Saudi Pharmaceutical Journal 28 (2020) 504–508

Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal
journal homepage: www.sciencedirect.com

Original article

Nonsteroidal Anti-inflammatory Drugs Utilization Patterns and Risk of
Adverse Events due to Drug-Drug Interactions among Elderly Patients: A
Study from Jordan
Ahmad Al-Azayzih a,b,⇑, Sayer I. Al-Azzam b, Karem H. Alzoubi b, Anan S. Jarab b, Zelal Kharaba c,
Rami H. Al-Rifai d, Munther S. Alnajjar c
a

Department of Pharmacology and Therapeutics, College of Medicine and Health Sciences, United Arab Emirates University, Al Ain, United Arab Emirates
Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid, Jordan
c
Department of Clinical Pharmacy, College of Pharmacy, Al-Ain University, Abu Dhabi, United Arab Emirates
d
Institute of Public Health, College of Medicine and Health Sciences, United Arab Emirates University, Al Ain, United Arab Emirates
b

a r t i c l e

i n f o

Article history:
Received 21 January 2020
Accepted 3 March 2020
Available online 20 March 2020
Keywords:
NSAIDs
Elderly
Jordan
Co-prescribing
COX-1
COX-2
Aspirin

a b s t r a c t
Background: Worldwide, the prescribing pattern of the Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
has increased. They are considered highly effective medications in controlling various conditions including
inflammatory diseases. They are associated with various adverse effects including gastrointestinal bleeding and ulcer and renal toxicity though. These adverse effects are generally potentiated when NSAIDs are
co-prescribed with other drugs that share similar adverse effects and toxicities. Developing severe side
effects from NSAIDs is more prone among elderly patients. Hence, it is crucial to evaluate prescribing pattern of these agents to prevent/decrease the number of unwanted side effects caused by NSAIDs.
Aim: The aim of this study is to assess the prescribing pattern of NSAIDs among elderly and the coprescribing of NSAIDs and different interacting drugs, which could lead to more incidences of NSAIDsinduced toxicities among Jordanian elderly patients.
Settings and Methodology: A multicenter retrospective study was performed during a three months period
in Jordan. The study involves a total number of (n = 5916) elderly patient’s records obtained from Four governmental hospitals in Jordan.
Results: A total number of (n = 20450) drugs were prescribed and dispensed for patient. NSAIDs drugs prescribing percentage was 10.3% of total medications number. Aspirin was the most commonly prescribed
NSAIDs among patients (70.4%), followed by Diclofenac sodium in all dosage forms (25.1%) and oral
Ibuprofen (3.1%. In addition, Aspirin was the highest NSAIDs co-prescribed with ACEI (e.g., Enalapril),
ARBs (e.g. Candesartan and Losartan), Diuretics (Furosemide, Indapamide, Hydrochlorothiazide,
Amiloride, and Spironolactone), Warfarin and antiplatelets (Clopidogreal and Ticagrelor) followed by
Diclofenac and other NSAIDs.
Conclusion: NSAIDs prescribing rate among elderly patients was high. Additionally the co-prescribing of
NSAIDs especially Aspirin with other agents, which contributes to NSAIDs nephrotoxicity and gastrointestinal toxicity, were high. Strict measurements and action plans should be taken by prescribers to optimize the
medical treatment in elderly through maximizing the benefits and decreasing the unwanted side effects.
Ó 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: NSAIDs, Nonsteroidal Anti-inflammatory Drugs; ACEI, Angiotensin converting enzyme inhibitors; ARBS, Angiotensin II Receptor Blockers; GIT,
Gastrointestinal; COX-1&2, Cyclooxygenase enzyme 1&2; AKI, Acute Kidney Injury; CKD, Chronic Kidney Disease.
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1. Introduction
Over the last few years, the clinical and experimental evidence
of the use of Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
including aspirin for the treatment and relief of various inflammatory conditions has increased. NSAIDs are drugs of choice for the
management of many inflammatory disorders, such as arthritis
(rheumatoid arthritis, osteoarthritis, psoriatic arthritis, and reactive arthritis), ankylosing spondylitis, and muscle and joint injuries. Moreover, they are widely prescribed to relief symptomatic
post-operative pain, muscle stiffness, acute gout, dysmenorrhea,
headache, and migraine (Wongrakpanich et al., 2018). Low dose
Aspirin is a commonly prescribed antiplatelet to inhibit thrombus
formation, thus, primary and secondary prophylaxis against cardiovascular events and ischemic stroke (Capodanno et al., 2019).
