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Abstract
Potentially inappropriate medications (PIMs) are highly prevalent in elderly patients with mental disorders
(MPHs) treated with polypharmacy. This study's main aim was to determine the impact of a clinical
pharmacist (CP)’s recommendations on the total number of PIMs and to evaluate the differences in PIMs
between two patient subgroups with mental disorders with either fully or partially accepted
recommendations that have not been studied until now.

A retrospective observational cohort study involving primary care patients aged 65 or above in 2015–
2017 was conducted. To evaluate the impact of the interventions on the number of PIMs, odds ratios
(ORs) were used. Ninety-nine patients were included (79.4 y, SD=7.92). At least one PIM was present in
69.7% or 92.9% of the patients (PRISCUS and Beers list). The interventions led to a 21.2% decrease (n=23;
PRISCUS) and a 17.3% decrease (n=38; Beers) (p<0.05). The ORs for PIMs were signi�cantly smaller in
the full-acceptance subgroup (OR=3.8, CI 1.4-10.1; Beers) and insigni�cantly smaller for another group
(OR=2.8, CI 1.0-8.2; PRISCUS). The CP's interventions decreased the number of PIMs according to the
PRISCUS and the Beers list, and ORs for PIMs decreased if all proposed interventions were accepted. 

Introduction
As the population in developed countries is aging, more psychotropics are used in clinical practice,
increasing the chance of inappropriate prescribing and polypharmacy (patients taking �ve or more
substances daily). Polypharmacy can be medically unnecessary and increase the risks of potentially
inappropriate medications (PIMs) [1, 2, 3]. PIMs are medications for which the risks of use exceed the
desired treatment bene�ts and which can cause harm, treatment failure, or increased treatment costs.
Their use is widespread in elderly patients [4, 5, 6, 7, 8]. There are established PIMs lists used in clinical
practice, such as the PRISCUS and the Beers list, or the START/STOPP criteria [9, 10, 11]. Lau et al.
demonstrated that patients with PIMs in pharmacotherapy (as de�ned by the combined version of the
Beers list) had a higher likelihood of hospitalization due to treatment with PIMs over one year (odds ratio
(OR) = 1.73; 95%; con�dence interval (CI) 1.14–2.60) and higher mortality (OR = 1.89; 95% CI 1.47–2.44),
which increased treatment costs. A higher risk for hospitalization (OR = 1.80, 95% CI 1.34–2.41) and
higher mortality (OR = 1.28, 95% CI 1.05–1.55) were also observed in nursing home residents exposed to
PIMs for at least two months [5].

Among PIMs, an Austrian study of nursing home settings found psychotropics to be the most common
[4]. The study included 48 out of 50 nursing homes and 1,844 out of 2,005 residents. It found that 1,014
(55%) of the residents had at least one psychotropic PIM. The most commonly prescribed PIM was the
antipsychotic prothipendyl (25.9% of the residents) [4]. Lee et al. conducted a similar study on the elderly
(M = 81, ± 4.3) with depressive symptoms. The median number of medications used was 6 (range 1–21
medications). The most commonly prescribed PIMs (Beers list) were amitriptyline, dextropropoxyphene,
quinine, and benzodiazepines. Almost half (49%) of the participants were prescribed at least one PIM
[11]. In addition, a U.S. study shows that antipsychotics already on PIM lists may be connected with
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higher mortality than previously known [13]. Its authors conducted a retrospective cohort study using the
1999–2008 national data from the U.S. Department of Veterans Affairs for dementia patients aged 65 or
above who began outpatient treatment with either an antipsychotic (risperidone, olanzapine, quetiapine,
or haloperidol) or valproic acid and its derivatives (as a non-antipsychotic comparison). The total sample
included 33,604 patients, and individual drug groups were compared for 180-day mortality rates. In
covariate-adjusted intent-to-treat analyses, haloperidol was associated with the highest mortality rates
(relative risk = 1.54, 95% CI 1.38–1.73) followed by risperidone (reference), olanzapine (relative risk = 0.99,
95% CI 0.89–1.10), valproic acid and its derivatives (relative risk = 0.91, 95% CI 0.78–1.06), and
quetiapine (relative risk = 0.73, 95% CI 0.67–0.80) [13].

