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Objective: This study aimed to compare the prevalence of potentially inappropriate med-

ications (PIMs) among hospitalized elderly patients using Beers and Chinese criteria and

identify the correlation between PIMs and the risk of hospital readmission and death.

Methods: This study was conducted on geriatric patients aged ≥65 years at Beijing Fuxing

Hospital between June 2015 and December 2017. The Beers criteria of 2015 and the Chinese

criteria of 2017 were used to detect PIMs. Follow-ups were conducted for 12–36 months (or

until patients’ death, if it came sooner). Cox proportional-hazards models were used to

explore the correlations between PIM use and the risk of hospital readmission and death.

Results: Of 508 patients, 352 (69.3%) and 339 (66.7%) had at least one PIM identified using

the Beers criteria and the Chinese criteria, respectively. Proton-pump inhibitors in the Beers

criteria and clopidogrel in the Chinese criteria were the most leading PIMs. PIMs identified

using the Beers criteria were a risk factor for the all-cause hospital readmission. After adjusting

for age, gender, comorbidity, and so forth, PIM use was still an indicator of rehospitalization.

PIM grouping defined using the Chinese criteria was not associated with hospital readmission.

PIM grouping defined using either criteria was not associated with all-cause death.

Conclusion: The study showed a high prevalence of PIM use in China. PIMs defined using

the Beers criteria increased the risk of hospital readmission. Clinicians should pay more

attention to PIMs, carry out routine PIM assessment, and reduce adverse health outcomes in

elderly patients.

Keywords: Beers criteria, Chinese criteria, death, elderly, potentially inappropriate

medication, readmission

Introduction
Some medications are more likely to cause adverse reactions among elderly patients

due to the special pharmacokinetics and pharmacodynamics of these patients.1

Sometimes, the adverse consequences of medications even overwhelm the benefits

of treatment. To deal with this problem, the United States proposed the concept of

the use of potentially inappropriate medications (PIMs) in the elderly patients in

1991 and established Beers criteria,2 which were revised four times until 2015.3

The US studies showed that PIM use among elderly patients was 42.6–49.0%,4,5

and patients taking PIMs had an increased incidence of adverse drug events,

emergency, and readmission to hospital.6,7 The risk of hospital admission for

patients taking more than three PIMs at the same time was 1.6 times that of patients

taking no PIMs.8 In China, studies based on the Beers criteria showed that PIM use
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in elderly inpatients was 53.5%–72.4%,9–11 which was

significantly higher than that in foreign countries.

However, most of these studies were cross-sectional

ones, with few observations about the correlation between

PIM use and readmission to hospital or death. Moreover,

China developed its PIM diagnostic criteria relatively late.

The Chinese PIM list for the elderly was established in

2015 and revised in 2017.12 Based on the Chinese list, the

percentage of PIM use among inpatients and the correla-

tion of PIM use defined using the Beers and Chinese

criteria with patients’ readmission to hospital and all-

cause death need further exploration.

Methods
Patients
This prospective cohort study involved 508 elderly

patients hospitalized in the Comprehensive Department

of Fuxing Hospital affiliated to the Capital Medical

University between June 2015 and December 2017. The

inclusion criteria were as follows: patients aged 65 years

and above and those who could complete the evaluation.

The exclusion criteria were as follows: patients taking no

medication or irregular medication; patients having severe

and terminal illnesses with a short life expectancy; and

bedridden patients.

The Beers criteria of 2015 and the 2017 criteria of

PIMs for older adults in China (the Chinese criteria of

2017) were used to identify and measure PIM use.3,12

Patients were divided into a PIM group and a non-PIM

group depending on their use of PIMs. During the follow-

up observation, those who stopped PIM use and those who

started taking PIMs were excluded from the PIM group

and the non-PIM group, respectively.

The study was approved by the ethics committee of

Fuxing Hospital (affiliated to the Capital Medical

University) and conducted in accordance with the

Declaration of Helsinki. Written informed consent was

obtained from all participants included in the study.

Data Collection
Data included age, sex, body mass index (BMI), comor-

bidities, prescribed drugs, length of stay, and the Charlson

Comorbidity Index (CCI) calculated for each patient.