NSAIDS are pharmacologically classified into two main classes,
(i) the selective COX-2 inhibitors like Celecoxib and (ii) the nonselective COX inhibitors like Aspirin, Ibuprofen and Diclofenac
sodium/potassium. NSAIDs work through inhibiting the activity
of cyclooxygenase enzymes-1 and 2 (COX-1 and COX-2), therefore
inhibiting the formation of prostaglandins from arachidonic acids,
which are involved in various physiological and pathological conditions including inflammation, platelets aggregation, and body
temperature elevation (Vitale et al., 2016).
Indeed, several previous studies and reports have confirmed
that NSAIDs are associated with unwanted adverse effects, some
of which exert a serious health impact (Wongrakpanich et al.,
2018). Utilization of NSAIDs may cause liver and renal toxicity, gastrointestinal (GIT) bleeding and ulcer. Furthermore, all NSAIDs
except aspirin can increase the risk of major cardiovascular (CVS)
events such as edema, stroke, myocardial infarction and congestive
heart failure (Harirforoosh et al., 2013, Huang et al., 2019).
Furthermore, a number of reports have revealed that NSAIDs
could alter kidney function leading to renal impairment particularly, when co-utilized / prescribed with other nephrotoxic agents
including angiotensin converting enzyme inhibitors (ACEI), angiotensin II receptor blockers (ARBs) and diuretics (Bucsa et al., 2015,
Dorks et al., 2016). Inhibition of COX-1 and COX-2 enzymes at
renal level could lead to changes in the renal hemodynamic process, decrease in the glomerular filtration rate (GFR), and hyperkalemia (Song et al., 2011).
Chronic medical conditions including hypertension and diabetes are very common among elderly. These medical conditions
are attributable in general to increasing the prevalence of chronic
kidney disease (CKD) (Ghaderian and Beladi-Mousavi, 2014). On
the other hand, elderly patients are usually present with polypharmacy prescribing issues to control their multi-disease conditions
(Maher et al., 2014). NSAIDs are among the highly prescribed medications in elderly and reports from various studies have shown
that high cumulative utilization of NSAIDs could lead to rapid progression to CKD among elderly patients, which could raise the rate
of morbidity and mortality among this population. The most
updated Beers’ Criteria developed by American Geriatric Society
highlighted the caution use of NSAIDs in elderly and contraindicated their use in these patients with stage IV and V CKD
(CRCL < 30 ml/min) according to beer’s criteria (By the American
Geriatrics Society Beers Criteria Update Expert, 2015, Al-Azayzih
et al., 2019, By the American Geriatrics Society Beers Criteria
Update Expert, 2019).
Concomitant use of NSAIDs with specific medications such as
warfarin, heparin, corticosteroids, clopidogrel and other oral antiplatelet medications (e,g, dipyridamole and ticagrelor) could
increase the risk of developing gastrointestinal bleeding or ulcer
among elderly population (Comoretto et al., 2018). Therefore,
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NSAIDs should be avoided when possible or at least used with
more caution when used with these medications.
Methotrexate and digoxin are among the most common drugs
used in elderly patients to control conditions of rheumatoid arthritis and symptomatic heart failure, respectively. Hence, their use
with NSAIDs should be monitored carefully as their plasma concentration level might increase due to their low therapeutic index
leading to toxicity as a result of the reduction in their renal clearance complicated by the use of some types of NSAIDs (Svanstrom
et al., 2018, Wongrakpanich et al., 2018).
In Jordan, elderly represent almost 5% of the whole population
according to the department of general statistics in Jordan 2018
(Department of Statistics, 2018). Several studies have reported
before the high prevalence of various cardiovascular (CVS) diseases
including hypertension and diabetes among the Jordanian population including elderly patients with higher prevalence of chronic
diseases compared to other age groups (Khader et al., 2019,
Ajlouni et al., 2019, Jarab et al., 2018). Irrational and inappropriate
prescribing habits and high polypharmacy prevalence among Jordanian elderly patients were reported before in our previous
reports (Al-Azayzih et al., 2017, Al-Azayzih et al., 2019).
Taking all together, elderly patients in Jordan are at high risk to
