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Abstract

The aims of this study were to estimate the prevalence of potentially inappropriate medications (PIMs) in a community-dwelling
Jordanian population of geriatrics according to the 2019 American Geriatrics Society Beers Criteria, to identify the most used PIMs
and factors independently associated with PIMs use.

This was an observational, descriptive, cross-sectional study. The sample population included 386 participants. Data were collected
by face-to-face interviews. A total of 2894 medications were evaluated. The prevalence of patients using at least one PIM was 49.2%.
The most used PIMs were proton pump inhibitors (24.6%) and long-acting sulfonylurea (20.5%). Participants who had diabetes
mellitus, peptic ulcer, or irritable bowel syndrome had significantly higher numbers of PIMs.

The use of PIMs was high in Jordanian geriatric patients. The results of this study might help healthcare providers to detect high-risk
patients and reconsider the necessity of using PIMs to decrease the risk of adverse drug events.
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Introduction

Altered pharmacokinetics and pharmacodynamics af-
fect the clinical response to a drug in geriatric patients.

Geriatrics are at increased risk of drug-related problems
due to age-related changes in drugs pharmacokinetics
and pharmacodynamics, the use of multiple medications
for prevention and treatment of their age-related medical
conditions, and the absence of sufficient specialized gui-
delines for the treatment of geriatric comorbidities.

Age-related changes in drugs pharmacokinetics are re-
lated to changes in hepatic function and renal clearance
(Shi and Klotz 2011). For instance, renal drug clearance
is decreased with age even in the absence of renal diseas-
es (Rowe et al. 1976). The changes in blood flow, protein
binding, and body composition also affect the volume
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of distribution of several drugs such as benzodiazepines
and digoxin (Reidenberg et al. 1978; Hilmer 2008). Be-
sides, drug pharmacodynamics can be altered with age,
especially drugs effects on the central nervous system and
cardiovascular system due to downregulation of receptors
or an increase in receptors’ sensitivity (Bowie and Slattum
2007; Trifiré and Spina 2011).

Furthermore, polypharmacy is an important issue that
increases the risk of drug-related problems. The precise
number of medications that define polypharmacy is var-
iable but it is usually defined as 5 or more medications
(Gnyjidic et al. 2012). Polypharmacy is common in geriat-
rics; who are using either prescription, over-the-counter
or herbal medications to manage their morbidities (Ma-
her et al. 2014). It is important to reconsider medication
appropriateness for geriatrics to decrease the risk for inap-
propriate drug use, suboptimal drug use, drug-drug inter-
actions, and adverse drug events.

Various criteria have been developed to assess drug
appropriateness for older adults (Hanlon et al. 1992; Gal-
lagher et al. 2008). The most widely used criteria is Beers
Criteria, which is firstly developed by Mark Beers and col-
logues in 1991 (Beers et al. 1991), and then transitioned to
the American Geriatric Society (AGS) in 2011. It has been
updated every 3 years since 2011 (Fick et al. 2012; Samuel
2015) and the latest update was published in 2019 (Fick et
al. 2019). The Beers Criteria is a list of medications consid-
ered potentially inappropriate for use in geriatric patients
independent of their conditions or in patients with specif-
ic diseases or conditions; mostly due to high risk for ad-
verse events. Although it is supported by evidence, Beers
Criteria should never solely dictate how medications are
prescribed for geriatrics and healthcare providers should
always use clinical judgment and evidence-based guide-
lines to select therapies for their patients.

Since developed, several studies have been published
using Beers Criteria (Goltz et al. 2012; Napolitano et al.
2013; Davidoft et al. 2015; Zhao et al. 2021). The preva-
lence of potentially inappropriate medications (PIMs)
varied based on study design, population studied, and the
different updates of beers criteria. In this study, PIMs were
assessed in community-dwelling elderly patients in Jordan
based on the latest Beers Criteria; 2019 AGS Beers Criteria
(Fick et al. 2019). The primary objective of this study was
to estimate the prevalence of PIMs among Jordanian geri-
atrics independent of diagnosis or drug-drug interactions.
The other objectives were to identify the most common
PIMs that were used, and to investigate the association be-
tween participants’ factors and the use of PIMs.