These three studies demonstrate that elderly MHP patients are especially vulnerable to PIMs and that
their treatment should be studied further. Some clinical studies suggest that interventions in the treatment
by a clinical pharmacist (CP) may be one of the strategies to reduce PIMs in patients with MHPs [1, 14]. In
a prospective non-randomized pre-post study examining elderly residents with MHPs in a Slovene nursing
home, Stuhec et al. report a reduction in the total number of PIMs as well as a signi�cant increase in
quality of life measures (p < 0,05) after a medical review was provided by a CP (n = 24). However, no
causal relationships can be established due to the non-randomized pre-post study design as well as the
very small sample size (n = 24).

This study aimed to determine the prevalence of PIMs and the effect of CP’s interventions on the number
of PIMs in elderly persons with MHPs in primary care. We hypothesized to con�rm a positive association
between the acceptance of the CP’s recommendations and a lower number of PIMs in patients with
MHPs (H1). We also hypothesized a positive association between the full acceptance of the CP’s
interventions and a lower number of PIMs compared to partial acceptance (H2).

Methods

Study design, inclusion and exclusion criteria, and data
collection
This study examined the data from one Slovenian (European Union) primary setting (Ljutomer Health
Centre in the northeast of Slovenia), which caters to approximately 10,000 inhabitants. We selected all
patients aged 65 or more (cohort), who were receiving polypharmacy (5 or more medications at the same
time), had at least one mental disorder diagnosis according to ICD-10 standards and were prescribed at
least one psychotropic drug for it, and were referred to the psychiatric CP by general practitioners (GPs)
for a medical review between 1.1.2015 and 1.6.2017 [15].

A psychiatric CP with eight years of work experience in a psychiatric hospital and an ambulatory setting
worked within a primary care setting and, upon the request of a GP, would prepare a medical review (as
standardized by the Slovenian Pharmacy Act; for a detailed structure of the reviews check our other
papers) [1, 14, 16]. The psychiatric CP conducted a medical review and provided medication
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recommendations to GPs. They then approved or rejected the recommendations and implemented them
at the patient’s next visit to the GP (up to two months from the medical review). The clinical pharmacist
communicated with GPs through the medical review and by phone if necessary.

This service was initiated by the Institute for Health Insurance of Slovenia due to prevalent excessive
polypharmacy in Slovenia and was adopted in the Slovenian healthcare system in 2016 [1]. The data for
this study was collected by AN, who checked all medical reviews and patients’ charts together with MS.
AN also identi�ed PIMs from medical reviews and patient charts using the Beers and the PRISCUS list [9,
10]. Researchers and patients were not blinded because the study has included a retrospective design.

Patient selection
This study did not use a randomization process and included all patients during the study period who
ful�lled the inclusion criteria and for whom there was no missing data. For each study participant, we
retrieved both paper and electronic records of their medical list at three-time points. The �rst was before
the CP’s recommendations, the second was at the participants’ �rst visit to the GP after the CP’s
recommendations (up to two months after the recommendations were given to the GP), and the third
point was at six months after the �rst post-review visit to the GP. Aside from information in the medical
reviews, no clinical outcome measures were considered in this study. The STROBE Statement checklist
was used to include all required items for a cohort study report, and a �ow chart was also created [17].
We recorded the number of PIMs for each participant's medication list at the time points for repeated-
measures testing and the cohort study.

Cohort design
The cohort in this study consisted of all included patients who ful�lled the inclusion and exclusion
criteria. The cohort was divided into two groups using the full or partial GP’s acceptance of the
recommendations as an exposure factor: group N#1 included participants for whom all proposed CP’s
interventions were accepted (exposed), and group N#2 included participants for whom not all proposed
CP’s interventions were accepted (non-exposed). Afterward, the ORs were compared between two groups
(exposed/non-exposed) according to the Beers and the PRISCUS list separately [9, 10].

