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Abstract 

Introduction  Older adults are among the most vulnerable groups during the COVID-19 epidemic, contributing to a 
large proportion of COVID-19-related death. Medication review and reconciliation by pharmacist can help reduce the 
number of potentially inappropriate medications but these services were halted during COVID-19.

Aim  To assess the prevalence and factors associated with inappropriate medicine use among older populations with 
COVID-19.

Methods  This was a cross-sectional, retrospective analysis of medications among hospitalized older adults with 
COVID-19. Potentially inappropriate medication use was categorized using the Beer’s and STOPP criteria.

Results  Combining both criteria, 181 (32.7%) of the 553 patients were identified to have used at least one or more 
potentially inappropriate medication. A marginally higher number of inappropriate medications was documented 
using the Beers 2019 criteria (151 PIM in 124 patients) compared to STOPP criteria (133 PIMS in 104 patients). The 
long-term use of proton pump inhibitors (n = 68; 12.3%) and drugs which increases the risk of postural hypotension 
were the most commonly reported PIM (n = 41; 7.4%). Potentially inappropriate medication use was associated with 
previous history of hospital admission in the past 12 months (Odds ratio [OR]: 2.27; 95% CI 1.29–3.99) and higher 
number of discharge medications.

Conclusions  Nearly, one in three older adults with COVID-19 had been prescribed a PIM, and the proportion of older 
adults with polypharmacy increased after discharge. This highlights the importance of having clinical pharmacist 
conducting medication reviews to identify PIMs and ensure medication appropriateness.
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Introduction
Globally, the world is getting older. People are expected 
to live longer and this transcends across all countries 
with an increase in proportion and size of older adults in 
the population. As people age, there is a gradual decrease 
in physical and mental capacity, and they are more likely 
to experience several conditions at the same time. As 
a result, they tend to take multiple medications daily, 
diseases, a condition termed polypharmacy [1]. Poly-
pharmacy is of concern to older adults, as it has been 
associated with greater risk of adverse outcomes, and 
leads to an increase of hospitalization and substantial 
increase in healthcare costs [2].

Epidemiological studies have suggested that polyp-
harmacy is associated with potentially inappropriate 
medications (PIM), where the risk of using of such medi-
cations outweighed their benefits [3]. To identify PIMs, 
several assessment tools have been developed, the most 
common being the Beers’ criteria, the Screening Tool of 
Older Persons’ Potentially Inappropriate Prescriptions 
(STOPP), and the Potentially Inappropriate Medications 
In The Elderly (PRISCUS) list [4–6].

Studies performed to date have shown that the preva-
lence of reported PIMs varies, depending on the set-
ting, tool used and population examined. In Malaysia, 
reported prevalence of PIM ranged from 13.6% in a pri-
mary care setting [7] to 34.9% in a hospitalized popula-
tion [8]. Another study in Malaysia, meanwhile, only 
reported a prevalence of 21.4% among those in the nurs-
ing homes [9]. Reasons for these vary, but include the 
variability in care provision, settings as well as population 
examined.

In Malaysia, the health care system is supported 
through a tax funded public system which co-exists with 
a thriving private sector that is funded mainly through 
out-of-pocket expenses [10]. The public sector currently 
serves between 60% and 70% of the population, with the 
remaining seeking care in the private sector. In 2020, as 
part of the government’s effort to contain the COVID-19 
outbreak, all patients diagnosed with COVID-19 were 
required to be hospitalized in public hospitals [11]. This 
provided us with a unique opportunity to assess the 
prevalence and types of PIM among older adults hospi-
talized in Malaysia. In this study, we aimed to assess the 
prevalence and types of PIMs, polypharmacy, and the 
associated factors among older adults with COVID-19 in 
Malaysia.