Experimental part
Study design and setting

This was an observational, descriptive, cross-sectional
study that took place between October and December
2020 exploring PIMs use among community-dwelling
elderly patients in Jordan. Elderly patients aged 65 years

or older from the community were eligible to participate
in this study. Convenience sampling method was used to
select participants in this study. A total of 386 geriatric pa-
tients were face-to face interviewed by pharmacy students
who were well-trained to conduct and fill out the questi-
onnaire. To prevent any potential source of bias, they were
not aware of the intended outcome measure of the study
at the time of data collection. The questionnaire contains
three main parts; the first part comprises the demographic
characteristics of participants, the second part covers the
past medical history and acute conditions that needed
nonprescription drug use in the last three months, and
the third part is about the current medications used and
duration of their use; for both regularly prescribed medi-
cations and as needed (PRN) medications.

Medications used by participants were reviewed based
on the 2019 AGS Beers Criteria to identify PIMs, and the
prevalence ratio was calculated as the number of patients
who were using one or more PIMs divided by the total
number of patients participated in the study.

Ethical approval

This study received ethical approval from the Institutional
Review Board (IRB) of the Hashemite University, Jordan
(Ref. No. 1/14/2019/2020). Participants in their commu-
nities were reached out by researchers and asked to parti-
cipate in this study. Verbal approval was taken before fil-
ling the questionnaire. All participants were informed that
participation in the study is voluntary and were assured of
the anonymity and confidentiality of their data.

Statistical analysis

Following data collection, data was analyzed using sta-
tistical package for social science (SPSS) version 24.
Continuous variables were presented as mean and stan-
dard deviation. Categorical variables were presented as
frequencies and percentages. When there was any mis-
sing data, valid percentages were reported. Indepen-
dent-sample t-test was used to assess the association be-
tween categorical variables and mean number of PIMs
used. All the test requirements were met; there were no
outliers in the data, as assessed by inspection of a boxplot
for values greater than 1.5 box-lengths from the edge of
the box. The difference scores for the number of PIMs
between the two groups were normally distributed, as
assessed by visual inspection of a Normal Q-Q Plot, and
there was homogeneity of variances, as assessed by Le-
vene’s test for equality of variances. Chi-square test of
homogeneity was used to test for potential association
between categorical variables and PIMs use. P- value of
< 0.05 was considered to be statistically significant for all
analyses. A linear regression was performed to under-
stand the effect of age and number of medications (re-
gular and/or as needed) on the number of PIMs. Based
on a margin of error of 5% and confidence interval of
95%, the minimum sample size that was accepted to get
relevant data is 377.
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Results

Participants descriptive characteristics

A total of 386 community-dwelling geriatric patients were
participated in this study. Participants’ age ranged from
65 to 97 years with an average age of 71.89 (£6.19) years.
About 43.6% of the participants were male. Regarding
their education level; around 40% of the participants did
not attend school and around 30% received high school
education while 23% were college graduate and 4.2%
received advanced degree. Around two-third of them
(around 70%) were married and majority of them (91.1%)
were not working.

The most common chronic diseases presented in this
population were hypertension (78.5%), diabetes mellitus
(DM) (60.4%) and dyslipidemia (57.3%). Other chronic
diseases were heart failure (12.4%), ischemic heart diseas-
es (13.7%), peptic ulcer (PU) (18.9%), and around 23% of
male patients had benign prostatic hyperplasia. The histo-
ry of falls and fracture was around 12% (Table 1).

Medication use

In this study, information about both regularly scheduled
and PRN medications were collected. A total of 2894 medi-
cations were reviewed for the 386 included patients (2609
regular medications and 285 PRN medications). These
medications included 264 different active ingredients. The
average number of total medications used per patient was
7.5 (£3.039) with a minimum of 3 medications and a maxi-
mum of 21 medications; of which around 6.76 (+2.848)
were ones that are used on a regular basis (Table 1). Almost
all patients (384/386) were using less than 5 PRN medicati-
ons, around 37.6% (145/386) were using less than 5 regular
medications, and 28.2% (109/386) were using less than 5
medications in total (regular and PRN), i.e., around seven-
ty-two percent (277/386) of the participants were using
polypharmacy (five or more medications) (Figure 1).
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Figure 1. Number of medications used by participants. PRN:
as needed.
Prevalence of PIMs

In this study, the prevalence of PIMs use was 49.2%. The
prevalence was calculated by the number of patients taking

Table 1. Demographic and clinical characteristics of the study
participants (N = 386) =

