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Abstract

Objectives This study aimed to measure the prevalence of potentially inappropriate medications (PIMs) in Chinese elderly

population according to the 2019 Beers Criteria and to evaluate the associative factors of PIMs. Methods Prescriptions

of patients aged over 65 years who were hospitalized during January 2017 to December 2017 were retrieved from Hospital

Prescription Analysis Cooperation Project, covering seventy-six facilities in six cities in China. PIMs were identified by 2019

Beers Criteria. Results In total, 40.1% elderly patients were treated with at least one PIM independent of their diagnoses

or conditions according to the 2019 Beers Criteria. The most frequently prescribed inappropriate medications independent of

diagnoses or conditions were proton-pump inhibitors (12.9%). Diuretics (8.2%) and central nervous system medications (6.9%)

also showed a relatively high prevalence among the investigated patients. Based on the Beers Criteria’s lists of drug-disease

interactions, elderly patients with central nervous system conditions (including delirium, dementia or cognitive impairment)

or with a history of falls or fractures were most commonly exposed to PIMs. Logistic regression revealed that inappropriate

medication use was associated with age ([?]80 years old), number of conditions ([?]5), number of medications prescribed ([?]10)

and class of healthcare facilities. Conclusion This study was able to confirm that the phenomenon of prescribing potentially

inappropriate medications was common in China. Our findings support the importance of developing explicit criteria to detect

PIMs in China and implementing effective interventions to promote better quality of prescribing for elderly patients.

INTRODUCTION

Elderly people are regarded as a special group of the whole society population, so every aspect of their life
should be given specific attention. Due to the decline of body’s functions, elderly people generally experience
more chronic conditions or diseases, which usually require co-administration of multiple medications and
make them more vulnerable to adverse drug events or medication-related problems.

The Beers Criteria, originated in 1991, were the first generally accepted explicit criteria in aid of better
prescribing for elderly patients and have been used widely. It was first developed for nursing home patients.
Under the support of the American Geriatrics Society (AGS), five versions of Beers Criteria have been
compiled and updated, respectively in 1997, 2003, 2012, 2015, and 2019, and are now intended for application
and evaluation medications in patients over the age of 65.1–6 Beers criteria have listed, even though not every,
potentially inappropriate medications (PIMs), namely medications with adverse risks outweighing benefits
when compared to other alternative therapies.7

There are a number of elderly patients in developing countries and regions who are exposed to inappropriate
prescriptions or polypharmacy, and this significantly contributes to global PIMs.8,9PIMs have been proved to
be related to poor health outcomes, including falls, confusion, and even mortality, leading to negative clinical
and economic consequences.10,11 It has also been widely believed that PIMs are preventable.12–14Interventions
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applying explicit criteria have been found to be an effective strategy to reduce inappropriate medication
usage.4,15,16

The aim of this research was to estimate the prevalence of PIMs in elderly patients in China based on 2019
updated Beers Criteria. The relationship between the prevalence of PIMs and four main factors including
age, number of current diseases, number of prescribed medications, and hospital tier was also investigated.
The results can serve as a baseline for future studies if the Beers Criteria were to be generally used in China.

METHODS

Prescription data and sample selection

This retrospective study focused on elderly patients who were hospitalized from January 2017 to December
2017 in seventy-six hospitals in China. Elderly patients were defined as patients over 65 years of age before
or during their hospitalization.

Prescription data were obtained from Hospital Prescription Analysis Cooperation Project. This project was
launched in 1997 by a renowned pharmacist in China named Dakui Li. It allowed for the creation of a
database that contains anonymized prescription information from seventy-six hospitals located in six cities
in China: Beijing, Tianjin, Shanghai, Hangzhou, Guangzhou, and Chengdu. The participating hospitals
must follow the ‘recording guidelines’ that require them to strictly control and monitor their own prescrip-
tion information and each participating hospital has open access to the prescription information database.
So far, there is considerable amount of patient prescription information in the database, allowing us to
retrospectively evaluate the inappropriate pharmaceutical treatments.17

Data collection and evaluation procedures

For all patients aged over 65 years old, demographic information (age and gender), clinical history (diseases
and comorbidities) and prescription information were included. Age groups were divided into seven 5-year
age groups (66–70, 71–75, 76–80, 81–85, 86–90, 91–95 and [?]96). Patients’ diseases and comorbidities were
grouped and identified using a widely accepted diagnosis classification system, the International Statistical
Classification of Diseases and Related Health Problems, 10th revision (ICD-10).18Each prescription of an
individual patient contained the information of the generic names and brand names, duration and route of
administration of each medication, as well as the date of the prescription.