Methods
This was a cross-sectional, retrospective analysis of 
admission and discharge medications among hospital-
ized older adults with COVID-19 in five hospitals across 
Malaysia in the states of Penang, Selangor, Sabah, Perak 

and Johor. All hospitals were the tertiary referral centres, 
where patients diagnosed with COVID-19 were hospi-
talized as part of the national action plan to contain the 
spread of COVID-19. At each participating hospital, the 
clinical pharmacist identified older patients aged 60 years 
and above who were admitted between October 2021 
and July 2022. Moribund patients, those who opted to 
discharge at own risk or patients who died during their 
hospital stay were excluded. Patients with a second 
admission due to COVID-19 were also excluded. Based 
on power calculations (Raosoft Seattle), a sample size of 
311 patients was required assuming a point prevalence 
of 29%. As the study only analyzed data from medical 
records, individual consent was not obtained. The study 
was approved by the Malaysian Research and Ethics 
Committee (MREC: KKM/NIH/P21-1725 (3)).

Criteria for potentially inappropriate medication
To determine the use of potentially inappropriate medi-
cations, we used all explicit criteria previously published 
based upon the Beer’s and STOPP criteria, using them 
separately and combined. We considered all inappropri-
ate medication, where definition of inappropriateness 
was limited to long-term use that we could not ascer-
tain. Only systematically acting formulations were ana-
lyzed. Investigators documented all relevant information 
including sociodemographics characteristics (e.g., age, 
gender), COVID-19 categories and medications during 
admission and discharge medications.

Data collection
Data were collected from the medical records at the time 
of admission, where a comprehensive list of medications 
is routinely compiled by the pharmacist as part of admis-
sion procedure. Information on medication at discharge 
was retrieved from the discharge prescription issued by 
the attending physician, which includes all regular and as 
needed medications.

Statistical analyses
Data were analyzed using IBM SPSS Statistics for Win-
dows version 27 (IBM Corporation, NY, USA). Uni-
variate logistics regression was performed to determine 
the predicting factors of PIMs, expressed in adjusted 
odds ratio and 95% confidence interval. A multivari-
ate logistic regression model was created to determine 
patient-related characteristic associated with PIM use. A 
two-tailed p < 0.05 was considered as the level of statis-
tical significance. The study adhered to the Strengthen-
ing Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.
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Results
A total of 553 patients were included in this study, and 
were aged between 60 and 98 years old (median age: 67 
[IQR 64–74] years); 300 were females (54.2%); who were 
hospitalized between 1 and 175 days (median, 8.00 [IQR 
5.00–12.00]) and they had been taking 0 to 19 (median, 
5.00 [IQR 3.00–7.00]) medications. Most of the patients 
were hospitalized with Category 3 or 4 COVID-19 
(67.5%), with 43 requiring ICU admission (7.8%) and 49 
required the use of mechanical ventilation during hos-
pitalisation (8.9%). More than half of the patients have 
polypharmacy (5 or more medications) during admission 
(280, 50.6%) and discharge (346, 62.5%). Further details 
of the patients are shown in Table 1 and Additional file 1: 
Table S1.

Potentially inappropriate medications
Considering both explicit criteria, a total of 181 patients 
were identified to have used at least one or more poten-
tially inappropriate medication (32.7%). A marginally 
higher number of inappropriate medications was docu-
mented using the Beers 2019 criteria (151 PIM in 124 
patients) compared to STOPP criteria (133 PIMS in 104 
patients). Table  2 presents the top 10 most commonly 
used inappropriate medications when all explicit crite-
ria were combined. The long-term use of proton pump 
inhibitors (n = 68; 12.3%) as well as use of drugs which 
increases the risk of postural hypotension were the most 
commonly reported PIM (n = 41; 7.4%, Additional file 1: 
Table  S2). Multivariate regression showed that hospital 
admission in the past 12  months and higher number of 
discharge medications was associated with a higher risk 
of inappropriate medication use (Table 3).

Discussion
To our best knowledge, this was the first and most com-
prehensive study that assessed the prevalence of PIMs 
among older adults with COVID-19 using both Beers 
and STOPP criteria. Similar to existing studies, we noted 
that more than half of the hospitalized patients had poly-
pharmacy (≥ 5 medications), with around 5% had hyper-
polypharmacy, i.e., 10 or more medicines. We also noted 
that one in three patients were prescribed at least one 
or more PIMs, the most common being long-term use 
of proton pump inhibitors and use of antihypertensive 
agents which increases the risk of postural hypotension.

