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Short-term use of nonsteroidal
anti-inflammatory drugs and
adverse effects
An updated systematic review
ABSTRACT

Background. In this article, the authors examine the
available scientific evidence regarding adverse effects of
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short-term use of nonsteroidal anti-inflammatory drugs
(NSAIDs). Short-term use was defined as 10 days or fewer.
Methods. The authors reviewed randomized controlled
clinical trials and cohort and case-controlled clinical
studies published between 2001 and June 2015 in which the
investigators reported on the safety of nonselective cyclo-
oxygenase inhibitors and of cyclooxygenase-2 selective
inhibitor NSAIDs.
Results. The systematic review process according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines allowed the authors to identify
40 studies that met the inclusion criteria.
Conclusions. On the basis of the available scientific ev-
idence, NSAIDs may be considered relatively safe drugs
when prescribed at the most effective dose and for the
shortest duration of time, which was defined to be 10 days
or fewer.
Practical Implications. Although the US Food and
Drug Administration recommends the use of NSAIDs
beyond 10 days to be accompanied by a consultation with a
health care provider, the use of NSAIDs may be considered
relatively safe when prescribed at the most effective dose
and for the shortest duration of time, which was defined as
10 days or fewer. Exceptions would be for patients at risk of
developing NSAID-exacerbated respiratory disease, pa-
tients with prior myocardial infarction who are receiving
antithrombotic therapy, patients with asthma, and patients
with a history of renal disease.
Key Words. NSAIDs; cardiovascular risk; myocardial
infarction; gastrointestinal; renal; respiratory; randomized
controlled clinical trials; cohort studies; case-controlled
studies; vascular events.
I n July 2015, the US Food and Drug Administration
(FDA) strengthened warnings about the risk of heart
attack and stroke associated with nonsteroidal anti-
inflammatory drugs (NSAIDs).1 In patients with

NSAID-exacerbated respiratory disease (NERD),
NSAIDs are considered the greatest infractor, with re-
actions typically occurring within 3 hours of ingestion.2

Thus, the FDA lists the use of NSAIDs as a contraindi-
cation in patients suspected of having NERD.3

Although long-term use of NSAIDs may be associ-
ated with adverse cardiovascular (CV),4-7 renal,8-11

gastrointestinal (GI),12-14 and respiratory15 events, pre-
operative and postprocedural dental pain are usually
short-term episodes with the dental procedure itself, or
the normal healing process, being the final disease-
modifying entities, and therefore requiring limited
(fewer than 10 days) NSAID exposure. A systematic
review of the peer-reviewed literature focusing on the
evidence regarding the CV, renal, GI, and respiratory
adverse effects and safety of these medications in pa-
tients taking routine NSAIDs for 10 days or fewer,
which is within the usual time for dental patients
exposed to an NSAID, compared with patients who
were not exposed to these medications, has yet to be
published.

Because the potential benefits of pain reduction al-
ways must be balanced against the potential adverse ef-
fects of medications, the goal of this investigation is to
report the available scientific evidence regarding poten-
tial adverse effects of short-term use of NSAIDs and CV,
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ABBREVIATION KEY. ASA: Acetylsalicylic acid (aspirin).
COI: Conflict of interest. COX: Cyclooxygenase. CV: Cardio-
vascular. DM: Double masked. FDA: Food and Drug Admin-
istration. GI: Gastrointestinal. LSS: Low sample size. MPP:
Masking of participants and personnel. MS: Manufacturer
sponsored. NERD: NSAID-exacerbated respiratory disease.
NSAID: Nonsteroidal anti-inflammatory drug. OTC: Over the
counter. PICO: Problem, intervention, comparison, and out-
comes. RCT: Randomized controlled clinical trial. RSG:
Random sequence generation. Rx: Prescription required for
certain strengths. SM: Single masked. SR: Selective reporting.
SS: Sample size.
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renal, GI, and respiratory complications. Short-term use
is defined as 10 days or fewer.

METHODS
Formulating the review question. We developed the
following problem, intervention, comparison, and out-
comes (PICO) framework for this systematic review:
What is the evidence regarding adverse effects and safety
of NSAIDs in patients taking them routinely for 10 days
or fewer compared with that in patients who are not
exposed to these medications?16 Table 117,18 identifies the
recommended doses of NSAIDs available in the United
States.19,20

Inclusion and exclusion criteria. Inclusion criteria
were as follows:
- randomized controlled clinical trials (RCTs) and
case-controlled studies of patients ingesting NSAIDs for
10 days or fewer;
- publications from 2001 to June 2015;
- human adult patients 18 years or older;
- head-to-head comparisons between different
NSAIDs;
- the end point of adverse effect or safety as a primary
objective;
- quantitative results reported.

We excluded published study results if they were not
vetted in the peer-reviewed literature or if they did not
meet any of the inclusion criteria.