PIMs criteria for evaluation

Each prescription was evaluated based on the updated 2019 Beers Criteria by one of two pharmacists who
were familiar with Beers Criteria. According to the 2019 Beers criteria, patients’ medical comorbidities were
classified into the following diseases or conditions: congestive heart failure, syncope, delirium, insomnia,
Parkinson’s disease, dementia or cognitive impairment, chronic seizures or epilepsy, history of falls or frac-
tures, history of gastric or duodenal ulcers, and impaired renal function (chronic kidney disease stage four
or less).

Statistical analysis

Logistic regression and univariate analyses were performed to determine the predictors of PIMs in our study
population. The candidate predictors included age, sex, number of comorbidities, number of prescribed medi-
cations, and classes of healthcare facilities (first-tier, second-tier or third-tier hospitals). Detailed information
on the classification of three-tiered healthcare system in China is provided in the online supplementary ap-
pendix table 1. Statistical analyses were performed with the application of SPSS Version 19.0 (Statistical
Product and Service Solutions) for Windows.

RESULTS

Demographics of patient and the prevalence of PIMs

2
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The mean age of the total 4,847,181 patients included in this study was 73.6±7.6 years, and 47.9%
(n=2,322,541) of them were female. Details of patient demographics by sex were described in Table 1.
The patients had an average of four comorbidities, among which hypertension (n=3,065,235, 63.2%), corona-
ry heart disease (n=2,259,965, 46.6%), diabetes mellitus (n=1,732,952, 35.8%), hyperlipidemia (n=811,402,
16.7%), cancer (n=570,849, 11.8%) were the five highest-ranked comorbidities.

In total, 40.1% of elderly patients were prescribed with at least one PIM based on the 2019 Beers Criteria,
including 22.3% prescribed with one PIM and 14.8% with two. The highest PIM prevalence was observed
in male patients of 91 to 95 years group (26.4%), and in female patients of above 95 years group (20.9%).
In every age group, the percentage of male patients with PIM prescriptions was higher than that of female
patients. The prevalence of PIMs by age group and gender in the one-year study period was illustrated in
figure 1.

The most common patterns of PIMs

The average number of medications prescribed was 6.0±1.5. The most frequently prescribed PIMs indepen-
dent of diagnoses or conditions were proton-pump inhibitors (12.9%), diuretics (8.2%) and central nervous
system medications (6.9%). The most common category of central nervous system (CNS) medications that
were inappropriately used fell into benzodiazepines, predominantly accounting for 76.8% of all CNS medica-
tions. Cardiovascular medications (2.7%), aspirin for primary prevention of cardiovascular events in adults
aged over 70 (2.7%), pain medications (2.1%) and drugs with strong anticholinergic properties (2.0%) re-
spectively took up a small proportion of the PIM prescriptions as well. The prevalence of PIMs independent
of diagnoses or conditions was provided in Supplement Table 1.

Drug–Disease and Drug–Syndrome PIMs

According to the Beers Criteria’s lists of drug-disease interactions, elderly patients with central nervous
system conditions or with a history of falls or fractures were exposed to PIMs the most. 36.9% of the patients
diagnosed with delirium were prescribed with antipsychotics (21.6%, olanzapine and quetiapine), followed
by benzodiazepines (11.0%, estazolam, lorazepam, alprazolam etc.). 14.4 % of patients with dementia or
cognitive impairment were treated with antipsychotics (9.1%) and benzodiazepines (5.3%). 7.1% of patients
with a history of falls or fractures were prescribed with benzodiazepines and antipsychotics. PIMs regarding
drug–disease or drug–syndrome interactions were illustrated in Supplement Table 2.

Factors associated with PIM

PIM related factors were also investigated. Comparing patients with PIM and without PIM, we did not
discover a statistically significant difference in neither gender (46.5% in women vs 53.5%in men) nor age
(73.5±7.3 years in patients with PIM vs 72.6 ±6.7 in patients without PIM, P>0.05 for both). However, we
found via logistic regression that PIM was associated with age ([?]80 years old), number of conditions ([?]5),
number of prescribed medications ([?]10), and hospital tier. Factors associated with PIMs were showed in
Table 2.

