
RESEARCH ARTICLE

Potentially inappropriate medications

according to STOPP-J criteria and risks of

hospitalization and mortality in elderly

patients receiving home-based medical

services

Chi-Hsien HuangID
1,2,3, Hiroyuki Umegaki1*, Yuuki Watanabe4, Hiroko Kamitani1,

Atushi Asai5, Shigeru Kanda6, Hideki Nomura7, Masafumi Kuzuya1

1 Nagoya University Graduate School of Medicine, Department of Community Healthcare & Geriatrics,

Showa-ku, Nagoya, Aichi, Japan, 2 E-Da Hospital, Department of Family Medicine, Jiaosu Village, Yanchao

District, Kaohsiung City, Taiwan, R.O.C, 3 I-Shou University, School of Medicine for International Students,

Jiaosu Village, Yanchao District, Kaohsiung City, Taiwan, R.O.C, 4 Nagoya University Hospital, Department

of Hospital Pharmacy, Showa-ku, Nagoya, Aichi, Japan, 5 Sanei Clinic, Komaki, Aichi, Japan, 6 Minami

Health-Medical Cooperative Kaname Hospital, Minami, Nagoya, Aichi, Japan, 7 Aichi Clinic, Tenpaku,

Nagoya, Aichi, Japan

* umegaki@med.nagoya-u.ac.jp

Abstract

Background

Although potentially inappropriate medications (PIMs) have been linked to poor health out-

comes, country-specific PIM criteria have not been compared. Thus, we compared the iden-

tification of PIMs between the Screening Tool for Older Person’s Appropriate Prescriptions

for Japanese (STOPP-J) and the 2015 American Geriatrics Society Beers Criteria in elderly

patients receiving home-based medical services.

Methods

A 5-year prospective cohort study was conducted with 196 patients receiving home-based

medical services. Data were collected using questionnaires and chart reviews and included

detailed information on prescription medication. STOPP-J and the Beers Criteria were used

to categorize PIM and non-PIM recipients. All-cause mortality and first hospitalization were

compared using a multivariate Cox regression model.

Results

PIMs were detected in 132 patients (67.3%) by STOPP-J and in 141 patients (71.9%) by the

Beers Criteria, and the mean numbers of PIMs were 1.3 ± 1.3 and 1.2 ± 1.1, respectively.

The three most frequently prescribed STOPP-J PIMs were hypnotics (26.8%), diuretics

(25.6%), and NSAIDs (12.6%), compared with proton pump inhibitors (PPIs) (29.8%), hyp-

notics (26%), and NSAIDs (8.1%) according to the Beers Criteria. STOPP-J PIMs were

associated with all-cause mortality (HR 3.01, 95% CI 1.37–6.64) and hospitalization (HR
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1.91, 95% CI 1.17–3.09); neither was associated with Beers Criteria PIMs. Using a modified

Beers Criteria (excluding PPIs), PIMs were correlated with first hospitalization (HR 1.91,

95% CI 1.17–3.09).

Conclusions

PIMs categorized by STOPP-J are associated with hospitalization and mortality in Japanese

patients receiving home-based medical services. PPIs, commonly used for acid-related dis-

eases, do not seem to have deleterious effects on health outcomes. Country-oriented, medi-

cation-specific criteria would be of considerable clinical utility.

Introduction

Multiple comorbidities with medication burden are common in the elderly population [1]. In

addition, the concurrent use of potentially inappropriate medications (PIMs) has been associ-

ated with adverse drug reactions, disability, mortality, hospitalization, institutionalization to

aged care facilities, and high health costs [2–4]. PIM use is not uncommon. A nationwide

study conducted in Denmark showed that 29% of non-demented and 38.1% of demented

community-dwelling individuals used PIMs according to Danish criteria [5]. Another large

retrospective cohort study performed on an isolated island in Korea revealed that 88% of the

community-dwelling elderly filled prescriptions for PIMs according to 2015 American Geriat-

rics Society (AGS) Beers Criteria [6]. For old-aged hospitalized patients, a systematic review

determined that the prevalence of PIMs for dementia and non-dementia patients ranged from

53.2% to 89.8% with the Beers Criteria and from 30.4% to 97.1% with the Screening Tool of

Older Person’s Prescriptions (STOPP) criteria [7]. A systematic review found that 16–54% of

nursing home residents used PIMs according to the Beers Criteria, Holmes, or Healthcare

Effectiveness Data and Information Set (HEDIS) criteria, with 9–27% of all participants using

antipsychotics and benzodiazepine [1, 8–10]. Although the prevalence of PIM use varies

widely in acute and chronic care settings, PIMs are worthy of further investigation and

management.

