.504 0.114 NO
F2 Insufficient drug dosage 96.15 4.615 + 0.571 0.124 NO
F3 Overdosage 9231 4.654 + 0.629 0.135 NO
F4 Not taking medication 92.31 4.577 + 0.758 0.166 NO
F5 Taking the wrong medication 96.15 4.615 + 0.697 0.151 NO

Theme G: Patient-related factors

Gl Not taking enough or no medication at all 100.00 4.808 + 0.402 0.084 YES
G2 Over the prescribed dose 96.15 4.731 + 0.533 0.113 YES
G3 Substance abuse (unregulated overuse) 92.31 4.654 + 0.629 0.135 NO
G4 Unnecessary medications 80.77 4.154 + 0.732 0.176 NO

(Continued on following page)
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TABLE 2 (Continued) Evaluation index of the first round.

10.3389/fphar.2024.1183118

Iltem description Agreement Average Coefficient of Consensus
rate (%) score+SD variation (%)
G5 Interaction between the food and the medicine 88.46 4.308 + 0.679 0.158 NO
G6 Improper storage of medication 88.46 4.385 + 0.697 0.159 NO
G7 Inappropriate dosing time or interval 100.00 4.538 + 0.508 0.112 YES
G8 The wrong use of medication 100.00 4.692 + 0.471 0.100 NO
G9 Cannot be taken correctly as required 96.15 4.615 + 0.571 0.124 NO
Theme H: Other relevant considerations
H1 Efficacy monitoring is not performed or is not justified | 96.15 4.577 + 0.578 0.126 NO
(e.g., TDM)

TABLE 3 The revised items after the first round.

No Items in the first round

No Revisions

Al Inappropriate drug selection (recommended by guidelines but with =~ A2 Inappropriate drug selection (recommended by guidelines, but with other
other contraindications) contraindications, including intolerance)

Bl Unreasonable dosage (for patients)

C3 Insufficient frequency of administration C3 Inappropriate frequency of administration (insufficient or excessive)

C4 Excessive dosing frequency

C5 Dose timing setting is wrong, unclear or omitted C5 Medication time setting (error, unclear or omission)

F1 Improper timing or spacing of medication G8 Cannot take medication correctly as required (dose, frequency, missed or inappropriate
duration or interval of medication)

F2 Insufficient drug dosage

F3 Overdosage

F4 Not taking medication

G8 The wrong use of medication

G9 Cannot be taken correctly as required

F5 Taking the wrong medication G3 Overuse of medication (unregulated overuse, wrong medication, or unnecessary
medication)

G3 Substance abuse (unregulated overuse)

G4 Unnecessary medications

dispensing practices, patient-related factors and other relevant
considerations.

4 Discussion
4.1 Medication-related problems

MRPs can be a source of distress for patients, negatively
impacting their healthcare experience. For patients with chronic
kidney disease, factors like polypharmacy (using multiple
medications) and renal impairment contribute to a higher risk of
MRPs, during hospitalization (Garin et al., 2021). These issues can
lead to two main types of contradictions: effectiveness (not achieving
desired outcomes) and adverse reactions (Garin et al, 2021).
Inappropriate medication prescription is the main cause of MRPs

in CKD patients. A study reported that a total of 15.18% of CKD
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patients experienced such prescriptions, with cautiously used
medicines  (9.29%), dosage  (3.23%), and
contraindicated medications (2.65%) being the most common

unreasonable

reasons. Drug and dose selection remain the key contributors to
these issues (Yang et al., 2016; Garin et al., 2021). A study identified
drug interactions, medication non-adherence, polypharmacy, and
comorbidities, and using medications without a clear indication as
the most common MRPs in CKD patients (Njeri et al., 2018). It also
revealed that the incidence of MRPs was higher in patients with
CKD stage 4 compared to those with stage 3.

Patients play a crucial role in successful medication management.
Improving their self-management skills is vital in preventing
medication-related  problems  such receiving  improper
medication (utilizing incorrect and unnecessary medications,

as
engaging in unregulated overuse), food-drug interactions, improper

storage and incorrect dosing. For example, self-administring non-
steroidal anti-inflammatory drugs (NSAIDs) can increase the risk of
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TABLE 4 Evaluation index of the second round.

