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ABSTRACT: NSAIDs, non-steroidal anti-inflammatory drugs, are one of the most commonly prescribed pain
medications. It is a highly effective drug class for pain and inflammation; however, NSAIDs are known for
multiple adverse effects, including gastrointestinal bleeding, cardiovascular side effects, and NSAID induced
nephrotoxicity. As our society ages, it is crucial to have comprehensive knowledge of this class of medication in
the elderly population. Therefore, we reviewed the pharmacodynamics and pharmacokinetics, current
guidelines for NSAIDs use, adverse effect profile, and drug interaction of NSAIDs and commonly used
medications in the elderly.
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NSAIDs are one of the most commonly prescribed classes
of medication for pain and inflammation [1]. They are
responsible for approximately 5-10% of all medications
prescribed each year [2]. The prevalence of NSAID use in
patients over 65 years old is as high as 96% in the general
practice setting [3]. Approximately 7.3% of elderly
patients over 60 years old filled at least one NSAID
prescription in one year period [4]. In addition to their
anti-inflammatory effect, NSAIDs have antipyrexic and
analgesic properties. These medications inhibit
Cyclooxygenases (COXs) enzymes, which are ratedetermining enzymes for prostaglandins and other
prostanoids synthesis, such as thromboxanes.
Compared with Nonselective NSAIDs that inhibit
both COX-1 and COX-2, COX-2 inhibitors (as known as
coxibs) inhibit only COX-2 enzymes. COX-2 plays more
of a role in prostaglandin mediated pain and

inflammation, while COX-1 plays some housekeeping
role in the protection of gastric mucosa and in platelet
hemostasis. While the gastro intestinal safety profiles of
COX-2 inhibitors have improved, the cardio-nephrotoxic
adverse effects are still significant [5].
Several known adverse effects of NSAIDs in the
elderly have been studied (Table 1), however, recent
literature reveals that there might be beneficial roles of the
anti-inflammatory effect of NSAIDs in targets such as
improvement in cognitive function.
Pharmacodynamics and Pharmacokinetics of NSAIDs
The major therapeutic actions of NSAIDs are primarily
enacted by their ability to block certain prostaglandins
(PGs) synthesis through the cyclooxygenase enzymes
(COX-1 and COX-2) inhibition. COX-1 produces
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prostaglandins and thromboxane A2 which control
mucosal barrier in GI-tract, renal homeostasis, platelet
aggregation and other physiological functions. COX-2
produces PGs that related to inflammation, pain and fever.
COX-1 is expressed in normal cells, while COX-2 is
induced in inflammatory cells [6-8]. COX-2 inhibition

most likely represents the desired effect of NSAIDs’ antiinflammatory, antipyretic and analgesic response; while
COX-1 inhibition plays a major role in the undesired side
effects such as GI and renal toxicities.

Table 1. NSAIDs’ common adverse effect profile.
Gastrointestinal toxicity

Cardiovascular adverse effects

Nephrotoxicity

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Most NSAIDs are well absorbed in the
gastrointestinal tract and have high bioavailability. Some
drugs such as diclofenac undergo hepatic first-pass
metabolism which resulted in the reduction in
bioavailability. While some drugs such as sulindac and
parecoxib are prodrugs and need hepatic metabolism to
become their active metabolites (sulindac sulfide and
valdecoxib, respectively). NSAIDs are highly bound to
plasma proteins. NSAIDs are usually metabolized in the
liver and excreted in the urine. Common NSAIDs drug
have a variable half-life; they can be anywhere from 0.250.3 hours such as aspirin or 45-50 hours such as piroxicam
[9, 10]. All these pharmacokinetics parameters can change
with aging since the elderly have low body water
compared with adults. Protein binding may be reduced
and volumes of distribution may be altered.
Current guideline and the use of NSAIDs
In 1986, The World Health Organization (WHO)
developed the analgesic ladder for the treatment of cancer
pain with the three-step sequential approach for pain
medication administration depending on the severity of
pain. NSAIDs are considered group one medications,
recommended for mild pain and are the first step in
treating pain [11]. They are commonly prescribed in the
setting of acute pain, such as acute musculoskeletal injury.

