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Introduction

Aspirin is widely administered at relatively low
doses (75-325 mg/day) as an antithrombotic
drug to prevent cerebrovascular and cardiovascu-
lar disease. However, aspirin, even at low doses,
exerts adverse effects on the gastrointestinal
(GI) tract through its pharmacological inhibitory
action on cyclooxygenase (COX), which leads to
GI tract ulcers and GI tract bleeding. Low-dose
aspirin (LDA)-induced upper GI tract injury has
received much attention [1, 2]. However, cur-
rently, although upper GI bleeding is decreasing,
lower GI bleeding is increasing [3, 4], and
renewed attention is focused on mucosal injury
in the more distal sites (small and large intestine).
Because the prevalence of serious GI adverse
events, such as GI bleeding, is considerably low
[5], identifying potential risk factors is important
for establishing an efficient preventive strategy
for long-term LDA users. In this chapter,
LDA-induced adverse effects on the upper and
lower GI tract are briefly reviewed regarding
their pathogenesis, epidemiology, risk factors,
and prevention.
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Upper GI Tract Injury
Pathogenesis

Aspirin induces gastroduodenal mucosal injury
through topical irritation or systemic effects
through the inhibition of COX-1, which regulates
prostaglandin biosynthesis from arachidonic
acid. However, enteric-coated aspirin, which is
designed to reduce local damage, has failed to
show any clear benefit over uncoated LDA for
reducing upper GI bleeding [6, 7], suggesting
that the systemic effects, rather than the topical
actions, are mainly involved in the pathogenesis
of LDA-induced gastroduodenal lesions. The
depletion of mucosal prostaglandin induced via
the pharmacological action of aspirin results in
impaired epithelial defenses, such as impaired
gastric mucus secretion [8, 9], because prosta-
glandin in the gastroduodenal mucosa plays a
central role in controlling the epithelial defense
mechanism [10, 11]. Gastric acid is likely to
exacerbate aspirin-induced injury through HCI
back diffusion, resulting in the formation of a
deeper injury [12, 13]. An essential role of gastric
acid in LDA-induced gastroduodenal injury is
supported by the preventive effect of a potent
inhibitor of gastric acid secretion, a proton
pump inhibitor (PPI), on aspirin-induced gastro-
duodenal mucosal injury [14]. In addition, aspi-
rin induces the adhesion of neutrophils to
endothelial cells within the mucosal capillaries
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by increasing intracellular adhesion molecule-1
(ICAM-1) expression, resulting in reduced blood
flow with ischemic changes [15, 16].

Epidemiology

LDA induces a variety of upper GI adverse
events, ranging from dyspeptic symptoms with-
out macroscopic lesions to complicated peptic
ulcers (bleeding and perforation) and even
death.

Upper GI symptoms are common in LDA
users, with a prevalence of up to 15-20 % of all
such patients [17-19]. The extent and severity of
endoscopic mucosal damage are not directly
associated with an increased risk for dyspeptic
symptoms [1, 19, 20]. Dyspepsia is not life
threatening, but it can be a serious problem
because it may decrease adherence to LDA due
to troublesome symptoms [17]. Constant admin-
istration of LDA is a critical issue because the
cessation of LDA is a significant risk factor for
adverse cardiovascular events [18].

Endoscopic controlled studies have revealed
that a variety of severe gastroduodenal mucosal
injury, including petechiases, erosions, and
ulcers, can be induced by LDA administration.
Erosive lesions are frequently seen in up to 60 %
of LDA users [19, 20]. In a recent, large-scale
prospective study comprising 1454 LDA users in
Japan, the prevalence of gastroduodenal erosions
was reported to be 29.2 % [21]. In addition, the
prevalence of gastroduodenal ulcers ranged from
5t0 30 % [19, 20]. The wide range of prevalence
of LDA-induced gastroduodenal erosions and/or
ulcers is partly due to the geographic differences
resulting from the diverse effects of H. pylori
infection on gastroduodenal lesions, such that
the prevalence is higher in Western countries
than that in Asia [22], or to the timing of the
endoscopic examination. Notably, only 20 % of
gastroduodenal ulcers were associated with the
manifestation of dyspeptic symptoms[1]; thus,
the clinical significance for the majority of
asymptomatic erosions or ulcers is obscure
because such tiny lesions likely heal spontane-
ously over a period of time.
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Relatively few gastroduodenal ulcers lead to
ulcer complications (bleeding or perforation) that
could be life threatening. The annual incidence
rate of major GI bleeding in a double-blind
randomized, placebo-controlled trial of LDA
users ranged from 0.07 to 1.57 %, and the rela-
tive risk of major GI bleeding in LDA users in
relation to controls ranges from 1.5 to 2.6
[5, 19]. Perforation is also a rare event in LDA
users, with an incidence of 32.7 per 100,000
patient-years in patients older than 65 years
[19, 20].