NO  Item description

Agreement
rate (%)

10.3389/fphar.2024.1183118

Coefficient of Consensus

variation (%)

Average
score+SD

Theme a drug selection

Al Inappropriate drug selection (not recommended by the 92.31 4.692 + 0.736 0.157 YES
guidelines)

A2 Inappropriate drug selection (recommended by guidelines, but | 100.00 4.692 + 0.471 0.100 YES
with other contraindications, including intolerance)

A3 Non-indicated medication 84.62 4.385 + 0.941 0.215 NO

A4 Interaction (drug to drug, drug to herbal) 100.00 4.615 + 0.496 0.107 YES

A5 Repeated use of drugs (same pharmacological action or same 92.31 4.538 + 0.647 0.143 YES
active ingredient)

Theme C Dosage assessment

C1 Too low drug dosage 96.15 4.731 £ 0.533 0.113 YES

C2 Too high drug dosage 100.00 4.846 + 0.368 0.076 YES

C3 Inappropriate frequency of administration (insufficient or 100.00 4.731 + 0.452 0.096 YES
excessive)

C5 Medication time setting (error, unclear or omission) 96.15 4.577 + 0.578 0.126 YES

‘ Theme D Treatment duration
D1 Too short a course 100.00 4.731 + 0.452 0.096 YES
D2 Too long a course 96.15 4.692 + 0.549 0.117 YES
‘ Theme E: Prescription and dispensing practices

E3 ‘Wrong medication, size, and dosage (OTC) was suggested 100.00 4.731 + 0.452 0.096 YES

E4 Dispensing the wrong medication, specification 100.00 4.731 + 0.452 0.096 YES

Theme G Patient-related factors

G3 Receiving improper medication (utilizing incorrect and 100.00 4.731 + 0.452 0.096 YES
unnecessary medications, engaging in unregulated overuse)

G5 Interaction between the food and the medicine 88.46 4.500 + 0.707 0.157 YES

G6 Improper storage of medication 92.31 4.654 + 0.629 0.135 YES

G8 Cannot take medication correctly as required (dose, frequency, = 96.15 4.692 + 0.549 0.117 YES
missed or inappropriate duration or interval of medication)

Theme H Other relevant considerations

H1 Efficacy monitoring is not performed or is not justified 100.00 4.769 + 0.430 0.090 YES
(e.g., TDM)

acute kidney injury (AKI), a well-known risk factor for chronic kidney
disease progression (Baker and Perazella, 2020). Patients with CKD
are particularly susceptible to AKI and repeated episodes can
accelerate CKD progression (Ruiz-Ortega et al., 2020; He et al,
2017; Sato et al, 2020). Preventing and minimizing AKI events
holds significant benefits for CKD patients, improving their
prognosis and overall health (He et al., 2017).

4.2 Delphi process
The Delphi method is a systematic approach to gathering consensus

from a panel of experts. It involves multiple rounds of anonymous
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surveys, allowing experts to express their opinions and revise them
based on feedback from others. Through this iterative process, a “group
judgment” emerges, representing a shared perspective on a specific
issue. This method offers a highly representative and reliable way to
generate insights, and it has been widely used in pharmaceutical
research, particularly for developing evaluation systems.

While there is no formal requirement for the number of rounds or
participants, recent studies pointing out that a point of diminishing
returns is reached after exceeding rounds. Two to three rounds are
generally considered optimal (Drumm et al, 2022; Hasson et al.,
2000). The Delphi process continues until consensus is reached or the
benefits of further rounds become negligible. The first round usually
involves open-ended questions or interviews to gather initial ideas and
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FIGURE 1

Depicts the Delphi process used in this study. Flow chart for the Delphi rounds.

frame subsequent rounds. By the second or third round, experts
typically reach a sufficient level of agreement.