Dyspepsia
Gastroduodenal ulcers
GI bleeding and perforation
Edema
Hypertension
Congestive heart failure
Myocardial infarction
Stroke and other Thrombotic events
Electrolyte imbalance
Sodium retention
Edema
Reduce glomerular filtration rate
Nephrotic syndrome
Acute interstitial nephritis
Renal papillary necrosis
Chronic kidney disease

In addition, they are also commonly used in the setting of
arthritic pain and exceed the analgesic effects of
acetaminophen, because of their anti-inflammatory
effects [1, 12].
Professional societies, including American Geriatric
Society, American College of Rheumatology, and the
European League Against Rheumatism, recommend
using NSAIDs with caution and limit their use to the
lowest effective dose and shortest duration. They
recommend that, when used, common gastrointestinal,
renal and cardiovascular side effects should be routinely
monitored [1, 13, 14]. Considering this recommendation,
the prevalence of inappropriate use of NSAIDs is
concerning. In 2015, Ussai et al., did a retrospective study
of 3,050 subjects with chronic pain[15]. They found that
97% of chronic pain subjects took NSAIDs for more than
21 consecutive days.
The American Geriatric Society updated the Beers
Criteria in 2015. They recommended that the chronic use
of all NSAIDs, including high dose aspirin, should be
avoided because of the risk of gastrointestinal bleeding.
High-risk groups include: age above 75 years,
corticosteroid use, current use of anticoagulants or
antiplatelet agents [16].
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NSAIDs and Kidneys
Compared with GI and cardiovascular risks, Renal side
effects of NSAIDs are considered uncommon. However,
advanced age puts patients at higher risk of developing
nephrotoxicity from NSAIDs. NSAIDs cause inhibition
of prostaglandin and thromboxane synthesis leading to
renal vasoconstriction and consequently reduced renal
perfusion and aberrant renal function. Clinical
manifestations of NSAID induced nephrotoxicity
includes electrolyte imbalance such as hyperkalemia,
reduce glomerular filtration rate, nephrotic syndrome
related to drug induced minimal change disease, chronic
kidney disease, acute interstitial nephritis, sodium
retention, edema, and renal papillary necrosis [5].
It is possible that each individual and type of NSAIDs
play an important role in AKI development. Ungprasert et
al. recently published an elegant systematic review and
meta-analysis of observational studies regarding NSAIDs
and risk of AKI. They found a statistically significant
elevated AKI risk among traditional NSAIDs users. The
pooled risk ratios of specific COX-2 inhibitors and the
two traditional NSAIDs with the most COX-2 selectivity
(diclofenac and meloxicam) were also comparable with
other traditional NSAIDs even though they did not
achieve a statistical significant [16].
Gooch et al. studied effects of NSAID use on the
progression of CKD in elderly subjects over the age of 66,
in a prospective community-based study with a sample
size of over 10,000 subjects [17]. They concluded that
high cumulative NSAIDs exposure is associated with an
increased risk for rapid CKD progression. Regarding
acute kidney injury (AKI) associated with NSAIDs use in
the elderly, Kate et al. built a prediction model for AKI in
hospitalized older adults. They found that medication
combinations such as NSAIDs and diuretics can predict
acute kidney injury [18].
The American Geriatric Society (AGS) recommends
that all NSAIDs should be avoided in patients with stage
IV and V CKD (creatinine clearance less than 30 mL/min)
[19, 20].

NSAIDs in the elderly

weakening of the protective GI mucosal barrier,
predisposing one to bleeding.
NSAIDs-induced gastroduodenal ulcers can be
prevented by the use of GI protective agents, such as,
Misoprostol, H2-receptor antagonists (H2RA) or proton
pump inhibitors (PPI)[22]. This strategy is used in
approximately 20% of elderly patients who are on chronic
NSAIDs [4]. Another strategy to minimize GI adverse
effects is to substitute nonselective NSAIDs with COX-2
selective NSAIDs. Multiple studies have revealed that
COX-2 inhibitors, such as lumiracoxib, celecoxib, and
rofecoxib, caused less damage to GI mucosa compared to
non-selective NSAIDs [23-25]. Rhame et al. confirmed
these findings when they studied elderly patients on lowdose aspirin. They found that celecoxib has superior GI
safety profile, compared with non-selective NSAIDs [26].
However, there are increase risks of cardiovascular
adverse effects with the use of COX-2 inhibitors [27].
Thus, tailoring a patient’s GI risk factors versus
cardiovascular risk factors is necessary to determine the
choice of GI protection options for patients on chronic
NSAIDs [22].
NSAIDs and cardiovascular adverse effects
Since rofecoxib and valdecoxib, were withdrawn from
market in 2004 and 2005 respectively, due to adverse
cardiovascular events such as edema, myocardial
infarction, thrombotic events, stroke and hypertension,
concerns regarding all COX-2 inhibitors potential for
cardiovascular adverse effects have been raised [27-30].
Page et al. conducted a case-control study in elderly
patients who were first hospitalized with congestive heart
failure. They compared NSAIDs user (all NSAIDs other
than low dose aspirin) and non- user. The use of NSAIDs
was associated with increased risk of first hospital
admission due to congestive heart failure (OR 2.1, 95%
CI 1.2-3.3)[31].
Thus, all NSAIDs (COX-2 and non-selective) may be
associated with increased cardiovascular adverse effects
and each medications’ risk/benefit profile should be
considered before prescribing to individual patients [26].
NSAIDs and Blood Pressure

