
Clinical pharmacist prescriber in
primary care in Slovenia:
prospective non-randomised
interventional study focused on
clinical outcomes and quality of
life

Matej Stuhec  1,2*, Alenka Kovacic1,3, Marjetka Korpar1,4,
Ana Banovic Koscak5, Barbara Koder6, Dunja Mahoric7,
Spela Bernik Golubic8, Eva Gorup Cedilnik9, Vesna Homar9,
Aleksandar Stepanovic9 and Danica Rotar Pavlic9

1Department of Pharmacology andDepartment of Clinical Pharmacy, Medical Faculty Maribor, University
of Maribor, Maribor, Slovenia, 2Department of Clinical Pharmacy, Ormoz’s Psychiatric Hospital, Ormoz,
Slovenia, 3Murska Sobota General Hospital, Murska Sobota, Slovenia, 4Lekarne Ptuj, Ptuj, Slovenia,
5Goriška lekarna Nova Gorica, Nova Gorica, Slovenia, 6Gorenjske lekarne, Kranj, Slovenia, 7Lekarna
Toplek, Ptuj, Slovenia, 8Slovene Chamber of Pharmacy, Ljubljana, Slovenia, 9University of Ljubljana,
Faculty of Medicine, Department of Family Medicine, Ljubljana, Slovenia

Introduction: Clinical pharmacist prescribers in primary care settings and their
impact on patient-reported outcomes (PROs) and clinical outcomes have not
been described outside English-speaking countries.
Aim: The aim of this prospective interventional pilot study was to assess the
impact of pharmacist prescribers on clinical results and patient-reported
outcomes (PROs), while describing their development, evaluation, and
implementation in Slovenia.
Methods: This prospective, 6-month, interventional, non-randomised study
started in November 2024 and concluded in June 2025 in four primary care
settings in Slovenia. Clinical pharmacists reviewed medications of patients and
additionally prescribed medications based on the Collaborative Practice
Agreement (CPA). In this process, they cooperated with patients and general
practitioners (GPs). Only patients with an established diagnosis for selected non-
communicable chronic conditions were included. The primary outcomes were
changes in PROs, including quality of life (assessed via EQ-5D-VAS), and the
Medication Appropriateness Index (MAI). Secondary outcomes included the
prescription acceptance rate by GPs (percentage) and adherence to treatment
guidelines. Tertiary outcomes involved the number of prescriptions that met the
predefined clinical outcomes.
Results: The study included 119 patients, with a mean age of 72.3 years (SD =
10.0). Quality of life improved from 63.6/100 (SD = 18.7) at baseline to 71.4/100
(SD = 15.9) at the end of the study (p = 0.000), with a corresponding QALY
difference of 0.0252. The effect size (Cohen’s d) was 0.448 (95% CI: 0.084 to
0.812. The number needed to treat (NNT) was 4.0. During the study, clinical
pharmacists prescribed 264 prescriptions to 119 patients, resulting in an
acceptance rate of 91.3%. Adherence to treatment guidelines improved
significantly (29.8% vs. 90.9%; p = 0.000). The effect size, expressed as an
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odds ratio (OR), was 25.7 (95% CI: 15.6–42.4). The number of prescriptions
achieving the predefined clinical outcomes was significantly higher at the end
of the study (70.8% vs. 6.4%; p = 0.000), with an OR of 33.9 (95% CI: 19.1–60.4).
Deprescribing accounted for 25.3% of all protocols.
Conclusion: This study demonstrates that prescriptions made by clinical
pharmacists in collaboration with GPs, as specified in the CPA, improved PROs
and clinical outcomes for predefined conditions.
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1 Introduction

Polypharmacy represents a significant burden in Europe and is
highly prevalent, particularly among elderly patients in primary
care. It often leads to poorer clinical outcomes and increased
healthcare costs (Bennie et al., 2024; Maher et al., 2014; Midão
et al., 2018). Two systematic reviews found a high prevalence of
polypharmacy in primary care across Europe, raising concerns
about psychotropic polypharmacy, particularly the notably high
use of benzodiazepines in this population (Bennie et al., 2024;
Midão et al., 2018).

A study involving 503 patients in general practice in Slovenia
also demonstrated high polypharmacy use among the elderly
(Gorup and Šter, 2017). Additionally, Maher et al. reported that
approximately 50% of older adults (≥65 years) were prescribed at
least one unnecessary medication. They identified a strong
relationship between polypharmacy and adverse clinical outcomes
and recommended increased collaboration with clinical pharmacists
to promote rational medication use in this population (Maher
et al., 2014).

In addition to medication-related problems, chronic conditions
are a critical factor in optimizing medication management in
primary care (Kessler et al., 2003; Lech et al., 2022). Despite
significant efforts by general practitioners (GPs) and other
healthcare professionals, there remains considerable room for
improvement (Kessler et al., 2003; Lech et al., 2022; Smolders
et al., 2009; Redon et al., 2016). Kessler and colleagues found
that fewer than 50% of patients with depression in primary care
receive adequate treatment (Kessler et al., 2003). Similar findings
were reported in the Netherlands, where adherence to treatment
guidelines for depression was only 42%, and for hypertension, only
40% of patients achieved adequate blood pressure control (Smolders
et al., 2009; Redon et al., 2016).

Research on adherence to treatment guidelines for diabetes in
primary care showed that only 56% of patients follow recommended
management protocols (Alliabi et al., 2022). GPs often report poor
communication with other specialists when managing chronic
conditions. In Germany, most GPs indicated inadequate
communication with psychiatrists, despite GPs being responsible
for diagnosing and managing the majority of depression cases in
primary care (Lech et al., 2022). In many countries, including
Slovenia, the limited number of GPs may contribute to the
suboptimal management of chronic diseases (European Health
Information Gateway).

Collaboration between GPs and clinical pharmacists is an
important strategy for reducing medication-related problems and
optimizing treatment (Stuhec, 2021; Urbańczyk et al., 2023). This

collaboration can involve both pharmacist prescribers and non-
prescribers, with clinical pharmacists providing services such as
medication reviews and medication reconciliation, which are
nationally accepted and reimbursed in some countries (Stuhec,
2021; Urbańczyk et al., 2023). Medication reviews in general
practice have been extensively studied in countries where they
are already reimbursed, including the United Kingdom, the
United States, and Slovenia (Stuhec, 2021; Komwong et al., 2018;
Chisholm-Burns et al., 2010).

