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Abstract
Objective To determine the prevalence of potentially
inappropriate medications (PIMs) at admission and
discharge among hospitalised elderly patients with acute
medical illness in Japan.
Design A retrospective single-centre cross-sectional
study.
Participants Hospitalised patients aged 65 years or older
admitted for pneumonia, heart failure, ischaemic stroke,
acute coronary syndrome, chronic obstructive pulmonary
disease or asthma, gastrointestinal bleeding, urinary tract
infection or epilepsy from September 2014 to June 2016
who were still alive at discharge.
Main outcome measures The primary outcome was
the proportion of patients taking at least one PIM at
admission and discharge. PIMs were defined based on the
2015 American Geriatric Society Beers Criteria. Temporal
changes in the proportion of patients taking at least one
PIM from admission to discharge were also evaluated.
Results During the study period, 689 eligible patients
were identified. The median patient age was 82.0
years (IQR 76.0–88.0), 348 (50.5%) were men and the
median number of medications at admission was 5.0
(IQR 3.0–8.0). The proportions of patients taking any
PIMs at admission and discharge were 47.9% (95% CI
44.2% to 51.6%) and 25.1% (95% CI 21.9% to 28.4%),
respectively. The proportion of patients taking any PIMs
was significantly lower at discharge than at admission
(reduction rate 0.48, 95%, CI 0.41 to 0.53).
Conclusions A substantial proportion of hospitalised
elderly patients with acute medical illness took PIMs
at admission and discharge. These findings should be
confirmed at other hospitals in Japan.

Introduction
Polypharmacy is a common problem among
elderly patients due to the high prevalence
of multiple morbidities,1 2 and it is associated
with the use of potentially inappropriate medications (PIMs).3 4 PIMs have been defined
as medications that have an unfavourable

Strengths and limitations of this study
►► This is the first study to evaluate the temporal

change in the prevalence of potentially inappropriate
medication (PIM) use from admission to discharge
among hospitalised elderly patients with acute medical illness in Japan.
►► This study was conducted at a single hospital in
Japan with a small sample of patients.
►► The prevalence of PIM use after discharge was not
evaluated.

balance between the benefit and harm they
cause for many elderly adults.5 Several geriatric experts have proposed medication
lists regarding PIMs that should be avoided
as much as possible for elderly adults.6–8
Although PIMs are associated with a risk of
harmful events,9 10 they are commonly taken
by elderly patients,4 11 particularly in acute
care settings such as hospitals.12 13 Therefore,
it is important to monitor the prevalence of
PIM use among hospitalised elderly patients
with acute illness.
The prevalence of PIM use at admission in
hospitalised elderly patients with acute illness
in past studies was found to range from 20%
to 70%.12 14–24 Furthermore, the prevalence
of PIM use is often unchanged or increased
at discharge,14–18 although some studies have
reported that geriatric care unit admission
reduced the use of PIMs from admission to
discharge among elderly patients with acute
medical illness.19–24 However, to the knowledge of the author, no studies have been
conducted to investigate the prevalence of
PIM use at admission and discharge among
hospitalised elderly patients in Japan. Thus,
the aim of this study was to determine the
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Methods
Study design and participants
This was a retrospective cross-sectional study using the database of the National Hospital Organisation Tochigi Medical
Centre, and data from September 2014 to June 2016 were
collected. The National Hospital Organisation Tochigi
Medical Centre is a 350-bed community hospital in the
Tochigi Prefecture of Japan. It is one of the two largest acute
care hospitals in this area, serving approximately 0.5 million
individuals. In this hospital, there are no geriatricians or
geriatric care units. The aim of this study was to determine
the prevalence of PIM use at admission and discharge
among hospitalised elderly patients with acute medical
illness. All consecutive patients aged 65 years or older who
were admitted to the hospital for eight common disease
categories (heart failure, pneumonia, ischaemic stroke,
gastrointestinal bleeding, urinary tract infection (UTI),
chronic obstructive pulmonary disease (COPD) or asthma,
acute coronary syndrome and epilepsy) were included. As
comorbidities can affect PIM use,4 the primary diagnosis for
admission might also affect PIM use for hospitalised elderly
patients. Therefore, patients were included according to
their primary diagnosis for admission. Patients who died
during their hospital stay or were transferred to the surgical
ward or other hospitals within a few days after admission
were excluded. Patients with a second admission due to the
same disease during the study period were also excluded.
Individual informed consent was not required because only
data from medical records were used, and the patients were
not contacted. The study protocol was approved and was
carried out in accordance with the Declaration of Helsinki.
Data collection and patient characteristics
Data were collected using the electronic medical records
of the National Hospital Organisation Tochigi Medical
Centre. Information on age, gender, primary diagnosis
for admission, social history, medical history, Charlson
Comorbidity Index (CCI)25 and medication use was
retrieved from electronic medical records at the time of
the patient’s first admission. In this hospital, a comprehensive list of current medications is routinely compiled
by pharmacists after admission. Medication management during hospitalisation was performed by the principal physician, who also determined and documented
prescriptions at discharge. Therefore, information on
medications at admission was retrieved from the comprehensive list compiled by pharmacists. Information on
medications at discharge was based on the discharge
prescriptions issued by principal physicians. The
discharge prescriptions included all regular medications
that were used at discharge. These included oral medications, inhalers and injections. As-needed medications for
chronic disease were also included. However, eye drops,
intranasal infusers, over-the-counter drugs and topical
2