NSAIDs and Gastrointestinal (GI) adverse effects
Aging itself can increase risk of GI bleeding [21]. It is
known that GI bleeding and ulceration from NSAIDs use
increase in severity and frequency with increasing age [1].
NSAID use increases the risk of GI bleeding in the elderly
four folds [21]. The mechanism underlying NSAIDs
induced GI adverse effects lies in the fact that these
medications inhibit prostaglandin synthesis, causing

In almost 60% of elderly patients, NSAIDs were coprescribed with medications for hypertension and/or
congestive heart failure [4]. Non-selective NSAIDs are
known to attenuate the antihypertensive effect of some
specific blood pressure medications, such as ACE
inhibitors. However, no similar effect was observed with
COX-2 inhibitors [32]. In general, NSAIDs can increase
blood pressure by 5 mmHg in average. The mechanism of
NSAIDs promoting hypertension is hypothesized to be
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related to the inhibition of prostaglandin synthesis, which
leads to an interference of renal vasculature which
manipulates the regulation of blood pressure. In addition,
NSAIDs themselves can cause elevation of serum
aldosterone, leading to sodium retention and hypertension
[33].
Johnson et al. performed a study of 2,805 community
dwelling people over the age of 60, and found the
prevalence of NSAID use to be 26%. They reported that
NSAID use can predict the presence of hypertension with
an odds ratio of 1.4 (95% CI 1.1-1.7)[34].
NSAIDs and common geriatric conditions
Dementia and cognitive decline
Alzheimer’s disease is the most common form of
dementia. There is evidence of inflammation in
Alzheimer’s brain in vivo and in vitro[35]. In 2003, Kang
et al. published results from telephone surveys of 16,128
participants from The Nurses’ Health Study Cohort. They
found that long-term NSAIDs users showed reduced odds
of impaired cognitive function [36]. Later, a prospective
study among 4,409 elderly individuals by Grodstein et al.
revealed that the long-term use of ibuprofen was
associated with slower rates of cognitive decline [37].
Ancelin et al. conducted a 7-year prospective study
to investigate the effect of NSAIDs on cognitive function
in elderly patients older than 65 years [38]. They found no
significant association with either dementia or cognitive
decline incidence. Similar findings were found in a
population based epidemiological study of 2,422 subjects
by Wichmann et al. in which NSAIDs use has no
association with incident cognitive impairment or
dementia rates [38].
In preexisting dementia, COX-2 inhibitors did not
show any benefit of slowing progression of cognitive
diseases. Soininen et al. did a multicenter randomized
controlled trial over 1-year period and they found no
association between celecoxib use (200 mg twice a day)
and Alzheimer’s disease progression [39].
Depression
Evidence suggests that elevation of pro-inflammatory
cytokines is linked to major depression; NSAIDs were
believed to play some role in mitigating the antiinflammatory effects of depression. In adults over 18
years of age, NSAIDs had a statistically significant
antidepressant effect in bipolar depression [40], however,
this effect was not seen in the elderly with depression.
Fields et al. evaluated the effects of celecoxib and
naproxen on depressive symptoms in elderly people over
the age of 70 in a randomized controlled trial and found

