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impact of clinical pharmacist’s 
interventions on pharmacotherapy 
management in elderly patients on 
polypharmacy with mental health 
problems including quality of life: A 
prospective non-randomized study
Matej Stuhec1,2*, Nika Bratović2 & Aleš Mrhar2

Mental health problems (MHPs) are very common in the elderly and can have an important influence 
on their quality of life (QoL). there is almost no data on the impact of clinical pharmacists’ (cps) 
interventions on the QoL including elderly patients and MHps. the main aim of this study was 
to determinate the impact of (cp’s) interventions on the QoL and quality of pharmacotherapy. A 
prospective non-randomized pre-post study was designed which included residents of a nursing home 
aged 65 age or more with at least one MHP. Each patient also filled out the EQ-5D questionnaire. The 
medical review MR included drug-related problems (DRPs) and potentially drug-drug interactions 
(pDDIs), as well as potentially inappropriate medications (PIMs). After 2 months, the participants 
were interviewed again. The mean number of medications before the intervention was 12,2 ± 3,1 per 
patient and decreased to 10,3 ± 3,0 medications per patient (p < 0,05) (n = 24). The total number of 
PIMs and pDDIs was also reduced and QoL was also significantly higher (p < 0,05). A collaborative care 
approach with a CP led to a decrease of DRPs, pDDIs, PIMs, the total number of medications and to an 
improvement in the patients’ QoL.

The population in Europe is aging, which is increasing drug consumption and the frequency of polypharmacy, 
creating a need for interventions optimizing pharmacotherapy. In this context, psychotropics are the most impor-
tant, especially because their use can lead to many important drug-drug interactions (DDIs) and adverse drug 
reactions (ADRs). This can lead to treatment failure and increased care costs. A 2006 study of elderly residents in 
Slovenian nursing homes reports that 73% of the participants were treated with at least one psychotropic drug, 
which was comparable to other European countries1. The most commonly used drugs in this study were hypnot-
ics and sedatives. The concurrent use of several different psychotropics (e.g. antipsychotic polypharmacy, APP) 
was also common, though there is little evidence for the treatment efficacy and safety of APP1. Psychotropics are 
primarily used to treat mental and behavioral disorders, which means that a diagnosis is needed for prescribing 
psychotropics1–3. Although controlled trials are valuable, they can often exclude patients with polypharmacy in 
pursuit of experimental validity, so there is a need for well-designed studies with strong ecological validity in 
clinical practice in order to improve the management of polypharmacy.

Several medication lists can help to ensure prudent psychotropic prescribing in elderly patients. Some of 
the psychotropic drugs are listed on internationally recognized lists of potentially inappropriate medications 
(PIMs) in the elderly such as the PRISCUS list, the Beers criteria and the STOPP/START criteria3–5, which means 
that effective tools are available in clinical practice to minimize PIMs. Another Slovenian study reports that 
22.3% of the elderly in the nursing home had at least one PIM according to the Beers criteria, in most cases a 
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psychotropics drug6. In addition, an extensive national Austrian retrospective study found that 55% of all pre-
scribed PIMs included psychotropic drugs in nursing homes7. The most frequent PIMs were antipsychotics, espe-
cially low-potency antipsychotics in low doses (as a treatment for insomnia and restlessness). In another study 
investigating the prevalence of PIMs in elderly patients admitted to a psychiatric hospital, at least 1 PIM was 
reported in 79% of the patients, of which 70% were psychotropics8.

PIMs prescribing in elderly patients can cause harm and result in treatment failure or increased treatment 
costs9–13. Lau et al. showed that patients with PIMs in therapy had a higher likelihood of hospitalization due to 
PIM treatment over a one-year period (odds ratio (OR) = 1.73; 95% confidence interval (CI) 1.14–2.60) and 
higher mortality (OR = 1.89; 95% CI 1.47–2.44), which increased treatment costs9. A higher risk for hospitaliza-
tion (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 months9.

