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Patients with neurological disease are at high risk of polypharmacy. We previously reported that a countermea-
sure against polypharmacy which combined a pharmacist check followed by a multidisciplinary team review was 
useful for diabetes patients with polypharmacy. We evaluated this polypharmacy countermeasure in neurology 
patients with polypharmacy admitted to our neurological ward. A single-center, retrospective observational study 
was conducted at Gifu University Hospital. Study participants included neurology patients taking six or more 
drugs on admission to the neurology ward between June 2021 and April 2023. Of 435 patients admitted to 
the neurology ward, 24.4% (106/435) [≥65 years old, 28.3% (79/276) patients; < 65 years old, 16.7% (27/159) 
patients] were taking six or more drugs at admission. Prescription content was optimized in 62 patients, and a 
total of 212 drugs were discontinued. The median number of medications significantly decreased from 9.0 (inter-
quartile range, 7−10) at admission to 8.0 (interquartile range, 6.25-10) at discharge (p < 0.001). On multivariate 
analysis, the number of drugs taken on admission and length of hospital stay were significant factors which 
contributed to drug reduction, while concomitant use of immunosuppressive drugs was a significant factor in 
increasing the number of drugs. This countermeasure for polypharmacy, which combined a pharmacist check 
followed by a multidisciplinary team review, was useful in older and non-older patients with polypharmacy on a 
neurology ward.

1. Introduction
Development of various types of medications for chronic and acute 
diseases has contribute to improving patient lifespan and quality 
of life. However, patients with multimorbidity (multiple condi-
tions) need to use multiple medications. The regular use of five 
or more medications is commonly called polypharmacy (World 
Health Organization 2019; Delara et al. 2022; Halli-Tierney 
et al. 2019). Patients with multimorbidity are therefore at risk for 
drug-drug interactions and adverse drug reactions (ADR). Impor-
tantly, the elderly are at particular risk because of changes with 
aging that affect pharmacokinetics, including slowed absorption, 
increases in volume of distribution, and reduced drug clearance 
(Onder et al. 2002; Gurwitz et al. 2003). Moreover, polypharmacy 
is independently associated with falls, worse clinical outcomes, 
prolonged hospital stays, and increased medical costs (Davies et al. 
2020; Masnoon et al. 2017). Reducing inappropriate or potentially 
inappropriate medications and ensuring that multiple medications 
are appropriate is therefore an important public health goal (World 
Health Organization 2019).
Patients with neurological diseases, including dementia, Parkin-
son’s disease (PD), multiple sclerosis (MS), and epilepsy, are at 
high risk of polypharmacy due to their complex symptomatology 
(Chapman et al. 2023; Frahm et al. 2021). The risk of polypharmacy 
is recognized not only in older but also non-older patients (Menditto 
et al. 2019). Thuermann et al. (2002) reported that 2.7% of patient 

admissions to the neurological ward were caused by ADRs and 
that 18.7% of patients experienced an ADR during hospitalization. 
Additionally, we previously showed that 28% of patients aged ≥65 
years with neurological diseases experienced severe ADRs during 
hospitalization (Nishida et al. 2018). Importantly, the incidence of 
severe ADR was also correlated with the number of drugs. Thus, 
a reduction in medications in patients admitted to the neurological 
ward is considered an effective process outcome for polypharmacy 
countermeasures. 
Several studies of polypharmacy-related interventions have been 
reported, and shown some evidence of being able to reduce the 
number of medications, potentially inappropriate medications 
(PIMs), and/or potential prescribing omissions (PPO) (Keller et al. 
2024). However, few reports have been limited to inpatients in the 
neurology department. In their study of 432 elderly patients who 
were primarily treated for neuromuscular diseases and admitted to 
and discharged from our hospital, Hayashi et al. (2017) reported 
that multidisciplinary medication review using electronic medical 
records significantly reduced the number of drugs taken by elderly 
inpatients receiving polypharmacy (Hayashi et al. 2017). However, 
participants were limited to elderly patients aged ≥65 years, and 
patient factors that reduced the number of medications by interven-
tion during hospitalization were unclear.
The aim of this study was to determine whether multidisciplinary 
polypharmacy measures, which our research team has previously 
shown to be effective on diabetes wards (Nishida et al. 2023), are 
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useful on neurology wards, and to determine which drugs are more 
likely to be reduced and in which patients.

