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Purpose: In clinical practice, non-steroidal anti-inflammatory drugs (NSAIDs) are widely prescribed to older adults patients for pain
and inflammation. However, drug therapy in this population carries risks of polypharmacy and potential drug—drug interactions
(pDDlIs). This study aimed to evaluate prescribing trends of NSAIDs and examine the incidence of polypharmacy and pDDIs among
older adults patients in the Outpatient Pharmacy Department of a secondary care hospital.

Patients and Methods: A prospective observational study was conducted using electronic health records of older adults patients
prescribed NSAIDs from January to June 2023. Data were screened for NSAID prescription patterns, polypharmacy, and pDDIs using
the Micromedex database. Descriptive statistics and logistic regression assessed relationships between treatment-related factors and
pDDIs, while Chi-square tested associations between NSAID prescriptions and gastro-protective drugs. A p-value <0.05 was
considered statistically significant.

Results: The study was conducted in 174 older adults patients. Celecoxib (28.2%) and ketoprofen (27.6%) were the most often given
oral and topical NSAIDs among the study populations, respectively. Aspirin and celecoxib were the most commonly involved NSAIDs
causing pDDIs. A total of 340 potential pDDIs were found, with a mean of 1.95 + 3.66 interactions for each prescription. The analysis
of polypharmacy in relation to treatment factors revealed a significant correlation with comorbidities (p < 0.001). A robust positive
association exists between the quantity of pDDIs and continuous treatment-related factors, including the Charlson comorbidity index
(p = 0.004), the comorbidity burden (p < 0.001), and the overall number of medications being taken (p < 0.001).

Conclusion: The research elucidates the prescribing trends of NSAIDs and uncovers the occurrence of polypharmacy and pDDIs
within the older adults population. Giving the right screening and intervention resources to maximize their medication regimen may

ensure safer and more effective management of older adults patients.

Plain Language Summary: Doctors often give older people NSAIDs (non-steroidal anti-inflammatory meds) to help with pain and
swelling. But as people get older, they are more likely to be given more than one medicine at a time, which is called polypharmacy.
Taking many drugs raises the chance of bad side effects, especially when several drugs interact in harmful ways. These are known as
possible drug-drug interactions (pDDIs).

This study looked at how NSAIDs are given to older people who go to a secondary care hospital’s outpatient pharmacy. Researchers
got information from people 60 and older who were given NSAIDs between January and June 2023. The study examined which
NSAIDs were most commonly used, how many patients were taking more than one medication, and how often pDDIs happened. We
used a medical database called Micromedex to identify the interactions.

There were 174 senior patients in the study. Celecoxib (oral) and ketoprofen (topical gel) were the NSAIDs doctors prescribed most.
Aspirin and celecoxib were the NSAIDs that most often interacted with other drugs. There were 340 pDDIs in all, averaging over two
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per prescription. The results showed that patients who used more medications and had greater health problems were more likely to
have pDDIs.

The study shows that older persons need to be watched closely and that doctors should be more careful when giving drugs. Better
screening and advice for doctors and pharmacists could help lower risks and make patients safer.

Keywords: older adults, prescription pattern, poly pharmacy, drug-drug interactions, non-steroidal anti-inflammatory drugs

Introduction

The field of medicine known as geriatrics focuses on the healthcare of older adults individuals, defined as those aged 65
years and older." This demographic constitutes an increasingly significant segment of the global population. Projections
indicate that by 2050, the proportion of older individuals worldwide is expected to reach 22%.% In the Arab region
specifically, experts predict that the older adults population will reach 49.6 million by 2030, representing 9.5% of the
total population. Furthermore, this figure is expected to surpass 102 million by 2050, with older adults comprising 15.1%
of the population.® As life expectancy increases and healthcare advances extend longevity, understanding and addressing
the unique healthcare needs of older adults becomes paramount.”*

Among the various challenges encountered by this demographic, the judicious use of pharmacological agents,
especially non-steroidal anti-inflammatory drugs (NSAIDs), plays a crucial role in managing common conditions,
ranging from mild pain to chronic inflammatory conditions such as arthritis and musculoskeletal disorders.” They
account for almost 20% of all prescription drug usage and are the most widely utilized class of pharmaceuticals globally.
Due to their easy availability as over-the-counter drugs, studies have shown that approximately 30 million people
worldwide consume NSAIDs daily, of whom 40% are older than 60 years.® Previous studies also report the inappropriate
prescribing or irrational use of NSAIDs, thereby having the potential to cause serious adverse effects, including elevated
blood pressure, heart disease, kidney damage, and gastrointestinal (GI) problems.”® The widespread prescription of these
medications can be attributed to their effectiveness in managing symptoms. Nonetheless, their application among older
adults requires meticulous evaluation, given the common occurrence of comorbidities and age-related physiological
alterations. These factors often necessitate the simultaneous administration of multiple medications, a phenomenon
known as polypharmacy.”

“Polypharmacy (PP) is defined by the World Health Organization (WHO) as the simultaneous use of many
medications or as the routine use of five or more medications”. Despite the WHO endorsing a criterion of <5 per day,
the assessment of PP remains a contentious issue.'”'' Numerous older adults with chronic illnesses frequently have
multiple concurrent medical problems. Prescribing several drugs enables healthcare providers to thoroughly address each
ailment, enhancing overall illness management and quality of life.'> Nonetheless, numerous drugs exacerbate the risk of
polypharmacy in the older adults, correlating with incorrect prescribing, heightened risks of drug-related complications,
and increased hospitalizations. [10] Furthermore, the intricacy of polypharmacy heightens the probability of drug-drug
interactions (DDIs), wherein the synergistic effects of drugs may lead to undesired outcomes, including therapeutic
failure and toxicity."

DDIs are more common in older adults people because of age-related physiological changes and concurrent usage of
various drugs. These interactions may result in altered medication efficacy, increased toxicity, and compromised
therapeutic outcomes.'* According to epidemiological research, the prevalence rates of clinically relevant DDIs vary
greatly throughout healthcare settings, and older patients with multimorbidity are particularly prone to them. Age,
comorbidities, dietary condition, genetic predispositions, and the sheer volume of prescribed medications are some of the
factors that lead to DDIs.'>'® Understanding and mitigating drug-drug interactions (DDIs) is crucial to optimizing
pharmacotherapy and enhancing patient safety in geriatric populations.