develop other health conditions including CKD and GIT complications taking into account the high prevalence of leading risk factors
that include the presence of other co-morbidities, polypharmacy
and associated drug-drug interactions, beside administration of
nephrotoxic drugs such as NSAIDs and other agents which contribute to NSAIDs toxicity.
1.1. Aims of the study
The aim of the current study is to evaluate the prescribing pattern of NSAIDs in elderly population and to evaluate the occurrence
of co-prescribing these agents with other drugs, which can contribute significantly to NSAIDs-induce toxicity among these
patients in Jordan.
1.2. Ethics Approval
The study has obtained the approval from the Institutional
Review Board (IRB) of King Abdullah University Hospital (KAUH),
Prince Hamza Hospital, and the Ministry of Health (MOH) Hospitals in Jordan.
2. Methods
2.1. Study settings, subjects, and data collection
A cross-sectional retrospective multicenter study was conducted in outpatient pharmacies of Four Hospitals in Jordan
including, Al-Bashir Hospital, King Abdullah University Hospital
(KAUH), Al-Karak Governmental Hospital and Prince Hamza Hospital (PHH). All prescriptions were collected over 3 months periods
for all elderly patients of equal to or above 65 years of age) who
attended the outpatient clinics in those hospitals and received
one prescription at least during the entire study period. Further
work was done to avoid any duplications in patients’ encounters
and to separate prescriptions containing NSAIDs from these containing no NSAIDs for further analysis.
A total number of (n = 5916) patient’s prescription records were
evaluated. Gathering of data was conducted through gathering
information from patients’ medication records including demographic data, clinical characteristics as well as the prescribed medications for all patients aged 65 years or more.
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2.2. Statistical analysis
Statistics including averages, percentages, frequencies, and
standard deviation (SD) were used to represent patients’ characteristics and demographics, estimate the frequency of NSAIDs prescribing among elderly, and co-prescribing prevalence with other
specific medications. Multivariable logistic regression analysis
was used to investigate potential predictor factors linked to
NSAIDs use. P value of <0.05 was considered statistically significant. All analyses were performed using SPSS-16.0 software and
Microsoft Excel 2016 (Version 12.0).
3. Results
Elderly patients (n = 5916) were incorporated in this study.
Mean age ± SD was 72.2 ± 5.8 years. Total number of male patients
was 3174 (53.6%). Of total 20,450 prescribed drugs, NSAIDs number was 2115 (10.3% of total medications). Average number of
drugs for each encounter (prescription) was 3.5 ± 2.35. Overall,
29.7% of total patients were prescribed at least five medications
(5 drugs) or more (polypharmacy) and excessive polypharmacy
(10 drugs) was found to be 2.1% of total subjects (Table 1).
Aspirin was found to be the most prescribed NSAIDs among elderly
patients (70.4%) followed by Diclofenac sodium in all dosage forms
(25.1%) and oral ibuprofen (3.1%). Indomethacin, celecoxib, and
meloxicam represent the remaining of the NSAIDs prescribed with
total percentage of 1.4% of total NSAIDs utilized (Table 2). NSAIDs
were prescribed with either ACEI /ARBs (N = 884 (47.4%)) or diuretics (N = 629 (33.7%)), or therapy of at least one NSAIDs with ACEI/
ARBS and diuretics (N = 412 (22.1%)). Aspirin was found to be to
most commonly co-prescribed NSAIDs with ACEI (e.g., enalapril),
ARBs (e.g. candesartan and losartan), and diuretics (furosemide,
indapamide, hydrochlorothiazide, amiloride, and spironolactone)
followed by diclofenac sodium, ibuprofen, meloxicam, celecoxib,
and indomethacin (Table 3). Evaluating the co-prescribing of
NSAIDs with drug that could rise the risk of GIT bleeding or ulcer
if administered with NSAIDs such as warfarin, corticosteroids, or
oral antiplatelets (e.g. clopidogrel, dipyridamole, ticagrelor).
Aspirin was found to be the most co-prescribed NSAIDs with those
agents followed by diclofenac and ibuprofen. Meloxicam was only
prescribed with other antiplatelet and was not co-prescribed with
either warfarin or corticosteroids. Indomethacin and celecoxib
were not co-prescribed with any of those drugs (Table 4). Then,
we evaluated the co-prescribing prevalence of NSAIDs with drugs
(e.g., digoxin and methotrexate). A total number of (n = 55) and
(n = 12) patients were prescribed digoxin and methotrexate with

