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Abstract

Background The global increase in the older adult population necessitates a comprehensive understanding of
medication management to mitigate the risks associated with potentially inappropriate medications (PIMs). These
medications are of particular concern due to their association with adverse drug reactions, increased hospitalization,
and increased healthcare costs. This study aimed to determine the prevalence and risk factors associated with PIM use
among older adult patients attending primary health care centers in Bahrain.

Methods This cross-sectional study was conducted in 2022 in 27 primary healthcare centers across Bahrain. The
study included patients aged 65 years or older. A computer based simple random sample was obtained, and the
Beers criteria 2023 was utilized to assess medication appropriateness. Anonymous data was retrieved from electronic
medical records and analyzed via univariate, and logistic regression analyses.

Results Among the 595 older adult patients studied, the average age was 71.7 years, with 54.5% (n=324) being
female. Most of the patients were married (70.8%, n=421). More than half of the patients (51.3%, n=305) received at
least one PIM, with gliclazide (37%, n=113), pantoprazole (29.8%, n=91), and rabeprazole (27.9%, n=85) being the
most prevalent prescribed PIM. Univariate analyses revealed that PIM rates were significantly higher among females
(p=0.001) and patients with comorbidities such as diabetes mellitus (p <0.001), essential hypertension (p <0.001), and
hyperlipidaemia (p < 0.001). Logistic regression analysis revealed that age (OR=1.09, p <0.001), female sex (OR=1.645,
p=0.012), and diabetes mellitus (OR=1.696, p=0.029) were significant predictors of PIM use.

Conclusion This study highlights the significant burden of PIM use among older adult patients in Bahrain, with
more than half of the participants receiving at least one PIM. These findings underscore the urgent need for
targeted interventions, particularly among female patients, those with chronic conditions such as diabetes mellitus,
and patients taking five or more medications. These insights contribute to the broader understanding of geriatric
pharmacotherapy and offer a foundation for policy development aimed at optimizing medication safety in aging
populations.
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Introduction

Medication safety is an essential and challenging aspect
of patient care that aims to optimize clinical outcomes
and reduce adverse drug events (ADEs) [1]. ADEs are
undesirable clinical manifestations that result from medi-
cation use and include adverse drug reactions (ADRs)
and medication errors (MEs) [2, 3]. ADRs are harmful
reactions that occur at normal doses used in humans for
prophylaxis, diagnosis, or therapy, whereas MEs involve
any preventable event that may result in inappropriate
medication use or patient harm [2, 4].

Owing to age-related physiological changes, changes in
pharmacokinetic and pharmacodynamic processes, mul-
tiple comorbidities, and complex medication regimens,
medication safety challenges grow more pronounced
among older patients [5]. Furthermore, polypharmacy,
the concurrent use of five or more medications, is a
common finding among older patients that substantially
elevates the likelihood of ADEs among older patients [6,
7]. Therefore, the use of potentially inappropriate medi-
cations (PIMs), drugs with high risk-to-benefit ratios for
older adults, has garnered significant attention among
this group of patients. Consequently, identifying, and
mitigating PIMs is a cornerstone of geriatric pharmaco-
therapy optimization [8].

Several studies assessed the percentage of older
patients who were on PIMs. In the United States, 30-35%
of older patients were on at least one PIM in the period
between 2007 and 2012 [9, 10]. A slightly lower percent-
age (29%) was reported in a study of approximately one
million older patients in the United Kingdom [11], while
a higher prevalence was reported in Ireland and Japan
(36% and 40%) [12, 13]. In China and Australia, the prev-
alence of PIM use among older patients was 50.1% and
60%, respectively [14, 15]. In the Middle Eastern coun-
tries including Kuwait, Saudi Arabia, and Qatar, the stud-
ies reported that more than half of older patients were on
at least one PIM (53%, 57.6%, and 60% respectively [16—
18]. Higher rates of PIM were reported in Jordan (62%)
and Lebanon (80%) [19, 20]. All these studies indicate
that the usage of PIMs by older patients is a worldwide
problem with significant implications.