A collaborative care approach is one way to limit the risks of PIMs and DDIs. A collaborative care approach 
including a clinical pharmacist (CP) in patients with mental health problems (MHPs) has been described in some 
papers outside Europe14,15. For most European countries, there is no data on the potential impacts of CPs’ inter-
ventions on the pharmacotherapy optimization process in elderly patients with MHPs and polypharmacy, there-
fore additional prospective studies rooted in clinical practice are needed to examine the merits of collaborative 
care. The Slovenian Pharmacy Act defines the goal of a medical review (MR) to be the improvement and mainte-
nance of the patient’s health-related quality of life (QoL)16. However, there are very few prospective design studies 
investigating the impact of CPs’ interventions on the QoL in elderly patients with MHPs and polypharmacy. The 
meta-analysis by Huiskes et al. examines the effectiveness of drug reviews on various treatment outcomes, but 
found no impact on the patients’ QoL17. The meta-analysis only included 8 studies, so further research on the 
relation between CPs’ interventions and QoL measures is needed. In addition, previous studies in Slovenia have 
shown that elderly patients with MHPs are often treated with important PIMs and DDIs, so this pharmaceutical 
service could be an important tool for pharmacotherapy management in this population1,16.In most European 
countries there is no data on the impact of CPs’ interventions on the QoL and pharmacotherapy quality in elderly 
patients with MHPs and polypharmacy, so the main aim of this study is to address this lack of research.

Methods
Study design and data collection. A prospective non-randomized pre-post study was carried out in 2017 
in one Slovenian nursing home in SW Slovenia with approximately 200 residents. In this prospective pre-post 
study two main study points were defined: 1) the first patient interview (including an EQ-5D assessment) and MR 
preparation, and 2) monitoring after 2 months. A general practitioner (GP) referred patients to participate in the 
study according to the inclusion criteria (65 age or more, at least one mental health problem, at least one psycho-
tropic drug, written consent, cognitive and intellectual ability to fill out the EQ-5D questionnaire). The criteria for 
the presence of a mental health problem was a mental or behavioral diagnosis according to the 10th revision of 
the International Statistical Classification of Diseases and Related Health Problems (ICD) (ICD-10)2. All included 
patients were screened by a MPharm student (NB) and a psychiatric CP (MS), who approved all final versions of 
the MRs, which were sent to the GP. The GP then made a final decision which interventions would be accepted. 
The psychiatric CP (MS) has been working in a psychiatric hospital setting daily for over 8 years; including daily 
rounding and ward activities and ambulatory clinical pharmacy service.

The initial data acquisition consisted of two phases. The first was the retrieval of the patients’ medical docu-
mentation (patients’ medical chart, the records of nursing care and patients’ electronic data) and the second was a 
patient interview. The data on current pharmacotherapy was based on the medical chart and an electronic medi-
cation list provided by the GP (regular and as-needed basis medications were included). Some of the medications 
that were given to patients without prescription were also included (e.g. bisacodyl, dexapentanol, dextran). Before 
writing a MR, the CP interviewed the patients individually and obtained data on: hypersensitivity to medications, 
specialties in the patients’ diet, smoking and excessive alcohol consumption, current and past adverse reactions, 
dietary supplement use and self-medication. At the end of the interview, patients filled out the EQ-5D Visual 
analogue scale (VAS) questionnaire to obtain a QoL measure. Patients who were not able to mark the QoL on 
VAS themselves due to illness showed the score with a finger or gave their answers verbally. Drug adherence was 
evaluated by a refill-based measure.

A MR was prepared on the basis of medical documentation and patient information within one week after the 
initial interview (as standardized in the Slovenian Pharmacy Act)16. The MR included the following important 
aspects: potential and clinically important DDIs, possible adverse events, existing drug indications, PIMs and 
final recommendations depending on the patient’s outcomes. Researchers also examined the adequacy of renal 
dosing (note the estimate of glomerular filtration indicated on laboratory findings) and the liver function, guide-
lines, and summary of product characteristics (SmPCs), to examine the dosage regimen. The latest guidelines 
for the treatment of individual dieseases were considered when preparing the MRs for this study. The German 
Priscus lists and Beers criteria were used to determine PIMs18,19. Potential DDIs (pDDIs) were determined by var-
ious interaction classes with Lexicomp® 4.0.1 and 4.0.2 and only X (major interactions which should be avoided) 
and D (minor interactions to be avoided if possible) were included.