Table 2
Non-steroidal Anti-inflammatory Drug (NSAIDs) Prescribing Frequency.
Non-steroidal Anti-inflammatory Drug (NSAIDs)
Aspirin
Tablets (100 mg and 325 mg)
Diclofenac Sodium
Tablets (50 mg and 100 mg)
Suppositories (100 mg)
Injections (25 mg/ml)
Topical 1% gel
TOTAL
Ibuprofen
Tablet (400 mg)
Indomethacin Capsule (25 mg)
Celecoxib
Capsule (200 mg)
Meloxicam
Capsule (15 mg)

Frequency N=(% of total)
N = 1488 (70.4%)
N = 256 (12.1%)
N = 18 (0.9%)
N = 7 (0.3%)
N = 250 (11.8%)
N = 531 (25.1%)
N = 66 (3.1%)
N = 11 (0.5%)
N = 10 (0.5%)
N = 9 (0.4%)

Total

N = 2115 (100%)

Table 3
NSAIDs co-prescribing frequency with ACEI/ARBS and diuretics, which could increase
NSAIDs- induced nephrotoxicity and cause hyperkalemia.
Non-steroidal
Anti-inflammatory
Drug (NSAIDs)

NSAIDs + ACEI
or ARBs

NSAIDS +
Diuretics

NSAIDs + ACEI
or ARBs + Diuretic

N=

N=

N=

Aspirin
Diclofenac Sodium
(without
Diclofenac gel)
Ibuprofen
Meloxicam
Celecoxib
Indomethacin

854
8

606
9

401
3

7
7
5
3

6
5
2
1

4
3
0
1

#

N = 884 (47.4%)

N = 629 (33.7%)

N = 412 (22.1%)

Total

ACEI: Angiotensin converting enzyme inhibitors, ARBS: Angiotensin II Receptor
Blockers.
#
Total percentages were calculated based on total number of NSAIDs equal of
1865 drugs (without Diclofenac Topical)

at least one NSAIDs out of 192 and 34 patients, respectively
(Table 5). We finally sought to determine the predictors of NSAIDs
prescribing among elderly patients. We found that NSAIDs prescribing and utilization was significantly associated female gender.
Age was not associated with more use of NSAIDs (Table 6).

Table 1
Patients Characteristics and Demographics.
Variable

Category

N ± SD

Percentage (%)

Gender

Female
Male
Total

2742
3174
5916

46.3%
53.6%
100%

Total Number of Patients’ Encounters (Prescriptions) included of Medications

1
2
3
4
5

1455
1107
917
678
1759

24.6%
18.7%
15.5%
11.5%
29.7%

Total Number of Drugs Prescribed for Patients

20,450

Average Number of Drugs per Encounter (Prescription)

3.5 ± 2.35

Frequency of NSAIDs prescribing among patients

2115

(10.3%) of total Drug Prescribed

Polypharmacy index (5 drugs)

1759

29.7%

Excessive Polypharmacy Prevalence (10 drugs)

124

2.1%
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Table 4
NSAIDs co-prescribing with other interacting drugs, which could increase NSAIDs- induced Gastrointestinal (GIT) bleeding and ulcer.
Non-steroidal Anti-inflammatory
Drug (NSAIDs)

