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ABSTRACT

This study was designed to investigate the risks associated with aspirin (ASA) therapy that is used in high doses for the
treatment of ASA-exacerbated respiratory disease (AERD) and to review therapeutic strategies for the prevention of nonsteroi-
dal anti-inflammatory drug (NSAID)–induced side effects. A PubMed search was performed using the key words “aspirin” and
“adverse effects.” Additional citations were generated by surveying the reference lists of the pulled articles. More than 120
articles were reviewed and references were selected based on their relevance to the subject matter. Prevalence rates of ASA
hypersensitivity in the general population have been reported to be 0.6–2.5%. Asthmatic patients have higher rates of ASA
hypersensitivity. The allergy/immunology specialty is unique in the use of prolonged high-dose ASA therapy for the treatment
of AERD. ASA use is associated with an increased risk for the development of serious gastrointestinal (GI) events including
GI bleeding, ulcers, and perforation. Established risk factors for GI ulcer development include advanced age, history of ulcer
or GI bleed, concomitant use of corticosteroids or anticoagulants, high-dose ASA/NSAID therapy, and possibly concomitant
Helicobacter pylori infection. Effective strategies to prevent GI complications include initiation of a proton pump inhibitor
(PPI), misoprostol, or double dose H2-receptor antagonists (H2RAs) at the start of ASA therapy. Allergist/immunologists are
involved in treatment decisions regarding high-dose ASA use in AERD. The primary risk of using ASA therapy is the
development of GI complications. Cotherapy with a PPI, misoprostol, or double dose H2RAs can reduce GI complications
associated with high-dose ASA therapy.

(Allergy Asthma Proc 32:335–340, 2011; doi: 10.2500/aap.2011.32.3457)

Aspirin (ASA) is a valuable agent in the treatment
of ASA-exacerbated respiratory disease (AERD)

and in the primary and secondary prevention of a wide
variety of other disorders such as cardiovascular dis-
ease (CVD) and cerebrovascular disease. Primary pre-
vention trials for cardiovascular events over the last 25
years typically use lower doses of ASA ranging from 75
to 325 mg daily.1 Low-dose ASA is commonly defined
as doses ranging from 75 to 325 mg daily.2 With ad-
vances in antirheumatic and pain relief pharmacology,
high-dose ASA is rarely used as a chronic therapy
outside the specialty of allergy/immunology.

In concert with existing AERD literature, a recent
review recommended a starting dose of ASA for
treatment in AERD patients after desensitization be
650 mg twice a day for the first 6 months (if toler-
ated) and then decreased to 325 mg twice daily.3

Excellent review articles on the topic of AERD are
available to help the practicing allergist select appro-
priate patients, understand the benefits of high-dose

ASA therapy, and select a desensitization proto-
col.3–5 However, there is a limited discussion in pri-
mary allergy/immunology journals discussing the
side effects and risks associated with the use of
chronic, high-dose ASA therapy.

The primary focus of this article is to aid the practic-
ing allergy/immunology specialist in the process of
risk–benefit analysis and communication when con-
sidering chronic high-dose ASA therapy and to aid in
selecting patients who may benefit from risk-modify-
ing approaches and therapies. Allergists must consider
each patient individually to minimize harm and opti-
mize the health benefits of this drug. This requires
clinicians to carefully consider the following questions:
What are the side effects of high-dose ASA? Which
patients are at greatest risk of complications? And,
how can I minimize the unwanted side effects? Because
data specific to high-dose ASA is sometimes limited,
the answers to these questions require the analysis of
studies using both high-dose ASA and other nonsteroi-
dal anti-inflammatory drugs (NSAIDs) with similar
pharmacologic properties.

Today, the prevalence of ASA hypersensitivity varies
depending on which population is studied and the
diagnostic methodology. Prevalence rates of ASA hy-
persensitivity in the general population have been re-
ported to be 0.6–2.5%.6–9 People with asthma have
even higher rates of ASA hypersensitivity and rates
have been reported in questionnaire surveys in Fin-
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land, Australia, and Poland as 8.8, 11, and 4.3%, re-
spectively.7–9