The functional status for residents was assessed using

Katz activities of daily living (ADL).14 This scale reflected

the dependence on six primary functions: bathing, dres-

sing, toileting, continence, walking, and eating. The scores

of this scale ranged from 0 (independence) to 6 (high

dependence).

Patients’ cognitive status was assessed using the

Chinese version of the Mini-Mental State Examination

(CMMSE),15 which had a maximum score of 30 points.

The scores were grouped according to patient’s education

level: illiteracy, ≤17 points; primary school, ≤20 points;

and secondary school and above, ≤24 points.

Patients’ current diagnosis for which they received med-

ications was classified using the International Classification

of Diseases-10 (ICD10). Comorbidity was quantified using

the CCI.16

The Clinical Frailty Scale (CFS) scores were determined

by a trained medical professional according to the Canadian

Study of Health and Aging grading criteria.17 The CFS

ranged from 1 (very fit) to 9 (terminally ill). The CFS

results were categorized into five groups as follows: non-

frail (CFS 1–3), vulnerable (CFS 4), mildly frail (CFS 5),

moderately frail (CFS 6), and severely frail (CFS ≥7).
For the nutrition screening tool, a short-form mini-

nutritional assessment (MNA-SF) was used, which cov-

ered six items: (1) food intake and appetite in the last 3

months; (2) changes in body weight and physique in the

last 3 months; (3) mobility; (4) acute illness or psycholo-

gical trauma in the last 3 months; (5) mental and psycho-

logical problems; and (6) BMI. The scores for each item

ranged from 0 to 2 or 3 points. The maximum score was

14 points. The total scores were grouped as follows: nor-

mal nutritional status (12–14 points); risk of malnutrition

(8–11 points); and malnutrition (0–7 points).18

End Point
A follow-up was conducted every 3 months through phone

calls or home visits by the follow-up group after discharge.

The outcome was all-cause hospital readmission and death.

Statistical Analysis
Statistical analysis was performed using the SAS (Version

9.2; SAS Institute Inc., NC, USA) software package. (1)

Baseline data were described by mean ± standard devia-

tion, or median (interquartile range), whereas qualitative

data were described by the ratio or composition ratio. The

baseline characteristics of the two groups were compared

using the independent sample t-test, Wilcoxon rank-sum

test, or chi-square test according to the type of data. (2)

The concordance between the two PIM criteria was calcu-

lated using kappa tests (value of kappa.0.75 indicated

good-to-excellent agreement; values between 0.40 and
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0.75 indicated moderate agreement; value 0.40 indicated

poor agreement). (3) Cox proportional-hazards regression

model was used to analyze the correlation between PIM

groups and elderly patients’ readmission to hospital and

death while adjusting relevant influencing factors.

Results
Demographics Of Participants
Table 1 describes the characteristics of the study popula-

tion. A total of 508 participants aged 65 years or older

were included in the present study. The average age was

84.2 ± 5.9 years (ranging from 65 to 100 years), and 312

(61.4%) patients were male.

A total of 315 patients (62.01%) had ADL = 6, indicat-

ing complete independence. Further, 267 patents (52.6%)

were defined as frail using the CFS. Also, 329 patients

(64.8%) had a normal nutritional status, 145 patients

(28.5%) had risks of malnutrition, and 34 patients (6.7%)

had malnutrition. Moreover, 295 patients (58.1%) had a

cognitive impairment, and 68 patients (13.8%) lived alone.

The median (IQR) CCI points, prescribed medications,

and length of hospital stay were 7 points (IQR 7–9), 11

(IQR 8–14), and 14 days (IQR 11–18), respectively.

Further, 85 patients (16.7%) died during the follow-up

visits, and 354 (69.7%) were readmitted to hospital for

all causes.