#
*
**

NSAIDs + Warfarin and other Anticoagulants

*NSAIDS + Corticosteroids

**

N=

N=

N=

Aspirin
Diclofenac Sodium (without Diclofenac gel)
Ibuprofen
Meloxicam
Celecoxib
Indomethacin

113
4
1
0
0
0

50
5
0
0
0
0

135
6
7
1
0
0

#

N = 118 (6.3%)

N = 55 (3.0%)

N = 149 (8.0%)

Total

Total percentages were calculated based on total number of NSAIDs equal of 1865 drugs (without Diclofenac Topical).
Only oral and injectable Corticosteroids were included such as, Prednisone and Methylprednisolone.
Antiplatelet include Clopidogrel, Dipyridamole, and Ticagreolor.

Table 5
NSAIDs Co-prescribing frequency with either Digoxin or Methotrexate.

*
**

NSAIDs + other NSAIDs or Antiplatelets

Non-steroidal Antiinflammatory Drug (NSAIDs)

*NSAIDs +
Digoxin
N=

**
NSAIDS +
Methotrexate
N=

Aspirin
Diclofenac Sodium
(without Diclofenac gel)
Ibuprofen
Meloxicam
Celecoxib
Indomethacin

55
0

4
5

0
0
0
0

0
1
2
0

Total

55

12

Total Number of Prescriptions including Digoxin was 192.
Total Number of Prescriptions Including Methotrexate was 34.

Table 6
Predictors of NSAIDs prescribing among elderly patients.
Variable

AOR (95% CI)

*P value

Gender (Female)
Age

1.344 (1.211–1.493)
0.992 (0.983–1.001)

<0.001
0.075

AOR: Adjusted Odds Ratio.
CI: Confidence Interval.
*
P value was considered statistically significant at <0.05.

4. Discussion
The current study and to the best of our knowledge, is the first
to evaluate the NSAIDs prescribing prevalence among elderly outpatients in Jordan. Moreover, it does evaluate the co-prescribing
pattern of NSAIDs and other medications that interact with them
leading to severe adverse effects among elderly population. Hence,
evaluating the prescribing and co-prescribing of NSAIDs with other
drugs is of high importance, as it will lead to better understanding
of how to prohibit and discourage irrational drug prescribing and
utilization and how we can improve the treatment outcomes with
lessen possible harm to elderly population.
Our results showed that almost one third of elderly patients
were subjected to polypharmacy prescribing with high prevalence
of NSAIDs prescribing among patients with at least one of every
three prescriptions include a NSAID. As expected, Aspirin was the
most frequently prescribed NSAIDs due to its antiplatelet properties and indication as either primary or secondary prophylaxis
therapy against major cardiovascular events and stroke among
elderly. A recent report has shown that NSAIDs was prescribed
for around 60% of elderly patients attending the primary care units
at the Kingdom of Bahrain (Al Khaja et al., 2017). A study was conducted in Kingdom of Saudi Arabia found that NSAIDs were pre-