NSAIDs in the elderly

no association between treatment groups compared to
placebo in terms of late life depression [41].
Musculoskeletal effects
In 2015, Jankowsky et al. conducted an RCT of 189
elderly subjects between 60 and 75 years of age [42]. They
determined the effects of ibuprofen use and bone mineral
density (BMD) adaptations after 36 weeks of exercise.
They found no difference between treatment groups and
placebo.
Beyer et al. conducted a double blind randomized
controlled trial using piroxicam versus placebo in
geriatric patients over the age of 70 who were hospitalized
with infection-induced inflammation (characterized by Creactive protein (CRP) serum level > 10 mg/L and/or
fibrinogen > 400 mg/dL)[43]. They discovered that
piroxicam improved muscle performance compared with
placebo. Thus, NSAIDs may play essential role in
reducing infection-induced inflammation in this particular
scenario.
Regarding falls, which can lead to morbidity and
mortality in the elderly, NSAIDs seem to be a significant
risk factor. Data from Walker et al. suggested that
NSAIDs (including low-dose aspirin) increase a
likelihood of falling by 10 folds [44]. A meta-analysis by
Woolcott et al. of multiple medication classes related to
falls in the elderly revealed an unadjusted odds ratio for
falls with NSAID use to be 1.21 (95% CI, 1.01-1.44)[45].
Polypharmacy is an important factor that increases the
risk of falls in the elderly [46-48]. Interestingly, a recent
publication from Zia et al. in 2016 revealed that the use of
two or more fall risk-increasing drug (FRIDs), but not
polypharmacy per se, was a significant predictor for falls
[49]. NSAIDs are considered an important group of
FRIDs. This finding suggests that falls associated with
polypharmacy in previous studies may be due to the use
of multiple FRIDs.
Urinary incontinence
In animal models, NSAIDs improved bladder function
and decrease micturition frequency[50]. In humans, Saito
et al. investigated the effectiveness of loxoprofen sodium
in the management of nocturia in benign prostatic
hyperplasia and overactive bladder in elderly patients.
They found significant improvement in term of frequency
and volume of nocturia [51]. This finding highlights the
treatment benefits of NSAIDs in overactive bladder.
Psychiatric events
NSAIDs-associated psychiatric events are less common,
but still relevant in clinical practice. In 2004, Onder et al.
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reviewed medical literature regarding NSAIDs and
psychiatric events and found 453 cases reported. In their
findings, most patients were elderly. Psychiatric
symptoms included psychosis, agitation, depression,
anxiety, paranoia, delirium, mania, and hallucinations [2].
An exact mechanism of NSAIDs-associated psychiatric
symptoms is unknown but believed to be involved in
altering prostaglandins and prostaglandin precursors in
the central nervous system.

NSAIDs in the elderly

some specific types of cancer including, colorectal cancer,
ovarian cancer, and melanoma, NSAIDs were associated
with reduced risks [56].
NSAIDs may play some role in palliation for
advanced stage cancer. NSAIDs combined with megestrol
acetate increased weight and improved quality of life in
advanced gastrointestinal cancer patients compared with
megestrol acetate alone [57]. Apart from cancer cachexia,
NSAIDs may improve physical performance and selfreported quality of life in cancer patients [58].

Cancer risk
Stroke
There is a growing body of evidence that NSAIDs are
associated with decrease risk of various types of cancer,
such as, endometrial cancer [52], esophageal, head and
neck cancer [53], and prostate cancer [54]. The postulated
mechanism of NSAIDs and cancer risk reduction has been
explained by several mechanisms: 1) NSAIDs inhibit
COX-2 expression, which plays major role in tumor
initiation, tumor progression, and suppression of
antineoplastic immune cells 2) direct effect of NSAIDs in
inhibiting cancer cells proliferation and apoptosis
induction [31].
However, in cervical cancer [55], there is no
association between NSAIDs and cancer risk. In the
Women’s Health Initiative (WHI), that followed 129,013
participants over 9.7 years, chronic and consistent
NSAIDs use was not associated with reduction of total
cancer risk (HR 1.00, 95% CI: 0.94–1.06). However, in

NSAIDs can increase the risk of stroke, and the risk varies
with different types of NSAIDs. A population-based casecontrol study by Garica-Posa et al. revealed that certain
NSAIDs including diclofenac (OR = 1.53; 95% CI, 1.19–
1.97) and aceclofenac (OR = 1.67; 1.05–2.67) increase the
risk of stroke. However, they found no association with
naproxen or ibuprofen [59]. In 2011, Roumie et al.
conducted a meta-analysis to investigate the
cerebrovascular risk of NSAIDs [30]. They found
insufficient evidence to confirm any NSAID to be safe in
terms of cerebrovascular risk profile. Compared with
naproxen, the least harmful NSAID for cardiovascular
outcomes, valdecoxib was associated with the highest risk
of stroke (adjusted HR 1.41, 95% CI 1.04, 1.91).

Table 2. Drug interaction of NSAIDs and commonly used medications.
Medication
Antiplatelets (aspirin, clopidogrel)
Angiotensin-converting-enzyme inhibitor (ACEI) and
Angiotensin Receptor Blockers (ARB)

Interactions
Increases risk of GI bleeding
Increases in blood pressure by attenuating
antihypertensive effects

Beta blockers

Increases in blood pressure by attenuating
antihypertensive effects
Increases in blood pressure by attenuating
antihypertensive effects
Increases risk of GI bleeding
Increase serum digoxin level
Increases in blood pressure by attenuating
antihypertensive effects

Calcium antagonists
Corticosteroids
Digitalis glycosides
Diuretics
Methotrexate

NSAIDs reduce renal excretion of methotrexate, causing
methotrexate toxicity.