Several hospital-based studies have revealed the harmful effects of PIMs categorized

according to the Beers Criteria, including functional impairment and increased length of

hospital stay [11, 12]. The above-mentioned population-based retrospective study in Korea

demonstrated that older community-dwelling patients taking at least one PIM (Beers Crite-

ria) were at greater risk of hospitalization (OR 2.25, 95% CI 2.09–2.44) [6]. Screening and

early detection of PIMs are therefore mandatory for the provision of quality-based medical

care. Several externally validated society guidelines and national evidence-based screening

tools are now available, including the Beers Criteria from the US, and STOPP and EU(7)-

PIM from Europe [13–15]. However, drug availability and classification systems are not

uniform across countries [16], and there is limited overlap between drug indication and

contraindication criteria for specific diseases. A systematic review revealed that only 4 cate-

gories of PIMs (44 drugs in total) were listed in common in 25 out of 36 available PIM crite-

ria [16]. Accordingly, country-specific PIM criteria are required for daily clinical practice

and continuity of care. As a result, the Japan Geriatrics Society developed “Guidelines for

Medical Treatment and its Safety in the Elderly” in 2005 and updated them in 2016 to the

latest version, the so-called Screening Tool for Older Person’s Appropriate Prescriptions for

Japanese (STOPP-J) [17].
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STOPP-J is a clinical practice guideline and consensus statement for the prescription of

drugs to the Japanese elderly [17]. A working group conducted a systematic review based on

clinical questions and keywords and decided the level of recommendation following the

GRADE approach (Grading of Recommendations Assessment, Development, and Evaluation)

[18]. After external reviews by other medical specialty societies, professional organizations,

and comments from the public, the final version of the guidelines comprised two lists: List of

drugs to be prescribed with special caution and List of drugs to consider starting. The former

list, which corresponds to the 2015 Beers Criteria from the USA and to the STOPP criteria

from Europe, was used to identify PIMs in the present study.

PIMs have been found to correlate with health outcomes including death and hospitaliza-

tion in community-dwelling older persons [19, 20], nursing home residents [21, 22], dementia

patients [23], hospitalized patients [24–26], and patients requiring palliative care [27]. Never-

theless, the harmful effects of PIMs have seldom been investigated in community-dwelling dis-

abled patients receiving home care. Moreover, the association with health-related outcomes

has not yet been investigated using the newly developed PIM criteria, STOPP-J.

The aim of this study was to explore the association between PIM use, as determined by

STOPP-J, and health-related outcomes in patients receiving home-based medical services in

Japan. To better understand the need for country-specific PIM criteria, we also included lead-

ing international PIM criteria for comparison. However, because most medicines mentioned

in the STOPP criteria are not available in Japan [13], the 2015 Beers Criteria and STOPP-J

were used to identify the impact of PIMs on hospitalization and mortality rates in the present

study.

Methods

Study population

We established a prospective cohort study from December 2012 to December 2017 known as

the Observational study of Nagoya Elderly with HOme Medical Care (ONE HOME study)

[28]. Under the Japanese national health insurance and long-term care insurance systems,

home-based medical services are available for disabled patients who have difficulty reaching a

clinic or hospital [29]. Insurance covers regular visits (daily up to once every 2 weeks depend-

ing on medical needs) from physicians, nurses, care managers, social workers, occupational

therapists, physical therapists, and dieticians. Care managers hold a care provider meeting to

discuss care plans among multidisciplinary team members every 4 to 6 months. In this study,

we recruited consenting patients older than 45 years who were receiving such home-based

medical services from seven satellite hospitals and clinics of Nagoya University Hospital in

Aichi Prefecture. A total of 196 patients were enrolled and the study was approved by the Insti-

tutional Review Board of Nagoya University Graduate School of Medicine. Written informed

consent was obtained from all participants in the study.