Risk Factors

Because of the large number of patients taking
LDA to prevent cerebrovascular and cardiovas-
cular diseases and the relatively rare incident rate
of complicated upper GI adverse events in aspi-
rin users, identifying high-risk groups for upper
GI adverse events from LDA users and targeting
them as a prevention therapy should be an effec-
tive strategy [23].

A history of peptic ulcer, particularly
associated complicated (bleeding or perforated)
ulcers, is the most important risk factor for gas-
troduodenal adverse events in LDA users. Previ-
ous observational studies have indicated that a
history of peptic ulcers increases the risk of the
upper GI complication by approximately two- to
threefold, and for a history of complicated pep-
tic ulcers, the risk further increased five- to
sixfold compared with the absence of such
histories [24-26].

Older age (60 year or more) is generally
considered a risk factor for gastroduodenal
complications in patients taking LDA,
although there are few studies to support this
indication [23]. Otherwise, general comorbid
diseases accompanied by aging rather than
aging itself may be a therapeutic target for
prevention in LDA users because after ulcers
start bleeding, the comorbidity is associated
with a fatal condition in peptic ulcer bleeding
[27, 28].

The concomitant usage of some other drugs
enhances LDA-induced upper GI adverse events.



10 Adverse Effects of Low-Dose Aspirin in the Gastrointestinal Tract

To date, it has been established that
co-prescribed nonaspirin nonsteroidal anti-
inflammatory  drugs (NSAIDs), including

COX-2-selective inhibitors, antiplatelet agents,
anticoagulants, and oral corticosteroids, increase
the risk of adverse upper GI events in LDA users
compared with monotherapy [23-26]. The
interactions between these drugs and LDA were
confirmed not only by many observational stud-
ies but also by more recent large-scale analyses
using a network of healthcare databases
[29, 30]. Because most of these drugs have inju-
rious effects on the upper GI mucosa, it is not
surprising that the concomitant use of these drugs
exacerbates LDA-induced upper GI mucosal
injury.

For the interaction between H. pylori infection
and LDA use, thus far, observational studies have
shown conflicting results, with some showing an
additive effect, others showing antagonizing
effects, and still others showing no overall inter-
action [23]. A recent systematic review of
H. pylori and the risk of upper GI bleeding in
aspirin users concluded that the current data are
not sufficient to allow a meta-analysis of the issue
[31]. A series of recent studies in which individual
gastric acid secretion levels were measured in
chronic LDA users indicated that H. pylori infec-
tion could have biphasic effects on drug-induced
gastroduodenal injury, depending on the gastric
acid secretion level. The infection exacerbates
mucosal injury in the presence of sufficient gastric
acid, whereas the infection protects the mucosa
from injury through a hypochlorhydric state
accompanied by the infection [32-35]. In patients
with H. pylori infection, evaluation of serum pep-
sinogen levels or endoscopic findings prior to the
commencement of aspirin administration may
help identify a high-risk group for upper GI
adverse events from LDA users by extracting
hyperchlorhydric subjects [32, 33].

Prevention
According to several guidelines [36, 37],

patients with the above risk factors for
upper GI bleeding must be coadministered

145

preventive gastroprotective drugs when LDA
is started.