Selective serotonin reuptake inhibitors (SSRIs)

Increases risk of GI bleeding

Warfarin and other anticoagulants

Increases risk of GI bleeding

In 2011, Barthelemy et al. studied an impact of
NSAIDs on cardiovascular outcome including stroke.
They found that long-term use of all NSAIDs increases

risk of stroke by 64% at two years[60]. There are several
potential mechanisms of NSAIDs associated with stroke.
NSAIDs can interfere with vasoconstriction and sodium
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excretion causing hypertension, a major risk factor of
stroke. Also, these medication can induce platelet
aggregation and increase thrombus formation [61].
In a post-ischemic stroke setting, it is believed that
non-specific inflammation limits neurorecovery. Thus,
NSAIDs may play some roles in reducing inflammation
after an ischemic stroke. Sandu et al. studied the benefits
of indomethacin after acute cerebral ischemia in a rat
model of stroke [62]. They found several positive
consequences, such as an increase in the number of
surviving neurons and a decrease in infarct size, however,
this effects was reduced in the aged rat.

NSAIDs in the elderly

increase the risk of falls, increase geriatric psychiatric
events, and increase the risk of stroke. Thus, these risks
and benefits should be balanced carefully in individual
patients to optimize overall outcomes, especially in the
elderly.
Acknowledgement
SW and JR on the design of the study. SW, AW, KM, and
JR drafted the manuscript. All authors contributed
substantially and approve the final manuscript. There is
no sponsor for this manuscript. The authors declare that
they have no competing interests.

Drug Interaction
Reference
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drug reactions [63]. As patient age, and the number of
medications increase, NSAIDs in the elderly should be
prescribed with caution. NSAIDs concomitantly used
with specific medication can alter the risk of
gastrointestinal ulceration and/or bleeding (Table 2).
These drugs include selective serotonin reuptake
inhibitors (SSRIs), corticosteroids, digitalis glycosides,
diuretics, beta blockers, calcium antagonists, angiotensin
converting enzyme, warfarin, clopidogrel, aspirin, and
other anticoagulants [4, 14, 20, 64]. Some specific
NSAIDs were found to reduce renal clearance of
methotrexate, a commonly used medication for
rheumatoid arthritis [65].
In the primary care setting, Koffeeman et al.
conducted a retrospective cohort study using a database of
1.5 million patients in the Netherlands who were
prescribed NSAIDs due to musculoskeletal pain
symptoms [66]. They found that 6% of all patients
consulted their primary care provider due to non-serious
potential adverse drug reactions and the most common
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[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

Conclusion
In order to provide comprehensive care of the elderly,
knowing the mechanism of action, current guidelines,
adverse drug reaction, and the pleiotropic effects of
common drugs is important. NSAIDs are one of the most
commonly prescribed drugs in the elderly. These
medications should be prescribed for the shortest duration
possible in the lowest effective dose, and with careful
surveillance to monitor GI, renal, and cardiovascular
toxicity. This is especially true for elderly patients who
are very susceptible to the side effect profiles of NSAIDs.
There is some evidence to support the role of NSAIDs in
dementia prevention, improve muscle performance,
improve urinary incontinence, and decrease the risk of
some specific cancers. However, NSAIDs can also

[9]
[10]

[11]

[12]
[13]

Aging and Disease • Volume 9, Number 1, February 2018

Abdulla A, Adams N, Bone M, Elliott AM, Gaffin J,
Jones D, et al. (2013). Guidance on the management of
pain in older people. Age Ageing, 42 Suppl 1: i1-57
Onder G, Pellicciotti F, Gambassi G, Bernabei R (2004).
NSAID-related psychiatric adverse events: who is at
risk? Drugs, 64: 2619-2627
Pilotto A, Franceschi M, Leandro G, Di Mario F (2003).
NSAID and aspirin use by the elderly in general practice:
effect on gastrointestinal symptoms and therapies. Drugs
Aging, 20: 701-710
Vandraas KF, Spigset O, Mahic M, Slordal L (2010).
Non-steroidal anti-inflammatory drugs: use and cotreatment with potentially interacting medications in the
elderly. Eur J Clin Pharmacol, 66: 823-829
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
Vane JR, Botting RM (1998). Mechanism of action of
nonsteroidal anti-inflammatory drugs. Am J Med, 104:
2S-8S
Cashman JN (1996). The mechanisms of action of
NSAIDs in analgesia. Drugs, 52 Suppl 5: 13-23
Rainsford KD (2007). Anti-inflammatory drugs in the
21st century. Subcell Biochem, 42: 3-27
Awtry EH, Loscalzo J (2000). Aspirin. Circulation, 101:
1206-1218
Verbeeck RK, Richardson CJ, Blocka KL (1986).
Clinical pharmacokinetics of piroxicam. J Rheumatol,
13: 789-796
Balding L (2013). The World Health Organisation
analgesic ladder: its place in modern Irish medical
practice. Ir Med J, 106: 122-124
Malec M, Shega JW (2015). Pain management in the
elderly. Med Clin North Am, 99: 337-350
Gnjidic D, Blyth FM, Le Couteur DG, Cumming RG,
McLachlan AJ, Handelsman DJ, et al. (2014).
Nonsteroidal anti-inflammatory drugs (NSAIDs) in older
people: prescribing patterns according to pain prevalence
and adherence to clinical guidelines. Pain, 155: 18141820