Furthermore, several studies have assessed the pre-
dictors of PIM use among older patients. These studies
revealed that advanced age [20], polypharmacy [21-23],
and the presence of comorbidities such as heart failure,
hypertension, diabetes, and cancer [24, 25] significantly
increase the risk of PIM use among older adult patients.

Various tools including the Beers’ criteria, the Screen-
ing Tool of Older Persons’ Prescriptions and Screen-
ing Tool to Alert to Right Treatment (STOPP/START)
criteria, and the Medication Appropriateness Index
(MAI) were used to assess the extent of PIMs among
older patients. Of all tools, the Beers criteria is a widely
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recognized and extensively validated tool that is used to
identify PIMs [25, 26]. It provides a comprehensive list
of medications that should generally be avoided or used
with caution due to their associated risks, such as adverse
drug reactions. It is particularly valuable in guiding
healthcare providers to improve the safety and quality of
pharmacotherapy in older adult patients, especially those
with multiple comorbidities or who are at risk of PIM use
[27, 28].

As the global older adult population is projected to
reach 2 billion by 2050, a parallel increase in the preva-
lence of PIMs is expected [29, 30]. This high prevalence
of PIM is associated with higher hospitalization rates
[31-33], higher mortality and morbidity outcomes [34,
35], and higher costs among older adults [36—39]. There-
fore, efforts are made to minimize the prevalence and
impacts of PIM among old patients. Despite these efforts,
there remains a gap in research analyzing PIM use among
older adults in many Middle Eastern countries includ-
ing Bahrain. Hence, this study aimed to determine the
prevalence and predictors of PIM among older adults in
Bahrain.

Methods

Study design & setting

Between March and April 2022, a cross-sectional study
was undertaken among older adult patients under the
care of primary healthcare centers in Bahrain. The coun-
try comprises of 27 primary health centers spread across
4 health regions. All older adult patients attending these
centers during the specified period were considered eli-
gible for participation.

Approval for the research was secured from the
Research and Ethics Committees of Primary Healthcare
in Bahrain. During this timeframe, a total of 15,666 older
adult patients sought care at primary healthcare centers
in Bahrain.

Population, sample size calculation & sampling technique
A sample size of 385 was targeted based on the basis
of the estimated older adult population in Bahrain
(n=48,053), with a 95% confidence interval, 5% precision
level, and an anticipated PIM prevalence of 50% [40]. A
computer-based random sample was then selected from
the pool of 15,666 patients.

Selection criteria

Patients aged 65 years and above who were attending
primary care centers during the selected period were
included. For patients who made multiple visits within
this period, data from their initial visit was retrieved
from electronic records. In addition, certain medications,
such as topical agents and nonprescription medications,
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were excluded from the assessment, along with herbals
and vitamins.

Data was obtained from patients’ electronic medical
records (EMR).

Definitions and criteria
The Beers criteria, developed by the American Geriat-
rics Society, provides a list of PIMs that should generally
be avoided in older adults (aged > 65 years) owing to the
high risk of adverse effects [41]. The criterion is updated
regularly, with the 2023 edition being used for this study.
The Beers Criteria carefully consider medications that
pose a high risk of adverse effects, have limited effective-
ness in older adults, involve drug-disease or drug-drug
interactions that may exacerbate the patient’s condition,
and include dosage and duration limitations for certain
medications. The grouping of participants into ‘appro-
priate’ and ‘inappropriate’ medication users was based
on well-defined criteria outlined by the 2023 Beers Cri-
teria. Medications were classified into five categories:
(1) potentially unsuitable medications, (2) medications
potentially unsuitable for patients with specific diseases
or syndromes, (3) medications warranting careful use, (4)
potentially inappropriate drug-drug interactions, and (5)
medications requiring dosage adjustments based on renal
function [41]. Each classification was assessed based on
the quality of evidence and strength of recommendation.
Medications that did not fall into any of these categories
were classified as ‘appropriate. Ambiguous or borderline
cases were carefully reviewed within this framework,
adhering to the overarching principle of weighing the
risks versus the benefits of the medication. Discrepancies
in medication classification were independently evalu-
ated by two board-certified family physicians, and a third
family physician adjudicated cases where disagreements
arose.