scribed in 38.5% of diabetic patients attending the primary care
facilities there (Mazhar et al., 2018). Other studies from Netherlands and Italy reported a NSAIDs prescription rate of 73% and
20% among elderly patients (Visser et al., 2002, Motola et al.,
2004) respectively.
Administration of triple nephrotoxic therapy including NSAIDs,
ACEI/ARBS, and diuretics could lead elevated creatinine level and
progress of acute kidney injury (Thomas, 2000, Loboz and
Shenfield, 2005), especially in elderly patients with a number of
comorbidities, polypharmacy problems, and the aging process
itself that is characterized by general decline in various organ functions including kidney and liver. A cohort study from Canada has
shown that triple therapy of NSAIDs plus ACEI/ARBS and diuretics
was accompanying with higher risk of developing acute kidney
injury (AKI) among patients, and the greatest risk of AKI and renal
function was noticed at the beginning of treatment and also, was
correlated positively with the frequency of NSAIDs prescription
within short period of time (Lapi et al., 2013, Bouvy et al., 2003).
The co-prescribing pattern of NSAIDs with other drugs responsible for more frequent GIT bleeding or ulcer cases when used with
NSAIDs was evaluated in this study and results showed a coprescribing prevalence of 6.3% with warfarin and other anticoagulants, 3.0% with corticosteroids, and 8.0% with other NSAIDs and/or
antiplatelets. A recent cohort study has conducted in United States
has shown that bleeding risk could be different among induvial
NSAID, when co-utilized with clopidogrel. Suggesting the need
for furthered assessment of which NSAID could be associated with
less bleeding risk when co-prescribed with clopidogrel (Nam et al.,
2018).
Previous studies have reported that Co-utilization of two or
more NSAIDs at the same time could be associated with folded
increase in liver toxicity among those utilizing more than one
NSAIDs simultaneously or use of NSAIDs with other hepatotoxic
medications including antimicrobial agents (Garcia Rodriguez
et al., 1994).
Elderly population is generally present with various conditions
and a large number of diseases are generally connected to aging
process and changes in the physiological functions in this population. Arthritis and other autoimmune diseases, heart failure, and
arrhythmia commonly seen among elderly patients. Thus,
Methotrexate and digoxin are generally more prescribed for elderly.
Additionally these drugs are known to interact with NSAIDs as
there renal clearance could be affected and declined by coutilization of NSAIDs (Colebatch et al., 2012, Crofford, 2013,
Jorgensen et al., 1991). Therefore, it is very important to evaluate
the co-prescribing pattern of these drugs with NSAIDs. Our results
indicated that out of 192 and 34 prescriptions included digoxin
and methotrexate, respectively; NSAIDs were co-prescribed with
digoxin and methotrexate in 55 (28.6%) and 12 (35.3%) prescriptions respectively.
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In our current study, female gender was found to be associated
with more prescribing of NSAIDs among elderly. Females are generally more susceptible to develop chronic and autoimmune diseases and conditions such as arthritis, which could explain the
more use of NSAIDs and pain killer among female compared to
male patients (van Vollenhoven, 2009).
The strengths of our study are as follows: (i) the research evaluated a large sample size. Indeed patients records included were
taken from different Jordanian hospitals covering different geographical areas in Jordan (North, Middle, and South regions). (ii),
these hospitals are among the busiest hospitals in Jordan and serve
a large portion of the Jordanian population. (iii), our study was the
first report to evaluate the co-prescribing pattern of NSAIDs and
other interacting medications among elderly Jordanian patients.
The retrospective nature of our study and the inclusion of only
public governmental hospitals without including the private sector
health facilities or hospitals are two limitations for our study.
5. Conclusion
This study demonstrates an elevated rate of NSAIDs prescribed
among elderly patients in Jordan as well as a high prevalence of coprescribing and dispensing of NSAIDs with other interacting drugs,
which might potentiate the NSAIDs-induced nephrotoxicity or gastrointestinal bleeding and toxicity. A number of measurements and
comprehensive health care plans for elderly should be adopted taking in consideration the risk of inappropriate prescribing for
NSAIDs.
Funding
The study was funded from the Deanship of Research at The Jordan University of Science and Technology. The contents, data analysis, and results of the current work are under the responsibility of
the authors totally. The funders of the study had no any role in the
study design, data collection or the analysis, and decision to
publish.
Declaration of Competing Interest
None.