Parameters n (%) Mean (SD)
Gender
Male 167 (43.6)
Female 216 (56.4)
Age 71.89 (+6.19)
Education
Did not attend school 161 (42.7)
Primary school 1(0.3)
High school 111 (29.4)
College graduate 88 (22.8)
Advanced degree 16 (4.2)
Marital status
Never married 7 (1.9)
Married 272 (72.1)
Divorced 6(1.6)
Separated 2(0.5)
Widowed 90 (23.9)
Current working 34 (8.9)
Chronic diseases
Hypertension 303 (78.5)
Diabetes Mellitus 233 (60.4)
Dyslipidemia 221 (57.3)
Benign prostatic hyperplasia mjli/(12627. 8)
Peptic ulcer 73 (18.9)
Ischemic heart disease 53 (13.7)
Heart failure 48 (12.4)
History of falls and fractures 46 (11.9)
Gout 37 (9.6)
Hypothyroidism 32(8.3)
Osteoporosis 28 (7.3)
Asthma 25 (6.5)
Anemia 24 (6.2)
Stroke 19 (4.9)
Osteoarthritis 18 (4.7)
Chronic kidney disease 15 (3.9)
Irritable bowel syndrome 15 (3.9)
Rheumatoid arthritis 14 (3.6)
Urinary incontinence 12 (3.1)

Medication use per patient
No of total medications 7.50 (£3.039)
6.76 (+2.848)

0.74 (+1.072)

No of regular medications
No of PRN medications

* Sample size varied due to missing data (n = 377-386). PRN: as needed.

at least one PIM divided by the total number of patients par-
ticipated in the study. Of the identified patients who were
using PIMs, most of them were using 1 PIM (Figure 2).

3 PIMs 4 PIMs
1% 0.8%

1PIM
38.1%

Figure 2. Percentage of participants using potentially inappro-
priate medications (PIMs) based on 2019 American Geriatrics
Society Beers criteria (AGS Beers criteria).
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In this study, we identified 25 medications that are clas-
sified as PIMs according to 2019 AGS Beers Criteria. The
most common were the prolonged (more than 8 weeks)
use of proton pump inhibitors (lansoprazole, pantoprazole,
rabeprazole, omeprazole, and esomeprazole) and long-act-
ing sulfonylureas (glimepiride and glyburide) with a per-
centage of 24.6% and 20.5%, respectively. Other groups of
medications that are considered as PIMs and were com-
monly used by participants were benzodiazepines (5.7%),
muscle relaxants (5.7%), antispasmodics (5.4%), and
first-generation antihistamines (2.4%) (Table 2).

Table 2. Classes of most frequently used PIMs among the study
participants (N = 386).

Therapeutic category Drugs n (%)

Lansoprazole

o Pantoprazole
Proton pump inhibitors for more than 8

weeks Rabeprazole

95 (24.6)
Omeprazole
Esomeprazole
Glimepiride
Glyburide
Chlordiazepoxide

Alprazolam

Long acting sulfonylurea 79 (20.5)

Benzodiazepines 22(5.7)

Diazepam
Clonazepam

Chlorzoxazone
Muscle relaxants 22 (5.7)

Orphenadrine

Clidinium

Antispasmodics 21(5.4)

Scopolamine
Chlorpheniramine
Promethazine

First generation antihistamines 9(2.3)

PIMs: potentially inappropriate medications.

Factors independently associated with
PIMs use

In our study, using chi-square test of homogeneity, parti-
cipants who had DM, PU and irritable bowel syndrome
(IBS) were more likely to have PIMs compared to those
without these diseases (Table 3).

Table 3. Variables associated with the presence of PIMs.

X PIMs n (%)
Independent variable P value
Yes No

DM Yes 129 (55.4%) 104 (44.6%) 0.003
No 61 (39.9%) 92 (60.1%)

U Yes 54 (74.0%) 19 (26.0%) 0.001
No 136 (43.5%) 177 (56.5%)

IBS Yes 13 (86.7%) 2(13.3%) 0.003
No 177 (47.7%) 194 (52.3%)

PIMs: potentially inappropriate medications, DM: diabetes mellitus, PU: peptic
ulcer, IBS: irritable bowel syndrome.