medications were excluded. Medications that were indicated for apparent transient disease were also excluded
because one of the aims of this study was to evaluate the
temporal change in the PIM prevalence from admission
to discharge in terms of regularly prescribed medications. Furthermore, given that misdiagnosis is common in
elderly patients26 27 and that upper respiratory tract infection is often the trigger of heart failure, the inclusion of
medications that were indicated for apparent transient
disease overestimates the temporal reduction of PIM
prevalence from admission to discharge. For example,
antitussive medications for the common cold and antibiotic agents for a UTI and pneumonia were not included.
Newly started medications were defined as medications
that were not prescribed at admission but were prescribed
at discharge.
Outcome measures
The primary outcome was the proportion of elderly
patients with acute medical illness taking at least one
PIM at admission and discharge. This outcome was
also evaluated for subgroups of patients with the eight
common medical illnesses mentioned above, classified according to their primary diagnosis at admission.
PIMs were defined based on the 2015 Beers criteria of
the American Geriatric Society.6 Two of the five components of the Beers criteria were used: PIM use in elderly
adults and PIM use in elderly adults that is determined
by drug–disease or drug–syndrome interactions that may
exacerbate the disease or syndrome. These two parts
were chosen because they have existed since the 1997
Beers criteria.28–30 In Japan, few methods for evaluating
the appropriateness of medication use among elderly
patients have been tested or validated. However, some
studies have found that the Beers’ criteria might be applicable in a Japanese setting,31 32 and the Beers’ criteria are
the most frequently used criteria for this topic in Japanese
research. Therefore, the Beers criteria were chosen. The
number of PIMs according to drug subcategories was also
evaluated.
Given that the 2015 Beers criteria targeted only the longterm use of proton pump inhibitors (PPIs),6 most PPIs that
were newly started during hospitalisation, regardless of the
appropriateness of their use, were not judged to be PIMs at
discharge because the duration of hospital stay was often ≤8
weeks.33 Moreover, the Beers criteria definition of high-risk
patients for whom prophylactic use of PPIs is appropriate
was ambiguous. Therefore, based on a previous study34 and
the American College of Gastroenterology guidelines,35–37
PPI therapy was judged to be potentially inappropriate
if the patients had none of the following indications: (1)
peptic ulcer disease; (2) gastro-oesophageal reflux disease
with or without oesophagitis; (3) Helicobacter pylori eradication therapy; (4) pathological hypersecretory conditions,
such as Zollinger-Ellison syndrome; (5) use of non-steroidal
anti-inflammatory drugs (NSAIDs); (6) use of antiplatelet
therapy and at least one risk factor (history of peptic ulcer
or concomitant use of anticoagulants or corticosteroids).
Komagamine J. BMJ Open 2018;8:e021152. doi:10.1136/bmjopen-2017-021152
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Flow chart of the 689 hospitalised elderly patients with the eight targeted acute medical illnesses.