THERAPEUTIC USES OF ASA
Randomized controlled trials (RCTs) have consis-

tently shown that ASA reduces the risk of CVD events
in adults without a history of CVD and lowers the
incidence of myocardial infarctions in men and isch-
emic strokes in women.1 ASA therapy is also an effec-
tive modality for treatment of AERD in patients’ re-
fractory to conventional methods. The use of ASA has
been shown to significantly reduce the activity of re-
spiratory disease by improving sense of smell, reduc-
ing purulent sinus infections, decreasing the need of
further polyp surgeries, and lowering the frequency of
systemic corticosteroid prescriptions.10–12

MECHANISM OF ACTION
Prostanoids (prostaglandins [PGs]) are generated

from fatty acid metabolism (arachidonic acid) pro-
duced via the cyclooxygenase (COX) pathway. COX
exists in at least two distinct forms: COX-1, the consti-
tutive isoform, and COX-2, the inducible isoform. Ac-
tivation of the two known COX isoforms catalyze the
first committed step in the biosynthesis of PGs (i.e.,
PGE2, PGI2, and PGF2), thromboxane A2 (TXA2), and
other eicosanoids.13 PGE2 and PGI2 (prostacyclin) pro-
duced by COX-1 have cytoprotective properties on the
gastrointestinal (GI) mucosa. This is accomplished by
PGE2 and PGI2 reducing the quantity of gastric acid
secretion by parietal cells in the stomach, increasing
mucosal blood flow, and promoting the release of vis-
cous mucus. TXA2 is formed by platelets and is a
potent platelet aggregating agent.14 Thus, COX-1 inhi-
bition can result in side effects such as gastroduodenal
ulceration and bleeding by inhibiting PGs and TXA2.
COX-2 expression is induced by inflammatory stimuli
and cytokines from many different sources, including
macrophages and synovial cells.15 Generally, the anti-
inflammatory properties of NSAIDs are mediated
through the inhibition of COX-2, whereas the un-
wanted side effects occur via COX-1 inhibition.15–17

Selective COX-2 inhibitors thus minimize gastric com-
plications and bleeding by the sparing effects of PGE2,
PGI2, and TXA2, which are generated via COX-1.

RISK FACTORS FOR GI COMPLICATIONS OF
ASA

Studies have reported as many as 58–81% of patients
with serious GI complications from NSAIDs do not
report any preceding side effects.18,19 Armstrong et al.
investigated 235 consecutive patients who either died
as a result of, or required emergency surgery for,
bleeding or perforation of a peptic ulcer over a 36-
month period. They found that �58% of patients using

NSAIDs did not report any history of dyspepsia before
developing an acute life-threatening complication sec-
ondary to a peptic ulcer.18

Several well-designed studies have helped identify
those patients who are most likely to develop NSAID-
induced GI complications. The main risk factors gen-
erally include age �65 years, concomitant use of pred-
nisone, previous NSAID-induced GI side effects,
history of a prior GI hospitalization, and the use of
higher NSAID doses.20–22 Helicobacter pylori infections
have also been associated with GI disease including
chronic gastritis, peptic ulcer disease, and gastric ma-
lignancy.23,24

The risk of NSAID-induced complications is also
substantially higher in patients immediately after ini-
tiation of treatment.21,22,25 Lanas et al. reported the
odds ratio (OR) for GI bleeding in subjects taking ASA
(at any dose) for �1 month, compared with subjects
taking ASA (at any dose) for �1 month was 8.9 (95%
CI, 6.6–14.5) and 2.8 (95% CI, 1.6–4.0), respectively.25

Laine and colleagues in a prospective, double-blind
outcome trial evaluated significant risk factors for up-
per GI events comparing the COX-2 selective inhibitor,
rofecoxib, and the nonselective NSAID, naproxen, in
8076 patients with rheumatoid arthritis. The primary
end point in this study was clinical upper GI events
(i.e., bleeding, perforation, obstruction, and symptom-
atic ulcers). Significant risk factors (in the naproxen
arm) for upper GI events with a relative risk (RR) of �3
included age of �75 years and prior history of any
upper GI events. Ages 65–74 years were found to have
a RR of �2. Factors with a RR of �1.59–1.99 included
baseline steroid use, no baseline NSAID use (for 30 day
before baseline), history of GI symptoms, and baseline
use of low-dose H2-receptor antagonist (H2RA).21