2. Investigations and results

2.1. Patient background
A total of 435 patients were admitted to the neurology ward at 
Gifu University Hospital during the study period. Of these, 
24.4% (106/435 patients) were taking six or more medications on 
admission, with those aged ≥65 years and <65 years accounting 
for 28.6% (79/276) and 17.0% (27/159), respectively (Table 1A). 
Pharmacists checked their medications using a prescription check-
list (Nishida et al. 2023).

pharmacists, nurses, dietitians, physical therapists, and speech-lan-
guage pathologists reviewed the need to continue or discontinue 
medications in each patient. Prescription content was optimized in 
58.5% (n = 62) of patients, and a total of 212 drugs were discon-
tinued. The median number of medications taken by each patient 
with polypharmacy on admission significantly decreased, from 
9.0 (IQR: 7−10) on admission to 8.0 (IQR: 6.25−10) on discharge 
(p<0.001; Fig. 1). Table 2A shows the distribution of the number of 
discontinued drugs. 43.4% of patients (n = 46) were able to reduce 
one or more medications by discharge.

Table 1A: Rate of patients with polypharmacy in a neurology ward

Total number of patients 435

 ≥ 65 years old 276 63.4%

 < 65 years old 159 36.6%

Taking 6 or more medications 106 24.4%

 ≥ 65 years old 79 28.6%

 < 65 years old 27 17.0%

Table 1B shows the demographics of patients with polypharmacy. 
Of the 106 patients, 56 (52.8%) were male and 50 (47.2%) were 
female, and median age was 72 years (IQR: 64.3−79.8). The 
median number of medications taken on admission was 9 (IQR: 
7−10). The most common disease was Parkinson’s disease or 
syndrome (n = 29, 27.3%), followed by amyotrophic lateral scle-
rosis (n = 21, 19.8%), autoimmune peripheral neuropathy (n = 11, 
10.3%), cerebrovascular disease (n = 8, 7.5%), and inflammatory 
myopathy (n = 6, 5.7%) and spinal spondylosis (n = 6, 5.7%).

Table 1B: Demographics of patients with polypharmacy on admission 
in a neurology ward

Sex, n (%)

 Male 56 (52.8%)

 Female 50 (47.2%)

Age, median age (IQR) 72 (64.3–79.8)

Median number of medications (IQR) 9 (7−10)

Main disease treated, n (%)

 Parkinson’s disease or syndrome 29 (27.3%)

 Amyotrophic lateral sclerosis 21 (19.8%)

 Autoimmune peripheral neuropathy 11 (10.3%)

 Cerebrovascular disease 8 (7.5%)

 Inflammatory muscle disease 6 (5.7%)

 Spinal spondylosis 6 (5.7%)

 Cerebellar ataxia 4 (3.8%)

 Hydrocephalus 4 (3.8%)

 Multiple sclerosis or NMOSD 3 (2.8%)

 Epilepsy 3 (2.8%)

 Myasthenia Gravis 2 (1.9%)

 Others 9 (8.5%)

IQR: Interquartile range

2.2. Prescription optimization through checklist results 
and multidisciplinary collaborative review
Based on the results of the prescription checklist conducted by 
the pharmacist, a medical conference consisting of physicians, 

Fig. 1: Number of drugs being taken on admission and discharge. Data were com-
pared by Wilcoxon signed rank sum test.

As shown in Table 3, the most common category of discontinued 
drugs was gastrointestinal drugs (n = 39, 18.4%), followed by 
Parkinson’s disease drugs (n = 23, 10.8%), vitamins (n = 19, 
9.0%), analgesics (n = 18, 8.5%), sleeping pills (n = 16, 7.5%), 
herbal drugs (n = 12, 5.7%), antihypertensive drugs (n=11, 5.2%), 
hypoglycemic agents (n=7, 3.3%), antiepileptic drugs (n=7, 3.3%), 
antitussive expectorants (n=7, 3.3%), dysuria remedies (n=7, 
3.3%), and others (n=46, 21.7%). Pharmacists collaborated with 
other medical staff, including physicians and nurses, in follow-
ing-up with these patients after discontinuation until discharge and 
confirming that their clinical status had not deteriorated during the 
hospitalization (Table 3).
The most common reason for discontinuation in each patient was 
“unnecessary use (because of already improved symptoms) (n=83, 
39.0%)”, followed by “ineffective for current symptoms (n = 55, 
26.0%)”, “risk of adverse drug reactions (n = 48, 23.0%)”, and 

Table 2: Number of discontinued drugs

Number of discontinued drugs
Number of 

patients
%

≥ 6 7 13.6

5 3 2.83

4 2 1.89

3 10 9.43

2 10 9.43

1 14 13.2

0 33 31.1

-1 16 15.1

-2 6 5.66

-3 4 3.77

-5 1 0.94
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“overtreatment (n = 26, 12.0%)” (Fig. 2). The reasons for the drug 
reductions given here were determined in consultation with the 
neurologist and a pharmacist.