Research also suggests that 10 to 40 experts are suitable to balance
the risk of bias and data analysis challenges from having too few or too
many participants (Zhang et al, 2022). Our research invited
26 experienced healthcare professionals with higher education
qualifications for participation, 61.5% of them possessed over
10 years of experience. Recognizing the significance of effective
MRPs management in CKD patients, we strategically selected
participants, with pharmacists constituting 42% and nephrologists
comprising 46% of the specialists (Diamond et al.,, 2014).

4.3 Strengths and limitations of the study

The Delphi technique, well-suited for gathering expert consensus,
was chosen for our study. The professional online questionnaire
platform (www.wjx.cn) facilitated feedback on from geographically
diverse panelists (Sirevag et al., 2021). This platform, widely used in
China, offers online data collection, analysis, and management
functionalities, streamlining the survey process compared to
traditional methods like offline or email surveys. Given the
prevalence of modern communication technology in China, this
approach proved more convenient for researchers. This study
acknowledges several limitations. Firstly, relying on expert opinion
inherently introduces potential subjectivity. Secondly, the study may
not comprehensively cover all relevant topics and exploring the
distinction between in-hospital and out-of-hospital MRPs could
further enhance understanding. Finally, as the proposed system has
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not been implemented in practice yet, its real-world application might
necessitate adjustments based on actual circumstances.

4.4 Further work

This study reached a consensus on the formulation of an evaluation
system for rational drug use in the context of Zhejiang Province, serving
as a foundation for developing a rational drug use management
platform for CKD. This system is specifically designed to assess the
implementation of such practices in stage 3-4 CKD patients, providing
personalized recommendations that ensure drug use is both safe and
effective. Further, with the continuous advancement of technology and
the increasing medical needs, it may provides an important reference
for rational drug use in patients with other fields, such as cardiovascular
and cerebrovascular diseases. It will facilitate doctors in gaining a deeper
understanding of patients’ needs and enable them to provide more
personalized medical services, thereby fostering the advancement of
intelligent healthcare. In the implementation stage, the key to ensure the
smooth operation of the system is the accurate clinical judgment of
doctors and the comprehensive consideration of patient information. It
is imperative to underscore the significance of relying on a
comprehensively planned suite of supportive tools and systems.
These tools (Reeve, 2020), which facilitate the systematization of
medical procedures, possess invaluable application potential for
clinicians, rendering them indispensable. They can support
physicians in different Settings and meet the care needs of diverse
patients. Therefore, we must ensure that these tools are used correctly

and implemented efficiently.
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5 Conclusion

In this study, a consensus was reached for the evaluation system
of rational drug use in CKD through two rounds of consultations.
The resulting system comprises 20 items categorized into drug
selection, dosage assessment, treatment duration, prescription
and dispensing practices, patient-related factors and other
This
evaluating the rational use of medication in stage 3-4 CKD
patients
foundation for establishing a rational drug use management

relevant  considerations. system holds potential for

within = Zhejiang Province. It further provides a
platform dedicated to CKD patients. This platform aims to
enhance drug monitoring and ultimately reduce the incidence of
MRPs in CKD patients. In the medical field, the management of
chronic diseases has always been a complex and critical issue. For
patients with chronic diseases, their medication characteristics often
share some common features, such as the use of multiple drugs and
individualized medication. Currently, the concepts of precision
medicine and personalized treatment are gradually becoming
popular. Against this background, our research results have the
potential and value to build a rational drug use platform for other
disease areas, which is expected to become a reference model in this
field. We look forward to the dissemination and application of this
platform could offer benefits to a wider range of patients.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

WY: Writing-Original draft preparation, Software, Validation,
draft
preparation, Software, Validation, Visualization, Investigation.