SPECTRUM OF ASA INJURY
ASA use today is typically directed toward primary

and secondary prevention of cardiovascular and cerebro-
vascular events. Randomized, double-blind, placebo-
controlled (RDBPC) studies have shown that even the
lowest doses of ASA (30 and 50 mg daily) significantly
increase the risk for GI bleeding.26,27 An extensive
meta-analysis that included 14 RCTs with �57,000 pa-
tients on low-dose ASA (75–325 mg daily) for preven-
tion of CVD revealed a RR of 2.07 (95% CI, 1.61–2.66)
and 1.65 (95% CI, 1.06–5.99) versus placebo for signif-
icant GI and intracranial bleeding, respectively. Over-
all, the authors found the absolute increase in major
bleeding viewed as number needed to harm would
require treatment of 769 patients (95% CI, 500-1250)
with low-dose ASA to prevent one additional major
bleeding episode annually.28

Derry and Loke performed a meta-analysis of almost
66,000 participants, including 24 RCTs (12 RCTs with
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high-dose ASA ranging from 900 to 1500 mg daily), on
long-term ASA therapy. They noted that GI hemor-
rhage occurred in 2.47% of patients taking ASA com-
pared with 1.42% taking placebo (OR, 1.68; 95% CI,
1.51–1.88). The number needed to harm was 106 (82–
140) based on an average of 28 months of therapy.
Interestingly, meta-regression analysis did not show a
relation between GI hemorrhage and ASA dose.29

These studies emphasize that although serious GI
side effects with ASA therapy are well established,
they are infrequent. The early and more common ASA-
induced GI mucosal injury is superficial and self-lim-
ited bleeding. Systemic reviews and meta-analyses
provide useful summaries of RCTs that can help the
clinician gain important information on the risk and
benefits of ASA use. However, limitations in the clin-
ical value of these reviews must be considered. First,
most current systemic reviews and meta-analyses stud-
ies may be limited because they commonly evaluate
the effects of low-dose ASA (75–325 mg daily) while
allergists frequently use higher doses of ASA (650–
1300 mg daily) in the treatment of AERD. Also, meta-
analysis and systemic reviews often include short-term
ASA studies, which may not be of sufficient duration
to find infrequent, but serious events. Finally, it has
been less common to report absolute incidences and
numbers needed to harm as measures of risk that
clinicians may find more useful in risk–benefit analysis
and risk communication.

TOLERABILITY OF ASA IN AERD PATIENTS
Clinical efficacy is vital in determining the optimal

starting dosage of ASA. Equally important is the pa-
tient’s ability to tolerate the medication. The principal
complaint among AERD patients receiving long-term
ASA is dyspepsia. Fortunately, most patients tolerate
high-dose ASA therapy after desensitization.

Lee et al. studied 137 patients who had undergone
successful ASA desensitization and randomized them
into two groups, 650 mg twice daily and 325 mg twice
daily. Both groups increased, maintained, or decreased
their ASA dosage based on their symptom control and
continued that dosage for the remainder of the year. Of
the 137 patients, 32 (23%) discontinued or experienced
adverse reactions. Reasons for stopping ASA or low-
ering the ASA dose included dyspepsia, 12/32 (38%);
bleeding/ecchymosis, 4/32 (13%); asthma complica-
tions, 4/32 (13%); hives/angioedema, 4/32 (13%); tin-
nitus/myalgias, 2/32 (6%); and other considerations
(i.e., unknown, jailed, or pregnancy), 6/32 (19%). Most
of the patients were able to be followed up at 1 year
after initiating ASA therapy. Overall, a total of 22/137
(16%) patients discontinued daily ASA, dyspepsia (ex-
perienced in 9% of total patients) being the most com-
mon reason.30

Berges-Gimeno et al. desensitized 172 AERD patients
and initiated ASA, 650 mg, twice daily. ASA doses
were gradually reduced after 1 year if the patient’s
clinical course was satisfactory or sooner for those
participants who experienced gastritis or bruising. The
authors found 24 (14%) of 172 patients discontinued
ASA treatment because of known side effects within
the 1st year of initiating therapy: 14 with pain caused
by gastritis, 2 with gastric bleeding resulting in he-
matemesis, 6 with hives, and 2 with bleeding from the
nose and an ear. The overwhelming reason for discon-
tinuation of ASA treatment was gastritis in 16 (66%) of
24 patients. The authors recommended that physicians
treating patients with AERD who develop gastric pain
during treatment reduce the ASA dose and also add a
proton pump inhibitor (PPI) or misoprostol.10

In an earlier study, Stevenson and colleagues re-
ported that 9/75 (12%) patients who initially were
desensitized and started on 650 mg of ASA twice daily
discontinued ASA therapy because of gastritis. Two of
these patients experienced bleeding from gastritis.11