Despite these risks, there is a paucity of comprehensive studies examining NSAID prescribing practices, the incidence
of polypharmacy, and pDDIs, particularly within the demographic of older adults receiving care in secondary hospital
settings. Addressing these deficiencies is crucial for improving patient outcomes and optimizing healthcare resource
utilization among older adults populations, as well as for enhancing pharmacological safety and efficacy. In light of these
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findings, the present study aimed to evaluate the prescribing practices of NSAIDs and to investigate the prevalence of
polypharmacy and pDDIs among older adults patients who are prescribed NSAIDs within the outpatient pharmacy
department of a secondary care hospital.

Materials and Methods
Study Design and Study Setting

A prospective observational study was conducted in the outpatient pharmacy department at Dibba Hospital in Al
Fujairah, United Arab Emirates, from January 2023 to June 2023.

Ethical Consideration

The research proposal has received approval from the Institutional Review Board — Ras Al Khaimah Medical and Health
Sciences University, designated as [RAKMHSU-REC-031-2022/23-PG-P], as well as from the Regional Research and
Ethics Committee of Ras Al Khaimah, Ministry of Health and Prevention, UAE, identified by the reference number
[MOHAP/REC/2022/36-2022-PG-P]. This study was conducted by relevant regulations and legal frameworks, including
adherence to the principles outlined in the Declaration of Helsinki. All participants were recruited after providing written
informed consent using a standardized form that explained the study objectives, data confidentiality, and the voluntary
nature of participation.

Sample Size and Sampling Technique
The sample size was calculated a prioriusing Epi Info™ version 7.2 software (CDC, Atlanta, USA). The standard
formula for single population proportion was applied:

n= (2°xP(1 - P))/d’

Where:

e n = required sample size

e 7 = Z-value at 95% confidence level (1.96)

e P = expected proportion of polypharmacy/pDDIs (set at 0.5 for maximum sample size since no prior local data were
available)

¢ d = margin of error (0.05)

This yielded a sample size of 170 participants, which was used as the study target. To select the study participants, a
systematic random sampling method was implemented.

Inclusion and Exclusion Criteria

All patients, regardless of gender, who are 65 years of age or older and prescribed at least one systemic NSAID in
conjunction with other drugs, registered in the outpatient departments of the study setting, and who consent to participate
in the trial. Hospitalized older adults patients, critical care unit, and emergency department, as well as those prescribed
predominantly lotions, ointments, and compounded products, and whose data are insufficient or inadequately documen-
ted in their case records, were eliminated from the study.

Study Procedure

The study included prescription records for all patients who fulfilled the specified inclusion criteria. Patient parameters,
including name, age, gender, diagnosis (International Classification of Diseases, Tenth Revision, ICD-10), co-morbid
conditions, medication history, and duration of hospitalization, along with prescribed medications, were extracted from
the electronic health records (Wareed system) at the outpatient pharmacy department of the study setting using a data
collection form. All prescriptions were gathered prospectively and analyzed to evaluate the prescribing patterns of
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NSAIDs. Prescriptions comprising NSAIDs were assessed based on the designated study parameters (type, brand name,
dosage, mode of administration, duration of therapy, monotherapy, fixed drug combination, etc).

World Health Organization Core Prescribing Indicators

Each prescription was evaluated based on the World Health Organization (WHO) drug use indicators to determine the
logic of the prescribing pattern. This contains the average number of medications in each interaction. The proportions of
encounters involving prescribed NSAIDs, NSAID injections, non-selective NSAIDs, COX-2 selective NSAIDs, NSAIDs
prescribed by generic name, NSAIDs from the Essential Medicines list, fixed-dose combinations (FDCs) of NSAIDs, and
NSAIDs prescribed with gastroprotective agents were calculated to evaluate prescribing patterns.

Assessment of Polypharmacy

We examined the quantity of drugs prescribed in individual prescriptions within the study populations at the outpatient
pharmacy department. Due to the absence of an internationally recognized definition of polypharmacy, the prevalent
definition refers to the simultaneous administration of five or more drugs for research purposes.””'® We evaluated the
prevalence of polypharmacy based on prescription data, categorizing it into three distinct classifications: non-polyphar-
macy (fewer than five medications), polypharmacy (5 to 9 medications), and hyper-polypharmacy (10 or more
medications).

Assessment of Drug-Drug Interactions

To ascertain the possible drug-drug interactions (DDIs) associated with NSAIDs prescriptions, all medications pre-
scribed, excluding those designated as “stat” or “as needed”, were included in the “drugs to check” list and evaluated
using the Thomson Reuters Micromedex®™ DrugReax™ system. The incidence rates and clinical consequences of these
drug-drug interactions (DDIs) were subsequently assessed. They were classified based on various factors, including
“severity” (minor, moderate, major), “onset” (quick, delayed, not specified), classification, and “degrees of documenta-
tion” (excellent, good, fair, and unknown). Clinical monitoring was performed by reviewing patient electronic health
records (laboratory parameters, comorbidities, and treatment notes) to assess the clinical relevance of identified interac-
tions. The definitions of onset, severity, significance rating, and documentation used in the study, as provided by the
Micromedex DrugReax system, are detailed below.

Criteria for Onset

The gravity of an interaction’s consequences depends on the rapidity with which its clinical effects manifest and the
urgency required for preventive measures to mitigate them. It is categorized as “Rapid -the effect will manifest within 24
hours of administering the interacting medicines; Delayed -the effect will not be apparent within 24 hours of simulta-
neous administration, and Not specified - Effects may require several days or weeks of simultaneous dosing to manifest.

Criteria for Severity

When weighing the risks and benefits of a treatment, as well as those of alternative therapies, it is crucial to consider the
potential severity of any possible interactions that may occur. The adverse effects of many interactions can be prevented
by adjusting the administration schedule or dosage appropriately. Five levels of severity are delineated as follows: “The
medications are contraindicated for simultaneous use. Major - The interaction may pose a life-threatening risk and/or
necessitate medical intervention to mitigate or avert severe adverse effects. Moderate - The interaction may lead to a
worsening of the patient’s condition and/or necessitate a modification in treatment. Minor - The interaction would
provide minimal clinical consequences. Manifestations may involve an escalation in the frequency or intensity of adverse
effects, but often do not necessitate a significant modification in treatment. Unknown — No identified medication
interactions”.