Table 1 Baseline And Clinical Characteristics Identified Using The Beers Criteria And Chinese Criteria

Characteristics Total

(n = 508)

Beers Criteria P value Chinese Criteria P value

PIM 352 (69.3%) Non-PIM 156 PIM 339 (66.7%) Non-PIM 169

Age, year 84.2 ± 5.9 84.6 ± 5.7 83.3 ± 6.3 0.024 84.5 ± 5.6 83.6 ± 6.4 0.117

Male sex 312 (61.4) 208 (59.1) 104 (66.7) 0.114 196 (57.8) 116 (68.6) 0.020

Body mass index, kg/m2 23.9 ± 3.9 23.8 ± 3.9 24.5 ± 3.8 0.076 23.9 ± 4.0 24.2 ± 3.5 0.496

CCI 7 (5–9) 7 (6–9) 7 (5–8) 0.037 7 (6–9) 7 (5–8) 0.055

Length of stay in hospital, day 14 (11–18) 15 (12–18) 13 (10–16) <0.001 15 (12–18) 13 (10–16) <0.0001

Number of PIMs – 1 (0–2) – – 1 (1–3) – –

Death, N 85 (16.7) 65 (18.5) 20 (12.8) 0.124 62 (18.3) 23 (13.6) 0.208

Rehospitalization, N 354 (69.7) 256 (72.7) 98 (62.8) 0.028 242 (71.4) 112 (66.3) 0.260

Number of comorbidities 11 (8–14) 12 (9–15) 9 (7–11) <0.001 12 (9–14) 10 (7–12) <0.001

Number of medicines 7 (5–10) 8 (6–11) 5 (4–7) <0.001 8 (6–11) 6 (4–7) <0.001

CFS 4 (3–6) 5 (3–6) 4 (3–5) <0.001 5 (3–6) 4 (3–5) 0.026

CFS < 5, N 267 (52.6) 168 (47.7) 99 (63.5) 0.001 167 (49.3) 100 (59.2) 0.038

CFS ≥ 5, N 241 (47.4) 184 (52.3) 57 (36.5) 172 (50.7) 69 (40.8)

MNASF 13 (11–14) 12 (10–14) 13 (11–14) 0.008 12 (10–14) 13 (11–14) 0.014

0 ≤ MNASF ≤ 7, N 34 (6.7) 24 (7.1) 7 (4.5) 0.043 23 (7.0) 8 (4.9) 0.290

8 ≤ MNASF ≤ 11, N 145 (28.5) 103 (30.4) 33 (21.4) 96 (29.2) 40 (24.4)

12 ≤ MNASF ≤ 14, N 329 (64.8) 212 (62.5) 114 (74.0) 210 (63.8) 116 (70.7)

Living alone, N 68 (13.8) 52 (15.3) 16 (10.4) 0.160 46 (14.0) 22 (13.4) 1.000

ADL 5 (4–6) 5 (4–6) 5 (5–6) 0.001 5 (4–6) 5 (5–6) 0.032

ADL= 6, N 193 (38.0) 117 (34.5) 76 (49.4) 0.002 119 (36.2) 74 (45.1) 0.063

ADL≤ 5, N 315 (62.0) 222 (65.5) 78 (50.6) 210 (63.8) 90 (54.9)

CMMSE 27 (24–29) 27 (24–29) 28 (25–29) 0.052 27 (24–29) 28 (25–29) 0.043

Cognitive impairment, N 295 (58.1) 198 (56.3) 97 (62.2) 0.359 189 (55.8) 106 (62.7) 0.134

Notes: Data are presented as number (%) or mean ± SD or median (interquartile range). The P value is used for comparison by the independent sample t test or Wilcoxon

rank-sum tests or Chi-square test.

Abbreviations: ADL, activities of daily living; CCI, Charlson Comorbidity Index; CFS, Clinical Frailty Scale; CMMSE, Chinese version mini-mental state examination;

MNASF, short-form mini-nutritional assessment; PIM, potentially inappropriate medication.
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PIM Use
Beers Criteria Of 2015 Versus Chinese Criteria Of

2017

Clear differences were found between the PIM group and

the non-PIM group defined using the two criteria in terms

of length of stay in hospital, discharged diagnosis of dis-

eases, number of drugs admitted, and full independence

in ADL.

According to the Beers criteria of 2015, the PIM group

exhibited significant differences in age (P = 0.024), mal-

nutrition (P = 0.043), and CCI points (P = 0.037) com-

pared with the non-PIM group.