In a final study, Rozsasi and colleagues investigated
if lower doses of ASA are efficacious in reducing na-
sal/pulmonary symptoms when reduced to either 100-
or 300-mg total daily dosing. The authors found that all
patients (7/7) receiving the 100 mg of ASA daily dos-
ing had recurrent nasal polyps at 1-year follow-up.
However, none of the 7 patients in the 300-mg daily
ASA arm showed recurrent nasal polyps in endoscopic
examination. As a result of the first evaluation in these
14 patients, subsequent patients were only enrolled to
receive 300-mg daily ASA for treatment. The authors
reported that 39 patients who had taken ASA for �1
year were available for follow-up (median follow-up,
2.3 years; range, 1–4.5 years). Of those participants,
4/39 (10%) patients receiving 300-mg daily ASA had
discontinued therapy after 1.5 years secondary to GI
intolerance, 2/39 (5%) secondary to lack of improve-
ment of pulmonary function, and 1 patient (2.5%) omit-
ted ASA for �1 week and was reluctant to restart. The
main limitation of this study was the small sample size
and the open study design.12

STRATEGIES TO PREVENT MUCOSAL
DAMAGE

Proton Pump Inhibitors
Several valuable pharmaceutical agents can help op-

timize mucosal protection and should strongly be con-
sidered when starting high-dose ASA therapy. Among
those are PPIs. PPIs are the most potent inhibitors of
gastric acid secretion available for clinical use.31 PPIs
work to block gastric acid secretion by irreversibly
inhibiting the proton pump (H�/K� ATPase) function.
PPIs significantly reduce the risk of both endoscopic
duodenal and gastric ulcers compared with placebo in
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prophylaxis trials for patients on NSAIDs.32–34 A recent
large RDBPC study evaluated PPI protection in adults
�60 years of age who were taking daily prophylactic
ASA (dose, 75–325 mg). Yeomans et al. found that 5%
(27/498) of participants given placebo for 26 weeks
developed endoscopic gastric and/or duodenal ulcers
compared with 1.6% (8/493) of patients who were
treated with 20-mg once-daily esomeprazole. Kaplan-
Meier life-table corresponding estimates for the devel-
opment of an ulcer over 6 months were estimated to be
6.2% in the placebo group versus 1.8% in the esome-
prazole group (p � 0.0007), which equated to a relative
reduction of an ulcer by 71% when taking esomepra-
zole.32 Overall, PPIs are regarded as one of the safest
classes of drugs in clinical use.35

Misoprostol
Misoprostol, a synthetic analog of PGE1, was the first

agent approved for prevention of NSAID-induced ul-
ceration. The use of misoprostol offers significant pre-
vention and treatment of ulcer formation, erosions, and
symptoms associated with NSAIDs in RDBPC stud-
ies.34,36–38 In one large RDBPC investigation, 4404 par-
ticipants (mean age, 68 years) were treated with 200 �g
of misoprostol four times daily. Those treated with
misoprostol were 40% less likely to develop serious
upper GI complications (OR, 0.598; CI, 0.364–0.982;
p � 0.049). Unfortunately, poor tolerability is a major
limitation of the use of misoprostol. Overall, 27% of
patients taking misoprostol reported GI side effects
including diarrhea, nausea, abdominal pain, and flat-
ulence.36 Of note, one RDBPC study demonstrated that
misoprostol, 200 �g, three times daily was found to be
equally effective at preventing both gastric and duode-
nal ulcers as misoprostol, 200 �g, four times daily with
significantly less side effects.38

H2 Receptor Antagonists
H2RAs provide gastric protection by increasing the

intragastric pH by decreasing hydrogen ion secretion.
A recent systematic review found that among RDBPC
studies only double-dose H2RAs (i.e., famotidine, 40
mg, twice daily) were effective at reducing the risk of
developing both duodenal and gastric ulcers. Doubling
the dose of H2RAs when compared with placebo re-
duces the risk of duodenal (RR, 0.26; 95% CI, 0.11–0.65)
and gastric ulcers (RR, 0.44; 95% CI, 0.26–0.74),
whereas standard-dose H2RAs are generally only ef-
fective at reducing the risk of duodenal ulcers (RR,
0.24; 95% CI, 0.1–0.57).39