The effectiveness of potent antisecretory
drugs, PPIs, on upper GI adverse events in LDA
users has been consistently reported in several
randomized controlled trials [38—40]; PPIs
completely prevent the recurrence of upper GI
events in LDA users, even in high-risk groups
with histories of complicated peptic ulcers
[14]. Therefore, co-therapy with PPIs is
recommended for LDA users with risk factors
based on an expert consensus [36, 37], and pre-
vention therapy is broadly implemented in clini-
cal practice. In addition, PPIs may be effective in
alleviating dyspeptic symptoms, even in the
absence of endoscopic abnormality [41, 42],
which could boost patient compliance with
LDA treatment. Therefore, the broader applica-
tion of PPIs to a wide range of LDA users,
regardless of the presence or absence of
accompanying risk factors, would be an alterna-
tive strategy for managing aspirin users in the
expectation of boosting patient adherence to
long-term LDA treatment [14]. However, other
than the cost-effectiveness of the broader appli-
cation of PPIs, recent studies in animal models
and humans have indicated that PPI administra-
tion may enhance LDA-induced mucosal injury
at more distal sites (small intestine) instead of
preventing gastroduodenal mucosal injury, as
discussed below. Hence, preventive therapy
with PPIs should remain targeted to LDA users
with risk factors.

By contrast, although a previous study
indicated the significant effectiveness of a hista-
mine H; receptor antagonist (H2RA) on upper GI
adverse events in LDA users compared to pla-
cebo [43], other studies have demonstrated that
the preventive effect by H2RA is significantly
inferior to that of PPIs [44, 45]. Therefore,
co-therapy with H2RA is unsatisfactory for the
prevention of adverse upper GI events in LDA
users.

Misoprostol, a prostaglandin E1 analogue,
shows preventive effects on NSAID-induced
gastroduodenal mucosal injury, although the use
of the drug was restricted due to its severe
abdominal side effects, such as diarrhea and
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nausea. However, a previous study demonstrated
that a lower dose of misoprostol (100 mg/day)
significantly reduces gastroduodenal mucosal
injury in LDA users without any abdominal
side effects [46]. Rebamipide, a drug that
stimulates gastric mucosal prostaglandin E1 and
enhances the accompanying gastric mucus secre-
tion [47, 48], also has potential effectiveness in
the prevention of LDA-induced gastroduodenal
mucosal injury without any serious side effects
[49, 50]. However, these are small and explor-
ative studies, and large-scale, clinical studies are
required to introduce misoprostol or rebamipide
in the clinical setting for the prevention of
LDA-induced gastroduodenal mucosal injury.
H. pylori eradication therapy should be con-
sidered in H. pylori-positive LDA users with a
history of peptic ulcers because a recent study
indicated the long-term efficacy of the treatment
for the recurrence of ulcer complications [51], as
recommended by a recent European guideline on
the management of H. pylori infection [52]. By
contrast, the efficacy of eradication therapy for
adverse gastroduodenal events in the remaining
unselected H. pylori-positive LDA users without
a history of peptic ulcers remains to be clarified
[23]. This issue has significant implications in
countries where the H. pylori infection rate
remains high in the elderly, who are occasionally
subjected to daily LDA intake, although the
H. pylori infection rate is decreasing worldwide.

Lower Gl Tract Injury
Pathogenesis

NSAIDs/aspirin also injures the small and large
intestines with both topical effects on the epithe-
lium and systemic effects via the suppression of
epithelial prostaglandin biosynthesis. The latter
mechanism is primarily involved in aspirin-
induced enteropathy. The pathogenesis of
NSAIDs/aspirin is multifactorial, and the follow-
ing factors may be involved in the manifestation
of drug-induced enteropathy: increased intestinal
permeability, decreased intestinal mucus secre-
tion, neutrophil infiltration and accompanying
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free radial formation, and bacterial infection
[53-55]. Increased intestinal permeability may
allow bile acid, pancreatic juice, and bacteria to
invade the intestinal epithelium, leading to the
induction of an inflammatory reaction in the tis-
sue [53-55]. Consequently, inflammation in the
small intestine is frequently manifested as muco-
sal lesions, such as erosions and ulcers. A previ-
ous study demonstrated that NSAIDs do not
induce small intestine injury in germ-free rats
[56]; therefore, bacteria in the small intestine
may play an essential role in the formation of
the ultimate mucosal lesions.