This study only evaluated the effects of collaborative care including a CP and a GP and the cooperation 
between the GP and the nursing home psychiatrist, who might had been consulted during our study, was not 
measured. In the nursing home setting of our study, the GP could prescribe medication, but the CP could only 
propose changes through a MR.

impact of the clinical pharmacist’s interventions. The MR was sent to the GP who accepted or 
rejected the CP’s interventions. NB and MS (the researchers) recorded which interventions the GP accepted in a 
2-month period and identified drug-related problems (DRPs). At the end of the 2-month period, the researchers 

https://doi.org/10.1038/s41598-019-53057-w


3Scientific RepoRtS |         (2019) 9:16856  | https://doi.org/10.1038/s41598-019-53057-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

re-examined the medical documentation, recorded the interventions (shown in Table 1) and interviewed the 
patient again, including the EQ-5D questionnaire. The questionnaire was discussed and resolved as in the first 
phase of the study (see subsection 3.3). Researchers did not monitor the patients further, as the study ended. Each 
patient participated in the study only once. The study used the validated Slovenian EQ-5D (EQ-5D-3L) question-
naire (Slovenian version for Slovenia), as confirmed by the EuroQol Research Foundation in 2016.

This study was a non-industry supported study and was approved by the National Medical Ethics Committee 
of the Republic of Slovenia in 2016 and informed consent was signed by each patient. The methods were carried 
out in accordance with the relevant guidelines and regulations.

Drug-related problems. DRPs were classified according to the Slovenian classification of drug-related 
problems (DRP-SLO-V1) with certain adjustments20. DRPs have been identified as potential or expressed. 
Potential DRPs were described in terms of risk factors, which were potential reasons for the DRP to arise in prac-
tice. At the end of the study, we examined whether any of the potential DRPs occurred. The identified problems 
were identified as problems related to treatment effectiveness, adverse events (treatment safety) and problems 
associated with unnecessary drug treatment (e.g. no indication).

The following interventions were selected: drug discontinuation, medication initiation, drug regimen adjust-
ment, counseling to correct the inappropriate use of medicines, and monitoring the treatment with disease mon-
itoring if the disease was not treated pharmacologically.

The results of the CP’s interventions were evaluated based on the severity of the problems at the end of the 
research period, which was evaluated from the information obtained from the patients’ medical documentation 
at the time of the initial interview and at the end of the study period. Researchers identified the problem as being 
resolved if they managed to remove the risk factor for the DRP and the patient did not report any problems at the 
end of the study.

Statistical analysis. The characteristic of the sample was described using descriptive statistics. The patients 
were monitored at two time points (at the first interview before the MR and at the end of the study period, 
after a GP reviewed the MR). The Shapiro-Wilk test was used to test normality. In determining the correlation 
between individual variables the Pearson correlation coefficient (r) was used. The t-test for the dependent sam-
ples (pair t-test) was used for normally distributed variables, and a nonparametric Wilcoxon signed-rank test for 
non-normally distributed variables. Analyses were carried out with the Statistical Package for Social Science 22.0 
for Windows® (SPSS).

Results
clinical pharmacist’s impact on the total number of medications. The study included 24 patients 
(mean age = 80.6, SD = 6.8; 87.5% women) and 207 patients were excluded from the analysis because of several 
reasons described in Fig. 1.The mean number of medications per patient before the MR was 12.2 (SD = 3.1) and 
decreased to 10.3 (SD = 3.0) at the end of the study period (p < 0.05). The highest number of medications per 
patient was 18 (2 patients) and the lowest 8 (2 patients). In 20 patients (83.3%) the number of medications was 
reduced (maximum reduction of 5 medications). The number of medications increased only in one patient (1 
additional medication).

The Anatomical Therapeutic Chemical (ATC) Classification System was used to classify the medications, with 
most falling into the group N (35.3%, N = 292), followed by group A (23.3%, N = 292), used for the treatment 

N of cases 
before review

Final N of 
cases Criteria

nitrazepam 6 2 P

methyldigoxin 3 2 P

fluphenazine 1 1 P

solifenacin 1 1 P + B

clozapine 1 1 P + B

doxazosin 1 1 P + B

lorazepam 3 3 P + B

diazepam 3 3 P + B

alprazolam 3 3 P + B

ibuprofen 4 0 B

zolpidem 1 1 B

spironolactone >25 mg daily 1 0 B

risperidone 1 1 B

dabigatran 1 1 B

haloperidol 1 1 B

metoclopramide 1 1 B

Total 32 22

Table 1. Potentially inappropriate medications in the elderly pre- and post-intervention. P – Priscus list, B – 
Beers criteria, P + B – on both lists.
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of gastrointestinal and metabolic diseases, and group C (21.2%, N = 292) for the treatment of cardiovascular 
diseases. The total number of medications was reduced by 13.6% in the group N (N = 103), 33.3% in group A 
(N = 68) and 85.7% in group M (N = 7). The number of medications in Group C did not change.

potential drug-drug interactions. 18 type X pDDIs and 61 type D pDDIs were detected at the start of the 
study period. There was a positive correlation between the number of group N medications and the number of 
type X and D pDDIs (r = 0.482, p (bilateral) < 0.05). No type X pDDIs were found in 12 patients (50%, N = 24). 
The highest number of type X pDDIs per patient was 5. The most common of type X pDDIs was the pDDI 
between risperidone and ipratropium (4 cases), which was identified as clinically irrelevant.