Search methodology. We registered the protocol for
this systematic review in the PROSPERO database
(registration number CRD42015023343). We included the
following databases in this review: the Cochrane Oral
Health Group Trials Register to June 2015, the Cochrane
Central Register of Controlled Trials to June 2015
(Cochrane Library 2015), MEDLINE via Ovid to June
2015, EMBASE via Ovid to June 2015, and the meta-
Register of Controlled Trials to June 2015. We searched
the bibliographies of relevant clinical trials, the gray
literature, and review articles individually.21 Gray litera-
ture generally is defined as material that is not published
formally. We applied no language restriction to the
searches of the electronic databases as long as a trans-
lation was provided in English. We used the Assessing
the Methodological Quality of Systematic Reviews
checklist; the Oxford Systematic Review Appraisal Sheet,
Critical Appraisal Skills Programme; and the Grading of
Recommendations Assessment, Development and Eval-
uation system for grading evidence to ensure
the accuracy of this data analysis in this systematic
review.16,22-24

Search and key words. Using the PICO-formatted
question, the authors generated methodological medical
subject heading terms to make the search strategy more
sensitive in identifying studies. We reviewed RCTs and
cohort and case-controlled clinical studies reporting the
safety of nonselective cyclooxygenase (COX) inhibitors
and COX-2 selective inhibitor NSAIDs. Two of the
authors (A.A., J.C.K.) systematically reviewed research
evidence published between 2001 and 2015 pertaining to
the topic. In the case of any disagreement over inclusion
or exclusion of a particular article, these authors would
come together to discuss the divergence and then agree
on the final outcome. There were no disagreements be-
tween the 2 authors. Key search terms included
“NSAIDs,” “cardiovascular risk,” “myocardial infarc-
tion,” “randomized controlled clinical trials,” “cohort
and case-controlled studies,” “hypertensive effects,”
“cardiovascular effects,” “respiratory effects,” “renal ef-
fects,” “GI effects,” and “gastrointestinal effects.”

RESULTS
On the basis of all of the different study methodologies, it
was not possible to perform a meta-analysis. The figure16

presents a flowchart of the systematic review process
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines. We identi-
fied 11 studies that met the inclusion criteria for CV
safety.19,25-34 We identified 6 studies that met the inclu-
sion criteria for renal safety.33,35-39 We identified 14
studies that met the inclusion criteria for GI
safety.17,18,30,40-50 We identified 9 studies that met the
inclusion criteria for respiratory safety.51-59

Tables 2-517-19,25-60 detail the risk of bias assessment as
performed according to guidelines outlined by the
Cochrane Collaboration for CV, GI, and renal safety,
respectively.61 We graded evidence according to the
Grading of Recommendations Assessment, Development
and Evaluation system.24

DISCUSSION
We found 40 publications published within the past decade
in the peer-reviewed literature that met the PICO frame-
work for this investigation to address the deficit of such
articles and that demonstrated remarkable consonance in
their conclusions (Tables 2-5).17-19,25-60

CV risk with the short-term use of NSAIDs. A
comprehensive search of the literature failed to indicate
that short-term use of NSAIDs for 10 days or fewer was
associated with myocardial infarction or any other major
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TABLE 1

Currently available nonsteroidal anti-inflammatory drugs in the United States
for mild to moderate orofacial pain.*
CHEMICAL CLASS
OR GENERIC
NAME

BRAND
NAME

PRESCRIPTION
STATUS

ORAL DOSAGE†
FORMULATIONS AND

USUAL ADULT
DOSAGES

MAXIMUM
RECOMMENDED

DAILY DOSE
(MILLIGRAMS)

NOTES

Acetic Acid

Diclofenac
immediate release

Cataflam,
Cambia

Rx‡ 50 mg every 8-12 h 225 Zipsor (diclofenac potassium) 25-mg capsules
are given every 6 h

Diclofenac
delayed release

Voltaren Rx 50 mg every 12 h 200 Do not crush or chew

Etodolac Lodine Rx 200-400 mg every 6-8 h 1,000 200 mg comparable to ibuprofen 400 mg

Indomethacin
immediate release

Indocin Rx 25-50 mg every 6-8 h 200 Liquid: 5 mg per milliliter

Indomethacin
sustained release

Indocin SR Rx 75 mg every 12-24 h 150 Do not crush or chew

Ketorolac§ Toradol Rx Tablets: 10 mg every
4-6 h

Intramuscular: 120
By mouth: 40

Intramuscular: 30 mg every 6 h (limit 5 days
maximum)

Ketorolac Sprix Rx 1 spray in each nostril
every 6-8 h

126 Intranasal: 15.75 mg per spray

Sulindac Clinoril Rx 200 mg every 12 h 400 Should be taken with food

Tolmetin Tolectin Rx 400-600 mg every 8 h 2,000 None

Propionic Acid

Fenoprofen Nalfon Rx 50-100 mg every 8-12 h 3,200 None

Flurbiprofen Ansaid Rx 100 mg every 12 h 300 FDA¶ approved for treatment of rheumatoid
arthritis and osteoarthritis; however, often used
off label for postoperative pain management

Ibuprofen Advil,
Motrin

OTC# and Rx Tablets: 200-400 mg
every 4-6 h

3,200 Liquid: 20-40 mg/mL

Ibuprofen Caldolor Rx Intravenous: 400-800 mg
every 6 h

1,200 100 mg/mL intravenous solution

Ketoprofen Orudis Rx 50 mg every 6 h or 75 mg
every 8 h

300 25 mg comparable to ibuprofen 400 mg

Naproxen Naprosyn Rx 250 mg every 6-8 h or
500 mg every 12 h

1,250 the first day,
then 1,000

Liquid: 25 mg/5 mL

Naproxen sodium Anaprox,
Aleve

OTC and Rx 275 mg every 6-8 h or
550 mg every 12 h

1,375 the first day,
then 1,100

Aleve 220-mg capsules are OTC

Oxaprozin Daypro Rx 1,200 mg every day 1,800 Patients less than 50 kilograms should
receive 600 mg per day