According to the Chinese criteria 2017, the PIM group

exhibited significant differences in sex (P = 0.020) and

cognitive impairment (P = 0.043) compared with the non-

PIM group.

The detection rate of PIMs using the Chinese criteria of

2017 and the Beers criteria of 2015 was 66.7% (339/508) and

69.3% (352/508), respectively. The median number of PIMs

per person identified using the Chinese criteria and the Beers

criteria was 1 (0–2) and 1 (1–3), respectively (Table 1).

The kappa statistic for Beers and Chinese criteria was

κ = 0.444, indicating a moderate coherence (Table 2 and

Figure 1).

Table 3 lists the top 10 PIMs recognized using the 2

criteria. In the Beers criteria, proton-pump inhibitors

(PPIs) (42.6%, 150/352) accounted for the most frequent

PIMs. In contrast, the most frequent PIM according to the

Chinese criteria was clopidogrel (50.1%, 170/339).

Estazolam ranked second in both the Beers criteria

(34.4%, 121/352) and the Chinese criteria (35.7%, 121/

339) (Table 3).

PIMs According To The Beers Criteria Of 2015 As A

Predictor Of Hospital Admission

After 12–36 months of follow-up visits (with a median of

23 months), 85 (16.7%) all-cause deaths and 354 (69.7%)

admissions to hospital were identified in the cohort.

Rehospitalization was compared using the Kaplan–

Meier curve among the PIM groups determined based on

the two criteria. As shown in Figure 2, the PIM group

defined using the Beers criteria had a higher proportion of

rehospitalization compared with the non-PIM group, and

the log rank test result was significant (72.7% vs 62.8%, P

= 0.006). No significant difference was observed in the

PIM group defined using the Chinese criteria. No differ-

ence in the mortality rate was found among the groups

defined using both criteria (Figure 2). The clinical out-

comes were analyzed using the Cox regression model. In

the Beers criteria, the risk of rehospitalization in the PIM

group was 1.37 times higher than that in the non-PIM

group. After adjusting for factors such as age, sex,

Charlson’s index, BMI, duration, number of medicines,

living alone, independence in ADL, and cognitive impair-

ment, PIM use was still an indicator of rehospitalization

risk (HR: 1.31, 95% CI: 1.03–1.66, P = 0.025). However,

PIM use was not associated with all-cause death. The PIM

group defined using the Chinese criteria was not associated

with all-cause death and hospital readmission (Table 4).

Discussion
With the advent of an aging society, people have started

paying increasing attention to rational medication use

among elderly patients. Based on the Beers criteria, this

study found that PIM use among elderly inpatients in

China was 69.3%, which was similar to the findings of

other studies (53.5%–72.4%).9–11 Based on the Chinese

elderly PIM list, PIM use among elderly inpatients in

China was 66.7%, which was at the same level as the

findings based on the Beers criteria. The results based on

the two criteria had a moderate coherence. China’s

domestic studies, which were based on the Chinese cri-

teria, showed detection rates of PIMs as 58.5%–

80.2%.19–22 Whether it is the Chinese criteria or the

Beers criteria, PIM use in China, as revealed by related

Table 2 Beers And Chinese Criteria Concordance

Beers Criteria Listed Total P value

Non-PIM Patients PIM Patients

Chinese criteria listed

Non-PIM patients 101 (19.9%) 68 (13.4%) 169 (33.3%) <0.0001a

PIM patients 55 (10.8%) 284 (55.9%) 339 (66.7%) <0.0001b

Total 156 (30.7%) 352 (69.3%) 508 (Kappa = 0.4440)

Notes: aBased on the Chi-square test. bBased on the kappa test.

Abbreviation: PIM, potentially inappropriate medication.
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studies, is higher than that in the United States and

Europe (18.6–39.2%), as identified using the Beers cri-

teria and local criteria.8,23 The substantially higher PIM

use among elderly inpatients in China, compared with

foreign countries, had two reasons. First, the concept of

PIM use was not introduced to China for a long time, and

the Chinese criteria have been established recently. Also,

the understanding of PIMs among Chinese doctors is

insufficient, and the use of PIM criteria to guide clinical

work is not satisfactory. Second, it is believed that doc-

tors are not solely responsible for PIM use; the elderly

patients are more prone to PIM use because of their age,

comorbidity, frailty, and other factors.1,8,24 Moreover,

relevant studies on PIM use and adverse clinical out-

comes are lacking. The present study was performed to

address these issues.