All pDDIs were identified as potential problems. In addition to the assessment of the medical documentation 
and patient interview, the researchers also examined which pDDIs were clinically relevant and which interven-
tions were suggested. In 5 patients, the CP proposed an intervention in those pDDIs that could prolong the QT 
interval and consequently cause syncope, dizziness, irregular heartbeat, dyspnoea, and dizziness, which were not 
seen during the study period. The CP advised an electromyocardiogram (ECG) and pharmacotherapy substitu-
tion in case of QT prolongation. For one participant, the QTc was appropriate (less than 460 ms for women), while 
for another it was slightly prolonged, but the GP did not decide to change the therapy.

At the end of the study period, the total number of type X and D pDDIs had decreased significantly by 33.3% 
and 42.6% respectively (p = 0.004). Four patients did not have any type D and X pDDIs and in 10 patients, only 
type D pDDIs were identified at the end of the study (Fig. 2).

potentially inappropriate medications in the elderly. No PIMs were identified in 7 patients (29.2%, 
N = 24). Three patients had PIMs which were only listed on the Priscus list (1 patient) or in the Beers criteria (2 
patients). For other patients, medications have been identified that fulfilled both criteria. The highest number of 
PIMs per patient was 3. 6 medications fulfilled both criteria (Table 1).
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Figure 1. Flowchart.
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In the Priscus list, researchers also found flufenazine, nitrazepam and methyldigoxin, which are suitable for 
use in the elderly according to Beers criteria. There were 7 medications which were unsuitable only according 
to the Beers criteria (ibuprofen, zolpidem, haloperidol, metoclopramide, spironolactone at doses higher than 
25 mg daily, risperidone in dementia treatment, dabigatran etexilate in patients older than 75 with reduced renal 
function).

The share of PIMs in all medication taken by the participants was 10.6% (N = 302) at the beginning and 8.4% 
at the end of the study (N = 262). The reduction of PIMs (defined by the Priscus list) after the intervention was 
statistically significant (p = 0.025).

Drug related problems in patients with mental health problems. The total number of DRPs was 
165, of which 8% (N = 165) were expressed and the other were identified as potential. The most frequently iden-
tified DRPs were related to the treatment of MHPs, followed by the treatment of cardiovascular diseases and pain 
in patients with MHPs.

DRPs concerning MHP treatment were identified for all of the study participants. Researchers identified two 
expressed problems and defined them as an ADR related to the use of antipsychotics. For 2 patients, extrapyram-
idal adverse reactions were expressed. Consequently, the patients received biperidene. Researchers identified 
all other problems as potential problems (41 problems). The most common risk factor was that the duration of 
benzodiazepines treatment was too long. This was followed by the use of antipsychotics without approved indi-
cation. Only 3 patients had an indication for receiving antipsychotics (schizophrenia and delusional disorders). 
Other antipsychotics were used for restlessness, behavioral and psychological symptoms in dementia, delirium 
and insomnia, all without an approved indication for the use of antipsychotics (with the exception of risperidone 
for behavioral disorders in dementia).

The CP provided 65 separate interventions in this study. The highest proportion of the interventions (46.2%) 
was a suggestion for drug discontinuation. Medication initiation was suggested in 29.2% interventions, followed 
by drug adjustment in 13.8% and monitoring in 10.8% of all interventions (Table 2).