There were 233 (60.4%) diabetics and 153 (39.6%)
non-diabetic patients. An independent-samples t-test was
performed to determine if there were differences in the
number of PIMs between diabetic and non-diabetic pa-
tients. The mean of number of PIMs among diabetic pa-
tients was higher (0.71 + 0.78) than non-diabetics (0.51 +
0.72), a statistically significant difference of 0.20 (95% CI,
0.04 to 0.35), t (384) = 2.365, p = 0.012 (Table 4).

Table 4. Variables associated with a significant higher number
of PIMs.

Independent Participants  No. of PIMs Means difference P value
variable n (%) (Mean £ SD ) (95% CI)

DM Yes 233 (60.4%) 0.71+0.78 0.20 (0.04-0.35)  0.012
No 153 (39.6%) 0.51 £0.72

PU Yes 73 (18.9%) 1.01 £ 0.81 0.47 (0.29-0.66)  0.001
No 313 (80.1%) 0.54+0.72

IBS Yes 15 (3.9%) 1.73+1.03 1.15(0.77-1.52)  0.001
No 371 (96.1%) 0.58 £0.71

PIMs: potentially inappropriate medications, DM: diabetes mellitus, PU: peptic
ulcer, IBS: irritable bowel syndrome.

There were 73 (19%) participants having PU disease.
The mean number of PIMs among patients with PU was
significantly higher (1.01 + 0.81) than those without PU
(0.54 £ 0.72), p = 0.001. Moreover, there were 15 (3.9%)
participants having IBS. The mean number of PIMs
among patients with IBS was higher (1.73 + 1.03) than
those without IBS (0.58 + 0.71), p = 0.001 (Table 4).

A linear regression was run to test the effect of age and
number of medications (regular and/or as needed) on the
number of PIMs. Some of the test assumptions were vi-
olated and there was no significant relationship between
these tested variables and PIMs (data not shown).

Discussion

This is the first Jordanian study that evaluates PIMs use in
community-dwelling geriatrics based on the latest version
of AGS Beers Criteria (2019 AGS Beers Criteria). About
49.2% of patients were using one or more PIMs. Diagnosis
with DM, PU or IBS were identified as significant predic-
tors of PIMs use in this study. These findings would be the
first step for evaluating future interventions to decrease
PIMs use among geriatric patients.

The prevalence of PIMs varies according to criteria used
and participant’s characteristics (Goltz et al. 2012; Napoli-
tano et al. 2013; Davidoff et al. 2015; Zhao et al. 2021).
In this study the prevalence was 49.2%. This is the first
study in Jordan to evaluate PIMs use based on 2019 AGS
Beers Criteria. There was one study conducted in Jordan
that evaluated PIMs use according to 2015 AGS Beers Cri-
teria based on outpatient electronic medical records and
the prevalence was 62.5% (Al-Azayzih et al. 2019), which
is higher than what we found in our study. However, the
comparison could be difficult due to differences in the
data collection method. In this study, it was face-to-face
interview included nonprescription as well as prescription
medications and the difference in the AGS Beers Criteria
versions used for assessment (2015 vs 2019).

In other studies conducted worldwide for the use of
PIMs according to 2019 AGS Beers Criteria, the prev-
alence ranged from 34.1 to 68.8%. These studies were
conducted in Lebanon (34.1%) (Chahine 2020), in USA
(34.4%) (Clark et al. 2020), in China (35.0%) (Huang et
al. 2020), in Switzerland (53%) (Achterhof et al. 2020),
and in Spain (68.8%) (Lopez-Rodriguez et al. 2020). The
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difference in prevalence is predicted and comparing other
studies should be made with caution due to differences in
population studied, time of the study, source of patient in-
formation, healthcare setting, and medication availability
and accessibility in different countries.

Our results show that the most prescribed PIMs were
PPIs and long-acting sulfonylureas. The use of PPIs coin-
cides with other studies (Fralick et al. 2020; Lopez-Rodri-
guez et al. 2020; Roux et al. 2020; He et al. 2021). Overuse
of PPIsis a problem worldwide (Forgacs and Loganayagam
2008; Voukelatou et al. 2019) as it is in Jordan (Alqudah et
al. 2016) due to their relative superior efficacy and high
safety compared to H2 receptor blockers. However, their
use for more than 8 weeks should be avoided because they
are associated with Clostridium difficile infection and bone
loss and fracture (Fick et al. 2019). Patient education and
increasing healthcare knowledge about long-term side
effects of PPIs is necessary especially that studies show a
lack of awareness of inappropriate use PPIs and their re-
lated adverse events among patients (Rababa and Raba-
ba’h 2020) and healthcare providers including physicians,
pharmacists and nurses (Luo et al. 2019; Asdaq etal. 2021).