Criteria for Documentation
The extent of confidence regarding the potential for an interaction to result in a modified therapeutic response is
dependent on the available documentation. This assessment reflects the editorial team’s evaluation of both the quality
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and clinical significance of the primary research that establishes the presence of such an interaction. Nonetheless, several
variables may influence whether a patient experiences even a well-recorded interaction. The documentation is unaffected
by the interaction’s possible intensity of effect and makes no mention of the interaction’s incidence or frequency. It is
classified as “Excellent - Controlled research has definitively demonstrated the presence of the interaction. Good -
Documentation strongly suggests the existence of interactions; however, well-controlled studies are lacking. Fair - The
available evidence is inadequate. However, pharmacological considerations prompt doctors to suspect the existence of
the interaction; alternatively, documentation is robust for a pharmacologically analogous substance. Unidentified —
Unidentified”.

Charlson Comorbidity Index

The Charlson Comorbidity Index (CCI) score, established in 1987, is a validated and straightforward tool for assessing
the mortality risk associated with comorbid conditions. It is often utilized as a predictor of death and prognosis.'” The
Charlson Comorbidity Index (CCI) categorizes comorbidities, including cardiovascular, metabolic, renal, hepatic,
pulmonary, and oncological illnesses, making it the most prevalent and reliable method for estimating mortality. The
age-adjusted Charlson Comorbidity Index (CCI) is derived from age and 17 medical comorbidities that may influence the
CCI score, resulting in a number ranging from 1 to 6, depending on the condition. The cumulative score for the CCI is
only the aggregation of the weights, with elevated scores indicating greater severity of comorbidity or multimorbidity.

Data Analysis

The compiled data were entered into a Microsoft Excel spreadsheet for further analysis. The analysis was performed
utilizing the Statistical Package for the Social Sciences (SPSS) version 29.0 for Windows (IBM, Armonk, New York).
The findings were evaluated by the World Health Organization’s (WHO) standard key indicators for prescription.
Descriptive statistics, encompassing means, percentages, frequencies, and standard deviation (SD), were employed to
characterize patient demographics and to evaluate the prevalence of NSAIDs prescriptions, as well as their concomitant
prescriptions with other specific medications. Multivariable logistic regression analyses were executed to identify
potential predictive factors associated with NSAID usage. The association between dependent and independent catego-
rical variables was analyzed using the Chi-square test and Relative Risk. Furthermore, the determinants influencing the
incidence of DDIs were evaluated through both univariate and multivariate regression analyses. A Pearson correlation
analysis was performed to investigate the relationship between continuous variables and their correlation with the number
of pDDIs. A p-value of less than 0.05 was considered statistically significant.

Results

Sociodemographic Characteristics of the Study Populations

In total, 174 case records of the older adults population receiving NSAIDs prescriptions were reviewed during the study
period. The predominant demographic among the study participants consisted of females (59.77%) with an age category
between 65-74 years (75.86%), and the average age was found to be 71.9 + 7.89 (Mean + SD) years (range: 65 to 103
years). Three-quarters of the study samples consisted of UAE nationals, and nearly 90% of them were currently retired.
Comorbidities were identified in more than 90% of the study samples, with over half of them having 3—4 comorbidities.
Cardiovascular illnesses (33.74%) were the predominant comorbidity, followed by diabetes mellitus (17.59%). The mean
quantity of medications administered to each patient was 6.74 £ 3.67 (Mean + SD), with about half of the research group
receiving 1-5 medications each prescription (Table 1).

Therapeutic Class of Medications

In the study populations, the most frequently prescribed therapeutic class of medications was those about the muscu-
loskeletal system, accounting for 31.29% of prescriptions. This was followed by medications for the cardiovascular
system, which constituted 22.15%, and those for the alimentary tract and metabolism, representing 21.06%. (Table 2).
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Table | Sociodemographic Characteristics of the Study Populations (n=174)

Clinical Characteristics Frequency (n=174) | Percentage

Gender

Female 104 59.77

Male 70 40.22

Age (in Years)

65 —-74 132 75.86

75 -84 29 16.66

285 13 747

Mean Age (in years) 719 £7.89

Nationality

United Arab Emirates 132 75.86

Non-locals 42 22.98

Employment

Home makers 19 10.91

Retired 155 89.08

Marital status

Married 143 82.18

Widow 22 12.64

Divorced 9 5.17

Number of Comorbidities %

Nil I

1-2 66

3-4 78

25 19

Types of comorbidities (n=483)

Diabetes mellitus 85 17.59

Cardiovascular diseases 163 33.74

Dyslipidemia 69 14.28

Renal disease 06 1.24

Respiratory diseases 13 2.69

Thyroid disorders 15 3.10

Anemia 06 1.24

Gastrointestinal 21 4.34

Musculoskeletal 43 8.90
(Continued)
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Table | (Continued).

Clinical Characteristics Frequency (n=174) | Percentage
Neurological 14 2.89
Psychiatric Il 227
Dermatological 03 0.62
Opthalmology 12 248
Genitourinary system 17 3.51
Others 05 1.03

Number of drugs per prescription

| -5 84 48.27
6-10 64 36.78
I —15 20 11.49
=06 06 3.44
Total number of medications 1172

Average number of medications per patient 6.74 + 3.67

Table 2 Therapeutic Class of Prescriptions Medications Received by the Study
Population (n=1172)

Therapeutic Class of Drugs N=1172 %

Alimentary Tract & Metabolism

AO0I Drug for Acid-Related Disorder 83 7.08
AO02 Drugs for a functional gastrointestinal disorder 02 0.17
A10 Drugs Used in Diabetes 82 6.99
All Vitamins 53 4.52
Al2 Mineral Supplements 27 2.30

Blood & Blood Forming Organ

BOI Antithrombotic agents 27 2.30

BO3 Anti-anemic preparations 107 9.12

Cardiovascular System

COI Cardiac therapy 03 0.25
CO03 Diuretics 24 2.04
CO05 Vasoprotectives - Drugs for hemorrhoids and anal fissures 53 4.52
CO07 B- Blocker 25 2.13
C08 CCB 37 3.15
C09 Agents acting on the renin-angiotensin system 52 4.43
C10 Lipid modifying agents 66 5.63

(Continued)
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Table 2 (Continued).

