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Abstract

Objectives:  Multimorbidity  and  polypharmacy in  older  adults  always

increase the prevalence of potentially inappropriate medications (PIMs)

and affect  the quality of  life of  the older  adults. The purposes of  this

study were aimed to investigate the prevalence of PIMs prescription and

the most frequent PIMs among outpatients according to Beers criteria and

to explore related risk factors for PIMs prescription. 

Methods: The  cross-sectional retrospective  study was conducted among

elderly outpatients in Chengdu (a city in China) from January 2018 to

December  2018.  The 2015 Beers  criteria  was  used  to  assess  PIMs in



elderly  outpatients.  Univariate  analysis  and  multivariate  logistic

regression analysis were adopted to determine the factors that may affect

the prevalence of PIMs in elderly outpatients. 

Results: A total of 15523 patient prescriptions were enrolled, of which

4654 (29.98%) were  identified  with  at  least  one PIM based on Beers

criteria,  and  6460  PIMs  were  detected.  Of  these  PIM  prescriptions,

76.32% were detected to receive 1 PIM, 16.54% were detected to receive

2  PIMs,  and  only  7.13%  were  found  to  have  at  least  3  PIMs.

Benzodiazepines (2371, 50.95%), diuretics (1197, 25.72%), and selective

serotonin reuptake inhibitors (439, 9.43%) were three common types of

drugs  that  were  the  most  frequent  PIMs  used.  Sex,  age,  number  of



diseases, number of medications, and diseases or disease states were risk

factors for PIMs in outpatients. 

Conclusion:  The results  of  the study showed that  the phenomenon of

PIM was common among elderly outpatients in Chengdu. Risk factors for

PIM  in  elderly  outpatients  include  gender,  age,  number  of  diseases,

number of medications, and sleep disorder. 

Keywords: Beers  criteria,  cross-sectional  study,  older,  potentially

inappropriate medications



What is already known about this topic?

 Multimorbidity and polypharmacy in older adults always increase the

prevalence  of  potentially  inappropriate  medications  and  affect  the

quality of life of the older adults.



 Potentially  inappropriate  medications  increases  the  risk  of  adverse

events, especially in the elderly

What does this study add?

 This is the first study conducted in Chengdu to identify predictors of

potentially inappropriate medications in the hospital setting that could

help identify high-risk individuals.

 The results of the study showed that the phenomenon of PIM was

common among elderly outpatients in Chengdu. 

 Risk  factors  for  PIM  in  elderly  outpatients  include  gender,  age,

number of diseases, number of medications, and sleep disorder.



Introduction

According to statistics from the World Health Organization (WHO) [1],

the proportion of the world’s population over 60 years old will  nearly

double from 12% to 22% between 2015 and 2050. By 2050, the total

number of people aged 60 years and older in the world is expected to

reach 2 billion, and the elderly population aged 80 years and older in

China will reach 120 million. China has the largest elderly population in



the world. In China, the national population exceeds 1.4 billion in the end

of 2019, of which the population aged  ≥  60 years accounts for 18.1%

(254 million) of the total population, up from 126 million in 2000 [2]. As

the proportion of the elderly population continues to increase, the degree

of aging in China will continue to deepen. 

The elderly become a group that is susceptible to multiple diseases due

to aging,  especially  chronic  diseases.  WHO data  show that  41 million

people die from chronic diseases each year, equivalent to 71% of the total

global deaths, and the death toll from chronic diseases in China accounts

for  89%  of  all  deaths  [3-4]. Currently,  the  coexistence  of  multiple

diseases in the elderly is common, compared with the young, they often



take many different medicines, which will further increase the burden on

the  liver  and  kidney  function.  And  changes  in  pharmacokinetics  and

pharmacodynamics have led to an increased risk of drug-drug interactions

and  drug-disease  interactions  [5-6].  Potential  inappropriate  medication

(PIM) is a public health challenge that refers to the potential adverse risk

of patients may outweigh the expected clinical benefit, which is closely

associated with adverse clinical outcomes, such as adverse drug events,

hospitalization, mortality, and health care costs [7-9]. Therefore, it is of

great significance to pay attention to the PIM of the elderly.

Although there are many criteria in the world, only the Beers criteria

and  the  STOPP/START  criteria  are  widely  used  globally.  The  Beers



criteria is the world's oldest drug evaluation tool for the elderly. It was

initially published in 1991 by American Geriatrics Society (AGS) and

was subsequently updated in 1997, 2003, 2012, 2015, and 2019 based on

literature evidence [10-15]. Compared with the 2012 Beers criteria, the

2015 Beers criteria has made some changes and newly added two major

components: medications that should be avoided by the elderly due to

drug-drug interactions and medications that should be avoided or the dose

need to be adjusted based on kidney functions.