Sucralfate
Sucralfate is an antiulcer drug that has been shown

to increase the release of endogenous PGs from the
gastric mucosa.40 It has been suggested that sucralfate

may be helpful in the prevention of NSAID-induced
ulcers because of its ability to reduce mucosal damage
from various irritants including NSAIDs and ethanol.41

However, RCTs have not been able to show a signifi-
cant benefit in patients receiving NSAID therapy for
the prevention of gastric or duodenal ulceration.41,42

Enteric or Buffered ASA
ASA covered with a combination of cellulose, silicon,

or other inactive ingredients (enteric coating) have
been designed to resist ASA disintegration in the stom-
ach and delay dissolution until it reaches the more
neutral duodenal environment. Buffering agents (i.e.,
calcium carbonate, magnesium oxide, and magnesium
carbonate) have been designed to lower the hydrogen
ion concentration, increase the solubility of ASA within
the GI tract, and, ultimately, decrease the contact time
between ASA particles and the GI mucosa.43 Studies
have shown a modest benefit with enteric-coated ASA
for gastric mucosal protection but no benefit with buff-
ered ASA in RCTs.44,45

APPROACH FOR THE PREVENTION OF
NSAID-RELATED COMPLICATIONS

Several well-established risk factors need to be taken
into consideration when evaluating a patient’s risk of
developing NSAID-associated gastroduodenal ulcers
(see Table 1). The Practice Parameters Committee of
the American College of Gastroenterology recently
published new guidelines on preventing NSAID-re-
lated ulcer complications.46 The report stratified pa-

Table 1 Risk factors and prevention strategies for
NSAID-associated gastroduodenal ulcers

Established risk factors
Advanced age (substantial risk after age 65 yr)
History of ulcer or GI bleed
Concomitant use of corticosteroids or anticoagulants
Concomitant use of other NSAIDs
High-dose NSAID therapy
Serious systemic disorders

Possible risk factors
Concomitant infection with Helicobacter pylori

Prevention strategies
Proton pump inhibitor
Misoprostol, 200 �g, four times daily*
Double-dose H2-receptor antagonists#

*Misoprostol, 200 �g, three times daily has been shown to be
as effective as four-times daily dosing in the prevention of
gastric and duodenal ulcers.18

#Famotidine, 40 mg, twice daily.39

GI � gastrointestinal; NSAIDs � nonsteroidal anti-inflam-
matory drugs.
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tients arbitrarily into three categories: low (no risk
factors), moderate (one to two risk factors), or high risk
(history of a previously complicated ulcer or more than
two risk factors). The expert consensus opinion recom-
mended that patients at moderate risk (aged �65 years,
high-dose NSAID therapy, previous history of an un-
complicated ulcer, or concurrent use of ASA or corti-
costeroids or anticoagulants) should be treated by a
COX-2 inhibitor alone or an NSAID plus misoprostol
or a PPI.46

Brown et al. evaluated four cost-effective strategies,
viz., NSAIDs plus an H2RA, NSAIDs plus a PPI,
NSAIDs plus misoprostol, and COX-2 selective
NSAIDs, for the prevention of NSAID-induced GI tox-
icity. This study showed that the optimal strategy de-
pends on the “willingness to pay” with NSAIDs plus
an H2RA or misoprostol being the least costly strate-
gies.47

CONCLUSION
The main concern regarding ASA use is the clear

potential for development of serious GI events. Cur-
rently, American College of Gastroenterology guide-
lines recommend cotherapy with PPIs or misoprostol
for primary prevention of NSAID-induced GI toxicity
for patients on high-dose NSAID therapy.46 Patients
with AERD on ASA therapy may require corticosteroid
bursts to treat asthma exacerbations or nasal polyposis,
which further places them at increased risk for bleed-
ing complications. Low-dose ASA is defined as doses
ranging from 75 to 325 mg daily.2 Rozsasi and col-
leagues showed promising data that low-dose ASA
(300 mg) daily may be a viable therapeutic option in
treating AERD patients.12

As more allergists embark on treating AERD with
high-dose ASA, risk communication including assess-
ing, determining, and minimizing unwanted side ef-
fects of ASA will be a critical role of the allergist/
immunologist. We have presented substantial data to
help assess the risk of ASA therapy and determine
possible prevention strategies (see Table 1). Ongoing
research regarding the role of ASA in AERD will be
helpful to define and clarify the magnitude of benefit,
dosing, and duration of ASA and end points of ther-
apy.
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