Statistical analysis
A sample size calculation was not performed prior to
data collection. Hospitalised patients were screened
starting in September 2014 because this was when
the hospital started using electronic medical records.
Descriptive statistics were used to describe the study
population. For the primary outcome, the proportion
of patients taking any PIMs at admission and discharge
among all patients was calculated. This proportion was
also determined for subgroups of patients classified
according to their primary diagnosis for admission.
The 95% CIs were calculated for these outcomes. The
number of all medications at admission was compared
with the number of all medications at discharge using
a two-tailed paired t-test. A comparison of the proportion of patients taking any PIMs at admission and at
discharge was performed by using Fisher’s exact test.
The rates of reduction in the proportion of patients
taking any PIMs from admission to discharge were
also calculated. To identify the predictive factors of
Komagamine J. BMJ Open 2018;8:e021152. doi:10.1136/bmjopen-2017-021152

the use of any PIMs at discharge, a multivariate analysis using binary logistic regression was conducted to
examine the associations between the use of any PIMs
at discharge and selected variables. Based on previous
studies,16 20 22 24 the following variables were entered
in the logistic regression model: age, gender, CCI,
number of total medications at admission and duration of hospital stay. These analyses were carried out
using the Excel statistical software package V.2.11
(Bellcurve for Excel; Social Survey Research Information Co., Tokyo, Japan) or Stata V.15 (LightStone,
Tokyo, Japan), and the level of significance was set at
5%.
Patient and public involvement statement
No patients were involved in determining the research
question or outcome measures nor were they involved
in developing plans to design or implement the study.
No patients were asked for advice during the interpretation or writing up of the results. There are no plans to
3
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Number of medications, median (IQR)
Primary diagnosis for admission

At admission

Newly started*

At discharge

P values†

Total, n=689
Heart failure, n=153

5.0 (3.0–8.0)
6.0 (3.0–8.0)

1.0 (0.0–2.0)
2.0 (1.0–3.0)

4.0 (2.0–5.0)
5.0 (3.0–6.0)

<0.001
<0.001

Pneumonia, n=141

5.0 (3.0–7.0)

0.0 (0.0–1.0)

3.0 (1.0–5.0)

<0.001

Ischaemic stroke, n=108

5.0 (2.5–7.0)

1.0 (1.0–2.0)

3.0 (1.0–5.0)

<0.001

GI bleeding, n=71

5.0 (3.0–7.0)

1.0 (0.0–2.0)

2.0 (1.0–4.0)

<0.001

UTI, n=58

5.0 (2.0–7.0)

0.0 (0.0–1.0)

2.0 (1.0–4.0)

<0.001

COPD or asthma, n=57

7.0 (5.0–9.0)

1.0 (0.0–2.0)

5.0 (3.0–7.0)

<0.001

ACS, n=56
Epilepsy, n=45

4.5 (1.5–7.0)
5.0 (3.0–8.0)

4.0 (3.0–6.0)
1.0 (0.0–2.0)

6.0 (5.0–8.0)
2.0 (1.0–4.0)

<0.001
<0.001

*Defined as medications that were not prescribed at admission but were prescribed at discharge.
†Comparison of the number of medications at admission and at discharge using a two-tailed paired t-test.
ACS, acute coronary syndrome; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; UTI, urinary tract infection.

disseminate the results of this research to study participants or the relevant patient community.
Results
During the study period, 2297 patients aged 65 years
or older were admitted. Out of 1848 admissions, after
449 elective admissions were excluded, 887 admissions
were due to one of the eight targeted acute illnesses,
105 were excluded because of in-hospital death and
19 were excluded because of immediate transfer after
admission to a surgical ward or another hospital. Additionally, 74 were excluded because of a second admission due to the same primary diagnosis during the study
period. A total of 689 patients were thus included in the
final analysis (figure 1). The primary diagnoses of these
patients were heart failure (n=153, 22.2%), pneumonia