With a rapidly ageing population worldwide, stud-
ies regarding polypharmacy PIMs were extensively 
conducted in recent years among older adults. A meta-
analysis of polypharmacy prevalence among 189,870 
patients reported a pooled prevalence of 34.6%, in which 
most of the studies were conducted in developed Euro-
pean countries [12]. Comparatively, a study in India 

Table 1  Demographic characteristics, number of medications 
and PIMs detected among older adults studied (n = 553)

Characteristics No (%)

Age, median (IQR) years 67 (64–67)

 60–70 363 (65.6)

 71–80 139 (25.1)

 81 and above 51 (9.2)

Hospital admission days, median (IQR) days 8 (5–12)

Gender

 Male 253 (45.8)

 Female 300 (54.2)

Presence of comorbidities

 No 231 (41.8)

 Yes 322 (58.2)

Hospitalization in the past 12 months

 No 487 (88.1)

 Yes 67 (11.9)

COVID-19 severity during admission

 Category 1 58 (10.5)

 Category 2 82 (14.8)

 Category 3 133 (24.1)

 Category 4 240 (43.4)

 Category 5 25 (4.5)

 NA 15 (2.7)

ICU admission

 No 510 (92.2)

 Yes 43 (7.8)

Need for mechanical ventilation

 No 504 (91.1)

 Yes 49 (8.9)

Number of medications at admission, median (IQR) drugs 5 (3–7)

Number of medications at discharge, median (IQR) drugs 5 (4–8)

Total number of medications in admission

 0 8 (1.4)

 1–4 265 (47.8)

 5–10 252 (45.5)

 11–15 26 (4.7)

 16–20 2 (0.4)

 Mean (SD): 5.07 (3.09)

Total number of medications in discharge

 1–4 207 (37.4)

 5–10 309 (55.8)

 11–15 36 (6.5)

 16–20 0 (0.0)

 > 20 1 (0.2)

 Mean (SD): 5.79 (2.99)

Total number of PIMs detected using STOPP

 1 78

 2 18

 3 4

 7 1

 Total number of PIMs 133
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revealed that the prevalence of polypharmacy among 
adults admitted in COVID-19 ward was more than 80% 
[13].

Our study fills a critical evidence gap by quantifying the 
prevalence of polypharmacy and associated inappropri-
ate prescribing of several common conditions in Malaysia 
among COVID-19 older patients. While several stud-
ies reported the prevalence of polypharmacy and PIMs 
among Malaysian older adults [2], our study provided 
insight on the prevalence of polypharmacy and PIMs 
among COVID-19 older adults as previous studies were 
conducted among non-COVID-19 individuals [2]. The 
present study also broadens the evidence on COVID-19 
by quantifying the risk of individuals experiencing PIMs 
and associated outcomes. Similar to our study, Bhardwaj 
and colleagues reported about one-third of the patients 
(34.3%) with COVID-19 were prescribed with at least 
one PIM using the STOPP criteria [14].

We also observed widespread inappropriate use of 
PPIs, consistent with previous study and contrarily to 
various guidance on appropriate prescribing, especially in 
outpatient setting [15]. Given our findings, these results 
warrant a call to action by key stakeholders for the adop-
tion of medication reviews with particular focus on PPIs 

especially those who are taking long term. This, however, 
needs to take into consideration the patient’s preference, 
given that deprescribing of PPIs may lead to relapse of 
gastrointestinal symptoms and reduced patients’ satisfac-
tion without clear clinical benefits [16, 17].