Comorbidities diagnoses were obtained from the EMR.
Diagnoses were based on the 10th edition of the Interna-
tional Classification of Diseases (ICD-10).

Data collection tool

A comprehensive data collection tool was developed,
consisting of four parts: the first part gathered sociode-
mographic information and baseline characteristics;
the second part assessed comorbidities (e.g., diabetes
mellitus, essential hypertension, hyperlipidaemia, cere-
brovascular accident, chronic kidney disease); the third
part documented all the medications available at the
primary care centers, including their names and catego-
ries according to the Anatomical Therapeutic Chemical
classification system, and the inappropriateness level of
medication prescribed was assessed via the Beers 2023
criteria.
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Statistical analysis & selection criteria

Statistical analyses encompassed computing frequencies
and percentages for categorical variables and means with
standard deviations for continuous variables. Partici-
pants were divided into two groups based on medication
use: inappropriate and appropriate. T-tests were uti-
lized to compare mean differences between independent
groups, whereas the chi-square test was used to compare
categorical variables. Normality tests were conducted
which revealed normal distribution of continuous data,
thus not warranting the use of non-parametric tests (ex.
Mann-Whitney U test) nor the mention of median and
IQR (interquartile range) values. The minimum expected
cell count assumption was met in all analyses. Logistic
regression analyses were performed, and the results are
presented as odds ratios (OR) with 95% confidence inter-
vals (CI). Data analysis was conducted using IBM SPSS
Statistics, Version 28.0, with a P-value of less than 0.05
considered statistically significant.

Results

The study included 595 patients, the majority of
whom were female (324, 54.5%). The average age was
7174+ 6.21 years. Most patients were Bahraini (573,
96.3%) and married (421, 70.8%). The most common
comorbidities were essential hypertension (400, 67.2%),
hyperlipidaemia (361, 60.7%), and diabetes mellitus (324,
54.5%). The average number of medications taken per
patient was approximately 5 (4.72)+3.23 (range 1.49-
7.95 medications). Table 1 shows the sociodemographic,
clinical characteristics, and the most prescribed medica-
tions among the participants.

PIMs were identified in 305 patients (51.3%), with the
majority having 1 PIM (74.1%). The most frequently pre-
scribed medications were metformin (43.4%), atorvas-
tatin (34.6%), and perindopril (26.7%).

Among patients with polypharmacy, most received 1
PIM (74.1%, n = 305), while some received 2 PIMs (22.6%)
and a minority received 3 PIMs (3.3%). The most fre-
quently identified PIMs were gliclazide (37%), pantopra-
zole (29.8%), and rabeprazole (27.9%). Table 2 shows the
frequency and types of PIMs.

The univariate analysis revealed a greater prevalence
of PIM use among females than among males (p <0.001).
Patients who had diabetes mellitus (p <0.001), hyperten-
sion (p<0.001), dyslipidaemia (p <0.001), and cardiovas-
cular diseases (p=0.002) were found to have a higher
prevalence of PIM than their counterparts. Moreover,
other comorbidities such as asthma (p =0.043), psychiat-
ric disorders (p=0.018), and hypothyroidism (p=0.003)
also correlated with a high PIM prevalence.

Table 3 shows the statistical significance of the associa-
tions between social demographics, comorbidities, and
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Table 1 Sociodemographic and clinical characteristics of
older adult patients attending primary care centers in Bahrain
(TN=595)
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Table 3 Association between social demographics,
comorbidities, and PIMs (n, %) among older adult patients
attending primary care centers