Data collection

Visiting nurses who were trained and certified in the initial stage of research conducted com-

prehensive face-to-face interviews and in-home assessments with the patients. After registra-

tion was completed, a trained nurse also reviewed hospital and clinic charts twice a year

during the follow-up period to collect data on medical history, including medication lists, hos-

pitalization and institutionalization, and mortality. Visiting physicians and nurses maintained

all charts. To ensure the accuracy of drug information, visiting pharmacists and nurses

checked the patients’ home drug diaries.
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Baseline profiles including age and sex were obtained. Medical history was gauged using

the Charlson Comorbidity Index (CCI), which considers disease number and severity [30].

Daily functional status was assessed with the Independence Scale of the Disabled Elderly

(ISDE) [31] and the Barthel Index. In terms of the ISDE, all participants were categorized into

three groups according to the clinical judgment of visiting physicians: independent (Rank J),

pre-bedridden (Rank A), and bedridden (Rank B & C) [31]. The Barthel Index reflects ability

in basic activities of daily living (0 points indicating complete dependence to 100 points indi-

cating complete independence). In addition, the Mini Nutritional Assessment-Short Form

(MNA-SF), which is used to assess food intake, weight loss, mobility, psychological stress or

acute disease, neuropsychological problems, and body mass index, was administered to inves-

tigate nutritional status [32]. Patients were stratified by total MNA-SF score as having malnu-

trition (� 7 points), being at risk of malnutrition (8–11 points), or having a normal nutritional

status (12–14 points) [33].

The trained nurse reviewed hospital and clinic medical records and compared them against

the home drug diary to trace current drug lists at the registration date. The following data were

recorded: category, name, number, dose, route, and administration time of all medications

taken, including over-the-counter drugs and drugs prescribed by other medical facilities. Only

long-term (> 2 weeks) medicines were candidates and topical medicines and “when required”

(pro re nata) medicines were excluded. Patients were deemed as having polypharmacy if they

took� 5 different medications [34].

PIM criteria

PIMs were assessed using the 2015 AGS Beers Criteria (general recommendation, independent

of diagnosis) [15] and STOPP-J (considering the clinical indication) [17]. The same trained

nurse categorized PIMs into 23 and 19 groups, respectively. Because many medicines listed in

the Beers Criteria are not available in Japan, we mainly set the classification categories using

STOPP-J. The STOPP-J categories are antipsychotics (first and second generation), hypnotics

(barbiturates, benzodiazepines, non-benzodiazepine receptor agonists), antidepressants, sul-

piride, antiparkinson drugs, steroids, antithrombotic drugs (antiplatelet drugs, anticoagu-

lants), digitalis, diuretics, β-blockers, α-blockers, first-generation H1 receptor antagonists, H2

receptor antagonists, antiemetic drugs, laxatives, oral antidiabetic drugs, insulin, overactive

bladder medications, and NSAIDs. Besides the aforementioned categories, the Beers Criteria

include four additional classes: proton pump inhibitors (PPIs), anticonvulsants, dihydropyri-

dine calcium channel blockers, and non-dihydropyridine calcium channel blockers. The active

ingredients, brand names, and generic names of medicines were independently scrutinized by

another pharmacist to ensure classification accuracy. Disagreements between the nurse and

the pharmacist were resolved by a geriatrician.

Follow-up

All participants were investigated throughout the study period aside from those who were

institutionalized for more than 6 months or who died within the first year after recruitment.

For participants who were admitted to hospital or facilities for less than 6 months, the follow-

up visits were restarted after discharge.

Statistical analysis

Baseline profile data including age, sex, household status, marital status, CCI, number of medi-

cations, functional status, and nutritional status are described as counts and percentages. The

periods after enrollment to first hospitalization and death during follow-up were estimated for
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patients with or without PIMs categorized according to the Beers Criteria and STOPP-J. A

multivariate Cox regression model was used to test for the association between PIMs, mortal-

ity, and hospitalization after adjustment for age, sex, CCI, Barthel Index, MNA-SF, and poly-

pharmacy. All statistical analyses were conducted using SPSS for Windows software version

22.0 (IBM Corp., Armonk, NY, USA). A two-tailed p value < 0.05 was considered statistically

significant.