3. Discussion
In this study, we evaluated the effectiveness of a polypharmacy 
measure with multidisciplinary collaboration which combines a 
pharmacist check followed by a multidisciplinary team review in a 
neurology ward. Despite the addition of medications for neurolog-
ical diseases during hospitalization, the median number of medi-
cations in patients with polypharmacy on admission significantly 
decreased from admission to discharge. These results indicate that 
the use of this polypharmacy intervention from admission in older 
and non-older neurological inpatients with polypharmacy may 
be effective. Moreover, this intervention may be more useful for 
patients with a greater number of drugs and longer hospital stay.
24.4% (106/435) of the patients on admission to the neurological 
ward were taking six or more medications on admission in this 
study. 28.6% (79/276) of these patients were ≥65 years old and 
17.0% (27/159) were <64 years. It is therefore notable that not 
only our older patients with neurology diseases were at risk of 
polypharmacy but also our non-older patients.
Patients with Parkinson’s diseases or syndrome (24.5%) and amyo-
trophic lateral sclerosis (18.9%) accounted for a high proportion of 
these patients with polypharmacy. These results are consistent with 
previous reports (Chapman et al. 2023; Frahm et al. 2021). Both 
diseases require medications for various symptoms associated with 
progression of disease (Bhagavathula et al. 2022; Campins et al. 
2017), and are considered to confer a high risk for the development 
of polypharmacy. Additionally, 25.5% of our patients with poly-
pharmacy were aged under 65 years, 44% of whom had a decrease 
in the number drugs on discharge due to the present polypharmacy 
measure. These findings indicate that need for intervention against 
polypharmacy not only in elderly neurology patients.
The present polypharmacy measures significantly reduced the 
number of medications in neurology inpatients with polyphar-
macy, as we also found in our previous report in the diabetic ward 
(Nishida et al. 2023). 43.4% of patients with polypharmacy had a 
reduction of one or more medications at the time of discharge. The 
most common category of discontinued drugs was gastrointestinal 
drugs, followed by drugs for Parkinson’s disease, vitamins, analge-
sics, sleeping pills, herbal medicines, and drugs for hypertension. 
These drug categories are largely consistent with those identified 
in our previous reports as candidates for cessation in inpatients 
(Hayashi et al. 2017; Nishida et al. 2023). Moreover, Campins et 
al. reported a randomized controlled trial in community-dwelling 
polymedicated elderly people in which gastric protectors, benzo-
diazepines, non-steroidal anti-inflammatory drugs (NSAIDs)/
other analgesics, anti-hypertensives, anti-diabetics, inhalers, and 
laxatives were inappropriate drug categories, some of which we 
also identified (Campins et al. 2017). Care regarding these drug 
categories and regular review to determine whether such drugs 

Table 3: Drug categories discontinued by multidisciplinary team review

Drug category n (%)
Number of patients with symptoms, n

Admission Discharge

Gastrointestinal drugs 39 (18.4) 0 a 0 a

Parkinson’s disease drugs 23(10.8) 0 b 0 b

Vitamins 19 (9.0) 0 c 0 c

Analgesics 18 (8.5) 0 d 0 d

Sleeping drugs 16(7.5) 0 e 0 e

Antihypertensive drugs 11 (5.2) 4(121.7±15.7/77.7±7.5) f 4 (121.1±15.8/76.9±12.2) f

Diabetic drugs 7(3.3) 0 g 0 g

Antiepileptic agents 7(3.3) 0 h 0 h

Cough suppressants and decongestants 7(3.3) 0 i 0 i

Dysuria medications 7(3.3) 0 j 0 j

Others 46 (21.7) – –

a Gastrointestinal hemorrhage, b exacerbation of Parkinson’s symptoms, c symptoms associated with each vitamin deficiency, d pain, e insomnia, f lightheadedness (mean blood pressure ± SD), g hyperglycemia, h 
epileptic seizure, i worsening respiratory symptoms, j urinary dysfunction

Fig. 2: Reasons for drug discontinuation in neurological patients with polypharmacy

Table 4: Factors influencing the reduction in medications in patients 
with polypharmacy