Visualization,  Investigation. ~ XY:  Writing-Original

References

Baker, M., and Perazella, M. A. (2020). NSAIDs in CKD: are they safe? Am. J. Kidney
Dis. 76 (4), 546-557. doi:10.1053/;.ajkd.2020.03.023

Cardone, K. E., Bacchus, S., Assimon, M. M., Pai, A. B, and Manley, H. J. (2010).
Medication-related problems in CKD. Adv. Chronic Kidney Dis. 17 (5), 404-412. doi:10.
1053/j.ackd.2010.06.004

Castelino, R. L., Sathvik, B. S., Parthasarathi, G., Gurudev, K. C., Shetty, M. S., and
Narahari, M. G. (2011). Prevalence of medication-related problems among patients with
renal compromise in an Indian hospital. J. Clin. Pharm. Ther. 36 (4), 481-487. doi:10.
1111/j.1365-2710.2011.01266.x

Diamond, I. R,, Grant, R. C,, Feldman, B. M., Pencharz, P. B, Ling, S. C., Moore, A.
M., et al. (2014). Defining consensus: a systematic review recommends methodologic
criteria for reporting of Delphi studies. J. Clin. Epidemiol. 67 (4), 401-409. doi:10.1016/j.
jclinepi.2013.12.002

Drumm, S., Bradley, C., and Moriarty, F. (2022). ’More of an art than a science’? The
development, design and mechanics of the Delphi Technique. Res. Soc. Adm. Pharm. 18
(1), 2230-2236. doi:10.1016/j.sapharm.2021.06.027

Emanuel, E. J. (2013). Reconsidering the declaration of Helsinki. Lancet 381 (9877),
1532-1533. doi:10.1016/s0140-6736(13)60970-8

Eyler, R. F,, and Shvets, K. (2019). Clinical pharmacology of antibiotics. Clin. J. Am.
Soc. Nephrol. 14 (7), 1080-1090. doi:10.2215/CJN.08140718

Frontiers in Pharmacology

10.3389/fphar.2024.1183118

GZ: Methodology, Supervision. YR: Data curation, Visualization,
Investigation. QG: Data curation, Visualization, Investigation. XR:
Data curation, Visualization, Investigation. YL: Data curation,
Visualization, Investigation. PH: Conceptualization, Methodology,
Invitation, Writing-Reviewing and Editing. JZ: Conceptualization,
Methodology, Invitation, Writing-Reviewing and Editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Zhejiang Provincial Project for Medical and
Health Science and Technology (2022KY063) and Zhejiang
Provincial People’s Hospital Seed Fund (c-2022-YYQD26).

Acknowledgments

The authors would like to thank all experts who participated in
the Delphi process and completed the survey questionnaire.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Fink, J. C., and Chertow, G. M. (2009). Medication errors in chronic kidney disease:
one piece in the patient safety puzzle. Kidney Int. 76 (11), 1123-1125. doi:10.1038/ki.
2009.315

Garin, N,, Sole, N, Lucas, B., Matas, L., Moras, D., Rodrigo-Troyano, A., et al. (2021).
Drug related problems in clinical practice: a cross-sectional study on their prevalence,
risk factors and associated pharmaceutical interventions. Sci. Rep. 11 (1), 883. doi:10.
1038/541598-020-80560-2

Hasson, F., Keeney, S., and McKenna, H. (2000). Research guidelines for the Delphi
survey technique. J. Adv. Nurs. 32 (4), 1008-1015. doi:10.1046/j.1365-2648.2000.
01567.x

He, L., Wei, Q,, Liu, ], Yi, M., Liu, Y., Liu, H., et al. (2017). AKI on CKD: heightened
injury, suppressed repair, and the underlying mechanisms. Kidney Int. 92 (5),
1071-1083. doi:10.1016/j.kint.2017.06.030

Hill, N. R, Fatoba, S. T., Oke, J. L., Hirst, J. A., O’Callaghan, C. A, Lasserson, D. S.,
et al. (2016). Global prevalence of chronic kidney disease - a systematic review and
meta-analysis. PLoS One 11 (7), €0158765. doi:10.1371/journal.pone.0158765