Unfortunately, in most Central European countries, such
services are not reimbursed in general practice, with the
exception of Slovenia. In Slovenia, clinical pharmacists conduct
medication reviews—specifically, type 3 (advanced) medication
reviews as defined by the Pharmaceutical Care Network Europe
(PCNE)—on behalf of GPs with a referral paper. Since 2017, these
services have been reimbursed by the national insurance. Research
has demonstrated a positive impact, including reductions in
polypharmacy, drug-drug interactions (DDIs), potentially
inappropriate medications (PIMs), improved adherence to
treatment guidelines, and enhanced quality of life (Stuhec, 2021;
Urbańczyk et al., 2023). In Slovenia, clinical pharmacists provide
medication reviews in almost all general practices within primary
care ambulatory settings, representing a powerful approach for
medication management. This collaboration supports GPs in
managing polypharmacy and improving patient outcomes
(Stuhec, 2021; Urbańczyk et al., 2023).

A pharmacist prescriber represents an additional step beyond
the previously mentioned medication review. It has been well
developed and implemented in the United Kingdom, where
clinical pharmacists have been prescribing independently within
their competencies. In New Zealand and the United States, clinical
pharmacists collaborate as dependent prescribers, with the
United States requiring a collaborative practice agreement (CPA)
for such collaboration (Choe et al., 2018; American Pharmacists
Association (APhA); Raghunandan et al., 2021; Carter et al., 2024).
In the United Kingdom, there are over 2,000 pharmacist-
independent prescribers in general practice, a development that
began in 2006 from the earlier supplementary prescriber model.
Pharmacists require additional education and training provided by
approved organisations (Tonna et al., 2007; Cope et al., 2016). The
role of pharmacist prescribers has been extensively researched in the
United Kingdom, particularly in prescribing and deprescribing
(Tonna et al., 2007; Alharthi et al., 2023).

A meta-analysis of 46 studies (37,337 participants) compared
non-medical prescribing by nurses and pharmacists with standard
care (Weeks et al., 2016). There was moderate certainty of evidence
for studies assessing blood pressure at 12 months (mean difference
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(MD) −5.31 mmHg, 95% confidence interval (CI) −6.46 to −4.16;
12 studies, 4,229 participants) and low-density lipoprotein (LDL)
cholesterol (MD -0.21, 95% CI -0.29 to −0.14; 7 studies,
1,469 participants). High certainty evidence was found for
glycated haemoglobin management (HbA1C) at 12 months (MD
-0.62, 95% CI -0.85 to −0.38; 6 studies, 775 participants) (Weeks
et al., 2016). The authors also compared prescribing by pharmacists
to that by nurses (only one study), which showed substantial
improvements in both groups after 6 months: 43.4% of
participants in the pharmacist case manager group met both
systolic blood pressure and LDL cholesterol target guidelines,
compared with 30.9% in the nurse-led group (an absolute
difference of 12.5%; number needed to treat = 8, p = 0.03)
(McAlister et al., 2014). In a recent scoping review,
encompassing 63 studies, researchers focused on non-medical
prescribing, including pharmacists and nurses involved in mental
health management in primary care. Both pharmacists and nurses
prescribe antidepressants widely, though their practices differ. The
authors concluded that more qualitative research is needed while the
role is positive (Alsaeed et al., 2025).

In New Zealand, clinical pharmacists prescribe the most
medications for infections and pain. The authors noted that
around 50% of GPs are expected to retire within the next
10 years, creating opportunities for the development of
pharmacist prescribers (Raghunandan et al., 2021). In
New Zealand, clinical pharmacists can prescribe most
medications as GPs do; no special CPA document is necessary,
as in the US (Pharmacist Prescriber Scope of Practice). Similar
developments are occurring in Canada and Australia; however,
collaboration within CPA and/or community pharmacies remains
limited and has not yet been implemented nationally (Nakhla
et al., 2024).

The impact of clinical pharmacists in the medication review
process has been extensively studied. Still, the development,
implementation, and evaluation of pharmacist prescribers in
general practice nationally have not been described outside the
United Kingdom, United States, Canada, and New Zealand.
Developing models and conducting pilot trials are essential steps
for successful implementation.

In this context, we describe the development, evaluation, and
implementation of pharmacist prescribers in Slovenia through a 6-
month prospective interventional study. We hypothesise that this
collaboration will positively affect patient-reported outcomes
(PROs), adherence to treatment guidelines, and improve
clinically predefined outcomes.

2 Materials and methods

2.1 Settings

This study was conducted at four primary care settings in
Slovenia, located in both Slovenian cohesion regions: Ormoz,
Nova Gorica, Ptuj, and Jesenice. In these settings, clinical
pharmacists (also referred to as pharmacist consultants) provide
medication reviews (specifically, type 3 or advanced medication
reviews) on behalf of GPs, using a referral paper. (Stuhec, 2021;
PCNE). Type 3 (advanced) medication reviews are based on a

patient’s history, relevant patient information, and clinical data.
They address all critical aspects outlined by the PCNE, including
drug-drug interactions, side effects, unusual dosages, adherence
issues, drug-food interactions, effectiveness concerns, over-the-
counter medication problems, unindicated medications, missing
indications, and dosage issues (Stuhec, 2021; PCNE; Stuhec
et al., 2019a).

Clinical pharmacists work daily in Slovenia in primary care
settings alongside GPs and have access to complete patient records,
including lab test results. Participating clinical pharmacists have
established a strong collaborative relationship with GPs in these
primary care settings and those serving the surrounding region,
including nursing home settings (Stuhec, 2021).

In Slovenia, clinical pharmacists do not have prescription
authority; instead, they recommend GPs based on their
medication reviews. GPs then review the medication
recommendations and make the final decision (Stuhec, 2021).
Medication reviews conducted by clinical pharmacists are also
recognized as pharmaceutical services under Slovenian legislation
(Slovenian Pharmacy Act 2016) (Stuhec, 2021).