Cyclooxygenase-2
Inhibitor

Celecoxib Celebrex Rx 200 mg every 12 h 600 the first day,
then 400

Less effective than full doses of naproxen
or ibuprofen

Nonacidic
Agent

Nabumetone Relafen Rx 500-750 mg every 8-12 h 2,000 FDA approved only for osteoarthritis and
rheumatoid arthritis

Salicylic Acid
Derivative

Diflunisal Dolobid Rx 500 mg every 12 h 1,500 None

Salsalate Disalcid Rx 1,000 mg every 8 h 3,000 None

* Sources: Diener and colleagues17 and Lanas and colleagues.18

† Dosage is for a 70-kilogram adult with normal hepatic and renal function. Food decreases the rate of absorption and may delay the time to peak
levels. Caution is required for patients with allergy or renal or liver impairment or for use in combination with anticoagulant or antiplatelet
medications. Common adverse effects are dyspepsia, nausea, abdominal pain, headache, dizziness, somnolence, rash, elevated liver enzyme levels,
constipation, fluid retention, peripheral edema, tinnitus, and ecchymosis.

‡ Rx: Prescription required for certain strengths.
§ Ketorolac (Toradol) is approved for moderate to severe pain.
¶ FDA: Food and Drug Administration.
# OTC: Over the counter (nonprescription).
** Acetaminophen is included in multiple prescription and OTC products for treatment of pain, cough, cold, flu, migraine, insomnia, and so on,

increasing the risk of accidental overdosage; the FDA is asking drug manufacturers to limit the amount of acetaminophen in prescription products to
325 mg and perhaps reduce the maximum recommended dose to less than 3,250 mg.
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TABLE 1 (CONTINUED)

CHEMICAL CLASS
OR GENERIC
NAME

BRAND
NAME

PRESCRIPTION
STATUS

ORAL DOSAGE†
FORMULATIONS AND

USUAL ADULT
DOSAGES

MAXIMUM
RECOMMENDED

DAILY DOSE
(MILLIGRAMS)

NOTES

Oxicam

Meloxicam Mobic Rx 7.5-15 mg every day 15 FDA approved only for osteoarthritis and
rheumatoid arthritis

Piroxicam Feldene Rx 10-20 mg every 12-24 h 20 None

Fenamate

Meclofenamate Meclomen Rx 50-100 mg every 4-6 h 400 None

Mefenamic acid Ponstel Rx 250 mg every 6 h 1,250 the first day,
then 1,000

Maximum therapy of 1 wk

N-acetyl-p-
aminophenol

Acetaminophen** Tylenol OTC 650 mg every 6 h or
1,000 mg every 8 h

4,000 None

Additional records identified
through other sources

(n = 5)

Records identified through
database searching

(n = 559)

Full-text articles assessed
for eligibility

(n = 69)

Studies included in
qualitative synthesis

(n = 40)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 0)

Records after duplicates removed
(n = 171)

Records screened
(n = 171)

Full-text articles excluded
(n = 29)

Records excluded
(n = 102)

Figure. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart. Source: Moher and
colleagues.16

ORIGINAL CONTRIBUTIONS
CV event. The exception
would be for patients
with cardiac disease
such as a prior myocar-
dial infarction or atrial
fibrillation who were
receiving antithrombotic
therapy for 14 days or
fewer.30,62 Investigators
have reported CV com-
plications due to routine
and long-term use of
NSAIDs widely in the
literature, and these can
range from simple hy-
pertensive episodes to
the exacerbation of heart
failure and even sudden
cardiac death.63-69 In-
vestigators in 1 system-
atic review reported the
high risk of acute
myocardial infarction
associated with diclofe-
nac and first-time users
of rofecoxib in the first
30 days of treatment.63

However, in the same
systematic review, these
investigators did not
report an increased risk
with celecoxib. As a
result, COX-2 inhibitors,
except for celecoxib, have
been removed from the
US market.64,66,70
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TABLE 2

Profile of outcomes data from included cardiovascular studies and level of
evidence.
STUDY SAMPLE SIZE INTERVENTION OUTCOME RISK OF BIAS* LEVEL OF

EVIDENCE†

Catella-Lawson
and Colleagues,28

2001

18 Randomized, crossover study of
combinations of single daily doses
of 2 treatments for 6 days, with
a washout period of at least 14
days. The inhibition of platelet
cyclooxygenase-1 was assessed
by using measurements of serum
thromboxane B2.

Treatment with ibuprofen in
patients with increased
cardiovascular risk may limit the
cardioprotective effects of ASA.‡

�; MPP§; COI¶;
LSS#; SM**;
RSG††

2

Whelton and
Colleagues,31

2001

348 Edema, changes in systolic blood
pressure, and changes in diastolic
blood pressure as measured in
patients with antihypertensive
therapy.

Measurements occurred at baseline
and after 1, 2, and 6 wks of
treatment.

In patients treated with celecoxib,
blood pressure decreased; but in
patients treated with rofecoxib
blood pressure increased: week 1,
2.4 millimeters of mercury
(P ¼ .014); week 2, 2.8 mm Hg
(P ¼ .006); week 6, 3.1 mm Hg
(P ¼ .007).

�; RSG; DM‡‡ 2

Dilger and
Colleagues,33

2002

24 (12 young,
12 elderly)

Effects of celecoxib (200 milligrams
twice a day) and diclofenac (75 mg
twice a day) on blood pressure and
renal function in 2 groups (young
and elderly) were measured
(changes in 24 h, 3 days, and 15
days).

Blood pressure and renal function
were not affected significantly by
short-term treatment with standard
doses of celecoxib and diclofenac.