Jiinger, S., Payne, S. A., Brine, J., Radbruch, L., and Brearley, S. G. (2017). Guidance on
Conducting and REporting DElphi Studies (CREDES) in palliative care:
recommendations based on a methodological systematic review. Palliat. Med. 31
(8), 684-706. doi:10.1177/0269216317690685

frontiersin.org


https://doi.org/10.1053/j.ajkd.2020.03.023
https://doi.org/10.1053/j.ackd.2010.06.004
https://doi.org/10.1053/j.ackd.2010.06.004
https://doi.org/10.1111/j.1365-2710.2011.01266.x
https://doi.org/10.1111/j.1365-2710.2011.01266.x
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.sapharm.2021.06.027
https://doi.org/10.1016/s0140-6736(13)60970-8
https://doi.org/10.2215/CJN.08140718
https://doi.org/10.1038/ki.2009.315
https://doi.org/10.1038/ki.2009.315
https://doi.org/10.1038/s41598-020-80560-2
https://doi.org/10.1038/s41598-020-80560-2
https://doi.org/10.1046/j.1365-2648.2000.01567.x
https://doi.org/10.1046/j.1365-2648.2000.01567.x
https://doi.org/10.1016/j.kint.2017.06.030
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1177/0269216317690685
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1183118

Yao et al.

Jung-Poppe, L., Nicolaus, H. F., Roggenhofer, A., Altenbuchner, A., Dormann, H.,
Pfistermeister, B., et al. (2022). Systematic review of risk factors assessed in predictive
scoring tools for drug-related problems in inpatients. J. Clin. Med. 11 (17), 5185. doi:10.
3390/jcm11175185

Lin, B, Hu, Y., Xu, P, Xu, T,, Chen, C, He, L, et al. (2022). Expert consensus
statement on therapeutic drug monitoring and individualization of linezolid. Front.
Public Health 10, 967311. doi:10.3389/fpubh.2022.967311

Mason, N. A. (2011). Polypharmacy and medication-related complications in the
chronic kidney disease patient. Curr. Opin. Nephrol. Hypertens. 20 (5), 492-497. doi:10.
1097/MNH.0b013e328349¢261

Mason, N. A., and Bakus, J. L. (2010). Strategies for reducing polypharmacy and other
medication-related problems in chronic kidney disease. Semin. Dial. 23 (1), 55-61.
doi:10.1111/j.1525-139X.2009.00629.x

Njeri, L. W., Ogallo, W. O,, Nyamu, D. G., Opanga, S. A,, and Birichi, A. R. (2018).
Medication-related problems among adult chronic kidney disease patients in a sub-Saharan
tertiary hospital. Int. J. Clin. Pharm. 40 (5), 1217-1224. doi:10.1007/s11096-018-0651-7

Pharmaceutical Care Network Europe Association (2020). Classification for drug-
related problems V9.1. Journal Volume (Issue). Available at: https://www.pcne.org/
upload/files/417_PCNE_classification_V9-1_final.pdf (Accessed November, 2021).

Reeve, E. (2020). Deprescribing tools: a review of the types of tools available to aid
deprescribing in clinical practice. J. Pharm. Pract. Res. 50 (1), 98-107. doi:10.1002/jppr.1626

Roberts, D. M., Sevastos, J., Carland, J. E., Stocker, S. L., and Lea-Henry, T. N. (2018).
Clinical pharmacokinetics in kidney disease: application to rational design of dosing
regimens. Clin. J. Am. Soc. Nephrol. 13 (8), 1254-1263. doi:10.2215/cjn.05150418

Ruiz-Ortega, M., Rayego-Mateos, S., Lamas, S., Ortiz, A., and Rodrigues-Diez, R. R.
(2020). Targeting the progression of chronic kidney disease. Nat. Rev. Nephrol. 16 (5),
269-288. doi:10.1038/s41581-019-0248-y

Salgado, T. M., Correr, C. J., Moles, R., Benrimoj, S. I, and Fernandez-Llimos, F.
(2013). Assessing the implementability of clinical pharmacist interventions in patients

Frontiers in Pharmacology

10

10.3389/fphar.2024.1183118

with chronic kidney disease: an analysis of systematic reviews. Ann. Pharmacother. 47
(11), 1498-1506. doi:10.1177/1060028013501802

Sato, Y., Takahashi, M., and Yanagita, M. (2020). Pathophysiology of AKI to CKD
progression. Semin. Nephrol. 40 (2), 206-215. doi:10.1016/j.semnephrol.2020.01.011