DISCUSSION

PIM among Chinese elderly patients

The problem of PIMs is an important healthcare issue. We discovered through this study that the prevalence
of PIMs was 40.1% in our investigated population. To our knowledge, no study has yet investigated the
prevalence of PIM in the whole Chinese elderly population. The results of our study demonstrated and
confirmed our proposal that inappropriate medications were frequently being prescribed to senior patients in
China, and the prevalence of PIM was slightly higher than what was found based on the 2012 Beers Criteria
in Japan (37.5%),19 in the United States (34.1%),20 in Turkey (33.3%),21 in Hong Kong (38.6%),22 and in
Albania (34.5%).23 A 2011 Taiwan study revealed a PIM prevalence of 36.2% based on STOPP/START
criteria.24

3
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The 2019 updated Beers Criteria retained the five categories of criteria in the previous version. The first cat-
egory includes inappropriate medications for elderly patients. The second and fourth categories are compiled
based on drug-disease interactions and drug-drug interactions. The third category comprises medications to
be administered with caution on certain situations. The last category takes into account the renal functions
of elderly population and suggests an substitute or a dosage reduce of an medication.5 Notably, glimepiride
has been included to the lists of drug to avoid in elderly patients considering the increased likelihood of
prolonged hypoglycemia.5 The serotonin-norepinephrine reuptake inhibitors (SNRIs), such as venlafaxine,
duloxetine and more, have been advised to be avoided in patients with a history of falls or fractures, where
the use of the group of medications could result in future additional falls.5 H2-receptor antagonists, e.g.
ranitidine, were removed from the “avoid” list in elderly patients with cognitive impairment or dementia.5

Beers Criteria are designed for the purpose of warning practitioners of some absolute contraindications for
elderly patients, but to be used as an approach to prescribe and monitor adverse effects. The information
about the risks of each specific medication should serve to raise practitioners’ awareness on the potential
problems that may arise with the prescription, but it should be noted that the use of a Beers-Criteria-list
drug may still be necessary under some circumstances. Therefore, clinicians should carefully weigh the
potential risks and benefits when tailoring medication therapies.

Prescribing benzodiazepines in the elderly

Benzodiazepines and antipsychotics have been widely known as an indicator that could considerably raise
older patients’ risk of falls, fractures, and even mortality.25,26 However, these medications are commonly
prescribed in China due to an insufficient vigilance of adverse outcomes that they might bring about. In the
present study, 80.5% of insomnia patients were taking at least one benzodiazepine, in majority due to the
common complaining of sleep disorders.

Suspending the use of benzodiazepines and choosing other alternative drugs that lead to a lower risk of falls
could hopefully minimize the possibility of relevant adverse outcomes, which in turn, avoids unnecessary
healthcare spending in both resources and expenditures.27 Thus, we suggest physicians and pharmacists
to pay more attention in the prescribing of benzodiazepines for elderly patients, particularly long-acting
benzodiazepines.

Advantage

One advantage of our study is that we collected large sample data from seventy-six hospitals, therefore
our results may credibly reflect current situation of prescription behavior in the higher-level hospitals in
China. Second, since we only included inpatients, the uncertainty regarding patients’ adherence to dispensed
medications could be possibly minimized due to the direct practice and surveillance of healthcare providers.

Limitations

Limitations still exist and cautions should be taken when interpreting these results. Firstly, Beers Criteria
contains some medications that are not currently available on Chinese market, and vice versa; racial difference
attributable to enzyme system may result in a change in drug dosage limitations, or even influence the
effectiveness of certain drugs. Secondly, non-prescription medications such as over-the-counter drugs or drugs
independently purchased by patients from other sources could not be accounted for in the data, which might
lead to an underestimation of PIM. Thirdly, the Beers criteria do not include an evaluation of potentially
prescribing omissions (PPOs) where safer or more effective alternatives are recommended. PPO is also a
crucial issue that should be evaluated simultaneously with PIM when investigating the present prescribing
manners.

CONCLUSION

In conclusion, our results showed that prescription of PIMs is prevalent among Chinese elderly patients
hospitalized, which was consistent with other findings of previously published studies. To our knowledge, this
was the first study in China to detect inappropriate medications based on Beers Criteria 2019. Application

4
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of explicit criteria identifying PIMs prescriptions in China is of great urgency, and efforts should be made to
optimize prescribing behaviors in clinical settings.
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Figure 1. One-year period prevalence of PIMs in terms of age groups and sex in 2017.
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