(n=141, 20.5%), ischaemic stroke (n=108, 15.7%),
gastrointestinal bleeding (n=71, 10.3%), UTI (n=58,
8.4%), COPD or asthma (n=57, 8.3%), acute coronary
syndrome (n=56, 8.1%) and epilepsy (n=45, 6.5%).
The baseline characteristics of the patients are
presented in online supplementary table S1. Of the 689
patients, the median age was 82.0 years (IQR 76.0–88.0),
348 (50.5%) were men, the median CCI was 2.0 (IQR
1.0–3.0), 168 (24.4%) had dementia and 94 (13.6%)
were institutional residents. The median duration of
hospital stay was 16.0 days (IQR 10.0–29.0).
Table 1 shows the number of medications at admission, the number newly started during hospitalisation
and the number at discharge among the hospitalised
elderly patients according to their primary diagnosis for
admission. The median number of medications taken

Table 2 The temporal change in the proportion of hospitalised elderly patients taking any PIMs from admission to discharge
according to their primary diagnosis for admission. Values are given as numbers (percentages) unless stated otherwise
Primary diagnosis for
admission

Proportion of patients taking any PIMs*
At admission

At discharge

Reduction rate (95% CI)

P values†

Total, n=689
Heart failure, n=153

330 (47.9)
75 (49.0)

173 (25.1)
50 (32.7)

0.48 (0.41 to 0.53)
0.33 (0.16 to 0.47)

<0.001
<0.001

Pneumonia, n=141

75 (53.2)

33 (23.4)

0.56 (0.43 to 0.66)

<0.001

Ischaemic stroke, n=108

43 (40.0)

27 (25.0)

0.37 (0.12 to 0.55)

0.001

GI bleeding, n=71

34 (47.9)

11 (15.5)

0.68 (0.47 to 0.80)

<0.001

UTI, n=58

28 (48.3)

13 (22.4)

0.54 (0.29 to 0.70)

<0.001

COPD or asthma, n=57

31 (54.4)

20 (35.1)

0.35 (0.14 to 0.51)

<0.001

ACS, n=56
Epilepsy, n=45

23 (41.1)
21 (46.7)

10 (17.9)
9 (20.0)

0.57 (0.28 to 0.74)
0.57 (0.30 to 0.74)

<0.001
<0.001

*PIMs were defined based on the 2015 American Geriatric Society Beers Criteria.
†Comparison of the numbers at admission and at discharge using Fisher’s exact test.
ACS, acute coronary syndrome; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; PIM, potentially inappropriate medication;
UTI, urinary tract infection.
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Variables

OR (95% CI)

P values

Age

0.97 (0.96 to 0.97)

0.02

Women

1.70 (1.17 to 2.48)

0.01

Charlson Comorbidity Index

1.03 (0.92 to 1.16)

0.56

Number of medications at
admission

1.20 (1.14 to 1.27)

<0.001

Duration of hospital stay

1.00 (1.01 to 1.00)

0.96

*The following variables were used: age, gender, Charlson
Comorbidity Index, number of medications at admission and
duration of hospital stay.
†PIMs were defined based on the 2015 American Geriatric
Society Beers Criteria.
PIM, potentially inappropriate medication.

by all patients was significantly lower at discharge than
at admission (4.0 (IQR 2.0–5.0) and 5.0 (IQR 3.0–8.0),
respectively; p<0.001), although a median of 1.0 new
medications (IQR 0.0–2.0) were started during hospital
stays. All the subgroups of patients classified by primary
diagnosis for admission, except those admitted for an
acute coronary syndrome, showed similar temporal
changes in the median number of medications from

admission to discharge. Table 2 shows the proportion of
patients taking any PIMs at admission and at discharge
according to their primary diagnosis for admission. The
proportion of patients taking any PIMs at admission
was 47.9% (95% CI 44.2% to 51.6%), while the proportion of patients taking any PIMs at discharge was 25.1%
(95% CI 21.9% to 28.4%). The proportion of patients
taking any PIMs was significantly lower at discharge
than at admission (reduction rate 0.48, 95% CI 0.41 to
0.53). The subgroups classified by primary diagnosis for
admission showed similar changes in the proportion of
PIM use from admission to discharge. In the multivariate analysis using binary logistic regression, younger
age, female gender and increasing number of medications at admission were independently associated with a
higher risk of the use of any PIMs at discharge (table 3).
However, CCI and duration of hospital stay were not
statistically significant predictive factors for the use of
any PIMs at discharge.
Table 4 shows the number of PIMs according to drug
subcategories at admission and discharge. Of all medications that were PIMs at admission, 341 (66.9%) were
discontinued during hospitalisation or were not PIMs
at discharge (online supplementary table S2). The
most common PIMs used at admission and discharge
were benzodiazepines, PPIs and non-benzodiazepine