Nonetheless, caution should be used when
extrapolating these mechanisms to the pathogen-
esis of aspirin-induced enteropathy occurring in
humans because the majority of findings are from
NSAID-induced enteropathy in animal models.
In fact, experimental animal studies showed that
orally administered aspirin, even at large doses,
does not induce mucosal injury in the small
intestine [53-55]. The difference in susceptibility
to small intestine injury between NSAIDs and
aspirin may be due to the difference in exposure
time to each drug in the small intestine because
the enterohepatic circulation of NSAIDs results
in multiple time exposures of small intestine to
the drug, whereas there is little enterohepatic
circulation for aspirin [53-55]. However, previ-
ous studies showed increased intestinal perme-
ability in aspirin users, even at a low dose, in
humans [57, 58]. Thus, LDA may induce small
intestine mucosal injury via the same mechanism
as ordinary NSAIDs.

Epidemiology

Until recently, it was believed that damage to the
human GI tract by LDA is mainly confined to the
upper portion of GI tract up to the duodenum
because the drug is primarily absorbed in the
stomach and duodenum and rarely reaches the
small intestine. Consequently, epidemiological
studies on LDA-associated lower GI tract
adverse events were limited, although the upper
GI tract has been extensively investigated. How-
ever, with the advent of capsule endoscopy and
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double balloon enteroscopy, the presence of
small bowel injury can now be observed. Since
the first case report of severe enteropathy in a
LDA user by Leung et al. in 2007 [59],
LDA-induced mucosal injury of the lower GI
tract has received a great deal of attention.

The causal relationship of LDA to small intes-
tine mucosal injury was confirmed using capsule
endoscopy in healthy volunteers, in whom the
short-term (1-2 weeks) administration of LDA
significantly increased small intestine lesions
compared with controls [57, 60]. Several studies
using capsule endoscopy revealed the high prev-
alence (80—100 %) of small intestine injury of
any degree in chronic LDA users with a wide
spectrum of lesions, including multiple
petechiae, loss of villi, erosions, and ulcers,
although each study included a small number of
patients (10-30 patients) [54]. A portion of these
lesions may contribute to the pathogenesis of
unexplained iron deficiency anemia or
hypoalbuminemia, both of which are signifi-
cantly more frequently observed in chronic
LDA users [61, 62]. However, the clinical signif-
icance of the remaining vast majority of small
intestine lesions observed in LDA users remains
uncertain; therefore, human studies on small
intestinal mucosal injury in LDA users should
be interpreted with caution.

Colonic diverticular bleeding is the most fre-
quent cause of lower GI bleeding, constituting
40 % of episodes of severe hematochezia
[63]. Several studies have indicated that LDA
use is a significant increased risk factor for diver-
ticular bleeding [64—66], and a recent meta-
analysis confirmed this association [67]. LDA
use may facilitate bleeding of the colonic diver-
ticulum partly due to its antithrombotic property.

No previous study has investigated the preva-
lence of lower GI bleeding in LDA users. The
incidence of lower GI bleeding is 20-80/
100,000, based on some population-based studies
from the USA, Spain, and Iceland [3, 63,
68]. Because LDA use is associated with an
increased risk of lower GI bleeding, with an
odds ratio of 2-3 [69], the incidence of lower
GI bleeding in LDA users should be severalfold
higher than in the general population; however, it
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remains considerably low, in contrast to the high
prevalence of lower GI tract mucosal lesions in
LDA users.

Risk Factors

Considering the relatively low prevalence of
lower GI bleeding in chronic aspirin users, the
identification of risk factors is important for
targeting patients with a potential preventive
therapy. However, the risk factors for lower GI
tract injury in LDA users are only now being
identified and thus remain largely unknown.
Using capsule endoscopy in 205 chronic LDA
users, Endo et al. identified the use of enteric-
coated aspirin and PPI use as independent risk
factors for the presence of small intestinal muco-
sal breaks [70]. Enteric-coated aspirin is
designed to dissolve in the proximal small intes-
tine to prevent gastric damage; however, this
formula may allow aspirin to contact the intesti-
nal mucosa at a high concentration, resulting in
exacerbation of small intestinal injury. By con-
trast, the finding that PPI use exacerbates small
intestinal injury in LDA users is supported by
animal model studies by Wallace et al., who
found that PPI use provokes dysbiosis in the
small intestine through potent suppression of
gastric acid, leading to exacerbation of NSAID-
induced mucosal injury at that site in rats
[71]. More recently, two case-control studies
with lower GI bleeding as a primary outcome
reported conflicting results for the association
between PPI use and lower GI bleeding in LDA
users. Lanas et al. reported that PPI use is weakly
but significantly associated with an increased risk
of lower GI bleeding in NSAIDs and/or LDA
users [69], whereas Nagata et al. demonstrated
that PPI use was not associated with the risk of
lower GI bleeding in the entire cohort and even
among LDA users [72]. Whether PPI use para-
doxically exacerbates small intestinal injury in
LDA users but PPI effectively prevents upper GI
mucosal injury is a critical issue to be solved
when managing aspirin users. An additional
high-quality study to determine the association
between PPI use and small intestinal mucosal
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injury in LDA users is required to establish a
comprehensive strategy for the prevention of
mucosal injury to the overall (upper and lower)
GI tract.