Statistical analysis
Descriptive statistics were calculated to describe the sample. A dependent samples (paired) t-test was
used to compare the participant’s results between 2-time points (before the interventions and up to two
months after the intervention). If the sample values were not normally distributed, the nonparametric
Wilcoxon signed-rank test was used. To compare the two groups in the cohort, we used ORs with
appropriate con�dence intervals. The statistical signi�cance threshold was prede�ned and set at p < 0.05.
A hypothesis‐based approach was used in this study for manuscript writing, and two different
hypotheses were included (H1 = number of PIMs after the CP’s interventions decreased; H2 = GP’s full
acceptance of the CP’s interventions decreased the likelihood of PIMs) [18]. Analyses were carried out
with the Statistical Package for Social Science 22.0 for Windows® (SPSS).
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This study was approved by the National Medical Ethics Committee of the Republic of Slovenia in 2017
(number 0120–489/2017/4). All experimental protocols were approved by a National Medical Ethics
Committee of the Republic of Slovenia in 2017 (number 0120–489/2017/4). All methods were carried out
in accordance with relevant guidelines and regulations. Informed consent was not necessary because it
was a retrospective study and this was approved by the National Medical Ethics Committee of the
Republic of Slovenia in 2017 (number 0120–489/2017/4).

Results

General Results
Ninety-nine patients were included in this cohort retrospective study (Fig. 1, Flowchart). This study
included 60 women (60.0%) and 39 men (40.0%). The average age of the patients was 79.4 years (SD = 
7.92). In total, the participants were treated with 1070 different medications (average 10.8 medications,
median 11). Out of those, 285 (26.6%) medications were psychotropics, and the average number of
psychotropics per patient was 2.9 (median 3).

The CP proposed a total of 402 interventions (discontinuations, adjustments, initiations). 4.1
interventions (median 4) per patient, out of which 164 interventions were related to psychotropics (1.7 per
patient). In total, the CP proposed 258 discontinuations (an average of 2.6 discontinuations per patient)
of existing medicines, representing 64.2% of all proposed interventions, 109 initiations (an average of 1.1
initiations), and 35 dose adjustments (0.35 on average). The highest number of proposed interventions
was 11 (in 1 patient), and the CP suggested 4 to 7 interventions in more than half of the patients.

After the CP’s interventions, the total number of medications decreased by 9.2% from 1070 to 972 (p = 
0.000, p < 0.05), decreasing the average number of medications per patient from 10.8 to 9.8. The number
of medications decreased for 50 patients, remained the same for 47, and increased in 2 patients. In total,
the GPs accepted 177 interventions (44.0% of all proposed interventions), out of which 73 interventions
were related to psychotropics. In most cases, the post-intervention pharmacotherapy did not change in 6
months after the intervention, except in two cases in which the pharmacotherapy was switched back to
the pre-intervention treatment (from 150 mg venlafaxine back to 75 mg daily in one case and
methyldigoxine reinitiation in a participant treated with bisoprolol).

Potentially inappropriate medications in the elderly
Before the medical review, 109 PIMs, as de�ned by the PRISCUS list, were found. These PIMs represented
10.2% of the prescribed medications (1.1 PIM per patient) (Fig. 2). 69.7% patients (n = 69) received at
least one PIM. The most frequent PIMs were sedatives and hypnotics (72 PIMs, 66.1% of the PIMs),
followed by antipsychotics (17 PIMs, 15.6%) and antiarrhythmics (8 PIMs, 7.3%).

Using the Beers list, we identi�ed 220 PIMs (Fig. 3), representing 20.6% of all medications (2.2 PIMs per
patient). At least one PIM (Beers list) was found in 92.9% of the patients (n = 92). Eighty-eight PIMs were
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connected with benzodiazepines and z-hypnotics (40.0% of all PIMs using the Beers list), followed by
gastrointestinal medications (54 PIMs, 24.5%) and antipsychotics with 37 PIMs (16.8%).