Results

Population characteristics

A total of 196 patients were enrolled, with a mean age of 80.2 ± 10.4 years. The baseline profiles

including household and marital status are shown in Table 1. Most patients were male

(56.9%), married (56.8%), and lived with their spouse (88.6%). Patients, all of whom were

judged to need home-based medical services because of disability, had multiple comorbidities

(CCI score: 3.0 ± 2.2), low functional status (Barthel Index score: 48.4 ± 34.1), and malnutri-

tion (MNA-SF score: 7.7 ± 3.0). The number of medications prescribed was 5.7 ± 3.3, and 121

patients (63.4%) regularly took more than five medicines daily. Hospitalization and death were

observed in 100 (50.8%) and 47 (23.9%) patients, respectively. The period from enrollment to

first hospitalization was 481.5 ± 450.9 days; the period from enrollment to death was

Table 1. Baseline characteristics of disabled participants receiving home-based medical services in Japan.

Variable Total (N = 196)

Age, years (mean ± SD) 80.2 ± 10.4

Age group, n (%)

45–65 years 18 (9.2%)

66–85 years 112 (57.1%)

� 86 years 66 (33.7%)

Sex, n (%)

Male 112 (56.9%)

Female 84 (43.1%)

Household status, n (%)

Alone 22 (11.4%)

Not alone 174 (88.6%)

Marital status, n (%)

Married 111 (56.8%)

Widow/widower 65 (33.5%)

Divorced 7 (3.8%)

Single 11 (5.9%)

CCI, scores (mean ± SD) 3.0 ± 2.2

Medications, n (mean ± SD) 5.69 ± 3.34

Polypharmacy (�5 medications), n (%)

No 70 (36.6%)

Yes 121 (63.4%)

Barthel index, score (mean ± SD) 48.4 ± 34.1

MNA-SF, scores (mean ± SD) 7.7 ± 3.0

Malnourished, n (%) 66 (33.5%)

At risk of malnutrition, n (%) 75 (38.1%)

Normal nutritional status, n (%) 17 (8.6%)

Serum albumin level, g/dL (mean ± SD) 3.5 ± 0.6

https://doi.org/10.1371/journal.pone.0211947.t001
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611.3 ± 499.6 days. At the end of the follow-up period, 47 patients (24%) had died and 100

patients (51%) had been admitted to hospital at least once.

PIMs according to STOPP-J and the Beers Criteria

PIMs were detected in 132 patients (67.3%) by the STOPP-J and in 141 patients (71.9%) by the

Beers Criteria, and the mean numbers of PIMs were 1.3 ± 1.3 and 1.2 ± 1.1, respectively (Fig

1). The proportions of patients using PIMs categorized by age and sex did not differ signifi-

cantly between the groups (Figs 1 and 2). The three most frequently prescribed STOPP-J PIMs

were hypnotics (26.8%), diuretics (25.6%), and NSAIDs (12.6%) (Fig 3A), compared with PPIs

(29.8%), hypnotics (26%), and NSAIDs (8.1%) according to the Beers Criteria (Fig 3B).

Association between mortality and PIM use

The Cox regression plot of all-cause mortality in patients with and without PIM use according

to STOPP-J and the Beers Criteria is shown in Fig 4. In the multivariate Cox regression model,

PIM use determined to STOPP-J had a significantly higher cumulative risk of all-cause mortal-

ity (HR 3.01, 95% CI 1.37–6.64) than those without PIM use after adjustment for covariates

(Table 2). However, PIM use according to the Beers Criteria was not associated with all-cause

mortality (Table 2). Multiple comorbidities, represented by CCI scores in our study, were asso-

ciated with all-cause mortality (STOPP-J: HR 1.17, 95% CI 1.02–1.34; Beers Criteria: HR 1.17,

95% CI 1.02–1.35) (Table 2). In addition, a negative correlation was found between nutritional

status measured by MNA-SF score and all-cause mortality (STOPP-J: HR 0.79, 95% CI 0.69–

0.89; Beers Criteria: HR 0.81, 95% CI 0.72–0.92) (Table 2).

Fig 1. Proportion of PIM use by age.

https://doi.org/10.1371/journal.pone.0211947.g001
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Association between hospitalization and PIM use

The Cox regression plot of the risk of hospitalization in patients with and without PIM use

according to STOPP-J and the Beers Criteria is shown in Fig 5. Similar to the results for all-

cause mortality, only PIM use categorized by STOPP-J was associated with risk of hospitaliza-

tion (HR 1.70, 95% CI 1.01–2.84) (Table 3); no association was found for PIM use categorized

by the Beers Criteria. Neither multiple comorbidities nor malnutrition was correlated with

risk of hospitalization.