2.2 Development

Slovenia has a relatively low number of GPs compared to
Western countries, a high percentage of elderly patients, and
consequently, a high prevalence of polypharmacy (Stuhec, 2021).
Additionally, family medicine and clinical pharmacy are well-
developed fields at the European level, creating an opportunity
for pilot trial development that promotes collaboration rather
than competition between the two specialties (Stuhec, 2021).

This reimbursed service, medication review in Slovenia, served
as the foundation for this study.We expanded themedication review
service to include pharmacist prescribers with additional
monitoring. Furthermore, the Ministry of Health of the Republic
of Slovenia confirmed that a pilot trial of this collaboration was
necessary (October 2023). This endorsement marked a significant
milestone for the initiation of the pilot. With support from the
Ministry of Health, the Health Insurance Institute of Slovenia, and
the Slovene Chamber of Pharmacy, the Slovenian Professional
College of Family Medicine agreed to participate in the pilot
trial. The Association of Patient Organisations of Slovenia also
expressed support through a letter of endorsement.

The joint working group consists of representatives from the
Slovene Chamber of Pharmacy—clinical pharmacist specialists with
experience in pilot trials—and representatives from the Slovenian
Professional College of Family Medicine—family medicine
specialists with pilot trial experience. In May 2024, the Ministry
of Health announced a call for a research grant titled “Examining the
Benefits and Risks of Dependent Prescribing Practice in the Context
of Pharmaceutical Care,” with a main funding amount of
70,000 EUR for 1 year. The project’s aim was to assess the
feasibility of expanding the current collaboration to include
dependent prescribing in pharmacist-led clinics (evaluating
treatment outcomes for predefined disease states) and to identify
the systemic and legislative changes necessary to incorporate this
new pharmaceutical competence into the Slovenian healthcare
system. The working group applied for the grant through their
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affiliations: the Medical Faculty Maribor (University of Maribor)
and the Medical Faculty Ljubljana (University of Ljubljana). They
were successful and received funding from October 2024 to
September 2025.

The joint working group, consisting of representatives from the
Slovene Chamber of Pharmacy and the Slovenian Professional
College of Family Medicine, prepared all necessary protocols,
including the CPA document (available in Supplementary Data
sheet 3) and protocols for the included medical conditions,
including predefined outcomes (Supplementary Data sheet 4).
GPs could authorize clinical pharmacists to prescribe either a
single medication for a specific condition or all medications
permitted for prescribing in Slovenia (as specified in the CPA).
The participating GPs had the discretion to select these options.
Clinical pharmacists could prescribe only after GPs confirmed
diagnoses, and prescriptions had to be digitally signed by the
GPs before dispensing (no emergency or acute prescriptions).
Patients and GPs could withdraw from the collaboration at any
time during the study.

Five clinical pharmacists with primary care experience were
invited to participate in the trial. Each has more than 5 years of
experience conducting medication reviews in primary care settings,
which was essential for the pilot’s success, given their established
collaborative relationships.

The working group established primary outcomes for each
condition. Each protocol includes a 6-month target value, a
measurement scale, and relevant clinical guidelines. The focus
was on clinical outcomes rather than solely medication-related
problems and polypharmacy; therefore, specific outcomes and
target values were defined in each protocol based on relevant

guidelines (e.g., depression remission, target HbA1c levels). The
CPA and protocols were also discussed with GPs from the practice
and were further improved during the implementation process. The
protocols and CPA document were finalized and presented to all
clinical pharmacists and GPs before the pilot started. The CPA
addresses ten main medical conditions (10 protocols), which are
summarised in Table 1. All protocols had the same format, including
target outcomes, guidelines and recommendations. We have
attached four protocols, which were the most frequently used, in
Supplementary Material-Data sheet 4 (protocols for arterial
hypertension, dyslipidemia, depression, and deprescribing).

In 2024, the Slovenian National Medical Ethics Committee
granted ethical approval (16 October 2024; N#0120-330/2024-
2711-3), allowing the study to commence.

The Ethical Approval application, which the working group
prepared and approved, included patient information, including
consent forms. The consent form was approved by the Slovenian
National Medical Ethics Committee, and only patients who signed
the consent form were included in the study. Patients who did not
sign the consent form received only a medication review without
prescribing by clinical pharmacists.

The Ministry of Health of the Republic of Slovenia compensates
participants, including clinical pharmacists, GPs, and researchers
(grant number V3-24041).

2.3 Type of intervention and implementation

This prospective, interventional, non-randomized study started
in November 2024 and concluded in June 2025. Clinical pharmacists

TABLE 1 Review of protocols, including predefined clinical outcomes and prescription authority.

Protocol
number

Protocol Predefined clinical outcomes
based on

Prescription authority

1 Lipids not in target range (dyslipidemia
diagnosis)

S-LDL target value Initiation, Adjustments, Discontinuations

2 Neuropathic pain—therapy adjustment
(neuropathic pain diagnosis)

Visual Analogue Scale [VAS] target score Initiation, Adjustments, Discontinuations

3 Blood pressure not in target range (arterial
hypertension diagnosis)

Blood pressure in mmHg target value Initiation, Adjustments, Discontinuations

4 Diabetes—HbA1c not in target range (type II
diabetes diagnosis)

HbA1c target value Initiation, Adjustment, Discontinuation (only
oral medications)

5 Depression remission not achieved (unipolar
depression diagnosis)

Depression remission (Patient Health
Questionnaire-9 [PHQ-9] target score)

Initiation, Adjustment, Discontinuation

6 Use of anti-dementia drugs (Alzheimer’s
dementia diagnosis)

Mini-Mental State Examination (MMSE)
target score

Initiation, Adjustment, Discontinuation

7 Gout treatment (gout diagnosis) Uric acid level target value Initiation, Adjustment, Discontinuation

8 Adjustments based on renal and hepatic
function (renal and/or hepatic insufficiency)

Adjustments according to the Summary of the
Product Characteristics

Initiation, Adjustment, Discontinuation

9 Deprescribing to optimize therapy Priscus list criteria adherence, Medications
without indication

Adjustment, Discontinuation

10 Titration of asthma medications (asthma
diagnosis)

Asthma Control Test target score Adjustment only

Out of the protocol Only medications specified by the general practitioners (GPs) in the CPA document were allowed— (medications that GPs in Slovenia can prescribe
autonomously)

Frontiers in Pharmacology frontiersin.org04

Stuhec et al. 10.3389/fphar.2025.1690480

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1690480


provided recommendations within the medication review and
additional prescribing after each patient visit. The project was
introduced at the outset in four different primary care settings.
Before participating, every patient provided informed consent, and
only those who signed the consent form were included. Clinical
pharmacists conducted medication reviews and prescribed
additional medications in a CPA, confirming the second
appointment. They could prescribe medications on behalf of the
GP, who specified which medication groups the pharmacists were
authorized to prescribe in a CPA.