Factors Odds ratio
95% confidence 

interval
p-value

Age 0.999 0.961−1.040 0.971

Number of drugs 1.230 1.030−1.470 0.025

Period of hospitalization 1.050 1.020−1.090 0.003

Use of immunosuppressants 0.194 0.048−0.783 0.021

2.3. Factors infl uencing the reduction of medications in 
patients with polypharmacy
Multivariate analysis revealed that the number of medications on 
admission (OR, 1.23; 95% CI, 1.03-1.47; p=0.025) and duration 
of hospital stay (OR, 1.05; 95% CI, 1.02-1.09; p=0.003) were 
significant factors in reducing the number of drugs (Table 4). In 
contrast, the use of immunosuppressive agents was shown to be 
a significant factor in increasing the number of drugs (OR, 0.19; 
95%CI, 0.048-0.783; p=0.021).
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should be continued or discontinued may therefore be useful 
countermeasures for polypharmacy regardless of diseases field.
The most common reason for drug discontinuation was “symp-
toms for internal use already improved”, followed by “due to 
ineffective”, “to avoid side effects”, and “due to overtreatment”. 
These are also reasonably consistent with the reasons for drug 
discontinuation in our past polypharmacy measures on a diabetes 
ward (Nishida et al. 2023). One report noted that when statins were 
discontinued as a polypharmacy measure, the risk of all-cause 
mortality increased significantly (Rea et al. 2021), and that inap-
propriate drug reduction may be detrimental to the patient. We 
followed up with our present patients after drug discontinuation 
and confirmed that their clinical status had not deteriorated. It 
is important to note that the purpose of medication review is to 
improve the appropriateness of medications, reduce harm and 
improve outcomes, and not to reduce or stop medications (Balsom 
et al. 2020). In this study, pharmacists interviewed all patients 
and evaluated their medications on admission using a prescription 
review sheet. Several studies have reported that pharmacist-led 
interventions for polypharmacy are useful in reducing the number 
of medications in patients with polypharmacy (Lenander et al. 
2014; Sellors 2003; Bregnhøj et al. 2009; Lenaghan et al. 2007). 
This suggests the importance of polypharmacy measures to review 
drugs that may have been administered without due diligence. It 
also suggests that this review should be conducted by pharmacists 
tasked with clarifying the purpose of a drug’s use, who corrobo-
rated with physicians and careful evaluation of prescribed drugs at 
the time patients are admitted to the hospital. 
Moreover, our multivariate analysis indicated that, even in 
neurology wards of acute care hospitals where systematic 
measures to address polypharmacy are in place, both the number 
of medications at admission and the length of hospital stay remain 
significantly associated with reduction in the number of medica-
tions during hospitalization.
Supporting this, several studies have also reported an association 
between the number of drugs and PIMs and duration of hospital 
stay (Aida et al. 2021, 2022; Albayrak and Demirbaş 2023; Fukuba 
et al. 2020; Nobili et al. 2011).
On the other hand, we found an increase in the number of drugs in 
patients on immunosuppressive agents, possibly due to the addi-
tion of prophylactic drugs for treatment-related adverse events, 
consistent with a previous report by Hayashi et al. (2017). Gluco-
corticoids, which are representative immunosuppressants used in 
patients with neuroimmunological disease, have many side effects. 
Given that the use of cortical steroids is reported to increase the 
incidence of peptic ulcers, they are often administered in combina-
tion with prophylactic PPIs and H

2
 blockers (Narum et al. 2014). 

In addition, because they increase the risk of osteoporosis, cortical 
steroids are also often administered with prophylactic bisphospho-
nates or active vitamin D3 preparations (Weinstein et al. 2011). 
Furthermore, long-term use of steroids is associated with increased 
risk of infection, and ST combination therapy is often initiated to 
prevent against Pneumocystis pneumonia (Rodriguez et al. 2004). 
This addition of supportive therapies to corticosteroid treatment 
indicates the presence of an inverse correlation between the use of 
immunosuppressants and the ease of their tapering. Intervention 
for polypharmacy and monitoring for ADR in neurological patients 
receiving immunosuppressive agents are particularly important.
Several limitations of our study warrant mention. First, it was 
conducted under a retrospective and non-randomized observa-
tional design, and potentially relevant confounding factors may 
not have been excluded. Second, the sample size was small, and 
the data were obtained from a single institution. Third, we could 
not evaluate the influence of adverse drug reactions. Fourth, as 
patients were hospitalized for treatment purposes and the study 
was conducted in parallel with treatment for the current disease, 
we were unable to evaluate whether the reduction in medication 
produced any improvement in physical function. Finally, we were 
unable to continue follow-up of patients after discharge.
In conclusion, we found a high prevalence of polypharmacy in 
patients admitted to a neurology ward. The present countermea-

sure for polypharmacy, consisting of a pharmacist check followed 
by a multidisciplinary team review, was useful for reducing the 
number of medications among inpatients with polypharmacy in 
a neurology ward. Moreover, this intervention for polypharmacy 
may be useful for patients with a greater number of drugs and 
longer hospital stay.