19 of the 65 proposed interventions were accepted by the GP, which is 29.2% (N = 65). Most of the confirmed 
interventions were associated with the discontinuation of benzodiazepine treatment. In 6 patients, the CP advised 
discontinuation and the dose of benzodiazepine was decreased or the dosing regimen was changed from a reg-
ular basis to as-needed. A patient reported epistaxis following a change in the dosing regimen of sertraline from 
2 × 50 mg to 1 × 100 mg. According to the literature, this cannot be connected to an ADR21,22. Another patient 
who reported a burning sensation in the stomach after using venlafaxine and galantamine and was advised to take 
medication at a meal, was still reporting problems at the end of the study. In one case, the GP excluded diagnosis 
of Parkinson’s disease during research so the GP could not take into account the CP’s proposals for the treatment 
of Parkinson’s disease. The GP consulted a psychiatrist in 4 patients. The psychiatrist discontinued olanzapine in 
one patient and other interventions were not accepted by GP. With the intervention the CP managed to reduce 
the number of risk factors by 16 (29.1%, N = 55).

Figure 2. Total number of ATC-classified medications pre- and post-intervention.

Interventions
Number of 
cases

Number of accepted 
interventions

Drug discontinuation 30 11

Medication initiation 19 3

Drug adjustment* 9 4

Treatment monitoring 7 1

Σ 65 19

Table 2. Different intervention types, number of cases and number of accepted interventions within study. 
*Lowering dose, elevation of the dose, drug administration, dose frequency.
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Quality of life measures. The health-related QoL using the VAS was significantly higher at the end of the 
study (p < 0.05). Increases in the QoL measure were observed in 17 patients (70.8%, N = 24; Fig. 3). The biggest 
change was an increase in 50 points (from 0 at the first and 50 at the second measurement). The greatest reduction 
in health-related QoL was 30 units (from 80 to 50).

The most important improvement in the descriptive system was achieved in the anxiety and depression part. 
18 patients (75%, N = 24) were moderately or extremely anxious or depressed at the first QoL measurement and 
that number decreased to 14 (58.3%, N = 24) patients at the end of the study. Only 1 patient was extremely anx-
ious or depressed at the end of the study. The degree of pain changed in 6 patients (25%, N = 24) by the end of 
the study period. 3 patients (12.5%, N = 24) reported a decrease of pain after at the end of the study period. The 
Pearson’s correlation coefficient between polypharmacy reductions and change in QoL indicated the absence of 
correlation (p = 0.336, r = 0.205).

Discussion
This was the first prospective study assessing the impact of a pharmacist-focused collaborative care approach 
on the QoL of elderly patients with MHPs in Central Europe. The promising results open a new window into 
treatment optimization and QoL elevation resulting from involving a CP in the treatment process. This study cor-
roborates two US studies showing that pharmacist-focused collaborative care improved the outcomes of patients 
with depression14,15. It also shows that similar benefits can be achieved for elderly patients with MHPs and polyp-
harmacy, especially involving psychotropics.

The first important outcome of this study is that the CPs involvement reduced the the number of medications 
per patient, which reduces the risk of irrational polypharmacy and subsequent DRPs. These results corroborate 
previous studies showing that CPs’ interventions reduced the total number of medications23,24. One strength of 
our study is also that the interventions achieved positive results for patients with MHPs concurrently treated with 
a relatively large number of medications.

The second important result is the reduction of total pDDIs after the CP’s interventions, which can lower 
mortality and morbidity25–27. The number of clinically important DDIs was also reduced. The most frequent 
pDDIs were related to antidepressants and antipsychotics and the CP suggested alternatives in these cases. These 
results show that cooperation between CPs and GPs can facilitate optimal pharmacotherapy for elderly patients 
with MHPs and polypharmacy, as well as be a powerful approach to reducing pDDIs in general, although further 
research with larger samples and measures of long-term clinical outcomes is still needed.

The third important outcome is that the CP’s interventions also reduced the number of PIMs and provided 
appropriate alternatives. Almost 75% of the patients were treated with at least one PIM. Benzodiazepines were 
often discontinued, in line with the guidelines18. Ibuprofen was also often discontinued and paracetamol sug-
gested as a substitution, in line with clinical guidelines. 75% of PIMs were related to psychotropics, corroborating 
an Austrian study finding psychotropic drugs accounted for 55% of the PIMs7. Overall, the results are similar to 
those by Milos and et al. and Stuhec et al., reporting a dramatic reduction of the number of PIMs in the elderly in 
primary care following a CP’s interventions28,29. DRPs were reduced by the interventions as well. The CP’s impact 
was highest on drug discontinuation (46.2%) followed by drug initiation, which was suggested in 29.2% of the 
cases. A US study reports only 7% of the CPs’ interventions were related to drug discontinuation24, suggesting 
medications in our study were frequently used without approved indication and were reduced after the CP’s 
interventions.