�; RSG; DM; LSS 2

Cryer and
Colleagues,29

2005

51 Patients receiving ASA 81 mg every
day for 8 days were assigned
randomly to receive either ibuprofen
400 mg 3 times a day or placebo
3 times a day, in addition to ASA,
for 10 days.

No clinically apparent loss of
cardioprotection was found as
reflected by thromboxane 2
inhibition.

þ/�; COI; MS§§;
RSG

2

Sowers and
Colleagues,25

2005

136 (celecoxib),
138 (rofecoxib),
130 (naproxen)

24-h ambulatory blood pressure
monitoring and validated arthritis
efficacy assessments were conducted
at random assignment and at wks
6 and 12 of treatment.

Rofecoxib but not celecoxib or
naproxen induced a significant
increase in 24-h systolic blood
pressure.

þ/�; COI; MS;
RSG

2

Chan and
Colleagues,34

2006

70,971 Prospective cohort study with 12-y
follow-up of women who had no
previous cardiovascular conditions
and used NSAIDs¶¶ occasionally
(1-4, 5-14, and 14-21 days)
compared with >22 days (more
frequent).

Women who reported occasional
(1 to 21 days per mo) use of
NSAIDs or acetaminophen did not
experience a significant increase in
the risk of cardiovascular events.
Compared with nonusers, the risk
for a cardiovascular event among
women who used >15 tablets per
wk were 1.86 (95% confidence
interval, 1.27 to 2.73) for NSAIDs.

�; not RSS; not
DB; large SS##

2

Gladding and
Colleagues,27

2008

24 Platelet function was measured 12 h
after the administrationof eachNSAID.
The NSAID was administered 2 h
before ASA 300 mg, and platelet
function was reassessed 24 h later.

Ibuprofen, indomethacin, naproxen,
and tiaprofenic acid all blocked the
antiplatelet effect of ASA. Sulindac
and celecoxib did not demonstrate
any significant antiplatelet effect or
reduce the antiplatelet effect of
ASA.

�; RSG 2

* Risk of bias: �, low; þ/�, moderate.
† The Oxford Centre for Evidence-Based Medicine is updating its levels of evidence scale.60

‡ ASA: Acetylsalicylic acid (aspirin).
§ MPP: Masking of participants and personnel.
¶ COI: Conflict of interest.
# LSS: Low sample size.
** SM: Single masked.
†† RSG: Random sequence generation.
‡‡ DM: Double masked.
§§ MS: Manufacturer sponsored.
¶¶NSAID: Nonsteroidal anti-inflammatory drug.
## SS: Sample size.
*** SR: Selective reporting.
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TABLE 2 (CONTINUED)

STUDY SAMPLE SIZE INTERVENTION OUTCOME RISK OF BIAS* LEVEL OF
EVIDENCE†

van den Hondel
and Colleagues,32

2011

5,307 NSAID current use was divided into
short-term (#14 days) and long-
term (>14 days). Associations
between drug exposure and
echocardiographic measurements
were assessed using linear and
logistic regression analyses.

Current NSAID use for less than 14
days was associated with a
significantly higher left ventricular
end-systolic dimension and left
ventricular end-diastolic dimension
and a significantly lower fractional
shortening compared with findings
in nonusers.

�; not RSG; large
SS; not DM

2

Meek and
Colleagues,26

2013

30 ASA’s antithrombocyte effect after
administration of naproxen,
ibuprofen, meloxicam, or etoricoxib
taken 2 h before ASA was measured
using the platelet function analyzer
100. ASA nonresponse was defined
as circulation time prolongation less
than 40% in the placebo cycle.

Ibuprofen and naproxen inhibited
ASA’s antithrombocyte effect if
taken 2 h before ASA. Etoricoxib
and meloxicam did not cause
relevant changes in ASA
thrombocyte inhibition.

�; not RSG; SM 2

Saxena and
Colleagues,19

2013

7 donors; a
population size
of 50 and a
maximum
iteration of
1,500 were used
for parameter
settings

Human platelet-rich plasma was
used for arachidonic acid–induced
aggregation and determination of
thromboxane synthesis. Further
docking studies were used to
explain the molecular basis of
the NSAID-ASA interaction.

Celecoxib, dipyrone (active
metabolite), ibuprofen, flufenamic
acid, naproxen, nimesulide,
oxaprozin, and piroxicam
significantly interfered with the
antiplatelet activity of ASA, but
diclofenac, ketorolac, and
acetaminophen did not.

þ/�; LSS 4

Olsen and
Colleagues,30

2015

88,662 Use of NSAIDs with ongoing
antithrombotic treatment after first-
time myocardial infarction. NSAID
use was determined: time of 0-7,
8-30, 31-90, and more than 90 days.

An increased risk of bleeding and
cardiovascular events was evident
with concomitant use of NSAIDs,
regardless of antithrombotic
treatment, types of NSAIDs, or
duration of use.