Therapeutic Class of Drugs N=1172 %

Dermatologicals

D04 Antipruritics, including antihistamines, anesthetics, etc. 02 0.17

Genitourinary system and sex hormones

G04 Urologicals 14 1.19

Systemic hormonal preparations, excl. Sex hormones and insulin

HO02 Corticosteroid for systemic use 02 0.17

HO3 Thyroid therapy 09 0.76

Anti-Infective For Systemic Use

JOI Antibacterial for systemic use 03 0.25

Antineoplastic and immunomodulating agents

LOl Antineoplastic agents 08 0.68

Musculoskeletal system

MOI Anti-inflammatory and Anti-rheumatic products 156 13.31
MO2 Topical products for joint and muscular pain 129 11.0
MO03 Muscle relaxants 6l 5.20
MO04 Anti-gout preparations 03 0.25
MO5 Drugs for the treatment of bone diseases 18 1.53

Nervous system

NO2 Analgesics 96 8.19
NO3 Antiepileptics ol 0.08
NO5 Psycholeptics ol 0.08

Respiratory system

RO2 Throat preparations 02 0.16
RO3 Drugs for obstructive airway diseases 13 1.10
RO6 Antihistamines for systemic use 04 0.32

Sensory organs

SO1 Ophthalmologicals 08 0.68

S02 Otologicals ol 0.08

Evaluation by the WHO Core Prescribing Indicators for NSAIDs

The examination of NSAIDs prescription data, utilizing the WHO core prescribing indicators, yielded several significant
findings. Among the 174 prescriptions analyzed, the mean quantity of NSAID medications per prescription was 1.74 + 0.58.
Notably, selective COX-2 inhibitors constituted 49.42% of the NSAID prescriptions. It is important to highlight that no
prescriptions included parenteral formulations of NSAIDs. Furthermore, all prescriptions were issued using generic
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nomenclature and sourced from the national essential drug list, achieving a 100% compliance rate. Additionally, approxi-
mately 97.12% of NSAID prescriptions were accompanied by co-prescribed medications, including acid-suppressive
agents, vitamins, and antimicrobials, with acid-suppressive agents being the most frequently co-prescribed at a rate of
48.8%. (Table 3).

Prescribing Pattern of NSAID Drugs

A total of 304 NSAID medications were prescribed for the 174 study populations, with an average of 1.74 £+ 0.58 pills per
prescription. The minimum number of NSAID medicines prescribed /patient was one, and the maximum was three. It
was observed that 111 (63.79%) of the patients were receiving both topical and oral NSAID medications per prescription.
However, 45 (25.86%) patients received only oral NSAIDs, and 10.34% of patients were prescribed topical NSAIDs
alone. (Table 4).

Table 3 WHO Core Prescribing Indicators for NSAIDs

WHO Indicators (n=174) Percentage
Average number of drugs per encounter (n=1172) 6.74 + 3.67
Percentage of encounters with NSAIDs prescribed 100%
Percentage of encounters with an injection of NSAID prescribed 00
Percentage of encounters with nonselective NSAIDs prescribed 50.58
Percentage of encounters with COX-2 selective NSAID prescribed 49.42
Percentage of NSAIDs prescribed by Generic names 100
Percentage of encounters with NSAIDs prescribed from the National List of Essential Medicines 100
Percentage of encounters with a fixed-dose combination of NSAIDs prescribed 00
Percentage of encounters with NSAIDs and co-prescribed drugs 97.12
Percentage of encounters with NSAIDs and gastroprotective agent (s) prescribed 48.85

Abbreviations: WHO, World Health Organization; NSAIDs, Non-steroidal anti-inflammatory drugs; COX-2, Cycloxygenase-2
Inhibitors.

Table 4 Nature and Number of NSAIDs Prescribed per Prescription
in Study Populations

Total Number of NSAIDs Medications Prescribed | n=174 %

One 57 32.75
Two 104 59.77
Three 13 747

Nature of Different Prescribed NSAID Drug Regimens

Oral and topical medications Il 63.79
Oral 45 25.86
Topical 18 10.34
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Osteoporosis/

Bilateral plantar fasc

Medical diagnosis

Dental/tooth/ gingivitis

Spondylosis / radiculopathy

Pain in shoulder/joint/elbow/low ba

Figure | Most common diagnosis for prescribing NSAIDs.

Chronic diseases related pain
Others (Otalgia, tonsilitis, lymphadenitis, foot trauma, kidney stone)
Arthritis related pain

Pain unspecified disease/disorder

ropathic pain
hemorrhoids

iitis / fracture

ck/body ache

17 (7.98)

Diagnosis Versus Prescription of NSAIDs
Out of the 174 study populations, 213 diagnoses were found to have involved the prescription of NSAIDs. The most

10

20

Percentage

frequent reason for prescribing NSAIDs in the study groups was pain linked to arthritis (39.9%). Spondylosis/radiculo-

pathy (20.6%), pain without a known cause or disorder (14.55%), and pain in the shoulder, joint, elbow, or low back

(7.98%) are the other main clinical indications (Figure 1).

Prescribing Pattern of NSAID Medications According to Therapeutic Class of

Medications

Among the therapeutic class of NSAIDs medications, non-selective COX inhibitors were the most frequently prescribed
class of drugs [141(46.38%)], followed by Selective COX Inhibitors [49.7%]. The Preferential COX-2 inhibitors were
prescribed in 25.32% of the study population. Considering the individual NSAIDs, celecoxib (28.2%) and ketoprofen
(27.6%) were the most commonly prescribed oral and topical NSAIDs among the study populations (Table 5).

Table 5 Therapeutic Class of NSAID Medications
with Individual Drugs

Drugs Category | ATC Code | n=304 %
Non-selective COX inhibitors

® Aspirin BOIACO06 22 7.23
® |buprofen MOIAEOI 02 0.65
® Indomethacin MO02AA23 05 1.64
® Ketoprofen MO02AAI0 84 27.63
® Piroxicam MOIACOI 28 9.21
Preferential COX-2 Inhibitors

® Diclofenac MO1ABO5 45 14.80
® Meloxicam MOI1ACO06 32 10.52
Selective COX inhibitors

® Celecoxib MOIAHOI 86 28.28

1884
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Association Between the Type of NSAID and Co-Prescription with a Gastroprotective
Agent

In the study sample, a mere 47.7% of patients received prescriptions for proton pump inhibitors (PPIs)—specifically,
omeprazole at 44.5%, dexlansoprazole at 28.91%, esomeprazole at 22.8%, and pantoprazole at 6.02%—in conjunction
with NSAIDs. In contrast, 52.29% of patients did not receive any gastroprotective agents. The analysis of the relationship

between the prescribed NSAID type and its co-prescription with gastroprotective agents revealed significant associations
for Diclofenac (P = 0.004), Aspirin (P = 0.017), and Meloxicam (P = 0.049), as shown in Table 6.