Characteristics n (%)
Sex Male 71 (45.5)
Female 324 (54.5)
Age, mean=SD 71.7£6.2
Nationality Bahraini 573 (96.3)
Non-Bahraini 22(3.7)
Marital Status Single 22(3.7)
Married 421 (70.8)
Divorced 33(5.5)
Widowed 119(20.0)
Comorbidities Essential hypertension 400 (67.2)
Hyperlipidaemia 61 (60.7)
Diabetes Mellitus 324 (54.5)
Hypothyroidism 76 (12.8)
Cardiovascular diseases 60 (10.1)
Asthma 44 (74)
Psychiatric disorders 24 (4.0)
Medications Metformin 258 (43.4)
Atorvastatin 206 (34.6)
Perindopril 159 (26.7)
Amlodipine 159 (26.7)
Valsartan 146 (24.5)
Aspirin 144 (24.2)
Table 2 Potentially inappropriate medications (n, %) among
older adult patients attending primary care centers
Potentially inappropriate medications (PIM) n (%)
TN=595
PIM Prescribed Yes 305(51.3)
TN=595 No 290(48.7)
Number of PIM 1 226 (74.1)
TN=305 2 (22 6)
3 0(3.3)
Most frequently prescribed medications  Gliclazide ( 7.0)
TN=305 Pantoprazole 91(29.8)
Rabeprazole 85 (27.9)
Omeprazole 23(7.5)
Esomeprazole 21 (6.9
Amitriptyline 5(4.9)
Diclofenac acid 4(4.6)
Glimepiride 0(3.3)

PIMs among older adult patients attending primary care
centers.

Logistic regression analysis revealed that sex
(OR=1.645, P=0.012), age (OR=1.09, P<0.001), diabetes
mellitus (OR=1.696, P=0.029) and number of medica-
tions (OR=0.610, P<0.001) were predictors of PIM use.
Table 4 shows the results of the logistic regression analy-
sis of PIM risk factors.

PIM No PIM P value
present TN=290,
TN=305, (n, %)
(n, %)
Sex Male 119 (439) 152(56.1)  0.001
Female 186 (57.4) 138(42.6)
Age 71.78+6.12 7169+6.32 0.859
Nationality Bahraini 294 (51.3)  279(48.7) 0.904
Non-Bahraini 11 (50) 11(50)
Marital Single 12 (54.5) 10(45.5) 0.739
Status Married 210(49.9)  211(50.1)
Divorced 17 (51.5) 16(48.5)
Widowed 66 (55.5) 53(44.5)
Comorbidities Diabetes Mellitus 196 (60.5)  128(39.5) <0.001
Essential 236 (59) 164(41) <0.001
hypertension
Hyperlipidaemia 219 (60.7)  142(39.3) <0.001
Cardiovascular 42 (70) 18(30) 0.002
diseases
Asthma 29 (65.9) 15(34.1) 0.043
Psychiatric 18 (75) 6(25) 0.018
disorders
Hypothyroidism 51 (67.1) 25(32.9) 0.003
Polyphar- Polypharmacy 214(723)  82(27.7) <0.001
macy status  No 91 (30.4) 208(69.6)
Polypharmacy
Number of medications 6.24+298 3.12+267 <0.001

Table 4 Logistic regression for PIM risk stratification among
older adult patients attending to primary care centers

0Odds ratio (95% confi- P value

dence interval)
Sex 1.645(1.117-2.421) 0.012
Age 9(1.012-1.026) <0.001
Diabetes Mellitus 1.696 (1.055-2.727) 0.029
Essential hypertension 1487 (0.910-2.431) 0.113
Hyperlipidaemia 1.286 (0.799-2.069) 0.300
Cardiovascular diseases 0.975(0.498-1.911) 0.942
Asthma 0.969 (0.437-2.146) 0.938
Psychiatric disorders 0.485 (0.169-1.391) 0.178
Hypothyroidism 0.832 (0.454-1.524) 0.552
Polypharmacy status 0.906 (0.466-1.763) 0.771
Number of medications 0(0.523-0.712) <0.001

Discussion

This study aimed to determine PIM prevalence and asso-
ciated risk factors among older adult patients in Bahrain.
The study revealed that more than half of the older adult
patients suffered from PIM, with a higher prevalence
among female patients, those with comorbidities such as
diabetes mellitus, and those subjected to polypharmacy.
The study also revealed that gliclazide, pantoprazole, and
rabeprazole were the most common PIMs.
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The prevalence of PIMs among older adult patients
attending primary care centers in Bahrain was compara-
ble to that reported by local and international figures. For
example, several studies reported rates varying between
30% and 80% [9-20]. In contrast, some studies reported
a lower prevalence of PIM than our study did, whereas
others observed a higher prevalence. Possible reasons for
this variability include different inclusion and exclusion
criteria, including age and specific comorbidities, along
with complex medication regimens, the involvement of
multiple healthcare providers, and a higher prevalence of
other comorbidities, such as diabetes or hypertension.