Apart from their conventional roles such as clinical 
rounds and performing medication reviews, pharma-
cists’ role was expanded greatly during the COVID-19 
pandemic. From a global perspective, pharmacists were 
involved in innovation of COVID-19 risks preventive 
measures, inventory management, direct patient care and 
screening, point-of-care antigen testing, and COVID-19 
vaccination [18]. In Asian countries, pharmacists were 
involved in providing free medical and medications 
counselling, development of COVID-19 practice guide-
lines, home delivery of medicines, and telemedicines 
[19]. In Malaysia, pharmacists served as the main pil-
lar of healthcare workforce, involved in managing novel 
therapies, medication safety follow-up, redesigning med-
ication delivery system, remote medication inventory 
monitoring, leveraging communication technology in 
medication counseling in addition to their conventional 
roles [20–24]. In the context of reviewing medication 
appropriateness among older adults with COVID-19, 
implementation of such measures has increased the 
accessibility and quality of pharmacy services.

There are several limitations in this study. The study 
was retrospective in nature, and there was no standard-
ized protocol for medication history clerking. Further-
more, protective barriers used by healthcare personnel 
in this study varied across different settings, and this 
may affect the quality and standardization of medication 
history taking during data collection. We did not evalu-
ate the adverse drug events and clinical outcomes of the 
patients who received the PIMs, and we did not identify 
the other possible factors associated with potentially 
inappropriate medicine.

Table 1  (continued)

Characteristics No (%)

 Mean (SD): 0.25 (0.61)

Total number of PIMS detected using Beers

 1 102

 2 18

 3 3

 4 1

 Total number of PIMs 151

 Mean (SD): 0.28 (0.57)

Table 2  Most common potentially inappropriate medication or prescribing identified in 553 older adults who were admitted due to 
COVID-19

Description n (%)

Prescribed PPIs for at least 8 weeks or without an evidence based clinical indication 68 (12.3)

ACEi, ARB or calcium channel blocker use which increases risk of postural hypotension 41 (7.4)

Prazosin as antihypertensives may cause postural hypotension 16 (2.9)

Hydrochlorothiazide use which can result in deranged blood electrolyte levels 13 (2.4)

Long term use of NSAIDs for > 12 weeks 12 (2.2)

Use of ticlopidine instead of other safer and more effective alternative 7 (1.3)

Beta-blocker may mask hypoglycaemic symptoms in older patients with diabetes 7 (1.3)

Oral elemental iron doses greater than 200 mg daily without evidence of enhanced iron absorption 6 (1.1)

Benzodiazepines use which may increase the risk of falls 6 (1.1)

Loop diuretic without a clinical indication 5 (0.9)
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Future studies should consider a larger cohort of 
patients and long-term follow-up the evaluate PIMs-
related adverse events, readmission, falls and mortality.

Conclusions
In Malaysia, use of potentially inappropriate medica-
tion appears to be common. The study underscores the 
negative effects of inappropriate medication prescrib-
ing and are results are critical decision of healthcare 
stakeholders to implement a medication usage review 
especially among older adults to reduce any potential 
harm that could arise from PIMs.
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 71–80 0.89 (0.58–1.36) 0.582

 81 and above 1.32 (0.72–2.42) 0.363

Gender

 Male

 Female 1.08 (0.65–1.81) 0.761

COVID-19 severity

 Category 1 Reference

 Category 2 0.87 (0.40–1.89) 0.715

 Category 3 1.57 (0.789–3.11) 0.200

 Category 4 1.38 (0.72–2.64) 0.329

 Category 5 1.61 (0.59–4.41) 0.352

Hospital admission in the past 12 months

 No Reference Reference

 Yes 2.64 (1.57–4.44) < 0.001 2.23 (1.29–3.99) 0.004

History of ICU admission

 No Reference

 Yes 1.38 (0.73–2.61) 0.324

Mechanical ventilation

 No Reference

 Yes 1.34 (0.73–2.45) 0.346

Comorbidities status (at least one comorbid)

 No

 Yes 1.66 (1.14–2.40) 0.008

Number of discharge medication

 1–4 Reference

 5–10 5.19 (3.25–8.30) < 0.001 5.33 (3.20–8.58) < 0.001

 More than 10 11.44 (5.24–24.98) < 0.001 10.75 (4.79–24.16) < 0.001
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