The research on the prevalence of PIMs in elderly patients is increasing

in China according to updated version of the 2015 Beers criteria, but the

study sample size is small and most studies mainly focus on the drugs’



use of inpatients in a hospital [16-18]. There is lack of data on outpatients

in  China,  and  no  large-scale  cross-sectional  research.  Therefore,  the

purposes of this study were: 1) to determine the prevalence of PIMs and

the most frequent PIMs among outpatients in China according to Beers

criteria; 2) to explore related risk factors for PIMs. 

Methods

Setting and sample

The retrospective study was conducted in hospitals  in Chengdu, the

capital  city of  Sichuan Province in China.  Chengdu covers an area of

12,390 square kilometers, with a permanent population of 16.0 million in

2017 [19]. The patient prescriptions came from the "Cooperation Project



of Hospital Prescription Analysis" and used random sampling method to

extract  prescriptions  from  outpatients  of  geriatrics  in  hospitals  in

Chengdu.  All  hospitals  involved  in  the  Chengdu  area  were  tertiary

hospitals. 

Older adults (aged 60 and older) that visited the outpatient clinics of

the geriatric departments or geriatric centers between January 1, 2018,

and December 31, 2018, were included in the study.

Prescriptions with missing or incomplete information were excluded,

including  gender,  diagnosis,  medication,  and  dosage.  It  didn’t  include

solvent substances such as water for injection and 0.9% sodium chloride

while calculating the number of medications. 



Data collection

The  data  collection  were  as  follows:  (1)  basic  information  (region,

year, hospital, department, source); (2) patient characteristic (prescription

number, age, sex, diagnosis); (3) patient medication (generic name, trade

name,  specification,  dosage  form,  administration  route,  number  of

prescriptions, dosage, frequency of administration).

Evaluation criteria

The AGS 2015 updated Beers criteria was used to evaluate the PIMs

for elderly patients [14]. A total of 101 drug criteria in 5 categories were

included: (1)  40 medications or  medication classes that  elderly should

avoid;  (2)  medications or  medication classes that  elderly should avoid



under  the  12  diseases/conditions;  (3)  16  medications  or  medication

classes  to  be  used  with  caution;  (4)  13  non-anti-infective  drug-drug

interactions;  and  (5)  20  non-anti-infective  medications  that  should  be

avoided  or  the  dosage  of  which  should  be  adjusted  based  on  kidney

function. All drugs included in the Beers criteria were evaluated based on

availability in China. Because of the lack of data on the level of kidney

function in outpatients, the last major component cannot be evaluated, so

this study mainly evaluated the content of Beers criteria (1)-(4).

Ethics approval

This study was approved by the West China Hospital  Research Ethics

Board.



Statistical analysis

Patient prescriptions were classified according to their characteristics,

including region, year, prescription number, department, source, common

name,  trade  name,  drug  specifications,  administration  route,  sex,  age,

diagnosis.  The  Microsoft  Excel  software  was  used  to  process  the

prescription data, excluded the blank information prescription through the

screening  option,  and  combined  manual  reading  to  eliminate  the

incomplete information prescription.

Statistical  analysis  was conducted using the SPSS software (version

25.0).  Categorical  data  were  described  using  frequency,  and  the  chi-

squared  test  was  used  to  compare  between  groups  of  categorical



variables.  Continuous  data  were  expressed  as  the  mean  ±  standard

deviation, otherwise the median ± interquartile range (IQR) were used for

description,  and  statistical  analysis  using  the  Student’s  t-test  or  non-

parametric  test,  respectively.  The  presence  of  PIM  as  the  dependent

variable, age (60-69 years, 70-79 years, and ≥ 80 years), sex (male and

female),  diseases  (the  top  10 common chronic  diseases  in  the  elderly

involved in the prescriptions), number of diseases (1-2 diseases and ≥ 3

diseases) and number of medications (1-4 medications, 5-9 medications,

and ≥ 10 medications) as independent variables. Univariate analysis was

used  to  determine  the  association  of  the  two  variables.  Multivariate

logistic regression analysis was performed on independent variables with



statistical significance in univariate analysis. The variables that entered

multivariate logistic regression analysis will output the odds ratio (OR),

95% confidence intervals (95%CI), and p-value of each subgroup relative

to the reference group. 