Our study was also the first in Central Europe to use QoL measures to assess the impact of the CP’s interven-
tions in the elderly with MHPs treated with polypharmacy, which revealed a positive effect in contrast with a 2017 
meta-analysis, though replication is desirable due to a small sample size17.

Lastly, many treatment guidelines inconsistencies have been discovered for all groups of psychotropics. In 13 
patients, benzodiazepines were taken for several years despite their association with ADRs, especially falls. The 
GP accepted most of the CP’s recommendations related to psychotropics. Some patients were also treated with 
APP and two patients were treated with APP without prior clozapine monotherapy, which goes against the rec-
ommended guidelines. Both patients have also been treated with biperiden, not recommended in elderly patients 
because its anticholinergic properties5, and had ADRs (extrapyramidal symptoms) detected by the CP.

Figure 3. Clinical pharmacist’s impact on health-related quality of life during the study.
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Additionally, a guideline-approved indication for antipsychotic treatment30,31 was found in only 3 out of 18 
patients treated with antipsychotics. The CP suggested appropriate interventions in these cases, which were 
mostly rejected by the GP, despite guideline recommendations against the frequent use of antipsychotics in the 
elderly with a MHP, with the DART-AD trial results especially stressing discontinuation in dementia patients30,31. 
The use of antipsychotics to treat the behavioral symptoms of dementia has also been reported to be associated 
with greater mortality. The crude 6-month mortality rates were as follows: haloperidol 20.0%; olanzapine 12.6%; 
risperidone 12.5%; valproic acid and its derivatives 9.8%; and quetiapine 8.8% (p < 0.0001)31. These results show 
that the CP in our study suggested important antipsychotic-related interventions to reduce mortality, although 
they were mainly not accepted by the GP. The CP recommended substituting frequent small doses of quetiapine 
with the antidepressant mirtazapine in small doses (e.g. 15 mg daily) and trazodone, which have more favorable 
interactions profile than quetiapine, which is not recommended as a first-line treatment for insomnia32. In the 
case of antidepressants, the CP mainly advised antidepressant substitution in cases of chronic pain, insomnia and 
Parkinson’s disease, but the changes were confirmed by the GP in only one case, in which escitalopram and nitraz-
epam were replaced with mirtazapine and the patient reported improved sleep quality and reduced restlessness. 
Overall, these results show that the CP played an important role in optimizing antipsychotics prescribing, which 
elevated clinical outcomes in terms of QoL measures. The results also corroborate an Austrian study that reports 
antipsychotics are frequent in PIMs7. Our and the Austrian study point to a need for changes in antipsychotic 
prescribing practice so that antipsychotics are not used in elderly patients with MHPs without a clear indication.

Our study has several limitations. Patients for this study were selected by the GP on the basis of inclusion 
criteria without a collaboration of a psychiatrist, which may be a source of selection bias. Additionally, only 
patients without missing data needed for the CP’s medical review were included. The study is also limited by the 
QoL measure used, the absence of long-term outcome measures, no monitoring between the study points, and 
its prospective design (i.e. absence of a control group, a non-randomized trial), as well as the the heterogeneity of 
the patients’ diagnoses and a small sample size. An additional limitation is due to the small number of included 
participants in the analysis, which can be explained by the high selectivity of the inclusion criteria. Many patients 
were unable to enter the study due to several mental and physical disturbances. Another important limitation 
is the lack of direct collaboration between the clinical pharmacist, psychiatrist and GP, which could have led to 
the low number of accepted interventions. Further studies could examine how GPs decide to accept or reject the 
proposed interventions. Lastly, the CP did not have prescribing rights and only provided a medical review which 
was sent to the GP, who decided to accept or reject the recommendations. After two months, the CP only doc-
umented all medications again and remeasured the QoL (determining the pre post difference). We assume that 
further studies could examine how GPs decide to accept or reject the proposed interventions. In spite of these 
limitations, this study still offers new insights into the merits of a pharmacist-focused collaborative care approach 
and expands the knowledge on collaborative model implementation in Central Europe.

conclusion
A pharmacist-focused collaborative care approach led to a decrease of DRPs, pDDIs, PIMs and increased positive 
clinical outcomes in terms of QoL measures. This study could serve for future research on pharmacist-focused 
collaborative care in primary care settings in elderly patients with MHPs in Central Europe. Despite promising 
results, there is a need for further research employing a randomized or quasi-randomized controlled design to 
better evaluate the CPs impact on this population.