Throughout the study, clinical pharmacists monitored
patients from the enrollment to the end of the pilot trial.
Each patient was assessed at least three times: at enrollment
(baseline), the second visit (after 2 months), and the last visit
(6 months after the first). Pharmacists could contact patients
more frequently, if necessary, but outcomes were only recorded
at these three main points. Pharmacists prescribed medications
in the same way GPs prescribe in Slovenia. Prescriptions were
entered into the eSystem and confirmed by GPs, enabling drug
dispensation at community pharmacies. GPs were required to
specify the reason for any non-acceptance within the eSystem.
Medication reviews were documented in the primary care
setting’s eSystem. Each patient received three medication
reviews, and prescriptions were recorded within the eSystem,
allowing GPs to confirm, modify, or reject the prescriptions.
The patient was informed about the next visit through the
e-Invitation or by the care setting’s informant. Clinical
pharmacists also notified patients that their prescriptions
would be ready at the pharmacy in a few days. All five
clinical pharmacists included in the pilot completed
medication reviews using the standardized form approved by
the Slovene Chamber of Pharmacy (Stuhec, 2021). Clinical
pharmacists provided recommendations within the
medication review and additional prescribing after the
patient’s visit.

2.4 Inclusion and exclusion criteria

Selection criteria were based on GP referrals. Only patients with
an established diagnosis for various conditions were included. GPs
primarily referred patients with some pharmacological issues, such
as untreated conditions or variations in achieving target outcomes.
Therefore, the study population was not focused on patients with
polypharmacy, who are typically included in medication reviews in
Slovenia. Instead, the working group concentrated on conditions
that had not yet been treated and their clinical outcomes for
established diagnoses (e.g., depression remission). The study
included patients from all primary care settings involved in the
pilot trial. Referrals were made solely based on the GP’s referral
paper, which included the CPA document. Both the patient and the
GP had to sign the CPA. The population consisted of all patients
referred to the clinical pharmacist. Each patient was included in the
study only once.

The inclusion criterion was that the clinical pharmacist had
made at least one suggestion to modify the therapy during the
medication review (at least one prescription including
deprescription). Only patients for whom all three medication

reviews were completed and who completed the entire study
period were included in the final analysis.

2.5 Outcomes

The patients’ key characteristics (age, gender, number of
medications, drug-drug interactions [DDIs], and potentially
inappropriate medications [PIMs]) were assessed. DDIs were
identified using the Lexicomp Online® database and categorized
as X-type (contraindicated) and D-type (major). To identify PIMs in
elderly patients, we referred to the latest Priscus List 2.0 (Mann et al.,
2023). We also included the number of patients’ visits to GPs’
settings in the 3months before and after the first medication reviews.
Drug-related problems (DRPs) were categorized according to the
Slovenian classification of drug-related problems (DRP-SLO-V1)
(Horvat and Kos, 2016).

The primary outcomes were changes in PROs. PROs evaluated
included quality of life (assessed via EQ-5D-VAS), quality-adjusted
life years (QALYs), and the Medication Appropriateness Index
(MAI). Effect size (Cohen’s d) for differences in quality of life
based on EQ-5D-VAS between study points and 95% confidence
intervals (CIs) was calculated. The MAI was assessed during the
study, excluding question N#10 (cost-effectiveness). Utility scores
were derived from EQ-5D-VAS scores. Differences in QALYs were
calculated using the trapezoidal rule. The Anticholinergic Burden
score was also calculated using the Anticholinergic Burden
Calculator (Hanlon et al., 1992; Anticholinergic Burden Calculator).

The secondary outcomes included the prescription acceptance
rate by GPs (%), the description of prescriptions provided by clinical
pharmacists, and adherence to treatment guidelines for the defined
conditions. The effect size, expressed as odds ratios (OR) with 95%
confidence intervals (CI), was calculated for adherence to treatment
guidelines.

The tertiary outcomes were focused on predefined clinical
outcomes. They included describing the protocols prescribed by
clinical pharmacists, the acceptance rate (%), and the change in the
number of prescriptions reaching the predefined clinical outcomes
(end/baseline). The effect size as OR, with 95% CI, was calculated for
adherence to the predefined clinical outcomes. These outcomes
included: diabetes management (HbA1c and blood glucose), lipid
levels (LDL-C), neuropathic pain (Visual Analogue Scale [VAS]),
depression remission (Patient Health Questionnaire-9 [PHQ-9]),
controlled blood pressure (measured in mmHg), cognitive function
(Mini-Mental State Examination [MMSE]), gout (uric acid level),
renal and hepatic dose adjustments (based on the Summary of
Product Characteristics), asthma control (Asthma Control Test),
and deprescribing (Priscus list). Based on the latest treatment
guidelines, the working group confirmed target values for all
outcomes included in the protocols before the study. It
incorporated them into the pharmacists’ prescriber protocols.

In addition to patient-reported outcomes (PROs) and clinical
outcomes, we assessed the impact of pharmaceutical interventions
on reducing treatment costs by conducting a simple cost-benefit
analysis (CBA). Since Slovenian data were not available, we used
data on the financial values of individual pharmacist interventions
from a study by Lee et al., conducted in the United States (Lee et al.,
2002). They included the following interventions: discontinuation of
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X DDI, dose adjustments, discontinuation of duplication in therapy,
initiation of medication for an untreated condition, discontinuation
of medication without an approved indication, and other
interventions such as drug discontinuation and initiation. These
values were then adjusted to 2025 prices using the CPI Inflation
Calculator. Total costs for medication reviews during the study were
calculated based on data from the Health Insurance Institute of
Slovenia: EUR 59 for the first medication review and EUR 41.3 for
subsequent reviews; for patients on 10 or more medications, the cost
was double that of EUR 59.