þ/�; not RSG;
large sample
size; SR***

(patients with
myocardial
infarction only,
without
comparison or
other medical
history)

2

ORIGINAL CONTRIBUTIONS
Although short-term use of NSAIDs was not reported
to cause any major CV event, it was reported to negate
the cardioprotective effect of acetylsalicylic acid (aspirin)
(ASA), even as short as 24 hours after administration in 1
study.28 Although this can be a clinically significant
concern, it is the result of a drug interaction and not
necessarily an intrinsic CV adverse effect of NSAID
medications. Often this risk can be mitigated with more
appropriate timing of the ingested interacting medica-
tions.28 However, investigators in epidemiologic studies
are inconsistent in reporting NSAID interactions with
ASA’s cardioprotective mechanism.71-73 Investigators also
discussed this inconsistency in a double-masked, RCT
study in which they reported no meaningful loss of
cardioprotection when ibuprofen and ASA were
administered concomitantly.29

GI risk with the short-term use of NSAIDs. Short-
term use of NSAIDs has been associated with GI com-
plications, with abdominal pain being the most frequent
symptom. Concomitant use of NSAIDs with anti-
thrombotic therapy in particular was associated with
ulcers and bleeding.18,44,62 The concurrent use of miso-
prostol, or a proton pump inhibitor or substitution of
a COX-2 specific NSAID, significantly reduced the risk of
developing GI complications.74-76

Renal risk with the short-term use of NSAIDs.
NSAIDs and coxibs have been associated with adverse
renal events because they are nephrotoxic. Significant
changes in renal function were reported as early as 2
weeks of using ASA 100 milligrams per day in elderly
patients.77,78

Although acute renal function changes due to NSAIDs
are usually reversible with cessation of the medication, the
changes may trigger other adverse effects, specifically in
elderly patients, that can result in acute renal failure.79

A higher prevalence of kidney disease also may be due to
other medically debilitating diseases such as diabetes,
hypertension, higher body mass index, and concurrent
nephrotoxic medications.80 NSAIDs can affect renal
function adversely in as short a time as the first 72 hours.36

However, renal complications with the use of NSAIDs
were controversial in the literature. To date, epidemiologic
data from a large case-controlled study did not support the
assumption of irreversible damage by NSAIDs and renal
failure, unless 3 or more kilograms of NSAIDs had been
consumed over a patient’s lifetime.81 Although NSAIDs
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TABLE 3

Profile of outcomes data from included gastrointestinal studies and level of
evidence.
STUDY SAMPLE SIZE INTERVENTION OUTCOME RISK OF BIAS* LEVEL OF

EVIDENCE†

Le Parc and
Colleagues,42

2002

4,101 Randomized, multicenter study
comparing the tolerability (GI‡, nervous
system) of ASA§, acetaminophen, and
ibuprofen in commonpain resulting from
musculoskeletal conditions in general
practice with patients with other
nonmusculoskeletal pain conditions.
Patients took ASA or acetaminophen
(both up to 3 grams daily) or ibuprofen
(up to 1.2 g daily) for up to 7 days.

No serious digestive events were
observed with any of the 3
treatments in either group up to 6
days. For digestive system events,
ibuprofen was not only superior to
ASA but also associated with a
significantly lower event rate than
acetaminophen was.

�; RSG¶; DM# 2

Moore and
Colleagues,41

2002

2,815 Randomized study comparison of the
tolerability of ibuprofen (up to 1.2 g
daily) and ASA and acetaminophen
(both up to 3 g daily) for up to 7 days.

Adverse effects for ibuprofen, ASA,
and acetaminophen were,
respectively, 12.0%, 15.7%, and
12.3%. Ibuprofen was tolerated
significantly better than ASA (P ¼
.02) and had comparable tolerability
with that of acetaminophen.

�; RSG; DM 2

Rampal and
Colleagues,40

2002

8,633 Either ibuprofen up to 1,200 milligrams
daily, or acetaminophen or ASA, each up
to 3,000 mg daily, for 1 to 7 days. The
main outcome was the proportion of
patients with GI adverse events.

More GI adverse events, principally
abdominal pain, dyspepsia, nausea
and diarrhea, with ASA (18.5%)
than with ibuprofen (11.5%), but
the difference between ibuprofen
and acetaminophen (13.1%) was
not significant.

�; RSG; SM** 2

Fiorucci and
Colleagues,49

2003

40 7 days of treatment with nitric oxide
derivative of ASA (400 and 800 mg
twice daily), equimolar doses of ASA
(200 and 420 mg twice daily), or
placebo. Upper endoscopy was
performed before and at the end of the
treatment period.

Gastric or duodenal injury was
found in all participants treated
with ASA 200 and 420 mg twice
daily for 7 consecutive days.

�; RSG; LSS††;
DM

2

Seymour and
Colleagues,48

2003

167 Comparison of the efficacy of soluble
ASA 900 mg and acetaminophen 1,000
mg in patients with postoperative pain
after third-molar surgery; 4-h
investigation.

ASA reduced pain and had minor GI
risk; the incidence of nausea was
comparable in the soluble ASA and
solid acetaminophen groups (15%
and 16%, respectively) and was
greater than that in the placebo
group (6%).

�; RSG 2

Diener and
Colleagues,17

2005

1,743 Efficacy, safety, and tolerability of 250
mg ASA þ 200 mg acetaminophen þ
50 mg caffeine (Thomapyrin) in
comparison with 2 tablets of 250 mg
ASA þ 200 mg acetaminophen; 2
tablets of 500 mg ASA; 2 tablets of 500
mg acetaminophen; 2 tablets of 50 mg
caffeine; and placebo for 4 h.

141 of 1,743 patients experienced
adverse effects, with the most
frequently reported being GI
disorders, especially abdominal
pain, in all treatment groups. The
severity of all adverse effects was
mild to moderate except in 5 cases
that were classified as severe.

�; RSG; DM 2

Van Ganse and
Colleagues,43

2005

8,677 The tolerability of acetaminophen, ASA,
and ibuprofen atOTCdoses, with patient-
reported adverse event data as the
primary outcome—7 days:
acetaminophen up to 3 g/day, ASA up to
3 g/day, or ibuprofen up to 1,200 mg/
day.