Received: 13 May 2019; Accepted: 24 October 2019;
Published: xx xx xxxx

References
 1. Petek Šter, M. & Cedilnik Gorup, E. Psychotropic medication use among elderly nursing home residents in Slovenia: cross-sectional 

study. Croat Med J. 52, 16–24 (2011).
 2. 10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD), a medical classification 

list by the World Health Organization (WHO) (accessed on 9.11.2018), https://www.who.int/classifications/icd/en/.
 3. Amann, U., Schmedt, N. & Garbe, E. Prescribing of potentially inappropriate medications for the elderly: an analysis based on the 

PRISCUS list. Dtsch Arztebl Int. 109, 69–75 (2012).
 4. Fick, D. M. et al. Updating the Beers criteria for potentially inappropriate medication use in older adults: results of a US consensus 

panel of experts. Arch Intern Med. 163, 2716–2724 (2003).
 5. O’Mahony, D. et al. STOPP & START criteria: A new approach to detecting potentially inappropriate prescribing in old age. Eur 

Geriatr Med. 7, 45–51 (2010).
 6. Petek Šter, M., Cedilnik Gorup, E. & Klančič, D. Polifarmacija in neprimerno predpisovanje zdravil pri starostnikih v domu starejših 

občanov. Zdrav Vestn 78, 231–240 (2009).
 7. Mann, E. et al. Prevalence and associations of potentially inappropriate prescriptions in Austrian nursing home residents: secondary 

analysis of a cross-sectional study. Wien Klin Wochenschr. 125, 180–188 (2013).
 8. Ronger, S. et al. Potentially inappropriate prescribing in older patients admitted to psychoatric hospital. Int J Geriatr Psychiatry. 31, 

137–145 (2016).
 9. Lau, D. T. et al. Hospitalization and death associated with potentially inappropriate medication prescriptions among elderly nursing 

home residents. Arch Intern Med. 165, 68–74 (2005).
 10. Fick, D. M. et al. Health outcomes associated with potentially inappropriate medication use in older adults. Res Nurs Health. 31, 

42–51 (2008).
 11. Albert, S. M., Colombi, A. & Hanlon, J. Potentially inappropriate medications and risk of hospitalization in retirees: analysis of a US 

retiree health claims database. Drugs Aging. 27, 407–415 (2010).
 12. Ruggiero, C. et al. Potentially inappropriate drug prescriptions and risk of hospitalization among older, Italian, nursing home 

residents: the ULISSE project. Drugs Aging. 27, 747–758 (2010).
 13. Fu, A. Z. et al. Potentially inappropriate medication use and healthcare expenditures in the US community-dwelling elderly. Med 

Care. 45, 472–476 (2007).

https://doi.org/10.1038/s41598-019-53057-w
https://www.who.int/classifications/icd/en/


8Scientific RepoRtS |         (2019) 9:16856  | https://doi.org/10.1038/s41598-019-53057-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

 14. Adler, D. A. et al. The impact of a pharmacist intervention on 6-month outcomes in depressed primary care patients. Gen Hosp 
Psychiatry. 26, 199–209 (2004).

 15. Finley, P. R. et al. Clinical and economic outcomes of a pilot project examining pharmacist-focused collaborative care treatment for 
depression. J Am Pharm Assoc. 51, 40–49 (2011).

 16. Slovenian Pharmacy Act, 2016, Official Journal Republic of Slovenia, number 85/16, (accessed on 9.11.2018), http://www.pisrs.si/
Pis.web/pregledPredpisa?id=ZAKO7375.

 17. Huiskes, V. J. et al. Effectiveness of medication review: a systematic review and meta-analysis of randomized controlled trials. BMC 
Fam Pract. 18, 5 (2017).

 18. Holt, S., Schmiedl, S. & Thurmann, P. A. Potentially Inappropriate Medications in the Elderly: The PRISCUS List. Dtsch Arztebl Int. 
107, 543–51 (2010).