Polypharmacy

The median number of medications was 6, with a range from 2 to 20, and polypharmacy was identified in more than half
of the study group, namely 51.72%. Hyper polypharmacy, defined as 10 more drugs per prescription, was observed in
18.96% of the prescriptions evaluated. Analysis of polypharmacy about treatment-related variables has shown that the
presence of comorbidities (p < 0.001) is positively associated with polypharmacy. In contrast, gender, age, and Charlson

Comorbidity Index (CCI) did not show any significance with polypharmacy (Table 7).

Table 6 Association Between Types of NSAID Prescribed and Whether It Is
Co-Prescribed with Gastroprotective Agent (s)

Type of NSAIDs | Co-Prescription with Gastroprotective Agents | P value
Yes No Total (n = 304)
Ibuprofen ol 0l 02 0.740
Celecoxib 41 45 86 0.764
Diclofenac 12 33 45 0.004*
Piroxicam 12 16 28 0.540
Ketoprofen 41 43 84 0.992
Aspirin 17 5 22 0.017*
Indomethacin 0l 04 05 0.368
Meloxicam 20 12 32 0.049*

Notes: Chi-square test was used for analysis and *p<0.05 statistically significant; n=Number of
prescriptions.
Abbreviation: NSAID, Nonsteroidal anti-inflammatory drug.

Table 7 Bivariate Analysis of Factors Associated with Polypharmacy Among the Study

Populations
Variables Categories Polypharmacy %2 P value
Presence (n=90) | Absence (n=84)

Gender Male 37 (41.11) 33 (39.28) 0.060 0.877
Female 53 (58.88) 51 (60.71)

Age (in years) 65 —-74 70 (77.77) 62 (73.80) 0.390 0.832
75 - 84 14 (15.55) 15 (17.85)

= 85 06 (6.66) 07 (8.33)

(Continued)
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Table 7 (Continued).

Variables Categories Polypharmacy x2 P value
Presence (n=90) | Absence (n=84)
Comorbidities No 02 (2.22) 09 (10.71) 12.888 | 0.001*
1-2 27 (30.0) 39 (46.42)
=3 61 (67.77) 36 (42.85)
Ccl <5 36 (40.0) 38 (45.23) 0.488 0.540
25 54 (60.0) 46 (54.76)

Note: *p<0.05 statistically significant.
Abbreviation: CCl, Charlson comorbidity index.

Logistic regression analysis revealed that among the comorbidities, hypertension (CI: 1.340-6.546; p = 0.007) and
musculoskeletal disorders (CI: 1.510-7.645; p = 0.003) were significantly associated with the occurrence of
polypharmacy.

Potential Drug-Drug Interactions
Among the total 174 prescriptions analyzed, 340 pDDIs were identified affecting 76 (43.67%) of the individuals with a
mean of 1.95 + 3.66 interactions per prescription. Of all the pDDIs identified in the study populations, categorized by
their level of severity, 198 (58.23%) were moderate, 136 (40.0%) were major, and 6 (1.76%) were minor interactions,
respectively. There were no interactions classified as “contraindicated” or “unknown” observed in the study populations.
Based on the documentation rating, 158 (46.47%) were rated as “fair”, 118 (34.7%) were rated as “good”, and 64
(18.82%) were rated as “excellent”. Considering the onset of the drug interactions, most of the interactions [203
(59.70%)] were classified as “not specified”, followed by “delayed” [108 (31.76%)] and “rapid” [29 (8.52%)] (Figure 2).
In this study, it was observed that aspirin and celecoxib were the most common NSAIDs, along with the co-prescribed
medications involved in causing pDDIs. Among the major DDIs, the most common drug pairs involved in DDIs were
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Figure 2 Classification of drug -drug interactions based on the severity, documentation and onset.
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Aspirin + Metformin (2.94%) and Aspirin + Celecoxib (2.05%). Drug combinations such as omeprazole + vitamin B
complex (3.52%), Amlodipine + Metformin (2.35%), celecoxib + valsartan (2.05%), and bisoprolol + celecoxib (1.76%)
were found to have a moderate level of severity (Table 8).

The probability of drug interactions escalates in proportion to the quantity of prescribed medications. Our research

findings demonstrate a statistically significant association between the total number of prescribed medications and the
frequency of drug interactions (P<0.0001) (Table 9).

Table 8 The Most Common Drug Pairs Involved in Drug-Drug Interactions

Drug pairs Frequency(%) Severity | Documentation Onset Effect of Drug Interaction

Aspirin — Celecoxib 07 (2.05) Major Fair Not specified Increased risk of bleeding, decreased renal function, and
an increased risk of gastrointestinal adverse events.

Amlodipine - Clopidogrel 05 (1.47) Major Excellent Not specified Decreased antiplatelet effect and increased risk of
thrombotic events

Aspirin — Metformin 10 (2.94) Major Fair Not specified Increased risk of hypoglycemia.

Valsartan — Piroxicam 05 (1.47) Moderate Excellent Not specified Reduced antihypertensive effect, renal dysfunction, and/
or increased blood pressure

Bisoprolol fumarate — 06 (1.76) Moderate Good Delayed Reduced antihypertensive effect

Celecoxib

Atorvastatin — clopidogrel 05 (1.47) Moderate Excellent Not specified Decreased formation of clopidogrel active metabolite
resulting in high on-treatment platelet reactivity.

Amlodipine — Metformin 08 (2.35) Moderate Fair Not specified Increased risk of hyperglycemia and potential loss of
glycemic control

Omeprazole — Vitamin BI+B6 12 3.52) Moderate Fair Delayed Decreasing the absorption of vitamin Bl2 can

+ BI2 potentially lead to vitamin BI2 deficiency, especially
with prolonged use.