Results of subgroup analysis

Because the major discriminant between the two criteria was PPIs, we performed a subgroup

analysis using the modified Beers Criteria, which excludes PPIs from the original version. The

results showed an association between the modified Beers Criteria and hospitalization (HR

1.91, 95% CI 1.17–3.09) but not mortality after controlling for age, sex, comorbidity, functional

status, nutritional status, and polypharmacy (Table 4). On the other hand, because diuretics

(loop diuretics and aldosterone antagonists), which are considered appropriate for patients

with congestive heart failure (CHF), only appear in STOPP-J and not in the Beers Criteria, we

further excluded patients with CHF for subgroup analysis. STOPP-J was still associated with

mortality (HR 2.60, 95% CI 1.15–5.89) but not with hospitalization in patients without CHF

(Table 4).

Discussion

Because the consensus guidelines on PIMs in Japan (STOPP-J) were only released in 2016

[17], no other studies have compared them with the Beers Criteria to explore the relationship

between PIMs and health outcomes in patients receiving home-based medical services.

Although PIMs categorized by the Beers Criteria have been associated with admission, length

Fig 2. Proportion of PIM use by sex.

https://doi.org/10.1371/journal.pone.0211947.g002
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of stay, and hospitalization [35], there is some discrepancy in drug classification and drug

availability between the two sets of criteria. To the best of our knowledge, our study is the first

to use STOPP-J to evaluate its ability to predict mortality and hospitalization rates in patients

receiving home-based medical services.

PIMs, which are widespread in the elderly, were identified in more than 60% of patients in

our study. This incidence in our home care setting was higher than that in community living

Fig 3. PIM categories according to the STOPP-J (A) and Beers Criteria (B).

https://doi.org/10.1371/journal.pone.0211947.g003
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centers [10] and comparable with that in aged care facilities [36, 37]. Consistent with the litera-

ture [10, 38], women were more likely and old-old individuals (age > 85 years) were less likely

to be exposed to PIMs than men and young-old individuals (age 65–85 years). Therefore,

young-old women, who are susceptible to potentially inappropriate prescribing, need periodic

medication review as a high priority.

In this study, we compared an explicit international validated tool, the Beers Criteria, with

STOPP-J, the recently updated Japanese version of STOPP. The incidence of PIMs according

to STOPP-J is lower than that according to the Beers Criteria regardless of age and sex. Com-

mon PIMs listed in the two sets of criteria are hypnotics, NSAIDs, and antipsychotics, which

are considered three of the most commonly prescribed PIMs [8, 39]. However, there are some

discrepant categories in the initial ranks of common PIMs: PPIs, diuretics, and oral antidia-

betic drugs (OADs).

Fig 4. Cumulative risk of all-cause mortality for patients with PIM use (solid line) and without PIM use (dotted line) according to the STOPP-J (A) and Beers

Criteria (B).

https://doi.org/10.1371/journal.pone.0211947.g004

Table 2. Risk factors for all-cause mortality in a multivariate Cox regression model.

Variable All-cause mortality

STOPP-J PIMs Beers Criteria PIMs

95% CI 95% CI

HR Lower limit Upper limit p value HR Lower limit Upper limit p value

Age (years) 1.03 0.99 1.06 0.13 1.03 1.00 1.07 0.09

Sex

Female (versus male) 0.73 0.37 1.41 0.34 0.84 0.43 1.64 0.60

CCI score 1.17 1.02 1.34 0.03 1.17 1.02 1.35 0.03

Barthel Index score 1.00 0.99 1.01 0.51 1.00 0.99 1.01 0.65

MNA-SF score 0.79 0.69 0.89 < 0.001 0.81 0.72 0.92 < 0.001

Polypharmacy (�5 medications) 0.72 0.37 1.39 0.33 1.05 0.53 2.09 0.88

PIM use

No 0.00 0.00

Yes 3.01 1.37 6.64 0.01 1.18 0.56 2.49 0.67

CCI, Charlson Comorbidity Index; Barthel Index of activities of daily living; MNA-SF, Mini Nutritional Assessment-Short Form.

https://doi.org/10.1371/journal.pone.0211947.t002
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PPIs are mainly used for gastric acid-related symptoms and diseases and possess superior

efficacy and tolerability to histamine receptor antagonists and antacids. Nevertheless, PPIs

increase the risks of fractures and Clostridium difficile infection [40, 41]. Therefore, both

STOPP and the Beers Criteria include PPIs in their PIM lists [13, 15]. However, to prevent

relapse and to prolong the remission period of gastroesophageal reflux disease [42], the Task

Force of the Japanese Geriatric Society, which developed STOPP-J, chose to remove PPIs from

the list. For this reason, PPIs, in the first rank of PIMs in the Beers Criteria, did not appear in

the PIM list in STOPP-J that we used in the present study.