Long-acting sulfonylureas were of highly prescribed
PIMs in this study however, they were not reported in
similar studies. One explanation for this result is the high
percentage of diabetic patients in this study (60.4%),
which is higher than the reported prevalence in the same
age group (Sinclair et al. 2020). The small size of our study
compared to disease prevalence studies may explain this
difference. High percentage of diabetic patients in this
study increases the use of antidiabetic medications and
this raises the chance of using long-acting sulfonylureas.
Long-acting sulfonylureas are considered PIMs due to
their high risk of severe prolonged hypoglycemia (Fick
et al. 2019). Elderly are more vulnerable to hypoglycemia
due to age-related physiologic changes that alter the coun-
ter-regulatory mechanisms to hypoglycemia; elderly have
lower glucagon and growth hormone responses but high-
er epinephrine and cortisol responses than age-matched
healthy individuals (Mathur et al. 2015). Moreover, elder-
ly patients are less aware of symptoms of hypoglycemia
(Pegg et al. 1991). Therefore, long-acting sulfonylurea
should be avoided in elderly and, if used, patient educa-
tion about their risk of hypoglycemia and symptoms of
hypoglycemia is vital, as well as the risk of disulfiram-like
reactions in concomitant alcohol use.

In this study, Seventy-two percent of participants were
using polypharmacy, which coincides with previous study
conducted to estimate the prevalence of polypharmacy
among elderly in Jordan (74.9%) (Al-Qerem et al. 2018)
and Oman (76.3%) (Al-Hashar et al. 2016). Polypharmacy
have been linked to several negative outcomes. i.e., mor-
tality, falls, cognitive impairment and drug-related prob-
lems (Wastesson et al. 2018). Although in other similar
studies, number of medications used per patient were
identified as predictors of PIMs use (Achterhof et al. 2020;
Wang et al. 2020; Jungo et al. 2021; Zhao et al. 2021), in
this study, it was not identified as associated factor.

The factors associated with PIMs use in this study were
diagnosis with DM, PU, or IBS. Other similar studies iden-
tified DM, hypertension, coronary artery diseases (Alya-
zeedi et al. 2019) and heart failure (Alyazeedi et al. 2019;
Wang et al. 2020) as predictors of PIMs. The commonly
identified PIMs in this study were PPIs and long-acting
sulfonylureas, which are used for management of PU and
DM, respectively. Identifying subcategories of geriatrics
who are at increased risk of using PIMs helps prescribers
giving more attention to disease management protocols
for geriatric patients with emphasis to decrease the pre-
scription of PIMs.

Among all healthcare providers, pharmacists are the
ones who interact most frequently with patients especially
in community pharmacy. Being a medication expert, they
have central role in monitoring and assessing the use of
PIMs, increasing the patient awareness of PIMs and edu-
cating them about potential adverse effects or interactions.

The strengths of this study are (1) being the first study
to detect PIMs use and associated factors in communi-
ty-dwelling geriatrics in Jordan based on the latest update
of Beers Criteria. (2) being conducted in the community
by face-to-face interview and it is not based on registries
or electronic questionnaire, which allowed for collecting
data about all medications used by patients including
nonprescription ones and medications prescribed from
different clinics. The results of this study may be repre-
sentative of the largest proportion of geriatrics; who lives
in the community, regardless of their demographic, social
or clinical conditions.

One limitation of this study is being an observation-
al study and therefore, future prospective studies are re-
quired to correlate the use of PIMs with adverse drug
events, morbidities and hospitalization among geriatric
population in Jordan. Besides, interventional strategies di-
rected to healthcare professionals and general populations
are needed to increase the awareness about PIMs and their
drug-related problems. Healthcare professionals should
be aware of PIMs risks and fully evaluate all geriatrics
medications to de-prescribe the potentially inappropriate
ones or switch to safer alternative medications whenever
applicable.

Conclusion

Based on 2019 Beers Criteria, the prevalence of PIMs use
is high in elderly patients in Jordan. PPIs and long-acting
sulfonylureas are the most prescribed PIMs. Diagnosis
with DM, PU or IBS are predictors of PIMs use. Increase
the knowledge about PIMs and their potential side effects
among patients and healthcare providers is warranted.
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