2.6 Data collection

Data collection began after the study started. The Working
Group prepared a Microsoft Excel 2016 worksheet, which the
researchers used to record the data. Data were collected from
patients’ medical records, Slovenian central digital prescription
registry, and the eSystem across primary care settings. The three
main research points corresponded to three medication reviews: at
enrollment (time 0), after 2 months (first review), and after 6months
(second review). To ensure anonymity, we encrypted data for
patients, clinical pharmacists, and GPs. Information about
prescriptions was obtained from the eSystem and patients’ charts.

Four researchers (M.K., A.B., M.S., B.K.), all experienced clinical
pharmacists and researchers, collected and extracted data from
November 2024 to June 2025. M.S. primarily conducted
statistical analysis, and all authors approved the results.

Other researchers contributed to various aspects of the study,
including reviewing, interpretation, and providing external review to
help minimize bias.

2.7 Statistics

We used descriptive statistics to summarize the main
characteristics of the study. Numerical results were expressed as
sums, with standard deviations (SD), and minimum and maximum
values where applicable. The Kolmogorov-Smirnov test was
employed to assess normality. Based on the results, different
statistical tests were selected: paired samples t-tests for normally
distributed variables and the Wilcoxon signed-rank test for non-
normally distributed variables.

The sample size was determined based on previous studies
conducted in primary care settings, including a similar pilot trial
in Ireland (Stuhec, 2021; Stuhec et al., 2019a; Cardwell et al., 2020)
and a power analysis performed using G*Power® software. With an
alpha level of 0.05, a power of 0.90 (1–β), and an effect size of 0.3, the
calculated total sample size required was 115, accounting for a 20%
attrition rate. Additionally, the Bonferroni correction was applied to
adjust for multiple comparisons, setting a significance level of p <
0.05, which was modified to the adjusted p-value.

Effect sizes for continuous variables were calculated using
Cohen’s d, while for categorical variables, odds ratios (ORs) with
95% confidence intervals (CIs) and number needed to treat (NNT)
were determined using Psychometrica®. Data analysis was
performed using Microsoft Office Excel® 2016 and IBM SPSS
Statistics version 26. This study adhered to the STROBE

(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines (von Elm et al., 2008). The EuroQol
Group approved using EQ-5D-VAS for study purposes in
November 2024.

3 Results

3.1 General results

This study included 126 patients who received medication
reviews from clinical pharmacists, including prescribing based on
the CPA document. In this study, 23 GPs participated and referred
patients to clinical pharmacists. Four of five clinical pharmacists
completed the study because one of them left and did not continue
the project due to severe health problems. Of these, 119 patients with
a mean age of 72.3 years (SD = 10.0) were eligible for the final
analysis due to complete data sets (94.5%). Men accounted for 51.3%
(N = 61) of participants, women for 48.7% (N = 58). Themean age of
the patients at baseline was 72.3 years (SD = 10.0), and they had an
average of 7.68 diagnoses (SD = 3.9).

On average, patients were prescribed 9.85 (SD = 4.8)
medications at baseline, 10.2 (SD = 4.6) after the second visit,
and 10.0 (SD = 4.5) medications at the end of the pilot trial.
Clinical pharmacists provided 446 recommendations during
medication reviews (mean per review: SD = 1.8; maximum 10,
minimum 1) in the first medication review. GPs accepted 387 of
these recommendations, resulting in an acceptance rate of 86.7%,
and 348 recommendations were continued until the end of the study
(89.9%). The Flowchart is presented in Figure 1.

At the baseline, patients had an average of 16 X-type DDIs (0.13 per
patient, SD = 0.43) and 132 D-type DDIs (1.12 per patient, SD = 1.2).
The number of X-type DDIs decreased non-significantly to 9 (0.08 per
patient, SD = 0.350; p = 0.71). All X-type DDI interactions persisted
until the end of the study. The number of D-type DDIs was reduced to
99 after the second visit (0.83 per patient, SD = 1.195) and increased
slightly to 100 by the end of the study. The difference between the
baseline and the last visit was statistically significant (p = 0.013), as was
the difference between the baseline and the first visit (p = 0.009).

At baseline before medication review, patients had an average of
180 PIMs listed in Priscus (mean 1.86, SD = 1.6). This number
decreased significantly following medication review, 138 PIMs
(mean 1.42, SD = 1.40; p = 0.000) and further reduced to 128
(mean 1.32, SD = 1.09; p = 0.000) by the end of the study.

3.2 Primary outcomes

One hundred and nineteen patients were included in the quality of
life study, as well as theMAI and anticholinergic Burden scores. Quality
of life, according to the EQ-5D VAS, increased from 63.6/100 (SD =
18.7) at baseline to 68.5/100 (SD = 15.7) after the second visit, and to
71.4/100 (SD = 15.9) after the end of the study. The differences were
statistically significant (baseline vs. 2 months; p = 0.001; baseline vs.
6 months; p = 0.000; and 2 months vs. 6 months; p = 0.002). The
changes in quality of life over the study period are presented in Figure 2.

The calculated difference in QALYs was 0.0252 between baseline
and the end of the study, 0.00408 between baseline and 2 months, and
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0.02117 between 2 months and the end of the study. The effect size
(Cohen’s d) was 0.448 between baseline and the end of the study, with a
95% confidence interval (CI) of 0.084–0.812. The number needed to
treat (NNT) was 4.0.

The average medication appropriateness index (MAI) score per
patient decreased significantly during the study (p = 0.000 for all
comparisons). The MAI score declined from 13.9 (SD = 15.2) at
baseline to 10.7 (SD = 13.0) at 2 months and to 9.3 (SD = 12.5) at
6 months (end of the study). The differences were statistically
significant (baseline vs. 2 months; p = 0.000; baseline vs.
6 months; p = 0.000; and 2 months vs. 6 months; p = 0.000).
Changes in themeanMAI score per patient over the study period are
shown in Figure 3.