As for diuretics, loop diuretics and aldosterone antagonists are recommended to be limited

to a lower dose by STOPP-J without consideration of indication or duration of use due to their

frequent adverse effects, such as orthostatic hypotension, falls, and electrolyte imbalance, par-

ticularly hyperkalemia [17]. However, the Beers Criteria consider diuretics to be PIMs only

when drug-drug interactions are encountered. For example, peripheral alpha-1 blockers are

recommended not to be combined with loop diuretics due to an increased risk of urinary

Fig 5. Cumulative risk of first hospitalization for patients with PIM use (solid line) and without PIM use (dotted line) according to the STOPP-J (A) and Beers

Criteria (B).

https://doi.org/10.1371/journal.pone.0211947.g005

Table 3. Risk factors for first hospitalization in a multivariate Cox regression model.

Variable First hospitalization

STOPP-J PIMs Beers Criteria PIMs

95% CI 95% CI

HR Lower limit Upper limit p value HR Lower limit Upper limit p value

Age (years) 0.99 0.97 1.01 0.21 0.99 0.97 1.01 0.39

Sex

Female (versus male) 1.11 0.69 1.78 0.66 1.13 0.71 1.81 0.61

CCI score 1.04 0.94 1.14 0.45 1.03 0.93 1.14 0.58

Barthel Index score 1.00 0.99 1.01 0.60 1.00 0.99 1.01 0.66

MNA-SF score 0.94 0.87 1.02 0.16 0.95 0.87 1.03 0.19

Polypharmacy (� 5 medications) 0.93 0.57 1.50 0.76 1.05 0.65 1.70 0.85

PIMs

No

Yes 1.70 1.01 2.84 0.045 1.33 0.77 2.31 0.31

CCI, Charlson Comorbidity Index; Barthel Index of activities of daily living; MNA-SF, Mini Nutritional Assessment-Short Form.

https://doi.org/10.1371/journal.pone.0211947.t003
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incontinence in women [15]. Additionally, angiotensin-converting enzyme inhibitors and

potassium-sparing diuretics should not be combined except in the case of diagnosed systolic

heart failure due to a higher risk of hyperkalemia. In short, due to aging-related homeostatic

compromise, diuretics should be cautiously used as needed and maintained as low as possible

in the elderly [43].

OADs are another class of drugs that may substantially contribute to harmful effects,

including asymptomatic hypoglycemia and even coma [44]. Only sulfonylureas, which are

notorious for higher risk of severe hypoglycemia, are included in the Beers Criteria. However,

this category of drugs is nowadays seldom prescribed to elderly patients with diabetes [45]. On

the other hand, aside from dipeptidyl peptidase-4 inhibitors, STOPP-J includes sulfonylureas,

biguanides, thiazolidine derivatives, α-glucosidase inhibitors, and SGLT2 (sodium-glucose co-

transporter-2) inhibitors due to the potential adverse effects of severe hypoglycemia, lactic aci-

dosis, ileus, diarrhea, constipation, flatulence, dehydration, and urogenital infection [17]. The

broader range of OADs accounted for the higher proportion of OADs in PIMs detected by

STOPP-J than by the Beers Criteria in our sample.

To further clarify the effects of PIMs according to STOPP-J compared with those according

to the Beers Criteria in patients receiving home-based medical services, we conducted an out-

come-based evaluation using mortality and hospitalization. In Japan, one large-scale crossover

longitudinal study using STOPP-J found that PIM use was correlated with a 1.5- to 4-fold

increased risk of unexpected hospitalization [24]. In the present study, for disabled patients

receiving home-based medical services, STOPP-J discriminated the risk of hospitalization and

all-cause mortality among PIM and non-PIM users, unlike the Beers Criteria. These findings

suggest that STOPP-J is a greater predictive modality for health outcomes than the Beers Crite-

ria in community-dwelling disabled Japanese. Additionally, the relationship between the mod-

ified Beers Criteria and the risk of hospitalization implied that PPIs may not have deleterious

effects on health outcomes in community-dwelling disabled Japanese. Hence, country-tailored

criteria might play an important role in facilitating and promoting the clinical application of

such criteria.