4. Experimental

4.1. Study design
We conducted a single-center, retrospective, observational study at Gifu University 
Hospital, a 614-bed hospital affiliated with Gifu University. Patients with polyphar-
macy (≥ 6 drugs) who were admitted to the neurology ward between June 2021 and 
April 2023 were included. We defined polypharmacy as taking six or more drugs 
in this study based on the Japanese medical insurance system, which provides for a 
review of the prescription details of patients taking six or more regular medications 
and an additional medical reimbursement when the prescription content is optimized.
Pharmacists recorded the discontinued drugs and the reason for discontinuation in 
the electronic medical record (HOPE EGMAIN-GX: FUJITSU LIMITED) of each 
patient during hospitalization. All data were extracted from our electronic medical 
records and retrospectively reviewed clinical records of patients who were already 
discharged from the hospital.

4.2. Prescription optimization through pharmacist prescription check-

ing using a checklist and multidisciplinary collaborative review
Prescribing optimization based on the results of evaluation of a prescription checklist 
by multi-professional collaborative review was implemented in accordance with our 
previous report (Nishida et al. 2023). Figure 3 shows the work flow of the decision 
for drug discontinuation on admission based on the results of a prescription checklist 
conducted by pharmacists and evaluation by a multi-professional collaborative review 
in the neurology ward.

Fig. 3: Work flow of the decision to recommend drug discontinuation and evaluation 
by multidisciplinary team review. PIMs: potentially inappropriate medica-
tions
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Pharmacists interviewed patients on admission about their medications, including 
current medications, the effects of the medications, and their intention to continue 
medication, and reviewed their medications based on the checklist. The checklist 
consisted of the following items: “Number of drugs at the time of admission”, “65 
years of age and older and taking PIMs”, “Requires consideration due to decreased 
ability to manage medications”, “Requires consideration due to duplication of the 
same drug”, “Requires consideration with regard to effectiveness and side effects”, 
“Requires consideration with regard to drug interaction”, “Requires consideration 
with regard to decreased swallowing function”, “Requires consideration with regard 
to the patients’ organ function”, and kidney and liver function parameters (Table 5). 
Pharmacists identified potentially inappropriate medications (PIMs) based on the 
results of checklist, and recorded the results in the patients’ electronic medical record. 
Further, potential prescription omissions (PPOs) were evaluated and added during 
normal medical practice. Subsequently, the decision of whether or not to discontinue 
drugs extracted by pharmacists as PIMs was considered at a weekly multidisciplinary 
medical conference, consisting of physicians, pharmacists, nurses, dietitians, physical 
therapists, and speech-language pathologists, based on the results of checklist. The 
final decision to discontinue medications was made by physicians. If medications 
were discontinued, physicians and pharmacists explained the reasons to the patient 
and obtained their consent. After discontinuation, pharmacists collaborated with other 
multidisciplinary staff to monitor the patient from the perspective of each profession 
until discharge to confirm that the discontinuation did not have an adverse impact. The 
results of monitoring were shared at the weekly multidisciplinary medical conference.

4.3. Evaluation of the effectiveness of polypharmacy measures
The number of discontinued medications and reasons for discontinuation were inves-
tigated. The median number of drugs that patients were taking from admission to 
discharge was compared. Drugs and topicals (patches, ointments, eyedrops, ear drops, 
etc.) that were transiently administered during hospitalization were not included.

4.4. Exploration of factors involved in the change in the number of 

drugs
Factors influencing the change in the number of drugs at admission and discharge 
in patients who were admitted to the neurology ward were analyzed using logistic 
regression analysis, with adjustment for age, length of hospital stay, number of drugs 
at admission, and concomitant use of oral immunomodulators.

4.5. Statistical analysis
All statistical analyses were performed using EZR, (Kanda 2013) a modified version 
of R Commander with additional statistical functions frequently used in biostatis-
tics. Patient characteristics were summarized at the median, 25th percentile, and 75th 
percentile levels for continuous variables. The Wilcoxon signed rank sum test was 
used to compare the number of drugs before and after intervention.
Logistic regression analysis was used to analyze factors related to the increase or 
decrease in the number of drugs, with a P value <0.05 considered statistically signifi-
cant. Age, length of hospital stay, number of drugs at admission, and use of immuno-
suppressive agents were selected as factors in multivariate analysis.

4.6. Ethics approval
This study was conducted in accordance with the Guidelines for Human Research 
adopted by the Ethics Committee of Gifu University Graduate School of Medicine 
and as notified by the Japanese government (Institutional Review Board Approval No. 

2022-180). Considering the retrospective nature of this study, the informed consent of 
subjects was not required.
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