The calculated effect size (Cohen’s d) was −0.361 between baseline
and the end of the study, with a 95% confidence interval (CI)
of −0.723 to −0.002. The number needed to treat (NNT) was 4.9.

The Anticholinergic Burden score also decreased significantly
during the study (p = 0.001 for baseline vs. 6 months; p = 0.000 for
baseline vs. 2 months; p = 0.240 for 2 months vs. 6 months), from 3.3

(SD = 4.3) at baseline to 2.8 (SD = 3.6) at 2 months, and remaining at
2.8 (SD = 3.8) at 6 months.

The number of GP visits per patient was non-significantly
lower in the 3 months before the study (mean 4.24, SD = 3.5)
than in the 3 months after the study began (mean 4.20, SD 4.1).

Clinical pharmacists reduced costs by EUR 456,619 (including
discontinuation of 7×DDIs, 145 dose adjustments, nine duplicate
discontinuations, 67 initiations for untreated conditions, 48 non-
approved medication discontinuations, and 282 other interventions).
This results in a return on investment (ROI) of EUR 22.3 for every EUR
1 invested. Even with additional sensitivity analysis, including
interventions priced 50% lower than the original estimates, the
return on investment (ROI) would be approximately 10:1.

3.3 Secondary outcomes

Clinical pharmacists prescribed 264 prescriptions to
119 patients during the study (from 265 included in the

FIGURE 1
Flowchart.
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protocol), with a mean of 2.23 prescriptions per patient. GPs
accepted 242 prescriptions issued by clinical pharmacists,
resulting in an acceptance rate of 91.3%. The most frequently

prescribed medications were rosuvastatin (28 prescriptions),
followed by the rosuvastatin/ezetimibe combination
(15 prescriptions) and pantoprazole (12 prescriptions). The most

FIGURE 2
Quality of life during the study using EQ-5D VAS score.

FIGURE 3
Medication Appropriateness Index (MAI) score during the study.
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common reasons for prescribing were dyslipidemia
(56 prescriptions), deprescribing (48 prescriptions), arterial
hypertension (52 prescriptions), diabetes (29 prescriptions),
depression (22 prescriptions), neuropathic pain
(14 prescriptions), and dementia (10 prescriptions).

According to the DRP (Drug-Related Problem) classification,
192 prescriptions (72.8%) addressed and resolved the problems,
while 40 prescriptions (15.1%) involved partially solved issues, and
23 prescriptions (8.7%) had unresolved problems. By the end of the
study, 222 prescriptions (83.8%) were continued, and GPs changed
27 prescriptions (10.2%). Adherence to treatment guidelines
improved significantly during the study (72 vs. 236 prescriptions;
29.8% vs. 90.9%; p = 0.000). The effect size, expressed as an odds
ratio (OR), for adherence was 25.7 (95% CI: 15.6–42.4).

According to the clinical pharmacists’ final medication review,
204 prescriptions (77%) were positively evaluated in terms of
reaching clinical outcomes, while 26 prescriptions (9.8%) were
partially positive, and 15 cases (5.7%) were negative. Only
22 prescriptions were not accepted by GPs—in 10 cases, the
patient did not want to take the new prescription; in six cases,
there was no data; and in six cases, no reasons for the change
were provided.

Clinical pharmacists prescribed new medications after the
second visit in 69 cases, with only four prescriptions not
maintained over 6 months, resulting in a 94.2% acceptance rate.
All results relating to the secondary outcomes are summarised in
Supplementary Material-Data sheet 1.

3.4 Tertiary outcomes

A total of 253 medications out of 264 were prescribed through
the defined protocol. Only 11 prescriptions were issued outside the
protocols (for nociceptive pain, osteopenia, and insomnia), as GPs
specified these medications in the CPA. The majority of medications
were prescribed (and also deprescribed) according to the
deprescribing protocol (64 cases, 25.3%), followed by the
dyslipidemia protocol (55 cases, 21.7%), arterial hypertension
(32 cases, 12.6%), depression (25 cases, 9.9%), kidney and liver
dose adjustments (21 cases, 8.3%), type II diabetes (23 cases, 9.1%),
neuropathic pain (15 cases, 5.9%), dementia (9 cases, 3.6%), gout
(6 cases, 2.4%), and asthma (3 cases, 1.2%).

Of the 253 medications prescribed through the protocols, GPs
accepted 234, with only 18 prescriptions not accepted (acceptance
rate: 92.5%). At the end of the study, 166 prescriptions accepted by
GPs achieved the predefined outcomes for the conditions specified
in the protocols (170 prescriptions, 73% of accepted prescriptions).
According to the DRP classification, 169 prescriptions were resolved
according to protocols (67%), followed by 49 prescriptions that were
partially resolved (19%) and 27 prescriptions that remained
unresolved (11%). Combining solved and partially resolved
problems means that 86% of DRPs were addressed. The most
common partially resolved problems were associated with
improved outcomes when the target value was not achieved (e.g.,
a 5-point reduction on the PHQ-9, lower HbA1c levels). The
number of prescriptions reaching the predefined clinical
outcomes was significantly higher at the study’s end than at
baseline (170 vs. 16; 70.8% vs. 6.4%; p = 0.000). The effect size

(OR) for adherence to treatment guidelines was 33.9 (95% CI:
19.1–60.4). The results were also statistically significant for
arterial hypertension, deprescribing, dyslipidaemia, depression,
and kidney and liver dose adjustments (p = 0.000), and less
significant for neuropathic pain (p = 0.005) and diabetes mellitus
(p = 0.034).

All of the tertiary outcomes are summarised in Supplementary
Material-Data sheet 2.

4 Discussion

This is the first nationally supported study to include
pharmacists as prescribers outside of English-speaking countries,
and the first in Europe outside the United Kingdom focused on
primary care. In this context, the results are broadly applicable to
other healthcare systems, developing interprofessional collaboration
between GPs and clinical pharmacists focused on clinical pharmacist
prescribing.