Prevention

Recently, there have been some attempts to pre-
vent LDA-induced small intestinal injury,
although these studies are all small and explor-
ative. Using capsule endoscopy, Watanabe
et al. demonstrated that misoprostol is effective
in reducing the number of mucosal breaks of the
small intestine in chronic LDA users, although a
substantial portion (3 of 11) of patients experi-
enced severe side effects of misoprostol (diar-
rhea) and dropped out of the study [73]. Endo
et al., using capsule endoscopy in randomized
controlled trial, indicated that probiotic (Lacto-
bacillus casei) administration significantly
decreased the number of mucosal breaks of the
small intestine in chronic LDA users, with no
side effects of the probiotics during the study
period of 3 months [74]. This result is supported
by an animal model study that showed the effec-
tiveness of probiotics (Lactobacillus casei strain
Shirota) on indomethacin-induced small intesti-
nal injury [75].

Some studies have demonstrated the effec-
tiveness of rebamipide in prevention of small
intestinal injury in LDA users. As discussed
above, rebamipide may exert its beneficial
effects on not only the gastroduodenal mucosa
but also the small intestinal mucosa by increasing
mucosal prostaglandin biosynthesis
[47]. Mizukami et al., using capsule endoscopy
in healthy volunteers, indicated the significant
effectiveness of rebamipide in reducing the num-
ber of subjects with small intestinal mucosal
breaks [76]. More recently, Watanabe
et al. used capsule endoscopy in a randomized,
double-blind  placebo-controlled trial and
demonstrated that a high dose of rebamipide,
but not placebo, significantly decreased the num-
ber of mucosal breaks in the small intestine in
chronic LDA users without any side effects
[77]. These studies indicate that probiotics and
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rebamipide are promising agents to prevent
LDA-induced small intestinal injury. However,
the number and presence of mucosal breaks were
defined as primary outcomes for these studies,
and the clinical significance of these lesions
remains obscure because of the high prevalence
of these lesions in the small intestines of LDA
users. Further studies are required to investigate
the effectiveness of candidate drugs on
LDA-related small intestinal adverse lesions
using the more rigorous clinical outcomes, such
as decreased GI bleeding.

By contrast, there is no established prophy-
laxis for lower GI bleeding, including diverticu-
lar bleeding, in LDA wusers at present. In
particular, diverticular bleeding usually occurs
in the absence of mucosal injury [78], and a
different preventive strategy other than the
administration of muco-protective drugs is
required to reduce the risk of LDA-related diver-
ticular bleeding.

Conclusion

A preventive strategy for LDA-induced upper GI
adverse events is being established that targets
high-risk patients with preventive co-therapy
using PPI administration. However, the epidemi-
ology, risk factors, and treatment for
LDA-induced lower GI adverse events are
largely unknown at present. Because the inci-
dence of lower GI bleeding is increasing in
LDA users but that of the upper GI bleeding is
decreasing, a preventive strategy for drug-
induced lower GI adverse events must be
established immediately.

References

1. Yeomans ND, Lanas Al, Talley NJ, Thomson AB,
Daneshjoo R, Eriksson B, et al. Prevalence and inci-
dence of gastroduodenal ulcers during treatment with
vascular protective doses of aspirin. Aliment
Pharmacol Ther. 2005;22:795-801.

2. Serrano P, Lanas A, Arroyo MT, Ferreira 1J. Risk of
upper gastrointestinal bleeding in patients taking



10.

11.

12.

13.

14.

16.