148

Wongrakpanich S., et al
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Meara AS, Simon LS (2013). Advice from professional
societies: appropriate use of NSAIDs. Pain Med, 14
Suppl 1: S3-10
Ussai S, Miceli L, Pisa FE, Bednarova R, Giordano A,
Della Rocca G, et al. (2015). Impact of potential
inappropriate NSAIDs use in chronic pain. Drug Des
Devel Ther, 9: 2073-2077
Ungprasert P, Cheungpasitporn W, Crowson CS,
Matteson EL (2015). Individual non-steroidal antiinflammatory drugs and risk of acute kidney injury: A
systematic review and meta-analysis of observational
studies. Eur J Intern Med, 26: 285-291
Gooch K, Culleton BF, Manns BJ, Zhang J, Alfonso H,
Tonelli M, et al. (2007). NSAID use and progression of
chronic kidney disease. Am J Med, 120: 280 e281-287
Kate RJ, Perez RM, Mazumdar D, Pasupathy KS,
Nilakantan V (2016). Prediction and detection models
for acute kidney injury in hospitalized older adults. BMC
Med Inform Decis Mak, 16: 39
Stillman MJ, Stillman MT (2007). Choosing
nonselective NSAIDs and selective COX-2 inhibitors in
the elderly. A clinical use pathway. Geriatrics, 62: 26-34
(2015). American Geriatrics Society 2015 Updated
Beers Criteria for Potentially Inappropriate Medication
Use in Older Adults. J Am Geriatr Soc, 63: 2227-2246
Sabzwari SR, Qidwai W, Bhanji S (2013).
Polypharmacy in elderly: a cautious trail to tread. J Pak
Med Assoc, 63: 624-627
Rostom A, Dube C, Wells G, Tugwell P, Welch V,
Jolicoeur E, et al. (2002). Prevention of NSAID-induced
gastroduodenal ulcers. Cochrane Database Syst Rev:
CD002296
Silverstein FE, Faich G, Goldstein JL, Simon LS, Pincus
T, Whelton A, et al. (2000). Gastrointestinal toxicity
with celecoxib vs nonsteroidal anti-inflammatory drugs
for osteoarthritis and rheumatoid arthritis: the CLASS
study: A randomized controlled trial. Celecoxib Longterm Arthritis Safety Study. JAMA, 284: 1247-1255
Farkouh ME, Kirshner H, Harrington RA, Ruland S,
Verheugt FW, Schnitzer TJ, et al. (2004). Comparison of
lumiracoxib with naproxen and ibuprofen in the
Therapeutic Arthritis Research and Gastrointestinal
Event Trial (TARGET), cardiovascular outcomes:
randomised controlled trial. Lancet, 364: 675-684
Bombardier C, Laine L, Reicin A, Shapiro D, BurgosVargas R, Davis B, et al. (2000). Comparison of upper
gastrointestinal toxicity of rofecoxib and naproxen in
patients with rheumatoid arthritis. VIGOR Study Group.
N Engl J Med, 343: 1520-1528, 1522 p following 1528
Rahme E, Bardou M, Dasgupta K, Toubouti Y, Ghosn J,
Barkun AN (2007). Hospitalization for gastrointestinal
bleeding
associated
with
non-steroidal
antiinflammatory drugs among elderly patients using lowdose aspirin: a retrospective cohort study. Rheumatology
(Oxford), 46: 265-272
Stillman MJ, Stillman MT (2007). Appropriate use of
NSAIDs: considering cardiovascular risk in the elderly.
Geriatrics, 62: 16-21

NSAIDs in the elderly
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Aging and Disease • Volume 9, Number 1, February 2018