Celecoxib — Valsartan 07 (2.05) Moderate Excellent Not specified Reduced antihypertensive effect, renal dysfunction, and/
or increased blood pressure

Meloxicam — Losartan 04 (1.17) Moderate Excellent Not specified Reduced antihypertensive effect, renal dysfunction, and/
or increased blood pressure

Calcium carbonate — Ferrous 02 (0.58) Minor Fair Delayed Concurrent use of iron and aluminum, calcium, or

sulfate magnesium-containing products may reduce the
effectiveness of iron.

Chondroitin sulfate sodium/ 0l (0.29) Minor Fair Rapid Concurrent use of glucosamine and antidiabetic agents

glucosamine — Metformin may result in reduced antidiabetic agent effectiveness.

hydrochloride

Ferrous sulphate — antacid 01 (0.29) Minor Fair Delayed Concurrent use of iron and aluminum, calcium, or

preparations magnesium-containing products may reduce the
effectiveness of iron.

Table 9 Number of Drugs Prescribed, the Frequency of pDDls, and Their Linear-by-Linear Associations

Total number of Drugs in Prescriptions Total | Linear by Linear Associations
2-4 | 5-7 (8-10 | II-13 | 14-16 | 17-20 ¥* value p value
Interactions | No 18 | 78 02 00 00 00 98 82.245 <0.000 I **
Yes 02 | 25 23 12 I 03 76
Total | 20 | 103 25 12 I 3 174
Note: *p<0.05 statistically significant.
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The bivariate analysis conducted on the characteristics associated with drug interactions within the study
population revealed a statistically significant relationship with both the cumulative comorbidities (p = 0.008) and
the quantity of prescribed medications (p < 0.001) with the incidence of drug interactions. Variables yielding a
p-value of less than 0.05 in the bivariate analysis were subsequently subjected to multivariate logistic regression
analysis to ascertain predictors of potential drug-drug interactions (pDDIs). Notably, a significant association was
identified between an increased number of medications (Confidence Interval: 9.367-51.269; p < 0.001) and the
Charlson comorbidity index (Confidence Interval: 1.048-5.685; p = 0.039) with the prevalence of drug interactions.
(Table 10).

The Pearson correlation analysis indicates a statistically significant positive correlation between the number of pDDIs
and various continuous treatment-related variables. Specifically, the correlation coefficients are as follows: Charlson
comorbidity index (r = 0.218, p = 0.004), cumulative comorbidities (r = 0.366, p < 0.001), and the total number of
medications administered (r = 0.790, p < 0.001) (Table 11).

Table 10 Multiple Binary Logistic Regression Analyses for Factors Associated with Drug-Drug Interactions Among the Study

Populations
Unstandardized Coefficients | Standardized Coefficients | P value | Odds Ratio (95% CI)
B Standard Error Wald
Gender -0.217 0.408 0.282 0.595 0.362-1.792
Age (in years) —1.154 0.838 1.897 0.168 0.061-1.629
Comorbidities —0.039 1.028 0.001 0.970 0.128-7.211
CcCl 0.892 0.431 4.281 0.039* 1.048-5.685
Number of drugs prescribed 3.087 0.434 50.677 0.00** 9.367-51.269
Constant —1.811 2.176 0.693
Notes: *p<0.05 statistically significant; **p<0.01 statistically highly significant.
Abbreviation: CCl, Charlson comorbidity index.
Table 11 Correlation Between DDIs and Treatment-Related Variables
r (p-value) Gender Age CClI Total number | Comorbidities | Number of drug
of drugs interactions
Gender —0.025 (0.743) | 0.009 (0.906) —0.061 (0.423) —0.083 (0.277) —0.033 (0.668)
Age 0.389 (0.000) —0.056 (0.463) 0.121 (0.111) —0.036 (0.636)
CcCl 0.100 (0.190) 0.445 (0.000) 0.218 (0.004)**

Total number of drugs

0.375 (0.000)

0.790 (0.000)**

Comorbidities

0.366 (0.000)**

Number of drug interactions

Note: **Correlation is significant at the 0.01 level (2-tailed).
Abbreviation: CCl, Charlson comorbidity index.
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Discussion

Drug therapy is essential for older adults patients, but assessing prescribing patterns is vital to ensure clinical, economic,
and educational efficacy.” Research focused on drug utilization aims to provide insights for prescribers, enhancing their
understanding of the rational use of medications.

In our study, female patients showed a preponderance, with the majority belonging to the age category 65-74 years
with multiple comorbidities, particularly cardiovascular diseases and diabetes, aligning with patterns seen in similar
studies.'*'*!'® The decline in functional reserve due to age renders geriatric patients susceptible to the onset of various
disorders impacting bodily systems.'® This highlights the importance of cautious medication management to address
complicated health demands and reduce drug-related complications. Over 50% of the study population was prescribed
five or more medications. The increased quantity of drugs per prescription may be associated with various comorbidities
in our older adults populations. Studies conducted with comparable research populations and settings also found similar
observations, aligning with our findings.**'*'®

The ATC classification indicates that the most often prescribed drugs were those for musculoskeletal disorders,
encompassing pain and inflammation management. This differs from other research, which has shown a higher
prescription rate for medications used to treat metabolic and cardiovascular conditions.*?**' The current investigation
revealed an average of 6.74 + 3.67 medications per prescription, exceeding the normal range of 1.6 to 1.8. Consistent
results were also noted in investigations conducted by researchers worldwide.'>?*** The discrepancies observed in the
conventional value may be ascribed to the research being carried out within senior communities, where a substantial
proportion of patients presented with one or more comorbid conditions. In our study, all NSAID prescriptions were
issued under generic names and sourced from the national essential medication list formulary, aligning with the World
Health Organization’s (WHO) recommendations (100%). The percentages reported in other research were unsatisfactory,
varying from 17.8% to 98.5%.'7**** The prescription of medications by their generic names is a prevalent practice in
public hospitals and primary health centers in the UAE, crucial for enhancing the rational utilization of pharmaceuticals.
Additionally, it also works out to be more cost-effective for the patient, reducing the likelihood of dispensing errors and
the cost per prescription.