A similar pilot project was undertaken in Europe, although only
in the United Kingdom, when pharmacist prescribers were
developed and integrated into the United Kingdom healthcare
system in 2003 (Tonna et al., 2007). They initiated collaboration
with the CPA document, which enabled clinical pharmacists to
prescribe. This collaboration became a standard of care in the
United Kingdom. The authors reported positive outcomes during
development, including patient views and adherence to treatment
guidelines (Tonna et al., 2007). Another paper reported that all
stakeholders, including GPs, supported pharmacists as dependent
prescribers. However, they also noted that GPs expressed concerns
about pharmacists’ independent prescribing. The authors suggested
that pharmacists must develop new competencies and provide
sufficient explanations to patients before the first consultation
(Stewart et al., 2009). This development led to independent
pharmacist prescribing, which was implemented in the
United Kingdom in 2006, introducing additional competencies
for independent prescribers (Tonna et al., 2007).

The first significant finding of our study is that pharmacist
prescribers positively impact PROs, including quality of life and
medication appropriateness. There is limited data on the impact of
medication review on quality of life. One systematic review,
including 31 randomised controlled trials, showed minimal effect
on quality of life (Huiskes et al., 2017). The authors also noted the
poor quality of the data and called for further studies on this topic
(Huiskes et al., 2017). Previously, a small Slovenian prospective
study, which included only 24 patients, also reported a positive
impact of clinical pharmacists’ interventions in medication review
on quality of life (Stuhec et al., 2019b). The researchers found that,
after 2 months in a Slovenian nursing home, the total number of
PIMs and DDIs was significantly decreased, and quality of life
increased (p < 0.05). The clinical pharmacist did not have
prescribing rights but provided medication review, which has
been reimbursed nationally since 2017 (Stuhec, 2021; Stuhec
et al., 2019b). Our study demonstrated that medication reviews,
including pharmacist prescribers, lead to improved quality of life.
We also observed a very positive impact on the MAI, with a
moderate effect size, consistent with a systematic review
published on this subject (Riordan et al., 2016).
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The second important finding relates to the high prescription
acceptance rate by GPs (91.3%), indicating successful collaboration.
This can be explained by the long-term cooperation between clinical
pharmacists and GPs in these primary care settings, where clinical
pharmacists have worked for many years as ambulatory pharmacists
providing medication reviews (Stuhec, 2021). This acceptance rate
was considerably higher than that observed for the medication
review service in Slovenia (90% vs. 50%). We propose the main
reason for this is the close collaboration with GPs and the active
communication maintained throughout the study. By contrast,
medication reviews in Slovenia, usually do not include
subsequent monitoring of patients as was the case in our study
(Stuhec, 2021). This collaboration is essential to expand prescribing
rights to non-medical professionals, such as clinical pharmacists.
Clinical pharmacists assisted GPs in taking over some tasks, which
has also been positively reported in primary care settings in the
United Kingdom (Hasan Ibrahim et al., 2022). In this study, the
United Kingdom involved 203 general practices; approximately two-
thirds of GPs (62.4%, n = 126) reported that pharmacists were
qualified as independent prescribers, and 83.6% believed that clinical
pharmacists possessed sufficient skills to provide safe and effective
treatment. Most GPs (>85%) expressed largely positive attitudes
towards collaboration with practice-based pharmacists and noted
that this collaboration could enhance cooperation between GPs and
pharmacists (Hasan Ibrahim et al., 2022).

In our study, we found that clinical pharmacists prescribed the
most medications for dyslipidaemia, arterial hypertension, diabetes,
and depression. Deprescribing also represented an important aspect
of care. These results align with the US collaborative care model,
which utilises the CPA document, where clinical pharmacists
prescribe medications most frequently for these conditions (Choe
et al., 2018; American Pharmacists Ass ociation (APhA); Finley
et al., 2003). We also demonstrated that adherence to treatment
guidelines improved significantly, which is consistent with our
previous studies, including medication review in Slovenia
(Stuhec, 2021).

The third important finding relates to clinical outcomes, which
improved significantly during our prospective study. Clinical
pharmacist prescribers achieved positive clinical outcomes in
nearly 70% of patients, indicating noteworthy results. Our results
are in line with previous studies on this type of collaboration (Weeks
et al., 2016; Finley et al., 2003). Additionally, the findings showed a
very high acceptance rate when pharmacists utilised protocols
(92%), further indicating that protocols benefit pharmacists and
GPs. This suggests that clinical pharmacist prescribers, in
collaboration with GPs, could constitute an essential team for
enhancing clinical outcomes. Improvements in clinical outcomes
were observed across almost all protocols, particularly in diabetes,
dyslipidaemia, depression, and arterial hypertension. In addition,
collaboration with a clinical pharmacist resolved or partially
resolved 86% of DRPs, indicating that, even when target
outcomes were not fully achieved, this collaboration still led to
significant improvements in many patients (e.g., patients with
depression who showed a response but did not achieve
remission). This suggests that a longer study may demonstrate an
even higher proportion of patients reaching target outcomes.

In our study, clinical pharmacists monitored patients with
complex comorbidities, often involving multiple medications.

These findings are especially significant in this context and
demonstrate that clinical pharmacists and prescribers can
effectively manage various conditions and complex cases. Many
patients with these comorbidities do not achieve the recommended
target values (Kessler et al., 2003; Lech et al., 2022; Smolders et al.,
2009; Redon et al., 2016; Shrivastav et al., 2018). Our study showed
that clinical pharmacist prescribers improve the percentage of
patients who reach target values across different conditions. This
could be valuable for managing chronic conditions in Slovenia and
beyond. For example, in depression treatment, clinical pharmacists
helped 19/25 (76%) reach target values, compared with only 5% at
baseline. This aligns with other studies showing that clinical
pharmacists can effectively manage depression in primary care
and improve its current management (Finley et al., 2003). Similar
improvements were seen in our study for arterial hypertension,
diabetes, and dyslipidemia, where clinical pharmacist prescribers
increased the percentage of patients achieving target values to 70%,
40%, and 48%, respectively. This approach could be evaluated in
future randomised prospective studies.