Sirevag, I, Tjoflat, I, and Hansen, B. S. (2021). A Delphi study identifying operating
room nurses’ non-technical skills. J. Adv. Nurs. 77 (12), 4935-4949. doi:10.1111/jan.
15064

Tieu, A., House, A. A, and Urquhart, B. L. (2016). Drug disposition issues in CKD:
implications for drug discovery and regulatory approval. Adv. Chronic Kidney Dis. 23
(2), 63-66. doi:10.1053/j.ackd.2016.01.013

Velenosi, T.J., and Urquhart, B. L. (2014). Pharmacokinetic considerations in chronic
kidney disease and patients requiring dialysis. Expert Opin. Drug Metabolism and
Toxicol. 10 (8), 1131-1143. doi:10.1517/17425255.2014.931371

World Medical Association (2008). WMA declaration of helsiniki-ethical
principles for medical research involving human subjects. Journal Volume (Issue).
Available at: https://www.wma.net/policies-post/wma-declaration-of-helsinki-
ethical-principles-for-medical-research-involving-human-subjects/ (Accessed April
22, 2013).

Yang, P., Chen, N., Wang, R. R, Li, L., and Jiang, S. P. (2016). Inappropriateness of
medication prescriptions about chronic kidney disease patients without dialysis therapy
in a Chinese tertiary teaching hospital. Ther. Clin. Risk Manag. 12, 121517-121524.
doi:10.2147/TCRM.S116789

Zhang, L., Ren, X. Y., Huang, H. X,, Huang, Y. M., Huang, L., Chen, X. P,, et al. (2022).
Development of the practice of pharmaceutical care for cancer pain management in
outpatient clinics using the Delphi method. Front. Pharmacol. 13840560, 840560.
doi:10.3389/fphar.2022.840560

Zhuang, Z., Tong, M., Clarke, R., Wang, B., Huang, T., and Li, L. (2022). Probability of
chronic kidney disease and associated risk factors in Chinese adults: a cross-sectional
study of 9 million Chinese adults in the Meinian Onehealth screening survey. Clin.
Kidney J. 15 (12), 2228-2236. doi:10.1093/ckj/sfac176

frontiersin.org


https://doi.org/10.3390/jcm11175185
https://doi.org/10.3390/jcm11175185
https://doi.org/10.3389/fpubh.2022.967311
https://doi.org/10.1097/MNH.0b013e328349c261
https://doi.org/10.1097/MNH.0b013e328349c261
https://doi.org/10.1111/j.1525-139X.2009.00629.x
https://doi.org/10.1007/s11096-018-0651-7
https://www.pcne.org/upload/files/417_PCNE_classification_V9-1_final.pdf
https://www.pcne.org/upload/files/417_PCNE_classification_V9-1_final.pdf
https://doi.org/10.1002/jppr.1626
https://doi.org/10.2215/cjn.05150418
https://doi.org/10.1038/s41581-019-0248-y
https://doi.org/10.1177/1060028013501802
https://doi.org/10.1016/j.semnephrol.2020.01.011
https://doi.org/10.1111/jan.15064
https://doi.org/10.1111/jan.15064
https://doi.org/10.1053/j.ackd.2016.01.013
https://doi.org/10.1517/17425255.2014.931371
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://doi.org/10.2147/TCRM.S116789
https://doi.org/10.3389/fphar.2022.840560
https://doi.org/10.1093/ckj/sfac176
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1183118

	Development of an evaluation system for rational drug use in patients with chronic kidney disease using the Delphi method
	1 Introduction
	2 Methods
	2.1 Literature review
	2.2 Expert panel selection
	2.3 The initial questionnaire
	2.4 Data collection
	2.5 Delphi rounds
	2.5.1 First round
	2.5.2 Second round

	2.6 Statistical analyses

	3 Results
	3.1 Basic characteristics of the experts
	3.2 Results of the Delphi rounds
	3.2.1 The first round
	3.2.2 The second round
	3.2.3 Delphi consultation results


	4 Discussion
	4.1 Medication-related problems
	4.2 Delphi process
	4.3 Strengths and limitations of the study
	4.4 Further work

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