The present investigation revealed that the mean quantity of NSAIDs prescribed per encounter was 1.74 £+ 0.58 per
prescription, with nearly two-thirds of the study population receiving two or more NSAIDs, consisting of both oral and
topical preparations. Previous studies also reported similar results in all parts of the world.?**> The route of adminis-
tration is recognized to influence the therapeutic outcome, the onset of action, and the adverse effects that may arise.
Nevertheless, the predominant use of oral NSAIDs elevates the likelihood of gastrointestinal adverse outcomes by 2—4
times in a dose-related manner, especially among older adults populations with co-morbidities. Therefore, topical
preparations of NSAIDs is considered safe and offers the advantage of relieving symptoms of pain and inflammation
with lower incidence of systemic adverse effects in such group of populations.®® Insufficient analgesia with a single agent
specially in chronic and advanced stage of the disease, considering brief use of multiple NSAIDs to manage severe pain
or may be some NSAIDs have slightly different mechanisms of action or targets, which might be used together to achieve
a more comprehensive analgesic or anti-inflammatory effect are the possible reasons that could explain the reasons for
multiple use of NSAIDs in our study populations.

Our data revealed that celecoxib was the most commonly given NSAID, which is in line with previous research.?>"->*
Celecoxib and other selective COX-2 inhibitors are preferred because they effectively reduce arthritis pain and inflamma-
tion and have less adverse effects on the kidneys and gastrointestinal tract than conventional NSAIDs. Their superiority in
pain relief is ascribed to their extended duration of action and efficaciousness.”” The elevated risk of cardiovascular side
effects associated with celecoxib, however, warrants serious caution. A significant fraction of the participants in our study
had cardiovascular illnesses, and many of them were administered NSAIDs, such as celecoxib. This gives rise to concerns
about the possibility of underestimating the cardiovascular risks connected to these medications. It is essential to thoroughly
evaluate patients and conduct routine monitoring in order to weigh the advantages of COX-2 inhibitors against their
potential cardiovascular concerns. Additionally, because of their longer shelf life and lower cost, non-selective NSAIDs,
which accounted for almost 70% of prescriptions in our sample, are often utilized. Their broad use is probably motivated by
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perceived efficacy and customary habits. However, to optimize benefits and reduce risks in older patients, careful
consideration of their potential side effects, such as gastrointestinal bleeding and renal impairment, is necessary.>’
Researches showed that, in order to reduce gastrointestinal hazards, gastro protective medicines and NSAIDs are
frequently administered together.?**> Aspirin, diclofenac, and meloxicam are examples of NSAIDs that have a strong
correlation with the usage of gastro protective drugs, according to our research. According to the guidelines of the
American College of Gastroenterology, patients who are considered high-risk, meaning they have a history of gastro-
intestinal ulcers, are older than 65, or are on drugs such as low-dose aspirin or corticosteroids, should take gastro
protective agents. But prolonged use of proton pump inhibitors (PPIs), which are frequently prescribed for gastro
protection, has been associated with harmful side effects.’! Prescriptions for PPIs must adhere to evidence-based
medicine principles, ensuring that their use is confined to the lowest effective dose for the minimal duration necessary.

Polypharmacy

Polypharmacy represents a significant global health concern within older adults populations, particularly as multiple
comorbidities increase the necessity for various medications to attain therapeutic outcomes. The effects are extensive and
may influence overall health outcomes, treatment effectiveness, and patient safety.*> The prevalence of polypharmacy in
older adults populations, as indicated by various research studies, varies significantly across healthcare settings world-
wide, with reported rates ranging from 18.5% to 94.3%.>>° Studies also pointed out that polypharmacy and hyperpo-
lypharmacy are significantly linked to aging populations, the definition used, comorbidities, and the geographical setting
of the study, which could explain more than half the numbers seen in our research.!%17 Furthermore, cardiovascular,
cerebrovascular, and arthritis related diseases were commonly linked with the practice of polypharmacy and pDDIs.**3°
In our study, comorbidities such as hypertension and musculoskeletal disorders were significantly associated with
polypharmacy.

Evidence-based guidelines recommend the use of multiple pharmacological classes in treatment, as this approach has
been shown to improve patient outcomes and alleviate symptoms. These guidelines address polypharmacy, the associated
vulnerability to falls and fractures, and the economic burden in older adults populations with these comorbidities.®’
Therefore, the study recommends that healthcare professionals prioritize medication optimization, de-prescribing, regular
monitoring of laboratory parameters, and adjusting therapy doses based on clinical conditions to mitigate future
complications related to polypharmacy. To enhance overall health outcomes and quality of life, addressing polypharmacy
in the older adults requires careful supervision and a tailored approach that balances the benefits of medications against
potential risks, ensuring that treatments have a positive impact on patient health.

Drug Interactions

The possibility of taking several medications for multiple comorbidities, age-related physiological changes, and greater
susceptibility to side effects makes drug interactions in older adults people a serious concern.*” The present investigation
revealed that 43.67% of the participants in the study exhibited at least one instance of drug-drug interaction, ranging from
minor to major severity. Previous studies on DDIs in older adults patients in different healthcare settings showed widely
heterogeneous results, ranging from 20% to 100%.>%** 4% Although study populations and regional variations contributed
to these discrepancies, the definitions of the drug-drug interactions (potential or clinically significant, especially for
clinically significant drug-drug interactions) and the standards employed to assess these interactions (including various
databases, consensus guidelines, and reference materials) were the main factors leading to these differences. The
medicines most commonly involved in DDIs in our study populations were cardiovascular drugs, oral hypoglycemic
agents, analgesics and anti-inflammatory drugs, minerals and vitamin supplements, and gastro-protective agents. This
may be explained by the fact that the most common chronic problems in this study were musculoskeletal disorders and
metabolic diseases, including diabetes and cardiovascular disease.

The prevalent drug combinations that exhibit notable interactions include furosemide combined with piroxicam,
metformin with aspirin, amlodipine alongside clopidogrel, and celecoxib paired with aspirin. Additionally, combinations
with a modest level of relevance have been identified, including meloxicam and losartan, atorvastatin and clopidogrel,
celecoxib and valsartan, omeprazole/esomeprazole and multivitamins, and bisoprolol and celecoxib. The
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pharmacological basis of these major pDDIs can be explained by additive or synergistic effects on similar pathways. For
instance, NSAIDs combined with anticoagulants or antiplatelets increase bleeding risk by impairing platelet aggregation
and damaging gastric mucosa, while NSAIDs with ACE inhibitors or diuretics reduce renal prostaglandin activity,
leading to decreased renal perfusion and higher risk of nephrotoxicity. Similarly, combining metformin with aspirin may
potentiate hypoglycemia due to overlapping effects on glucose metabolism. These mechanisms emphasize the importance
of cautious co-prescribing and monitoring in older adults patients.*'**> On occasion, though, certain combinations cannot
be avoided and may even be recommended. For such interactions, careful observation, a risk assessment of potential drug
interactions, and an evaluation of the benefits of continuing both medications are necessary. Laboratory results, including
blood sugar levels, renal function tests, serum electrolyte levels, and symptoms and signs of bleeding, should be regularly
monitored while these medications are taken together. Earlier investigations have identified these combinations in older
adults populations as clinically relevant drug-drug interactions (DDIs).>>>"*® Fewer percentages of mild interactions
involving vitamin and mineral supplements were noted in the current investigation, which may have the impact of
reducing the efficacy of medication therapy. Nevertheless, there are few clinical impacts of these interactions; therefore,
changing medication therapy significantly is usually not necessary.