This study also shows that monitoring by clinical pharmacists is
beneficial, as they are able to follow patients and assess long-term
outcomes. In Slovenia, medication reviews are based on a single
assessment rather than ongoing monitoring, which was the
approach taken in our study (Stuhec, 2021). Our findings are
consistent with the Committee of Ministers’ Resolution CM/Res
(2020)3 on the Implementation of pharmaceutical care for the
benefit of patients and health services, which supports
monitoring by clinical pharmacists (Committee of Ministers
Resolution CM/Res, 2020). These results are therefore valuable
for the implementation of medication reviews, which have been
successfully introduced in Slovenia but could be further developed
by shifting from single reviews to ongoing monitoring. Such a
change would strengthen collaboration between GPs and clinical
pharmacists. As we have shown, this could improve clinical
outcomes. This would mean that subsequent appointments, after
the initial one, would be initiated by the clinical pharmacist rather
than the GP. This study also demonstrated positive
pharmacoeconomic outcomes. Based on an additional sensitivity
analysis—assuming intervention costs were 50% lower than the
original estimates—the return on investment (ROI) would be
approximately 10:1, thereby strengthening the case for
reimbursement by the Health Insurance Institute of Slovenia.
Financial coverage is crucial, and the Health Insurance Institute
of Slovenia should therefore consider reimbursing this service
(including additional reimbursement for prescribing).

In addition, the study revealed some other significant findings,
such as the impact on the number of medications, PIMs, and DDIs.
The number of medications did not change significantly, which
could be attributed to GP referrals. GPs prescribed medications for
known conditions but referred patients for whom they did not
initiate new medications; therefore, pharmacists prescribed and
monitored these patients. Conversely, the number of PIMs and
type D DDIs decreased significantly, representing a positive
outcome. In our study, clinical pharmacists also successfully
deprescribed many medications, particularly proton pump
inhibitors and benzodiazepines. Proton pump inhibitors are
among the most prescribed medication groups worldwide and
are often overprescribed. In this context, clinical pharmacist
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prescribers play an essential role in rational deprescribing within this
population (Muheim et al., 2021). The number of patients visiting
the general practice did not significantly differ. However, this was
limited to a 3-month monitoring period.

These results align with a study on pharmacist prescribers in the
United Kingdom (Alharthi et al., 2023). In this study, researchers
examined medications prescribed by clinical pharmacist prescribers
in 284 of 370 residents across United Kingdom care homes. They
analysed the relationship between the number of medicines stopped
and various contextual factors (such as the number of residents
cared for, pharmacist employment within the associated medical
practice, previous care home experience, hours active within the
trial, years of experience as a pharmacist, and prescriber status). The
authors found that the number of residents and employment of
pharmacist independent prescribers within a medical practice were
positive predictors of deprescribing (Alharthi et al., 2023). The
positive impact of clinical pharmacists on reducing PIMs and
DDIs was previously demonstrated in medication reviews
conducted in Slovenia (Stuhec, 2021).

This study has several limitations that should be acknowledged.
Firstly, it was not a randomised controlled trial (comparison with usual
care), which limits the generalisability of the findings. This design was
chosen because the study population is multimorbid, with many
medication-related issues, and is comparable in clinical
characteristics to populations in real settings. Additionally,
comparable pilot studies have also employed this approach
(Cardwell et al., 2020). Moreover, we aimed to reflect real clinical
situations with minimal exclusion criteria. Quality of life is a
recommended outcome measure in elderly patients with multiple
comorbidities, as it reflects daily clinical practice. This could also be
considered one of the strengths of our study, as it included quality-of-
life measurements, which are recommended in studies involving elderly
patients with multimorbidity (Stuhec et al., 2019b). Another limitation
relates to the relatively small effect size, which was influenced by the
limited number of primary care settings and clinical pharmacists
involved. However, sample size calculations mitigated this, ensuring
sufficient statistical power for the study. We should also mention
possible selection bias, as GPs referred patients to a clinical
pharmacist prescriber. This was inherent to the nature of the pilot
trial. Since pharmacist prescribers have not yet been studied at the
national level, our starting point was the existing medication review
service in Slovenia, which is already established. Additionally, selection
biasmay be associatedwith the four primary care settings chosen, which
were selected based on previous good collaboration between clinical
pharmacists and GPs in these institutions—an essential factor for
conducting this pilot project. Another limitation relates to the
prescription type, as GPs must confirm each prescription. This was
one of the most significant limitations at the outset of the project, as
clinical pharmacists do not have prescribing rights in Slovenia, and this
should have been planned accordingly. The SlovenianNationalMedical
Ethics Committee approved the ethical aspect of prescribing by clinical
pharmacists, which was essential for this study. The study did not assess
the level of trust betweenGPs and clinical pharmacists.We are currently
conducting qualitative research, including semi-structured interviews
with 16 participants (patients, GPs, and pharmacists). The findings will
be published in a subsequent paper.

On the other hand, our pilot trial represents the first national pilot
project on pharmacist prescribers in Europe outside the

United Kingdom, providing essential information for all GPs and
clinical pharmacists who aim to develop this type of collaboration
across Europe and beyond. This pilot could serve as a basis for systemic
reimbursement and legislative changes in Slovenia, enabling clinical
pharmacists’ prescribing rights, similar to those in the US. Additionally,
we have developed a CPA document and protocols that could be
implemented nationally and adapted for use in other countries. A
further essential step is for the Slovene Chamber of Pharmacy to
establish the necessary education and certification programmes for
pharmacist prescribers in Slovenia. Similar competencies have already
been developed for clinical pharrmacists in Slovenia (Stuhec, 2021).

In conclusion, this is the first national study describing the
impact of pharmacist prescribers in primary care settings outside the
United Kingdom. The study demonstrates that prescriptions made
by clinical pharmacists in collaboration with GPs, as specified in the
CPA, improved patient-reported outcomes (PROs) and clinical
outcomes for predefined chronic non-communicable conditions
and showed positive economic results. The results of this pilot
are broadly applicable in different settings and could promote the
development of collaborative practice models in many countries.
Further qualitative research involving patients, GPs, and clinical
pharmacists is necessary to gather additional insights, such as
acceptability and enabling actions for systematic implementation
in national healthcare systems.
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