Adverse effects: ASA had the
highest incidence, and ibuprofen
and acetaminophen demonstrated
lower but comparable adverse
effects, but they were not significant
during short-term therapy.

�; RSG; SM 2

* Risk of bias: �, low; þ/�, moderate.
† The Oxford Centre for Evidence-Based Medicine is updating its levels of evidence scale.60

‡ GI: Gastrointestinal.
§ ASA: Acetylsalicylic acid (aspirin).
¶ RSG: Random sequence generation.
# DM: Double masked.
** SM: Single masked.
†† LSS: Low sample size.
‡‡ RCT: Randomized controlled clinical trial.
§§ NSAID: Nonsteroidal anti-inflammatory drug.
¶¶ SR: Selective reporting.
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TABLE 3 (CONTINUED)

STUDY SAMPLE SIZE INTERVENTION OUTCOME RISK OF BIAS* LEVEL OF
EVIDENCE†

Goldstein and
Colleagues,44

2006

1,045 RCT‡‡: 1-wk study, participants (age,
50-75 y) received ASA 325 mg once a
day combined with either celecoxib 200
mg once a day, naproxen 500 mg twice
a day, or placebo. Endoscopy was
performed for incidence of 1 or more
gastric and duodenal ulcers.

Fewer endoscopic ulcers were
observed in patients treated with
celecoxib and ASA than in those
treated with naproxen and ASA.
However, celecoxib and ASA was
associatedwith a significantly higher
incidence of gastric and duodenal
ulcers than was ASA alone.

�; RSG; DM; SM 2

Lanas and
Colleagues,18

2006

2,777 Case-controlled study use of NSAID§§

within a week.
Coxib use presents a lower relative
risk of upper GI bleeding than does
use of nonselective NSAIDs.
However, when combined with
low-dose ASA, the differences
between nonselective NSAIDs and
coxibs tend to disappear.

�; RSG; LSS 3

Fujimori and
Colleagues,45

2009

34 Two groups: an NSAID-control group
underwent NSAID (diclofenac sodium,
25 mg 3 times daily) and omeprazole
(20 mg once daily) treatment, and an
NSAID-prostaglandin group, who
received prostaglandin (misoprostol,
200 mg 3 times daily) in addition to the
same NSAID-omeprazole treatment.
There were 15 participants per group,
and they underwent capsule endoscopy
before and 14 days after treatment.

NSAID treatment significantly
increased the mean (standard
deviation) number of mucosal
breaks per participant.

�; RSG; SM 2

Steiner and
Voelker,46 2009

2,852 The frequencies of all GI adverse events
and adverse drug reactions were
calculated from the pooled individual
patient data of 9 similar randomized,
double-masked, placebo-controlled
clinical trials of single doses of ASA
1,000 mg in the treatment of acute
migraine attacks, episodic tension-type
headache, and dental pain (5 days).

The GI adverse effect differences
between ASA and placebo were not
great enough for short-lasting acute
pain.

�; RSG; DM 1

Lanas and
Colleagues,47

2011

67 RCTs, 6,181
patients

A meta-analysis of 67 studies was
performed with the primary end point of
patient-reported GI adverse events:
6,181 patients were treated with ASA,
3,515 with placebo, 1,145 with
acetaminophen, and 754 with
ibuprofen.

GI adverse effects were more
frequent with ASA (9.9%) than with
placebo (9.0%; odds ratio, 1.3; 95%
confidence interval, 1.1-1.5).
Dyspeptic symptoms were
infrequent (4.6% in participants
receiving placebo). The odds ratios
for ASA were 1.3 versus placebo,
1.55 versus ibuprofen, and 1.04
versus acetaminophen. There were
few serious GI adverse effects.
Single dose and of 1-day duration
for the treatment of pain, fever, or
colds at common over-the-counter
doses showed a low incidence of
adverse events.

�; RSG 2

Baron and
Colleagues,50

2013

76 RCTs, 48,774
patients

RCTs with at least 1 ASA arm at a dose
between 325 and 4,000 mg/day and a
treatment duration of at most 10 days
compared with placebo.

ASA was associated with a higher
risk of minor GI events than placebo
or active comparators. Ulcers,
perforation, and serious bleeding
were not seen after use of ASA or
any of the other interventions.

�; RSG 1

Olsen and
Colleagues,30

2015

88,682 Patients 30 y or older admitted with
first-time myocardial infarction and alive
30 days after discharge. Subsequent
treatment with ASA, clopidogrel, or oral
anticoagulants and their combinations,
as well as ongoing concomitant NSAID
use, was determined: time of 0-7, 8-30,
31-90, and more than 90 days.

NSAID use was associated with a
marked risk of bleeding from the
beginning of treatment (days 0-3
crude incidence rate, 7.3), and the
risk persisted (days 31-90 crude
incidence rate, 3.3). The same
pattern of an association of
increased early (days 0-3) bleeding
risk was present for the individual
antithrombotic groups.

þ/�; not RSG;
LSS; SR¶¶

(patients with
myocardial
infarction only,
without
comparison or
other medical
history)

2
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TABLE 4

Profile of outcomes data from included respiratory safety studies and level of
evidence.
STUDY SAMPLE

SIZE
INTERVENTION OUTCOME RISK OF

BIAS*
LEVEL OF
EVIDENCE†

Martin-Garcia
and Colleagues,57

2002

40 Rofecoxib on 3 different days, until either the
therapeutic dose of 25 milligrams or intolerance
was reached. Each patient was rechallenged with
25 mg of rofecoxib 7 days later if no evidence of
intolerance had been observed previously.