Another notable observation in this study was the highest prevalence of interactions involving cardiovascular
medications and concomitant NSAIDs. In older adults individuals and those with chronic conditions, hypertension and
chronic pain frequently occur together; consequently, the simultaneous use of NSAIDs and antihypertensive medications
is common. The concurrent use of NSAIDs may diminish the efficacy of pharmacological agents that act on renal
prostaglandins, exemplified by furosemide, or alter the pharmacodynamic effects of other diuretics, as well as drugs
acting on the renin-angiotensin pathway. This contributes to higher blood pressure by suppressing renal prostaglandins
and increasing fluid retention. As each of these drug groups affects kidney function through different pathways, there is a
concern that a combination of NSAIDs and antihypertensive medicines may raise the risk of acute renal injury in addition
to effects on blood pressure. Comprehending possible dangers and interactions is crucial when administering these drugs
concurrently to older adults populations. To reduce side effects and ensure safe and effective treatment, careful
evaluation, the selection of suitable NSAIDs, the use of gastroprotective measures, routine monitoring, patient education,
and collaborative care are crucial.

While consistent with other research, most pDDIs found in this investigation exhibited intermediate severity levels.****
Nonetheless, further focus is necessary on the two DDI classifications with the highest severity: serious and contraindicated.
In contrast to these findings, few investigations have identified a pattern of mild and major DDIs according to their
severity.*>*¢ This entire body of data suggests that patient-specific factors influence the prevalence of DDIs.

Regarding documentation grades, approximately fifty percent of the PDDIs were assessed as fair, with good and
exceptional ratings following. These findings align with those of various previous studies.**® A small number of
researchers stated that the majority of drug interactions had good, reasonable, or excellent documentation, which runs
counter to these findings.*>** The variation in the drugs prescribed for patients in various study settings, the accessibility
and cost of medications, national and international treatment guidelines, and the preference of prescribers based on their
own experiences could all be contributing factors to the discrepancy in the documentation grade reporting.

The presence of specific risk factors, including comorbidities, polypharmacy, age, length of stay, and various patient
characteristics, is recognized as a potential predictor of drug-drug interactions (DDIs).'>*%*” Research has established a
significant correlation between polypharmacy and DDIs.***® Medications are often combined to manage chronic
conditions, and these combinations carry a considerable risk of drug interactions. The study revealed no substantial
relationship between the prevalence of DDIs and demographic factors such as age or gender. Nevertheless, a positive
correlation was identified between the quantity of medications administered, the presence of comorbidities, and an
elevated CCI, and the incidence of DDIs, corroborating the findings of prior research.***>*>-* It is commonly known
that as a patient’s number of comorbidities rises, so does the number of drugs they take, making them more susceptible to
DDIs; older individuals are more vulnerable to this phenomenon. It has been reported that patients who used 2-3, 4-5,
and 6-7 drugs, respectively, had a 39%, 88.8%, and 100% chance of developing DDIs, aligning with our study

investigations.'*
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The influence of drug interactions and polypharmacy on the effectiveness and safety of therapeutic interventions in
the older adults population holds significant clinical relevance. The likelihood of negative drug interactions, which can
result in less effective therapy, more side effects, and a lower quality of life, is greatly enhanced by polypharmacy. Age-
related physiological changes, such as reduced drug metabolism and renal function, make older adults people especially
vulnerable. Proper prescribing procedures and close observation are necessary when managing polypharmacy because
interactions can occur over time and not always show symptoms right away, making early discovery and treatment more
difficult. Adjusting dosages according to specific patient characteristics and weighing the advantages of polypharmacy
against the potential drawbacks of adverse interactions are two major problems. Regular medication evaluations, a
clinical pharmacist-assisted computer decision support system, and open communication between healthcare providers
are all necessary for effective management. Optimizing therapeutic outcomes and minimizing risks requires educating
patients and caregivers about potential dangers and the importance of adhering to treatment plans.

Limitations

Our research has certain shortcomings. Firstly, Reliance on a single database may not encompass all pDDIs and would
limit the number of pDDIs that can be identified. It may be possible to increase the accuracy of DDI detection by
utilizing comparisons and various database tools. Second, the Wareed system provided the data for this study, which
mostly concentrated on the theoretical pDDIs. The absence of subsequent evaluations hindered our ability to analyze the
actual drug interactions and their clinical outcomes effectively. Thirdly, because the study was cross-sectional and the
data were only gathered once, we were unable to evaluate how the drug regimens of our study populations changed
during their treatments. Fourth, the study was limited to analyzing prescription medicine names, dosage amounts, and
disease diagnoses given to the older adults; hence, the inappropriateness of the prescription was outside the scope of the
investigation. Lastly, information about self-medication and dietary and herbal supplements was not collected because
the data were gathered from an electronic healthcare system without direct patient access.

Conclusion

This research emphasizes critical concerns regarding the prescribing practices of NSAIDs and the prevalence of
polypharmacy among the older adults demographic. The notable incidence of polypharmacy, along with the potential
for DDIs—particularly those classified as moderate to severe—underscores the imperative for meticulous prescribing
protocols and continuous assessment of medication regimens. Applying evidence-based medicine, utilizing information
technology, and addressing the critical needs of the patient are essential for rational prescribing and enhancing
medication safety in high-risk populations, such as older adults patients. The findings reveal that comorbidities and
the number of medications are critical factors influencing drug interactions. The adoption of enhanced monitoring
protocols, thorough patient education, and targeted interventions is essential for maximizing therapeutic efficacy and
minimizing the occurrence of adverse effects. This approach ultimately promotes safer and more effective management
of older adults patients.
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