Atukorala I, Hunter DJ (2013). Valdecoxib : the rise and
fall of a COX-2 inhibitor. Expert Opin Pharmacother, 14:
1077-1086
Whelton A, White WB, Bello AE, Puma JA, Fort JG
(2002). Effects of celecoxib and rofecoxib on blood
pressure and edema in patients > or =65 years of age with
systemic hypertension and osteoarthritis. Am J Cardiol,
90: 959-963
Roumie CL, Mitchel EF, Jr., Kaltenbach L, Arbogast
PG, Gideon P, Griffin MR (2008). Nonaspirin NSAIDs,
cyclooxygenase 2 inhibitors, and the risk for stroke.
Stroke, 39: 2037-2045
Page J, Henry D (2000). Consumption of NSAIDs and
the development of congestive heart failure in elderly
patients: an underrecognized public health problem.
Arch Intern Med, 160: 777-784
White WB, Kent J, Taylor A, Verburg KM, Lefkowith
JB, Whelton A (2002). Effects of celecoxib on
ambulatory blood pressure in hypertensive patients on
ACE inhibitors. Hypertension, 39: 929-934
Kumar B, Swee ML (2015). Nonsteroidal Antiinflammatory Drug Use in a Patient With Hypertension:
A Teachable Moment. JAMA Intern Med, 175: 892-893
Johnson AG, Simons LA, Simons J, Friedlander Y,
McCallum J (1993). Non-steroidal anti-inflammatory
drugs and hypertension in the elderly: a communitybased cross-sectional study. Br J Clin Pharmacol, 35:
455-459
Wang X, Zhu M, Hjorth E, Cortes-Toro V, Eyjolfsdottir
H, Graff C, et al. (2015). Resolution of inflammation is
altered in Alzheimer's disease. Alzheimers Dement, 11:
40-50 e41-42
Kang JH, Grodstein F (2003). Regular use of
nonsteroidal anti-inflammatory drugs and cognitive
function in aging women. Neurology, 60: 1591-1597
Grodstein F, Skarupski KA, Bienias JL, Wilson RS,
Bennett DA, Evans DA (2008). Anti-inflammatory
agents and cognitive decline in a bi-racial population.
Neuroepidemiology, 30: 45-50
Ancelin ML, Carriere I, Helmer C, Rouaud O, Pasquier
F, Berr C, et al. (2012). Steroid and nonsteroidal antiinflammatory drugs, cognitive decline, and dementia.
Neurobiol Aging, 33: 2082-2090
Soininen H, West C, Robbins J, Niculescu L (2007).
Long-term efficacy and safety of celecoxib in
Alzheimer's disease. Dement Geriatr Cogn Disord, 23: 821
Rosenblat JD, Kakar R, Berk M, Kessing LV, Vinberg
M, Baune BT, et al. (2016). Anti-inflammatory agents in
the treatment of bipolar depression: a systematic review
and meta-analysis. Bipolar Disord, 18: 89-101
Fields C, Drye L, Vaidya V, Lyketsos C (2012).
Celecoxib or naproxen treatment does not benefit
depressive symptoms in persons age 70 and older:
findings from a randomized controlled trial. Am J Geriatr
Psychiatry, 20: 505-513
Jankowski CM, Shea K, Barry DW, Linnebur SA, Wolfe
P, Kittelson J, et al. (2015). Timing of Ibuprofen Use and
Musculoskeletal Adaptations to Exercise Training in
Older Adults. Bone Rep, 1: 1-8