Results

Basic characteristics of patients

A total  of  50492  prescription  entries  were  included  initially  in  the

study. 609 entries were excluded, and finally 49883 entries were obtained

to  analysis,  with  a  total  of  15523  patient  (aged  60  years  and  older)

prescriptions  (Fig  1).  The  15523  patient  prescriptions  involved  nine

tertiary  hospitals  in  Chengdu.  Table  1  listed  basic  characteristics  of



patients.  Of these patient prescriptions,  60.97% (9464/15523) were for

male patients, and the median age was 74 (IQR 67, 84) years, of which

35.08% (5446/15523) were 80 years and above. The median number of

diseases in per patient was 2 (IQR 1, 3).  57.21% (8881/15523) of the

prescriptions were  prescribed to  patients  who suffered from at  least  2

diseases,  and  14.27%  (2215/15523)  were  prescribed  to  patients  who

suffered from at least 5 diseases. Hypertension, coronary heart disease,

diabetes, and sleep disorders were the four most common diseases in the

elderly,  which  were  54.13%  (8402/15523),  23.48%  (3645/15523),

20.56%  (3192/15523),  and  18.86%  (2927/15523),  respectively.  The

median number of medications per patient was 3 (IQR 2, 4), and 21.16%



(3285/15523) were polypharmacy (number of medications were 5 drugs

and above). Cardiovascular system drugs, central nervous system drugs

and endocrine system drugs were the three most common types of drugs,

of which cardiovascular system drugs had the largest number, accounting

for 65.75% (10206/15523). 

Prevalence of PIMs and the most frequent PIMs

Among the 15523 patient prescriptions, 4654 (29.98%) were identified

with  at  least  one  PIM based  on  Beers  criteria,  and  6460  PIMs  were

detected  (Table  2).  Of  the  patient  prescriptions  with  PIM,  76.32%

(3552/4654)  were  found  to  receive  1  PIM,  16.54%  (770/4654)  were

found to receive 2 PIMs, and only 7.13% (332/4654) were detected to



have at least 3 PIMs.

A total  of  21 medications or  medication classes were involved,  and

3649 PIMs were detected using medications that the elderly should be

avoided; the most frequent PIMs were benzodiazepines (2378, 65.17%),

first-generation antihistamines (392, 10.74%), and Z-drugs (265, 7.26%).

A total of 279 PIMs were detected with drugs related to disease/symptom

in the elderly, and the most PIMs were detected in dementia/cognitive

impairment (93, 33.33%), heart failure (69, 24.73%), and insomnia (61,

21.86%),  of  which  benzodiazepines  (39,  41.94%),  nonsteroidal  anti-

inflammatory  drugs  (NSAIDs,  62,  89.86%),  and  decongestants  (31,

50.82%) were the most relevant, respectively. There were a total of 10



medications or medication classes using cautiously by the elderly, and

2298  PIMs  were  detected.  The  most  frequently  detected  drugs  were

diuretics (1414, 62.53%), selective serotonin reuptake inhibitors (SSRIs,

443, 19.28%), and antipsychotic drugs (206, 8.96%). A total of 234 PIMs

were  detected  among  non-anti-infective  drug-drug  interactions  in  the

elderly,  involving  6  pairs  of  drug-drug  interactions,  of  which

(antidepressants/  antipsychotics/benzodiazepines/Z-drugs  +  ≥  2  other

central  nervous  system  active  drugs)  was  the  most  detected  (190,

81.20%). 

Among  the  4654  patient  prescriptions  with  PIM,  benzodiazepines

(2371, 50.95%) were the most frequent PIMs, of which eszolam (1585,

66.85%) and alprazolam (692, 29.19%) were the most common; followed

by  diuretics  (1197,  25.72%)  and  SSRIs  (439,  9.43%),  and



hydrochlorothiazide  (786,  65.66%)  and  sertraline  (151,  34.40%)  were

detected the most, respectively.

Factors associated with PIM use

The univariate analysis showed that of all factors, compared with the

non-PIM  group,  besides  the  factor  of  COPD  (P>0.05),  other  factors

including  age,  sex,  number  of  diseases,  number  of  medications,

hypertension,  coronary  heart  disease,  diabetes,  sleep  disorder,

hyperlipidemia,  cerebral  infarction,  osteoporosis,  benign  prostatic

hyperplasia, and renal insufficiency in the PIM group were statistically

different (P<0.05), as shown in Table 1. 