.Derry S, Loke

Adverse Effects of Low-Dose Aspirin in the Gastrointestinal Tract

low-dose aspirin for the prevention of cardiovascular
diseases. Aliment Pharmacol Ther. 2002;16:1945-53.

.Lanas A, Garcia-Rodriguez LA, Polo-Tomas M,

Ponce M, Alonso-Abreu I, Perez-Aisa MA, Perez-
Gisbert J, Bujanda L, Castro M, Muioz M,
Rodrigo L, Calvet X, Del-Pino D, Garcia S. Time
trends and impact of upper and lower gastrointestinal
bleeding and perforation in clinical practice. Am J
Gastroenterol. 2009;104:1633-41.

. Casado Arroyo R, Polo-Tomas M, Roncalés MP,

Scheiman J, Lanas A. Lower GI bleeding is more
common than upper among patients on dual
antiplatelet therapy: long-term follow-up of a cohort
of patients commonly using PPI co-therapy. Heart.
2012;98:718-23.

. Sostres C, Gargallo CJ. Gastrointestinal lesions and

complications of low-dose aspirin in the gastrointesti-
nal tract. Best Pract Res Clin Gastroenterol. 2012;
26:141-51.

. Garcia Rodriguez LA, Hernandez-Diaz S, de Abajo

FJ. Association between aspirin and upper gastroin-
testinal complications: systematic review of epidemi-
ologic studies. Br J Clin Pharmacol. 2001;52:563-71.
YK. Risk of gastrointestinal
haemorrhage with long term use of aspirin: meta-
analysis. BMJ. 2000;321(7270):1183-7.

. lijima K, Ara N, Abe Y, Koike T, Iwai W, Iwabuchi T,

Ichikawa T, Kamata Y, Ishihara K, Shimosegawa
T. Association of gastric acid and mucus secretion
level with low-dose aspirin-induced gastropathy. J
Gastroenterol. 2012;47:150-8.

. lijima K, Iwabuchi T, Ara N, Koike T, Shinkai H,

Kamata Y, Ichikawa T, Ishihara K, Shimosegawa
T. Reactive increase in gastric mucus secretion is an
adaptive defense mechanism against low-dose aspi-
rin-induced gastropathy. Dig Dis Sci. 2013;
58:2266-74.

Wallace JL. Prostaglandins, NSAIDs, and gastric
mucosal protection: why doesn’t the stomach digest
itself? Physiol Rev. 2008;88:1547-65.

Laine L, Takeuchi K, Tarnawski A. Gastric mucosal
defense and cytoprotection: bench to bedside. Gastro-
enterology. 2008;135:41-60.

Kitahora T, Guth PH. Effect of aspirin plus
hydrochloric acid on the gastric mucosal microcircu-
lation. Gastroenterology. 1987;93:810-7.

Rowe PH, Starlinger MJ, Kasdon E, Hollands MJ,
Silen W. Parenteral aspirin and sodium salicylate are
equally injurious to the rat gastric mucosa. Gastroen-
terology. 1987;93:863-71.

Sugano K. Prevention of Upper Gastrointestinal Ulcer
and Complications in Low-Dose Aspirin Users. Curr
Pharm Des. 2015;21:5082-8.

. Wallace JL, Keenan CM, Granger DN. Gastric ulcer-

ation induced by nonsteroidal anti-inflammatory
drugs is a neutrophil-dependent process. Am J
Physiol. 1990;259(3 Pt 1):G462-7.

Malfertheiner P, Chan FK, McColl KE. Peptic ulcer
disease. Lancet. 2009;374(9699):1449-61. Review.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

149

Cayla G, Collet JP, Silvain J, Thiefin G, Woimant F,
Montalescot G. Prevalence and clinical impact of
Upper Gastrointestinal Symptoms in subjects treated
with low dose aspirin: the UGLA survey. Int J
Cardiol. 2012;156(1):69-75.

Biondi-Zoccai GG, Lotrionte M, Agostoni P,
Abbate A, Fusaro M, Burzotta F, Testa L, Sheiban I,
Sangiorgi G. A systematic review and meta-analysis
on the hazards of discontinuing or not adhering to
aspirin among 50,279 patients at risk for coronary
artery disease. Eur Heart J. 2006;27:2667-74.