This study found that gliclazide, a common oral hypo-
glycaemic agent, was the most frequently prescribed
PIM, which may explain the higher PIM rate among
patients with diabetes mellitus compared to their coun-
terparts. Additionally, proton pump inhibitors (PPIs)
such as pantoprazole, rabeprazole, omeprazole, and
esomeprazole are highly prevalent, which is consistent
with other studies that identified PPIs as commonly pre-
scribed PIMs [21, 23, 41].

In line with the literature, our findings revealed that
age, sex, diabetes status, and the number of medications
are significant predictors of PIM prevalence [17]. Across
numerous studies, polypharmacy has been consistently
identified as a primary determinant of PIM use [21, 22,
24, 42, 43]. However, while polypharmacy is significant,
some research argues that it should not be viewed solely
as a predictor of PIM use [44, 45]. Chronic conditions
often necessitate individualized and complex prescribing
patterns, which are essential for effective disease man-
agement. Therefore, the presence of multiple medications
does not inherently indicate inappropriate prescribing;
rather, the focus should be on evaluating the appro-
priateness of each medication within the context of the
patient’s overall treatment plan [15, 46].

Conversely, several variables did not maintain their
significance in further analysis, indicating that their ini-
tial association with PIMs diminished when the broader
context of patient health was considered. This trend was
observed in conditions such as cardiovascular diseases,
hypertension, hyperlipidaemia, psychiatric disorders,
hypothyroidism, polypharmacy, and asthma, which were
significant in the univariate analysis but not in the sub-
sequent analyses. The inconsistency in these results is
reflected in other studies exploring similar risk factors
[15, 47]. For instance, hypertension initially appeared to
be significantly associated with PIMs, but this connec-
tion weakened upon further analysis, suggesting that the
observed PIM incidence may be influenced more by the
overall burden of chronic conditions and the resulting
need for complex medication regimens, rather than by
hypertension alone. This aligns with published research,
which suggests that the link between hypertension and
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PIMs may be less direct, with the potential for inappro-
priate prescribing being more closely tied to the cumu-
lative effect of managing multiple coexisting conditions,
which often necessitates a multifaceted therapeutic
approach [48].

Addressing the issue of PIM requires an approach that
combines system-level interventions with individualized
patient care. Regular medication reviews by a multidis-
ciplinary team should be integrated into routine clinical
practice, particularly during care transitions such as hos-
pital discharge or admission to long-term care facilities
[49] Integrating clinical decision support systems (CDSS)
into EMRs can further enhance these efforts by providing
real-time alerts to prescribers, flagging PIMs, suggesting
safer alternatives, and identifying potential drug-drug
interactions [50].

One of the foremost strengths of this study was the
comprehensive and detailed data collection process,
which included the use of a random sampling method.
This study utilized data from electronic medical records
across Bahrain and effectively employed the Beers Crite-
ria to identify PIMs, providing robust and representative
insights into the older adult population—a demographic
often underrepresented in previous studies. The find-
ings, while valuable, may have slightly underestimated
the prevalence of PIM use due to the exclusion of certain
older adult groups, such as those who were homebound,
in long-term care facilities, and or non-attendees in the
designated study period.

Additionally, a key limitation of this study is that
healthcare provider behavior and patient adherence to
medications were not assessed or factored into the analy-
sis. These variables could influence prescribing practices
and medication usage patterns, potentially impacting the
overall prevalence of PIMs observed in the study.

Conclusion
In summary, this study revealed a high prevalence of
PIM among older adults in primary care centers in Bah-
rain especially among female patients, those with chronic
conditions such as diabetes mellitus, and patients taking
five or more medications.

Urgent actions including regular medication reviews by
a multidisciplinary team, and the integration of clinical
decision support systems (CDSS) into EMR are needed
to mitigate the risk of PIMs among this population. Fur-
ther studies are warranted to analyze medication patterns
among the entire older adult population including those
those who are homebound, in long-term care facilities,
and or non-attendees to primary healthcare centers.
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