On the multivariate analysis, the sex, age, number of diseases, number

of medications, and diseases or disease states were risk factors for PIM in



outpatients  (P<0.05).  Patients  with  female,  aged  80  year  and  older,

number  of  diseases≥3,  number  of  medications≥5,  sleep  disorder  were

found to more likely have PIMs. The results of the multivariate analysis

are shown in Table 3.

Discussion

This study mainly reports the prevalence and risk factor of PIMs in

15523  elderly  outpatients  in  Chengdu.  The  results  showed  that  the

prevalence of PIMs among elderly outpatients according to Beers criteria

version  2015  was  29.98%,  and  a  total  of  6,460  PIMs  were  detected.

76.32% of the patient prescriptions in PIM were found to receive 1 PIM,

and only 7.13% were found to have at least 3 PIMs. Benzodiazepines,



diuretics, and SSRIs were the most frequent PIMs. The sex, age, number

of diseases, number of medications, and diseases or disease states were

risk factors for PIMs in outpatients, and PIM use was closely related to

the number of medications. 

The incidence of PIMs in elderly outpatients in this study was 29.98%,

which was similar to or lower than that the results reported in previous

studies based on 2015 Beers criteria,  and their  study reported that  the

prevalence  of  PIMs  in  elderly  outpatients  was  29.6%~62.5% [20-23].

This difference in the incidence of PIM might be related to the regionality

of  diseases  and drugs,  because  the prevalence of  certain diseases was

different, and the range of drugs available and used by elderly patients



were also different [24]. Furthermore, the aim population in these studies

was aged ≥ 60 years  or  ≥ 65 years  in  elderly outpatients.  It  is  worth

noting that the Beers criteria is designed to focus on elderly patients aged

≥ 65 years, while the current internationally recognized age limit for the

elderly is different, with developed country ≥ 65 years old and developing

countries ≥ 60 years old. Meanwhile, the elderly refers to people aged

≥60  years  according  to  Chinese  national  conditions  that  China  is  the

largest  developing  country.  Therefore,  the  study  took  elderly  patients

aged  60  year  and  over  as  the  research  objective  and  reported  the

prevalence of PIMs in outpatients based on the specific conditions. The

difference in the age classification of the elderly might also cause the



difference  in  prevalence  of  PIMs.  To our  knowledge,  no  studies  have

reported the prevalence of PIMs among elderly outpatients in Chengdu

using the 2015 Beers criteria, so it is impossible to compare whether the

results are similar.

From the results obtained in the study, it is found that benzodiazepines

were the drugs with a  higher incidence of  PIMs,  and the finding was

similar  to  most  studies  [20,25,26].  The  high  prescription  rate  of

benzodiazepines could be attributed to the high prevalence of insomnia in

the elderly. More than 80% of patients were prescribed for insomnia, but

most  of  the  newly  prescribed  benzodiazepines  and  sedative  hypnotics

might be inappropriate [27]. Due to the gradual aging of the functions of



various organs and tissues, the elderly are more sensitive to drugs, and

although benzodiazepines are thought to be associated with increased risk

of cognitive impairment, falls, and fractures, they are still common in the

elderly [28]. Guidelines recommended the use of non-drug treatment for

the treatment of  insomnia at first,  including sleep hygiene,  stimulation

control,  sleep  restriction,  relaxation  training,  and  cognitive  behavioral

therapy  [29-30].  A review  reported  that  sleep  hygiene  and  cognitive

behavioral therapy were considered initial treatments for insomnia, and

the use of benzodiazepines in the elderly was discouraged, especially for

long-term  use  [31].  Compared  with  benzodiazepines,  Z-drugs  were

regarded as first-line drugs for patients with chronic insomnia due to their



more favorable pharmacokinetic characteristics and safety. But research

evidence showed that [32] they had similar adverse drug reaction (ADR)

risks, such as impairing body balance and increasing the risk of falls in

the  elderly.  The  results  of  a  study  comparing  zolpidem  with

benzodiazepines  revealed  that  [33]  compared  with  patients  using

alprazolam and lorazepam, the risk of fractures caused by zolpidem was

higher. Diuretics and SSRIs were also the most common PIMs, ranking

second only to benzodiazepines. These two drugs belong to the third part

of the Beers criteria that to be used with caution by the elderly. Among

them, diuretics are the basic drugs for the treatment of patients with heart

failure,  which can  eliminate  edema and maintain  a  stable  blood flow,



mainly  including  furosemide,  hydrochlorothiazide  and  spironolactone.

They are commonly used drugs for patients with cardiovascular diseases.