Hsu PI, Tsai TJ. Epidemiology of Upper Gastrointes-
tinal Damage Associated with Low-Dose Aspirin.
Curr Pharm Des. 2015;21(35):5049-55.

Lanas A, Gargallo CJ. Management of low-dose
aspirin and clopidogrel in clinical practice: a gastro-
intestinal perspective. J Gastroenterol. 2015;50:
626-37.

Uemura N, Sugano K, Hiraishi H, Shimada K, Goto S,
Uchiyama S, Okada Y, Origasa H, Ikeda Y, MAGIC
Study Group. Risk factor profiles, drug usage, and
prevalence of aspirin-associated gastroduodenal
injuries among high-risk cardiovascular Japanese
patients: the results from the MAGIC study. J
Gastroenterol. 2014;49:814-24.

Iijima K, Shimosegawa T. Geographic differences in
low-dose aspirin-associated gastroduodenal mucosal
injury. World J Gastroenterol. 2015;21:7709-17.
Iijima K, Shimosegawa T. Risk Factors for Upper GI
Damage in Low-Dose Aspirin Users and the Interac-
tion Between H. pylori Infection and Low-Dose Aspi-
rin Use. Curr Pharm Des. 2015;21:5056-65.

Laine L. Review article: gastrointestinal bleeding
with low-dose aspirin—what’s the risk? Aliment
Pharmacol Ther. 2006;24:897-908. Review.
Valkhoff VE, Sturkenboom MC, Kuipers EJ. Risk
factors for gastrointestinal bleeding associated with
low-dose aspirin. Best Pract Res Clin Gastroenterol.
2012;26:125-40.

Lanas A, Scheiman J. Low-dose aspirin and upper
gastrointestinal damage: epidemiology, prevention
and treatment. Curr Med Res Opin. 2007;23:163-73.
Review.

Leontiadis GI, Molloy-Bland M, Moayyedi P,
Howden CW. Effect of comorbidity on mortality in
patients with peptic ulcer bleeding: systematic review
and meta-analysis. Am J Gastroenterol. 2013;108:
331-45.

Marmo R, Koch M, Cipolletta L, Bianco MA,
Grossi E, Rotondano G, PNED 2 Investigators.
Predicting mortality in patients with in-hospital
nonvariceal upper GI bleeding: a prospective, multi-
center database study. Gastrointest Endosc. 2014;
79:741-9.

Garcia Rodriguez LA, Lin KJ, Hernandez-Diaz S,
Johansson S. Risk of upper gastrointestinal bleeding
with low-dose acetylsalicylic acid alone and in com-
bination with clopidogrel and other medications. Cir-
culation. 2011;123:1108-15.



150

30.

31.

32.

33.

34.

35.

36.

37.

38.

Masclee GM, Valkhoff VE, Coloma PM, de
Ridder M, Romio S, Schuemie MJ, Herings R,
Gini R, Mazzaglia G, Picelli G, Scotti L,
Pedersen L, Kuipers EJ, van der Lei J, Sturkenboom
MC. Risk of upper gastrointestinal bleeding from
different drug combinations. Gastroenterology. 2014;
147:784-92.

Fletcher EH, Johnston DE, Fisher CR, Koerner RJ,
Newton JL, Gray CS. Systematic review:
Helicobacter pylori and the risk of upper gastrointes-
tinal bleeding risk in patients taking aspirin. Aliment
Pharmacol Ther. 2010;32:831-9.

Iijima K, Ara N, Abe Y, Koike T, Iwabuchi T,
Shinkai H, Uno K, Endo H, Asano N, Shimosegawa
T. Biphasic effects of H. pylori infection on low-dose
aspirin-induced gastropathy depending on the gastric
acid secretion level. J Gastroenterol. 2012;47:1290-7.
Iijima K, Ara N, Abe Y, Koike T, Iwai W, Uno K,
Asano N, Imatani A, Ohara S, Shimosegawa
T. Gastric acid secretion level modulates the associa-
tion between Helicobacter pylori infection and
low-dose aspirin-induced gastropathy. J
Gastroenterol. 2011;46:612-9.

Iijima K, Koike T, Ara N, Nakagawa K, Kondo Y,
Uno K, Hatta W, Asano N, Imatani A, Shimosegawa
T. Identification of a high-risk group for low-dose
aspirin-induced gastropathy by measuring serum pep-
sinogen in H. pylori-infected subjects. J
Gastroenterol. 2015;50:305-12.