Table 4 Total number of PIMs* according to the subcategories of drugs taken at admission, newly started during
hospitalisation and taken at discharge
Drug category

At admission

Newly started†

At discharge

P values‡

Total
Benzodiazepines

510 (100.0)
141 (27.6)

50 (100.0)
7 (14.0)

219 (100.0)
65 (29.7)

<0.001
<0.001

Proton pump inhibitors§

129 (25.3)

23 (46.0)

83 (37.9)

<0.001

Hypnotics (non-benzodiazepines)

38 (7.5)

5 (10.0)

21 (9.6)

0.001

Antipsychotics

36 (7.1)

1 (2.0)

15 (6.8)

<0.001

NSAIDs

28 (5.5)

0 (0.0)

0 (0.0)

<0.001

Ticlopidine or dipyridamole

18 (3.5)

0 (0.0)

1 (0.5)

<0.001

Peripheral alpha-1 blocker

18 (3.5)

7 (14.0)

12 (5.5)

0.16

Digoxin

16 (3.1)

1 (2.0)

2 (0.9)

<0.001

H2-receptor antagonists for dementia

14 (2.7)

0 (0.0)

3 (1.4)

<0.001

Anticholinergics

14 (2.7)

0 (0.0)

3 (1.4)

0.002

First-generation antihistamines

12 (2.4)

1 (2.0)

1 (0.5)

0.004

Antidepressants

11 (2.2)

1 (2.0)

4 (1.8)

0.05

Verapamil or diltiazem for heart failure
Others

10 (2.0)
25 (4.9)

1 (2.0)
2 (4.0)

4 (1.8)
4 (1.8)

0.06
<0.001

Values are given as numbers (percentages).
*PIMs are defined based on the 2015 American Geriatric Society Beers Criteria.
†Defined as medications that were not prescribed at admission but were prescribed at discharge.
‡Comparison of the number of PIMs at admission and at discharge using a two-tailed paired t-test.
§PPI therapy was judged to be potentially inappropriate if the patients had none of the following indications: (1) peptic ulcer disease; (2)
GERD with or without oesophagitis; (3) Helicobacter pylori eradication therapy; (4) pathological hypersecretory conditions, such as ZollingerEllison syndrome; (5) use of NSAIDs; (6) use of antiplatelet therapy and at least one risk factor (history of peptic ulcer or concomitant use of
anticoagulants or corticosteroids).
GERD, gastro-oesophageal reflux disease; NSAIDs, non-steroidal anti-inflammatory drugs; PIM, potentially inappropriate medication; PPI,
proton pump inhibitor.
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Discussion
The results of this study show that the proportion of
patients taking at least one PIM at admission among
hospitalised elderly patients with acute medical illness
was 47.9%. Regardless of the primary diagnosis for
admission, more than two-fifths of the patients took
at least one PIM at admission. Furthermore, approximately one-fourth of all patients took at least one PIM
at discharge, although the proportion of patients taking
at least one PIM decreased significantly from admission
to discharge.
To the knowledge of the author, this is the first study
to determine the prevalence of PIM use at admission
and discharge among hospitalised elderly patients with
acute medical illness in Japan. Although one Japanese
multicentre prospective study reported the frequency
of PIM prescription during hospitalisation, this study
did not aim to investigate the temporal change in PIM
prevalence from admission to discharge.38 Therefore, it
is unclear whether the proportion of PIM use at admission and discharge among the population in the present
study is higher or lower than in other hospitals in Japan
due to the lack of comparable studies. However, the
prevalence of PIM use among elderly patients at admission and discharge in this study is consistent with that
of studies conducted in other countries,12 15–24 although
the prevalence of PIM use at admission and discharge
among elderly patients with acute coronary syndrome
in this study was much higher than that of hospitalised
elderly patients with acute myocardial infarction in the
USA.14 Given the harmful effects of PIMs for elderly
patients,9 10 further studies are warranted to confirm
these findings in other hospitals in Japan.
Although approximately one-fourth of all patients
were taking at least one PIM at discharge, this study
shows that there was a significant reduction in the
proportion of PIM use from admission to discharge
among hospitalised elderly patients with acute medical
illness, which is an encouraging finding. This finding
is also consistent with that of past studies showing a
significant reduction in the proportion of PIM use
from admission to discharge among similar patient
populations,19–24 although some studies reported that
the proportion of PIM use did not change or increase
from admission to discharge.14–18 However, this finding
of the present study should be interpreted with caution
because most internal medicine physicians who care
for hospitalised patients at this hospital make efforts
to avoid PIM and polypharmacy for elderly patients in
routine practice.39 For example, NSAIDs and antipsychotics are rarely introduced for hospitalised elderly
patients in the medical ward of this hospital, as table 4
shows. Therefore, it is unclear whether similar reductions in the proportion of PIM use from admission
6