Diuretics  related  hyponatremia  is  a  prevalent  cause  for  admission.  A

study reported  [34]  that  hydrochlorothiazide  and indapamide were  the

most common drugs that caused hyponatremia. Because it can cause or

aggravate syndrome of inappropriate  antidiuretic hormone secretion or

hyponatremia, electrolyte levels such as sodium, potassium, and chloride

should  be  monitored  during  clinical  use.  SSRIs  are  commonly  used

antidepressants.  Citalopram,  escitalopram,  fluoxetine,  paroxetine,  and

sertraline  were  highly  prevalent  in  the  study  population.  One  Study

revealed  [35]  that  second-generation  antidepressants  represented  by



SSRIs  and  SNRIs  could  significantly  increase  the  risk  of  hospital

admission due to hyponatremia in the elderly, and the relative risk was

nearly 5 times higher, but the absolute risk was less than 2%. There are

uncertainties in the balance of pros and cons of the drugs in this section.

Although there is no sufficient evidence to support the benefits or risks,

clinicians still need to pay attention to their potential risks when using

them,  especially  elderly  patients  with  risk  factors  should  use  it  with

caution.

According to the results of factor analysis, patients with female, aged ≥

80 years, number of diseases ≥ 3, and combined medications ≥ 5 were

more likely to receive PIMs when prescribed. Consistent with research at



home and abroad, female patients had a higher risk of PIM than male

patients, and was not restricted by PIM evaluation tools such as Beers

criteria and STOPP/START criteria [21,36]. Similar to the results reported

by other scholars [37,38], the number of drugs was associated with the

high detection rate of PIM prescriptions. Compared with patients with 1

to 4 drugs, patients with 5 to 9 drugs had 3.455 times the risk of PIM, and

patients  with  10  or  more  drugs  had  15.164  times  the  risk  of  PIM.

However,  elderly  patients  are  affected  by  factors  such  as  reduced

physiological function and coexistence of multiple diseases, and are very

easy  to  use  multiple  drugs,  and the  phenomenon of  multiple  drugs  is

common.  In  this  study,  the  polypharmacy  of  elderly  outpatients  was



21.16%, which was similar to the results of Moon et al. [39]. The number

of chronic diseases was a risk factor for polypharmacy in the elderly. It

can be seen that the number of diseases not only affect the number of

drugs used, but also is a factor for PIM in elderly patients. In addition,

another important finding was that sleep disorder was also a risk factor

that  might  affect  the  prevalence  of  PIMs in  elderly outpatients.  Sleep

disorder was obviously associated with more PIMs prescription due to the

use of sedative hypnotics, such as benzodiazepines and Z-drugs that were

involved in the Beers criteria. The various factors are closely linked and

influence each other.  Therefore,  it  is  necessary to start  clinically  from

many aspects, focusing on female patients with advanced age, multiple



diseases, and multiple medications, and strengthen drug management. 

This  study  was  a  retrospective  study  conducted  in  a  specific

department  of  tertiary  hospitals  in  Chengdu.  Based  on  the  outpatient

electronic prescription database, the study with a large sample size for

analysis could better reflect the drug use of the elderly. The 2015 Beers

criteria was used for the first  time to evaluate the prevalence of PIMs

among elderly outpatients in Chengdu, and analyzed the status of PIM

through large samples  and explored the influencing factors  of  PIM in

elderly patients.

Although  the  research  sample  was  large  and  involved  data  from 9

hospitals in Chengdu, there were still some deficiencies in this study due



to  the  limitations  of  research  type  and  data.  First  of  all,  the  patient's

relevant medical records, examination data, and medication information

were limited, and the patient's personal information and out-of-hospital

data cannot be obtained, such as weight, smoking history, past medical

history,  current  medical  history,  medication  history,  ADR  occurrence

history.  Therefore,  on  the  one  hand,  the  detection  rate  of  PIM

prescriptions reported in the study may be underestimated, on the other

hand, it has failed to assess its association with PIM. Secondly, the study

only focused on the drugs in the Beers criteria, and the follow-up could

be combined with the STOPP/START criteria to analyze the status of PIM

in the elderly,  increase drug sensitivity and enrich the detection types.



Finally, all data were from HIS, and some interference factors, such as

accuracy and completeness, cannot be excluded. 

Conclusion

Our  study  demonstrated  that  the  prevalence  of  PIMs  use  was  high

among elderly outpatients in Chengdu. The sex, age, number of diseases,

number of medications, and sleep disorder varieties affect the occurrence

of PIMs in elderly outpatients to varying degrees. The research results

suggest  that  effective  intervention  and management  of  PIM in elderly

patients should be conducted in the future.
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