After the interventions and GPs acceptance/rejections, the number of PIMs (PRISCUS list) decreased by
21.1% from 109 to 86 (p = 0,000, p < 0.05), reducing the average number of PIMs per patient from 1.1 to
0.89. The number of PIMs de�ned through the Beers list decreased by 17.3% from 220 to 182 (p = 0,000,
p < 0.05), resulting in a decrease in the average number of PIMs per patient, 2.2 to 1.8. The results show a
statistically signi�cant reduction (p < 0.05) in PIMs after the interventions, using either the PRISCUS or
Beers list.

Cohort study results (exposure/non-exposure)
The cohort study included 99 patients in the exposure/non-exposure analysis (Fig. 4). There was no
statistically signi�cant difference between both groups in terms of age (p = 0.107, p > 0.05) and the total
number of medications per patient before the intervention (p = 0.586, p > 0.05), but there was a
statistically signi�cant difference between both groups by gender (p = 0.017, 0 < 0.05). In 34.8% or 52.2%
of the patients (PRISCUS and Beers list, respectively) the total number of PIMs decreased in group N#1
(full acceptance of the CP’s recommendations) compared with 15.8% or 22.4% of the patients in group
N#2 (PRISCUS and Beers list, respectively). The OR for PRISCUS list PIMs was 2.8 (CI 1.0-8.2) and 3.8 (CI
1.4–10.1) for Beers list PIMs. The GP’s full acceptance of the CP’s interventions, therefore, decreased the
likelihood of PIMs, partially con�rming our second hypothesis (the CI for PRISCUS list includes 1),
because the results for the PRISCUS list show a positive trend but are not statistically signi�cant.

Discussion
This study is the �rst retrospective long-term cohort study assessing the impact of the CP’s interventions
on the number of PIMs through a medical review service in elderly patients with MHPs in Central Europe,
which opens a new window for collaborative care implementation within primary care in Slovenia and
broader in Europe. This study provides three key �ndings.

Firstly, the CP’s interventions led to fewer medications per patient, as in previous studies [1, 14, 16, 19].
The service examined in this study may reduce the number of medications per patient and, by extension,
the frequency of polypharmacy and its related risks. [1, 14, 16]. This reduction was found although the
GPs accepted less than 50% of proposed interventions, a rate comparable to a previous study in primary
care [1]. One reason for a relatively low acceptance rate could be the lack of a follow-up by a CP after the
initial medical review, which was not done in the study period. Patient monitoring by CP is already a
practice in the U.S. model of collaborative care, and CP in some countries can also prescribe medications.
Because the health system in Slovenia (and elsewhere) faces a lack of GPs and psychiatrists, expanding
the role of CP in the treatment of MHPs may be bene�cial. The relatively low acceptance rate could also
be because patients with MHPs are also managed by psychiatrists, who in some cases rejected the
proposed pharmacotherapy changes. This contrasts with a 2015 study by Stuhec et al. [19], where a
similar service had very high acceptance rates (88.0%) in a psychiatric hospital, in which the CP was also
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working daily in hospital wards (e. g. doing daily roundings). Higher acceptance rates could likely be
achieved in the setting we studied through increased collaboration between CPs with psychiatrists, which
was not examined in this study. These results are also interesting in terms of different intervention types
because the CP suggested many treatment initiations, in one case suggesting clozapine initiation in line
with the treatment guidelines [21, 22]. In addition, almost all pharmacotherapy received by the patients
remained the same six months after the CP’s interventions, implying that they were positive (positive
adherence) and did not cause adverse events. However, in two cases, the pharmacotherapy was switched
back in 6 months, warranting further studies on the potential complications of returning to previous
therapy.