149

Wongrakpanich S., et al
[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Beyer I, Bautmans I, Njemini R, Demanet C, Bergmann
P, Mets T (2011). Effects on muscle performance of
NSAID treatment with piroxicam versus placebo in
geriatric patients with acute infection-induced
inflammation. A double blind randomized controlled
trial. BMC Musculoskelet Disord, 12: 292
Walker PC, Alrawi A, Mitchell JF, Regal RE, Khanderia
U (2005). Medication use as a risk factor for falls among
hospitalized elderly patients. Am J Health Syst Pharm,
62: 2495-2499
Woolcott JC, Richardson KJ, Wiens MO, Patel B, Marin
J, Khan KM, et al. (2009). Meta-analysis of the impact
of 9 medication classes on falls in elderly persons. Arch
Intern Med, 169: 1952-1960
Baranzini F, Diurni M, Ceccon F, Poloni N, Cazzamalli
S, Costantini C, et al. (2009). Fall-related injuries in a
nursing home setting: is polypharmacy a risk factor?
BMC Health Serv Res, 9: 228
Richardson K, Bennett K, Kenny RA (2015).
Polypharmacy
including
falls
risk-increasing
medications and subsequent falls in community-dwelling
middle-aged and older adults. Age Ageing, 44: 90-96
Kojima T, Akishita M, Nakamura T, Nomura K, Ogawa
S, Iijima K, et al. (2011). Association of polypharmacy
with fall risk among geriatric outpatients. Geriatr
Gerontol Int, 11: 438-444
Zia A, Kamaruzzaman SB, Tan MP (2016). The
consumption of two or more fall risk-increasing drugs
rather than polypharmacy is associated with falls. Geriatr
Gerontol Int,
Takagi-Matsumoto H, Ng B, Tsukimi Y, Tajimi M
(2004). Effects of NSAIDs on bladder function in normal
and cystitis rats: a comparison study of aspirin,
indomethacin, and ketoprofen. J Pharmacol Sci, 95: 458465
Saito M, Kawatani M, Kinoshita Y, Satoh K, Miyagawa
I (2005). Effectiveness of an anti-inflammatory drug,
loxoprofen, for patients with nocturia. Int J Urol, 12:
779-782
Verdoodt F, Friis S, Dehlendorff C, Albieri V, Kjaer SK
(2016). Non-steroidal anti-inflammatory drug use and
risk of endometrial cancer: A systematic review and
meta-analysis of observational studies. Gynecol Oncol,
140: 352-358
Macfarlane TV, Lefevre K, Watson MC (2014). Aspirin
and non-steroidal anti-inflammatory drug use and the
risk of upper aerodigestive tract cancer. Br J Cancer, 111:
1852-1859
Vidal AC, Howard LE, Moreira DM, Castro-Santamaria
R, Andriole GL, Freedland SJ (2015). Aspirin, NSAIDs,
and risk of prostate cancer: results from the REDUCE
study. Clin Cancer Res, 21: 756-762

NSAIDs in the elderly
[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Aging and Disease • Volume 9, Number 1, February 2018

Wilson JC, O'Rorke MA, Cooper JA, Murray LJ, Hughes
CM, Gormley GJ, et al. (2013). Non-steroidal antiinflammatory drug use and cervical cancer risk: a casecontrol study using the Clinical Practice Research
Datalink. Cancer Epidemiol, 37: 897-904
Brasky TM, Liu J, White E, Peters U, Potter JD, Walter
RB, et al. (2014). Non-steroidal anti-inflammatory drugs
and cancer risk in women: results from the Women's
Health Initiative. Int J Cancer, 135: 1869-1883
McMillan DC, Wigmore SJ, Fearon KC, O'Gorman P,
Wright CE, McArdle CS (1999). A prospective
randomized study of megestrol acetate and ibuprofen in
gastrointestinal cancer patients with weight loss. Br J
Cancer, 79: 495-500
Christoffersen T (2013). Cancer, cachexia, prostanoids,
and NSAIDs. Acta Oncol, 52: 3-5
Garcia-Poza P, de Abajo FJ, Gil MJ, Chacon A, Bryant
V, Garcia-Rodriguez LA (2015). Risk of ischemic stroke
associated with non-steroidal anti-inflammatory drugs
and paracetamol: a population-based case-control study.
J Thromb Haemost, 13: 708-718
Barthelemy O, Limbourg T, Collet JP, Beygui F, Silvain
J, Bellemain-Appaix A, et al. (2013). Impact of nonsteroidal anti-inflammatory drugs (NSAIDs) on
cardiovascular outcomes in patients with stable
atherothrombosis or multiple risk factors. Int J Cardiol,
163: 266-271
Park K, Bavry AA (2014). Risk of stroke associated with
nonsteroidal anti-inflammatory drugs. Vasc Health Risk
Manag, 10: 25-32
Sandu RE, Uzoni A, Coman C, Popa-Wagner A (2015).
Cerebral ischemia in the aged. Limited antiinflammatory efficacy of the indomethacin treatment.
Rom J Morphol Embryol, 56: 1111-1117
Viola M, Quaratino D, Gaeta F, Rumi G, Caruso C,
Romano A (2008). Cross-reactive reactions to
nonsteroidal anti-inflammatory drugs. Curr Pharm Des,
14: 2826-2832
Jørgensen HS, Christensen HR, Kampmann JP (1991).
Interaction between digoxin and indomethacin or
ibuprofen. British Journal of Clinical Pharmacology, 31:
108-110
Moore N, Pollack C, Butkerait P (2015). Adverse drug
reactions and drug–drug interactions with over-thecounter NSAIDs. Therapeutics and Clinical Risk
Management, 11: 1061-1075
Koffeman AR, Van Buul AR, Valkhoff VE, Jong GW,
Bindels PJ, Sturkenboom MC, et al. (2015). Adverse
drug reactions in a primary care population prescribed
non-steroidal anti-inflammatory drugs. Scand J Prim
Health Care, 33: 163-169

150