Rofecoxib 25 mg was well
tolerated.

�; SM‡; LSS§;
not RSG¶

2

Woessner and
Colleagues,59

2002

60 participants
with asthma

Celecoxib (100 mg, 200 mg, and 2 placebos)
over 48 h. The next day, sensitivity to ASA# was
proven in all patients with the use of SM ASA
challenges.

Cross-reactivity between
ASA and celecoxib does not
occur in patients with
NERD.**

�; DM††; LSS 2

Gyllfors and
Colleagues,55

2003

33 Placebo or celecoxib (10, 30, or 100 mg in
suspension) on 2 occasions 7 days apart.
Participants were exposed to 400 mg of
celecoxib administered during an open
challenge session as 2 200-mg doses 2 h apart.

Cyclooxygenase-2 inhibitor
was tolerated well in
patients with asthma.

�; RSG; DM 2

Martin-Garcia
and Colleagues,56

2003

33 Celecoxib on 3 different days, until either the
therapeutic dose of 200 mg or intolerance was
reached. Each patient was rechallenged with
200 mg celecoxib 7 days later if no evidence
of intolerance was observed previously.

Celecoxib is a suitable
NSAID.‡‡

�; LSS; not
RSG; SM

2

Bavbek and
Colleagues,52

2004

127 First day: placebos were given to all. Second day:
one-fourth and three-fourths of the therapeutic
doses of the active drugs (nimesulide 100 mg,
meloxicam 7.5 mg, or rofecoxib 25 mg) were
given at 60-min intervals. There was at least a
3-day interval between challenge tests.

Among 37 patients
challenged with all 3 drugs,
11 reacted to nimesulide,
and 1 patient reacted only to
meloxicam. Three patients
reacted to more than 1 of
the drugs tested, and 1 of
them reacted to all drugs.

þ/�; SM;
not RSG

2

El Miedany and
Colleagues,54

2006

77 First day: patients were given placebo. Second
day: once-daily etoricoxib in 3 different doses: 60
mg on day 2, 90 mg on day 3, and 120 mg on
day 4. If no evidence of intolerance was seen,
each patient was rechallenged with 60 or 90 mg
of etoricoxib once daily (according to the
rheumatic condition) 7 days later.

Lack of cross-reactivity
between specific
cyclooxygenase-2 inhibitors
and ASA in NERD. Etoricoxib
was safe for treating
inflammation in patients
with NERD.

þ/�; not
RSG

2

Bavbek and
Colleagues,53

2007

21 patients
with asthma

2-day NSAID, 7.5 mg of meloxicam on 2 separate
days. One and three-fourths of the divided doses
of placebo and the active drug were given at 1-h
intervals.

7.5 mg of meloxicam is a
safe alternative treatment
for ASA-hypersensitive
asthma.

þ/�; SM,
SR§§

(all patients
had asthma);
LSS; not RSG

4

Prieto and
Colleagues,58

2007

70 patients
intolerant to
NSAID

First day: placebo. Second day: 2 doses of 250
and 500 mg nabumetone with a 2-h interval.
Third day: 1 gram nabumetone. All patients who
tolerated 1 g, except for the 11 patients
evaluated first, were given an additional dose of
2 g nabumetone on day 4. Meloxicam placebo-
controlled test in 51 patients 15 days after
nabumetone administration, as follows: 2 doses
of placebo on day 1; 2 doses of 3.75 and 7.5 mg
with a 2-h interval on day 2; 15 mg on day 3.

The results of this study
confirm a high percentage of
tolerability to the maximum
therapeutic dosage of
nabumetone and
meloxicam in patients with
NSAID intolerance.

�; not RSG;
SM

2

Gaber and
Colleagues,51

2008

21 participants
with asthma

Induced sputum, saliva, urine, and blood were
obtained; baseline visit (visit 1) followed by an
ASA provocation visit after 3 to 10 days (visit 2),
except 1 participant who returned after 3 mo;
Cysteinyl leukotrienes and leukotriene B4 were
measured.

Increase in cysteinyl
leukotriene production in
ASA-intolerant asthma.

þ/�; Not
RSG; not DM
or SM; LSS

4

* Risk of bias: �, low; þ/�, moderate.
† The Oxford Centre for Evidence-Based Medicine is updating its levels of evidence scale.60

‡ SM: Single masked.
§ LSS: Low sample size.
¶ RSG: Random sequence generation.
# ASA: Acetylsalicylic acid (aspirin).
** NERD: NSAID-exacerbated respiratory disease.
†† DM: Double masked.
‡‡ NSAID: Nonsteroidal anti-inflammatory drug.
§§ SR: Selective reporting.
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TABLE 5

Profile of outcomes data from included renal safety studies and level of
evidence.
STUDY SAMPLE SIZE INTERVENTION OUTCOME RISK OF BIAS* LEVEL OF

EVIDENCE†

Ahmad and
Colleagues,35

2002

630 reports
(256 reports with
celecoxib and 374
with rofecoxib)

The authors performed a search in the
FDA‡ Adverse Event Reporting System
to identify cases of renal failure
submitted to the FDA.

The time of onset in 4 cases with
celecoxib was about 3 days, and in 33
(41%) cases, this was less than or
equal to 14 days.