The second signi�cant result is that the number of PIMs after the CP’s interventions decreased as
hypothesized for both the PRISCUS and the Beers list. Therefore we can con�rm our �rst hypothesis (H1).
The total number of PIMs (PRISCUS list) decreased by 21.1%. The most considerable PIMs reduction
occurred with hypnotics and sedatives (e.g., zolpidem, bromazepam, alprazolam, diazepam) (Fig. 2),
which is again in line with the recommendations because benzodiazepines should be avoided in elderly
patients due to their negative effect on falls and cognitive decline [4, 9, 10, 11]. In cases of depression,
anxiety disorders, and long-term treatment of insomnia, antidepressants (e.g., mirtazapine, trazodone,
SSRIs) are suggested in particular, which was mostly proposed in this study, meaning that these
interventions also lead to better treatment guidelines adherence [4, 9, 10, 11]. Other important PIMs
observed in this study were connected with antipsychotics, clozapine, olanzapine, and haloperidol.

Interestingly, the CP suggested clozapine initiation in line with the guidelines, which were accepted by the
psychiatrist and GP [21, 22]. Another important �nding is the reduction of the number of patients treated
with haloperidol, which is connected with very high mortality and extrapyramidal adverse effects and for
which other antipsychotics (e.g., quetiapine) are suggested as a substitute [9, 10, 13]. In line with the
Beers list, the use of proton pump inhibitors, zolpidem, quetiapine, bromazepam, and diazepam was
reduced. Similar results also apply to the PRISCUS list. Proton pump inhibitors are often used without
long-term indication, which can lead to several adverse events, including falls [10]. Quetiapine is often
used for insomnia against the treatment guidelines, and the CP suggested different medications (e.g.,
mirtazapine and trazodone) [23]. These results are positive, but many PIMs remained in the patients’
pharmacotherapy, so additional monitoring and interventions could further reduce the risks, which may
increase the acceptance rates by GPs. These results are similar to an Austrian study that found
antipsychotics and benzodiazepines to be most frequently connected with PIMs; primary care could be
improved through collaborative care that includes a clinical pharmacists’ review service [4].

The third set of results are those of the cohort analysis in our study. The results were only statistically
signi�cant using the Beers list, which could be because of the low sample size, and therefore we can only
partially con�rm our second hypothesis (H2). These results also demonstrate how the two used PIM
criteria differ. In full recommendation acceptance cases, the number of PIMs decreased, opening a new
question about further service implementation. These results are in line with previous studies on different
populations that found improved treatment adherence because of accepted interventions [1, 16].
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Our study also has many limitations that should be discussed. The sample size we used was relatively
small and not calculated (high risk of type II error), which can have an impact on the statistical
signi�cance of the results as well as the calculation of CIs of the ORs, so the study should be replicated
with a larger sample and calculated sample size which would reduce risk of bias. Our study also had a
selection bias (e.g., no randomization) because the patients were selected by the GPs (who referred them
to the CP's service). Furthermore, we included all patients with MHPs according to the ICD-10, which
means that the population was very heterogeneous. On the other hand, the minimal exclusion criteria
may mean that our results have higher ecological validity, which is informative for service
implementation and clinical implication. Another signi�cant limitation is the lack of direct collaboration
between the CP, psychiatrist, and GP, which might account for a relatively low number of accepted
interventions. Due to the retrospective study design, we also did not have contact with the study
participants, and clinical outcomes were not measured. Despite its limitation, this study contributes new
insights on collaborative care that includes a psychiatric CP and expands the knowledge on this type of
service in Central Europe in this vulnerable population.

Collaborative care that included a CP reduced the number of PIMs as de�ned by both the PRISCUS and
the Beers list, where almost all interventions were maintained. The ORs for PIMs were also smaller in
cases of full intervention acceptance. These results con�rm the positive effects of CP’s interventions
within this �eld in clinical practice. The results are also the �rst published in Central Europe, although they
should be replicated by studies with larger sample sizes and fewer limitations. These results could also
inform future research on CPfocused collaborative care in primary care settings in elderly patients with
MHPs in Central Europe.
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Figure 1

Flowchart.
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Figure 2

The total number of PIMs before and after the medical review (PRISCUS list).
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Figure 3

The total number of PIMs before and after the medical review (Beers list).
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Figure 4

Summary of the results of cohort study including both subgroups (�owchart).