References
Ajlouni, K., Batieha, A., Jaddou, H., Khader, Y., Abdo, N., El-Khateeb, M., Hyassat, D.,
Al-Louzi, D., 2019. Time trends in diabetes mellitus in Jordan between 1994 and
2017. Diabet. Med. 36, 1176–1182.
Al-Azayzih, A., Al-Azzam, S.I., Alzoubi, K.H., Shawaqfeh, M., Masadeh, M.M., 2017.
Evaluation of drug-prescribing patterns based on the WHO prescribing
indicators at outpatient clinics of five hospitals in Jordan: a cross-sectional
study. Int. J. Clin. Pharmacol. Ther. 55, 425–432.
Al-Azayzih, A., Alamoori, R., Altawalbeh, S.M., 2019. Potentially inappropriate
medications prescribing according to Beers criteria among elderly outpatients
in Jordan: a cross sectional study. Pharm. Pract. (Granada) 17, 1439.
Al Khaja, K.A.J., Veeramuthu, S., Isa, H.A., Sequeira, R.P., 2017. Prescription audit of
NSAIDs and gastroprotective strategy in elderly in primary care. Int. J. Risk Saf.
Med. 29, 57–68.
Bouvy, M.L., Heerdink, E.R., Hoes, A.W., Leufkens, H.G., 2003. Effects of NSAIDs on
the incidence of hospitalisations for renal dysfunction in users of ACE inhibitors.
Drug. Saf. 26, 983–989.
Bucsa, C., Moga, D.C., Farcas, A., Mogosan, C., Dumitrascu, D.L., 2015. An
investigation of the concomitant use of angiotensin-converting enzyme
inhibitors, non-steroidal anti-inflammatory drugs and diuretics. Eur. Rev.
Med. Pharmacol. Sci. 19, 2938–2944.
By the American geriatrics society beers criteria update expert, P., 2015. American
Geriatrics Society 2015 updated beers criteria for potentially inappropriate
medication use in older adults. J. Am. Geriatr. Soc. 63, 2227–2246.