to discharge among hospitalised elderly patients with
acute medical illness occur in other hospitals in Japan.
Considering the unexplained regional variations in the
use of PIMs among elderly patients during hospitalisation,14 40 these findings need to be confirmed in other
Japanese hospitals.
In this study, CCI and duration of hospital stay
were not statistically significant predictive factors for
the use of any PIMs at discharge. These findings are
consistent with those of past studies.20 22 Younger age,
female gender and increasing number of medications
at admission were independently associated with a
higher risk of the use of any PIMs at discharge in this
study. However, past studies have found mixed results
regarding the associations among age, gender and
number of medications at admission and the use of any
PIMs at discharge.16 20 22 24 Therefore, further studies are
needed to evaluate the effect of these factors on the use
of any PIM use at discharge among hospitalised elderly
patients with acute medical illness.
Limitations
These results presented here should be interpreted in
the context of several limitations. First, this study used
a retrospective design, which might have generated
biased data. Second, hospitalised patients who died or
were transferred to other settings were excluded, as
were patients with acute medical illnesses other than
the eight illnesses considered in this study. Given that
patients who die during hospitalisation are often older
and have a higher burden of comorbidities, the exclusion of these patients might underestimate the prevalence of PIM use at admission. Third, the prevalence of
PIM use after discharge was not evaluated. Given that
a significant increase in the long-term prevalence of
PIM use has been observed among elderly patients who
have undergone interventions regarding polypharmacy
to reduce PIM use,41 it remains uncertain whether the
reduction in PIM use observed in our study is sustainable
over the long term. Therefore, the extent of the reduction of PIM prevalence from admission to discharge
observed in the present study might be overestimated.
Fourth, this study was limited to a single centre and to
elderly patients admitted for eight categories of acute
medical illnesses, and therefore, the results cannot be
easily generalised. These findings should be confirmed
for other acute illnesses and in other hospitals in Japan.
Fifth, the length of hospitalisation is relatively longer in
Japan than in other countries,42 which limits the generalisability of these findings to other countries. However,
the multivariate analysis conducted in the present study
found no association between PIM use at discharge and
the duration of hospital stay. Sixth, drugs classified as
PIMs are not necessarily inappropriate.5 Furthermore,
it is unknown whether reducing PIM use improves clinically important patient outcomes.43–45 Seventh, this
study used the alternative definition for the potentially
inappropriate use of PPIs. Given that this definition
Komagamine J. BMJ Open 2018;8:e021152. doi:10.1136/bmjopen-2017-021152
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Implications for clinical practice
The prevalence of PIM use at admission in hospitalised elderly patients with acute medical illness was
high in Japan, as it is in other countries. Furthermore,
the prevalence of PIM use was still high at discharge,
even though hospitalisation due to medical illness can
provide a good opportunity to review medications and
discontinue inappropriate ones.49 Given the harmful
effects of PIMs for elderly patients,9 10 further studies
are needed to develop an approach for minimising PIM
use in the inpatient setting.14
Conclusions
A substantial proportion of hospitalised elderly patients
with acute medical illness in the present study took PIMs
at admission and discharge. Given the harmful effects
of PIMs on elderly patients, these findings should be
confirmed at other hospitals in Japan.
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