þ/�; SR§ 4

Dilger and
Colleagues,33

2002

24 (12 young,
12 elderly)

Effects of celecoxib (200 milligrams
twice a day) and diclofenac (75 mg
twice a day) on blood pressure and
renal function in 2 groups of young
(mean age ¼ 32 y) and elderly (mean
age ¼ 68 y) patients over 2 wks.

Blood pressure and renal function
were not affected significantly by
short-term nonsteroidal anti-
inflammatory drug treatment in either
the young or elderly patients.

�; RSG¶; DM#;
LSS**

2

Farker and
Colleagues,39

2002

32 patients with
type 2 diabetes:
with and without
impaired renal
function

16 patients with impaired renal
function received 140 mg diclofenac-
cholestyramine (corresponding to
75 mg diclofenac sodium) or placebo
twice a day on days 1 and 2 and once
on day 3 with a washout period of
6 days between the 2 periods.

Nonspecific cyclooxygenase inhibition
by short-term administration of
diclofenac-cholestyramine did not
affect renal function in patients with
type 2 diabetes.

�; RSG; SM††;
LSS

2

Schwartz and
Colleagues,36

2002

67 elderly patients Patients received rofecoxib, 25 mg
daily (n ¼ 17); celecoxib, 200 mg
twice daily (n ¼ 17); naproxen, 500
mg twice daily (n ¼ 17); or matching
placebo (n ¼ 16) for 28 days. Patients
were sequestered in the clinic for the
first 14 treatment days receiving a
controlled diet.

Urinary sodium excretion during the
first 72 h of treatment (primary end
point) significantly decreased in the
rofecoxib, celecoxib, and naproxen
groups compared with baseline
(P # .05). No serious adverse effect
was reported even after 28 days.

�; RSG; DM 2

Clària and
Colleagues,38

2005

28 patients with
cirrhosis and ascites

Comparing the effects of the selective
cyclooxygenase-2 inhibitor celecoxib
(200 mg every 12 h for a total of 5
doses) on platelet and renal function
and the renal response to furosemide
(40 mg intravenously) with those of
naproxen (500 mg every 12 h for a
total of 5 doses) and placebo in 28
patients with cirrhosis and ascites.

Celecoxib did not impair platelet and
renal function and the response to
diuretics in decompensated cirrhosis
but naproxen did.

�; RSG; LSS; DM 2

Mizuno and
Colleagues,37

2012

164 patients with
renal carcinoma
undergoing
laparoscopic radical
nephrectomy

Short-term administration of
nonsteroidal anti-inflammatory drugs
during the first week after
laparoscopic radical nephrectomy.

Diclofenac sodium was a risk factor
for renal impairment after
laparoscopic radical nephrectomy in
elderly patients, but loxoprofen
sodium had a negligible effect.

þ/�; not RSG 3

* Risk of bias: �, low; þ/�, moderate.
† The Oxford Centre for Evidence-Based Medicine is updating its levels of evidence scale.60

‡ FDA: Food and Drug Administration.
§ SR: Selective reporting.
¶ RSG: Random sequence generation.
# DM: Double masked.
** LSS: Low sample size.
†† SM: Single masked.

ORIGINAL CONTRIBUTIONS
are nephrotoxic, the ultimate complication of dialysis is
not recorded systematically.82

Respiratory risk with the short-term use of
NSAIDs. Investigators in a 2015 systematic review and
meta-analysis reported that the prevalence of NERD
triggered by ASA is high.83 Our findings agree with this
review, and we also concur that acetaminophen and
COX-2 specific inhibitors such as celecoxib pose only a
minimum risk to patients with stable mild to moderate
asthma.84 However, although traditional NSAIDs such
as ASA should be avoided in patients with NERD
in favor of acetaminophen or COX-2 specific inhibitors,
despite the high level of evidence provided, clinicians
should be aware that cross-reaction of COX-2 inhibitors,
and even acetaminophen, has been reported in some
patients.85-87

The severity of these complications often varies
depending on a patient’s overall health, concurrent
medical conditions and medications, and length of
exposure at varying doses to the many different NSAIDs
available. When prescribed by oral health care pro-
fessionals to treat orofacial pain, typical NSAID pre-
scription durations are for generally less than 10 days,
which minimizes a patient’s exposure and, therefore, the
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ORIGINAL CONTRIBUTIONS
potential for any possible clinically significant adverse
effects.

The limitations of the studies reviewed were that most
of the investigations provided little or no information
on dosage, frequency, and baseline disease risk (CV,
GI, renal, and respiratory). RCTs with large study pop-
ulations are needed to assess any specific negative CV,
GI, renal, and respiratory outcomes associated with the
short-term use of NSAIDs, as is typical in the treatment
in orofacial discomfort.

There are several multidose oral surgery pain studies
of NSAIDs taken for up to 1 week in which the in-
vestigators did not report any CV, GI, renal, and respi-
ratory complications in young healthy adults but did
report other adverse effects such as drowsiness, head-
ache, and dizziness.88,89 On the basis of the available
scientific evidence, NSAIDs may be considered relatively
safe drugs when prescribed at the most effective dose
and for the shortest duration of time, which was defined
to be fewer than 10 days.

CONCLUSIONS
The available scientific evidence regarding adverse effects
and safety of NSAIDs suggests that, in patients taking
routine NSAIDs for 10 days or fewer to alleviate pain,
most patients are not at any increased risk of developing
adverse CV, GI, renal, or respiratory adverse effects when
compared with patients who were not exposed to these
medications. The exceptions would be patients with
NERD, patients with prior myocardial infarction who are
receiving antithrombotic therapy, patients with asthma,
and patients with a history of renal disease. n
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