On the other hand, because diuretics can contribute to several complications, including

fractures, falls, and hyperkalemia [46, 47], STOPP-J includes loop diuretics and aldosterone

antagonists regardless of indication. However, in light of the recommended use of diuretics in

patients with CHF in international guidelines [48, 49], there is a need to clarify the influence of

this disease. In our non-CHF patients, PIM use according to STOPP-J was associated with

high mortality. Although there is a discrepancy regarding decisions about diuretics between

STOPP-J and the Beers Criteria, STOPP-J still provides mortality prediction.

Table 4. Mortality and first hospitalization by different PIM criteria and patient subgroups.

PIM user Mortality� First hospitalization�

95% CI 95% CI

HR Lower limit Upper limit p value HR Lower limit Upper limit p value

According to Beers Criteria 1.18 0.56 2.49 0.67 1.33 0.77 2.31 0.31

According to Modified Beers Criteria (excluding PPIs) 1.03 0.53 1.98 0.93 1.91 1.17 3.09 0.01

According to STOPP-J 3.01 1.37 6.64 0.01 1.70 1.01 2.84 0.045

According to STOPP-J (excluding patients with CHF) 2.60 1.15 5.89 0.02 1.70 0.98 2.94 0.06

CHF, congestive heart failure.

�Adjusted for age, sex, Charlson Comorbidity Index, Barthel Index, MNA-SF, and polypharmacy.

https://doi.org/10.1371/journal.pone.0211947.t004
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This study has some limitations. First, drug compliance was not investigated thoroughly in

the study. Patients needing home-based medical services are physically disabled and the inevi-

table polypharmacy would probably reduce adherence to medication. According to three large

cohorts in Europe, adherence to medication in the elderly population is suboptimal for antihy-

perlipidemic, antiosteoporotic, and oral antidiabetic drugs [50]. Notably, these drugs are dem-

onstrated to reduce cardiovascular events, hospitalization, and mortality [51–53]. In our study,

however, leftover drugs were not counted and sorted at each visit. Future studies are warranted

to monitor the status of unused and double-used drugs that might increase drug-drug interac-

tions and result in fatal adverse effects. Secondly, Kampo, a combination of Japanese tradi-

tional herbal medicines extracted from plants and herbs, was not included in our PIM list.

Kampo is used by the elderly as a supplementary treatment to maintain mental and physical

wellbeing [54]. A retrospective cross-sectional study in Japan reported that Glycyrrhizae radix,

the most commonly used component of Kampo, was potentially associated with chronic kid-

ney disease and uncontrolled hypertension in elderly patients [55]. This unconfirmed relation-

ship is worthy of further exploration and evaluation. Third, extrapolation of our results to the

general population is not feasible. Studies focusing on community-dwelling outpatients could

provide more comprehensive clinical implications.

A pharmacoeconomic model of PIM management is necessary. Previous studies reported

that medication reviews may reduce PIM use and drug-related problems in aged care facilities,

although the evidence is of low quality [56, 57]. One study suggested that an intervention

model to manage PIMs in home-like care might reduce the costs of PIMs by 52% compared

with standard group care in nursing homes [37]. Thus, a proactive recognition and response

model should be developed in home-based and community-based care settings and investi-

gated for clinical and cost-effectiveness. Further studies should also investigate whether medi-

cation reviews could reduce the prevalence and costs of PIMs.

On the other hand, although the use of explicit criteria such as STOPP-J and the Beers Cri-

teria are potentially appropriate to guide physicians to identify and manage PIMs, care must

be taken to ensure that any alternative prescription does not compromise treatment effective-

ness in clinical practice. In addition, with regard to drug adherence, it is difficult to replace a

fix-dose combination drug with other individual drugs. Hence, country-oriented, medication-

specific criteria would be of considerable clinical utility.

Conclusion

PIMs categorized by STOPP-J are associated with hospitalization and mortality in Japanese

patients receiving home-based medical services. PPIs, which are commonly used for acid-

related diseases, do not seem to have deleterious effects on health outcomes. Country-oriented,

medication-specific criteria would be clinically useful. Future studies are required to determine

the optimal model for minimizing the burden of PIMs.
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