Regarding the correlation between PIMs and adverse

clinical outcomes, some studies showed that PIMs

increased the risk of hospital readmission.1,13 This study

found similar results on PIMs defined using the Beers

criteria: the risk of hospital readmission for the group of

patients taking PIMs was 1.3 times higher than that for the

non-PIM group (HR: 1.37, 95% CI: 1.09–1.73, P = 0.008).

Many factors increase the risk of readmission, such as age,

severity of disease, drugs, nutritional status, and so forth.

PIM use was one of the risk factors for readmission after

adjusting for the aforementioned factors in the Cox regres-

sion analysis. The hazard ratio of PIM use for readmission

was 1.37–1.31, confirming that PIM use increased the risk

of readmission among elderly patients. However, regard-

ing PIMs defined using the Chinese criteria, no significant

difference was found between the PIM and the non-PIM

groups in terms of the risk of hospital readmission. The

different impacts of the two criteria on hospital readmis-

sion were associated with the different types of medica-

tions in the two lists. The top two PIMs detected using the

Beers criteria were PPIs (42.6%) (150/352) and estazolam

(34.4%) (121/352). According to the Beers criteria, PPIs

could increase the risk of fracture in elderly patients.

An Australian prospective cohort study detected a sig-

nificant correlation between the PPI use and falls in older

women at high risk of falls. In the analysis, PPI therapy for

the duration of at least 1 year was associated with an

increased risk of fracture-related hospitalizations [adjusted

odds ratio (OR) = 2.17; 95% confidence interval (CI):

1.25–3.77]. In the replication study, long-term PPI therapy

(>1-year duration) was associated with an increased risk of

self-reported falls (adjusted OR = 1.51; 95% CI: 1.00–

2.27, P = 0.049) after adjusting for fall risk factors and

Figure 1 Beers and Chinese criteria concordance.

Table 3 Top 10 PIMs Based On The Two Sets Of PIM Criteria

Beers Criteria (N = 352) Chinese Criteria (N = 339)

Drugs And Items N (%) Drugs And Items N (%)

Rabeprazole 150 42.6 Clopidogrel 170 50.1

Estazolam 121 34.4 Estazolam 121 35.7

Hydrochlorothiazide 78 22.2 Lorazepam 57 16.8

Lorazepam 57 16.2 Nicergoline 49 14.5

Terazosin 34 9.7 Insulin 48 14.2

Spironolactone 17 4.8 Warfarin 14 4.1

Frusemide 13 3.7 Theophylline 12 3.5

Zolpidem 10 2.8 Zolpidem 10 2.9

Amiodarone 8 2.3 Amiodarone 8 2.4

Olanzapine 8 2.3 Olanzapine 8 2.4
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vitamin D therapy.25 Some other studies also showed that

the prolonged use of PPIs led to vitamin B12 deficiency

and triggered peripheral neuropathy,26,27 increasing the

risk of falls.28 A major risk of estazolam, as a PIM, is

fall.3 A European study showed that the most common

diagnoses for PIM-caused hospital readmission included

falls and syncope.23 The top two medications detected

using the Beers criteria were associated with a higher

Figure 2 Kaplan–Meier curves comparing PIM and non- PIM groups according to Beers and Chinese criteria with health outcomes.

Notes: (A) PIM group according to Chinese criteria and death. (B) PIM group according to Beers criteria and death. (C) PIM group according to Chinese criteria and

readmission. (D) PIM group according to Beers criteria and readmission.