By the American geriatrics society beers criteria update expert, P., 2019. American
Geriatrics Society 2019 Updated AGS Beers Criteria(R) for potentially
inappropriate medication use in older adults. J. Am. Geriatr. Soc. 67, 674–694.
Capodanno, D., Ingala, S., Calderone, D., Angiolillo, D.J., 2019. Aspirin for the primary
prevention of cardiovascular disease: latest evidence. Expert. Rev. Cardiovasc.
Ther 17, 633–643.
Colebatch, A.N., Marks, J.L., van der Heijde, D.M., Edwards, C.J., 2012. Safety of
nonsteroidal antiinflammatory drugs and/or paracetamol in people receiving
methotrexate for inflammatory arthritis: a Cochrane systematic review. J.
Rheumatol. Suppl 90, 62–73.
Comoretto, R.I., Rea, F., Lucenteforte, E., Mugelli, A., Trifiro, G., Cascini, S., Roberto, G.,
Chinellato, A., Filippelli, A., Corrao, G., Italian group for appropriate drug
prescription in the, E., 2018. Bleeding events attributable to concurrent use of
warfarin and other medications in high-risk elderly: meta-analysis and Italian
population-based investigation. Eur. J. Clin. Pharmacol. 74, 1061–1070.
Crofford, L.J., 2013. Use of NSAIDs in treating patients with arthritis. Arthritis Res.
Ther. 15 (Suppl 3). S2.
Department of Statistics in Jordan, 2018, Available: http://dosweb.dos.gov.
jo/portfolio_cat/website/ (accessed January 4, 2020.)
Dorks, M., Herget-Rosenthal, S., Schmiemann, G., Hoffmann, F., 2016. Use of
nonsteroidal anti-inflammatory drugs and renal failure in nursing home
residents-results of the study ‘‘Inappropriate Medication in Patients with
Renal Insufficiency in Nursing Homes”. Wien. Klin. Wochenschr 128, 287–290.
Garcia Rodriguez, L.A., Williams, R., Derby, L.E., Dean, A.D., Jick, H., 1994. Acute liver
injury associated with nonsteroidal anti-inflammatory drugs and the role of risk
factors. Arch. Intern. Med. 154, 311–316.
Ghaderian, S.B., Beladi-Mousavi, S.S., 2014. The role of diabetes mellitus and
hypertension in chronic kidney disease. J. Renal. Inj. Prev. 3, 109–110.
Harirforoosh, S., Asghar, W., Jamali, F., 2013. Adverse effects of nonsteroidal
antiinflammatory drugs: an update of gastrointestinal, cardiovascular and renal
complications. J. Pharm. Pharm. Sci. 16, 821–847.
Huang, S.P., Wen, Y.C., Huang, S.T., Lin, C.W., Wang, T.D., Hsiao, F.Y., 2019.
Nonsteroidal anti-inflammatory drugs and risk of first hospitalization for
heart failure in patients with no history of heart failure: a population-based
case-crossover study. Drug. Saf. 42, 67–75.
Jarab, A.S., Mukattash, T.L., Al-Azayzih, A., Khdour, M., 2018. A focus group study of
patient’s perspective and experiences of type 2 diabetes and its management in
Jordan. Saudi. Pharm. J 26, 301–305.
Jorgensen, H.S., Christensen, H.R., Kampmann, J.P., 1991. Interaction between
digoxin and indomethacin or ibuprofen. Br. J. Clin. Pharmacol 31, 108–110.
Khader, Y., Batieha, A., Jaddou, H., Rawashdeh, S.I., El-Khateeb, M., Hyassat, D.,
Khader, A., Ajlouni, K., 2019. Hypertension in Jordan: Prevalence, Awareness,
Control, and Its Associated Factors. Int. J. Hypertens. 2019, 3210617.
Lapi, F., Azoulay, L., Yin, H., Nessim, S.J., Suissa, S., 2013. Concurrent use of diuretics,
angiotensin converting enzyme inhibitors, and angiotensin receptor blockers
with non-steroidal anti-inflammatory drugs and risk of acute kidney injury:
nested case-control study. BMJ 346, e8525.
Loboz, K.K., Shenfield, G.M., 2005. Drug combinations and impaired renal function –
the ’triple whammy’. Br. J. Clin. Pharmacol. 59, 239–243.
Maher, R.L., Hanlon, J., Hajjar, E.R., 2014. Clinical consequences of polypharmacy in
elderly. Expert. Opin. Drug. Saf. 13, 57–65.
Mazhar, F., Haider, N., Sultana, J., Akram, S., Ahmed, Y., 2018. Prospective study of
NSAIDs prescribing in Saudi Arabia: Cardiovascular and gastrointestinal risk in
patients with diabetes mellitus. Int. J. Clin. Pharmacol. Ther. 56, 64–71.
Motola, D., Vaccheri, A., Silvani, M.C., Poluzzi, E., Bottoni, A., de Ponti, F., Montanaro,
N., 2004. Pattern of NSAID use in the Italian general population: a
questionnaire-based survey. Eur. J. Clin. Pharmacol. 60, 731–738.
Nam, Y.H., Brensinger, C.M., Bilker, W.B., Leonard, C.E., Kasner, S.E., Grosser, T., Li, X.,
Hennessy, S., 2018. Nonsteroidal anti-inflammatory drug choice and adverse
outcomes in clopidogrel users: A retrospective cohort study. PLoS One 13,
e0193800.
Song, H.K., Jang, Y., Nam, J.W., You, J.H., 2011. Hyperkalemia from preoperative nonsteroidal anti-inflammatory drugs and angiotensin II receptor blockers in
patients with nephropathy. Korean. J. Anesthesiol. 61, 533–534.
Svanstrom, H., Lund, M., Melbye, M., Pasternak, B., 2018. Concomitant use of lowdose methotrexate and NSAIDs and the risk of serious adverse events among
patients with rheumatoid arthritis. Pharmacoepidemiol. Drug. Saf. 27, 885–893.
Thomas, M.C., 2000. Diuretics, ACE inhibitors and NSAIDs–the triple whammy. Med.
J. Aust 172, 184–185.
Van Vollenhoven, R.F., 2009. Sex differences in rheumatoid arthritis: more than
meets the eye. BMC Med. 7, 12.
Visser, L.E., Graatsma, H.H., Stricker, B.H., 2002. Contraindicated NSAIDs are
frequently prescribed to elderly patients with peptic ulcer disease. Br. J. Clin.
Pharmacol 53, 183–188.
Vitale, P., Panella, A., Scilimati, A., Perrone, M.G., 2016. COX-1 inhibitors: beyond
structure toward therapy. Med. Res. Rev. 36, 641–671.
Wongrakpanich, S., Wongrakpanich, A., Melhado, K., Rangaswami, J., 2018. A
comprehensive review of non-steroidal anti-inflammatory drug use in the
elderly. Aging Dis. 9, 143–150.