 19. Duke Clinical Research Institute, https://www.dcri.org/beers-criteria-medication-list/, accessed 9.11.2018.
 20. Horvat, N. & Kos, M. Development and validation of the Slovenian drug-related problem classification system based on the PCNE 

classification V 6.2. Int J Clin Pharm. 38, 950–959 (2016).
 21. Summary of product characteristics Asentra, Slovenian Central medication base (accessed on 9.11.2018), http://www.cbz.si/cbz/

bazazdr2.nsf/Search/$searchForm?SearchView.
 22. Eslami Shahrbabki, M. & Eslami Shahrbabaki, A. Sertraline-Related Bleeding Tendency: Could It Be Dose-Dependent? Iran J 

Psychiatry Behav Sci. 8, 81–83 (2014).
 23. Leape, L. L. et al. Pharmacist participation on physician rounds and adverse drug events in the intensive care unit. JAMA. 282, 

267–70 (1999).
 24. Kucukarslan, S. N. et al. Pharmacists on rounding teams reduce preventable adverse drug events in hospital general medicine units. 

Arch Intern Med. 163, 2014–2018 (2003).
 25. Hajjar, E. R., Cafiero, A. C. & Hanlon, J. T. Polypharmacy in elderly patients. Am J Geriatr Pharmacother. 5, 345–351 (2007).
 26. Gallagher, P. F. et al. Inappropriate prescribing in an acutely ill population of elderly patients as determined by Beers’ Criteria. Age 

Ageing. 37, 96–101 (2008).
 27. Dechanont, S. et al. Hospital admissions/visits associated with drug-drug interactions: a systematic review and meta-analysis. 

Pharmacoepidemiol Drug Saf. 23, 489–497 (2014).
 28. Milos, V. et al. Improving the Quality of Pharmacotherapy in Elderly Primary Care Patients Through Medication Reviews: A 

Randomised Controlled Study. Drugs Aging. 30, 235–246 (2013).
 29. Stuhec, M., Gorenc, K. & Zelko, E. Evaluation of a collaborative care approach between general practitioners and clinical pharmacists 

in primary care community settings in elderly patients on polypharmacy in Slovenia: a cohort retrospective study reveals positive 
evidence for implementation. BMC Health Serv Res. 19, 118 (2019).

 30. Ballard, C. et al. DART-AD investigators. The dementia antipsychotic withdrawal trial (DART-AD): long-term follow-up of a 
randomised placebo-controlled trial. Lancet Neurol. 8, 151–7 (2009).

 31. Kales, H. C. et al. Risk of mortality among individual antipsychotics in patients with dementia. Am J Psychiatry. 169, 71–9 (2012).
 32. Wilson, S. J. et al. British Association for Psychopharmacology consensus statement on evidence-based treatment of insomnia, 

parasomnias and circadian rhythm disorders. J Psychopharmacol. 24, 1577–601 (2010).

Acknowledgements
The authors acknowledge the financial support from the Slovenian Research Agency for performing the study 
(research core funding No. P1-0189, Pharmaceutical technology: from drug delivery systems to therapeutic 
outcomes of medicines in children and elderly).

Author contributions
Conceived and designed the study: M.S., N.B., A.M. Collected the data: N.B. Analyzed the data: N.B. and M.S. 
Drafted the manuscript: N.B., M.S. and A.M. Commented the draft of the manuscript: all authors. Read and 
approved the final version of the manuscript: all authors.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-53057-w
http://www.pisrs.si/Pis.web/pregledPredpisa?id=ZAKO7375
http://www.pisrs.si/Pis.web/pregledPredpisa?id=ZAKO7375
https://www.dcri.org/beers-criteria-medication-list/
http://www.cbz.si/cbz/bazazdr2.nsf/Search/$searchForm?SearchView
http://www.cbz.si/cbz/bazazdr2.nsf/Search/$searchForm?SearchView
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of clinical pharmacist’s interventions on pharmacotherapy management in elderly patients on polypharmacy with mental ...
	Methods
	Study design and data collection. 
	Impact of the clinical pharmacist’s interventions. 
	Drug-related problems. 
	Statistical analysis. 

	Results
	Clinical pharmacist’s impact on the total number of medications. 
	Potential drug-drug interactions. 
	Potentially inappropriate medications in the elderly. 
	Drug related problems in patients with mental health problems. 
	Quality of life measures. 

	Discussion
	Conclusion
	Acknowledgements
	Figure 1 Flowchart.
	Figure 2 Total number of ATC-classified medications pre- and post-intervention.
	Figure 3 Clinical pharmacist’s impact on health-related quality of life during the study.
	Table 1 Potentially inappropriate medications in the elderly pre- and post-intervention.
	Table 2 Different intervention types, number of cases and number of accepted interventions within study.