Table 4 Univariate And Multivariate Cox Proportional-Hazards Models To Determine The Association Of PIM Use With Health

Outcomes

Definition Of PIM Health Outcomes Univariate Adjusted

HR (95% CI) P value HR (95% CI) P value

Beers criteria Death 1.457 (0.883–2.406) 0.141 1.082 (0.612–1.915) 0.786

Any admission 1.371 (1.086–1.731) 0.008 1.310 (1.034–1.660) 0.025

Chinese criteria Death 1.418 (0.878–2.288) 0.153 1.051 (0.605–1.829) 0.859

Any admission 1.156 (0.924–1.446) 0.206 0.920 (0.719–1.175) 0.503

Notes: Adjusted for age, gender, Charlson’s index, BMI, duration, number of medicines, nutrition status, living alone, ADL sort, and cognitive sort.

Abbreviations: HR, hazard ratio; CI, confidence interval.
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risk of falls and hospital readmission. The top two medi-

cations detected using the Chinese list were clopidogrel

(50.1%, 170/339) and estazolam (35.7%, 121/339). A

major risk of clopidogrel, as a PIM, is adverse hematolo-

gical reactions, such as thrombocytopenia and gastrointest-

inal bleeding,12 which have less impact on hospital

readmission compared with medications associated with

a higher risk of falls. Although one of the top two PIMs

detected using the Chinese criteria was estazolam,

increased clopidogrel use in the PIM group relatively

diluted the proportion of other medications associated

with a higher risk of hospitalization. This explained why

only the PIM group defined using the Beers criteria was

associated with hospital readmission in this study.

Therefore, the Beers criteria seemed to be more instructive

for clinical work compared with the Chinese criteria and

was more likely to direct clinicians’ attention to PIMs. The

Chinese PIM list, which was updated only once since its

launch in 2015, still has room for improvement, if com-

pared with the Beers criteria revised multiple times.

This study showed that PIM grouping, whether it was

based on the Beers criteria or the Chinese PIM list, was not

associated with all-cause death. The result, which was con-

sistent with the findings of other studies,29 also can be attrib-

uted to two reasons. First, patients with increased PIM use

are often patients with multiple diseases. PIM use may not

lead to patient death, but it may lead to increased readmission

or decreased quality of life. Second, the sample size of the

present study was small, and the follow-up time was rela-

tively short. Moreover, this study was a single-center study,

and hence the patients could not represent the whole Chinese

elderly population. Therefore, multi-center PIM studies

should be conducted in the future to reveal the adverse effects

of PIM use in the elderly population in China. The results of

this study suggested that PIM use was associated with read-

mission and not death. However, some studies showed that

PIM use was related to death. The findings of the present

study and related studies suggested that the assessment of

PIM use was an important part of clinical work to reduce the

occurrence of clinical adverse events. However, PIM use has

not been popularized and promoted in China. Many clini-

cians do not realize that PIM use may increase the risk of

adverse health events in elderly patients. A cross-sectional

study was conducted on 372 elderly inpatients with an aver-

age age of 84.3 ± 6.5 years. The logistic regression analysis

showed that the type of medications prescribed by doctors

was a risk factor for PIM use, compared with the comorbid-

ity, disability, and frailty of elderly patients (OR = 1.594,

95% CI: 1.411–1.800, P < 0.001).19 Therefore, clinicians’

attention to PIMs remains the key to PIM use. The ultimate

purpose of this study was to make clinicians realize that PIM

use might increase the risk of adverse health events. In fact,

the findings also supported the correlation between PIM use

and adverse clinical outcomes. The clinicians should be

aware of the increase in the risk of adverse events associated

with PIM use and should carry out routine PIM assessment,

thus strengthening the rational use of medications, minimiz-

ing the amount of prescription medicines if possible, and

avoiding PIM use.

This study had its own limitations. First, this was a

single-center study. Multi-center studies with a large sample

size may better reflect the influence of PIMs on adverse

health events among the elderly patients in China. Second,

the Chinese PIM list classifies medications as high risk and

low risk. The study might have produced more significant

results if the observations were based on these two levels.

In conclusion, the prevalence of PIM use is high

among elderly inpatients in China. PIMs defined using

the Beers criteria increase the risk of hospital readmission;

however, PIMs defined using the Beers criteria and the

Chinese criteria are not associated with all-cause death.

Clinicians should pay more attention to PIMs, strengthen

the rational use of medications, and reduce adverse health

outcomes in patients.
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