Hatta W, Iijima K, Koike T, Kondo Y, Ara N,
Asanuma K, Uno K, Asano N, Imatani A,
Shimosegawa T. Endoscopic findings for predicting
gastric acid secretion status. Dig Endosc. 2015;
27:582-9.

Abraham NS, Hlatky MA, Antman EM, Bhatt DL,
Bjorkman DJ, Clark CB, Furberg CD, Johnson DA,
Kahi CJ, Laine L, Mahaffey KW, Quigley EM,
Scheiman J, Sperling LS, Tomaselli GF, ACCF/
ACG/AHA. ACCF/ACG/AHA 2010 expert consen-
sus document on the concomitant use of proton
pump inhibitors and thienopyridines: a focused update
of the ACCF/ACG/AHA 2008 expert consensus doc-
ument on reducing the gastrointestinal risks of
antiplatelet therapy and NSAID wuse. Am J
Gastroenterol. 2010;105:2533-49.

Chan FK, Goto S, Wu MS, Abola MT, Yeoh KG,
Sutrisna B, Chua SS, Mahachai V, Turajane T,
Wu B, Zeng QY, Sugano K. Burden of nonsteroidal
anti-inflammatory and antiplatelet drug use in Asia: a
multidisciplinary ~ working party report. Clin
Gastroenterol Hepatol. 2012;10:753-60.

Sugano K, Choi MG, Lin JT, Goto S, Okada Y,
Kinoshita Y, Miwa H, Chiang CE, Chiba T, Hori M,
Fukushima Y, Kim HS. Chang CY; on behalf of the
LAVENDER Study Group. Multinational, double-
blind, randomised, placebo-controlled, prospective
study of esomeprazole in the prevention of recurrent
peptic ulcer in low-dose acetylsalicylic acid users: the
LAVENDER study. Gut. 2014;63:1061-8.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

K. lijima

Scheiman JM, Devereaux PJ, Herlitz ],
et al. Prevention of peptic ulcers with esomeprazole
in patients at risk of ulcer development treated with
low-dose acetylsalicylic acid: a randomised, con-
trolled trial (OBERON). Heart. 2011;97:797-802.
Yeomans N, Lanas A, Labenz J, et al. Efficacy of
esomeprazole (20 mg once daily) for reducing the
risk of gastroduodenal ulcers associated with continu-
ous use of low-dose aspirin. Am J Gastroenterol.
2008;103:2465-73.

Ekstrom P, Carling L, Wetterhus S, Wingren PE,
Anker-Hansen O, Lundegardh G, Thorhallsson E,
Unge P. Prevention of peptic ulcer and dyspeptic
symptoms with omeprazole in patients receiving con-
tinuous non-steroidal anti-inflammatory drug therapy.
A Nordic multicentre study. Scand J Gastroenterol.
1996;31:753-8.

Yap PR, Goh KL. Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) Induced Dyspepsia. Curr Pharm
Des. 2015;21:5073-81.

Taha AS, McCloskey C, Prasad R, Bezlyak
V. Famotidine for the prevention of peptic ulcers
and oesophagitis in patients taking low-dose aspirin
(FAMOUS): a phase III, randomised, double-blind,
placebo-controlled trial. Lancet. 2009;374
(9684):119-25.

Lin KJ, Hernandez-Diaz S, Garcia Rodriguez
LA. Acid suppressants reduce risk of gastrointestinal
bleeding in patients on antithrombotic or anti-
inflammatory therapy. Gastroenterology. 2011;141:
71-9.

Ng FH, Wong SY, Lam KF, Chu WM, Chan P, Ling
YH, Kng C, Yuen WC, Lau YK, Kwan A, Wong
BC. Famotidine is inferior to pantoprazole in
preventing recurrence of aspirin-related peptic ulcers
or erosions. Gastroenterology. 2010;138:82-8.
Donnelly MT, Goddard AF, Filipowicz B, Morant
SV, Shield MJ, Hawkey CJ. Low-dose misoprostol
for the prevention of low-dose aspirin-induced gastro-
duodenal injury. Aliment Pharmacol Ther. 2000;14:
529-34.

Arakawa T, Kobayashi K, Yoshikawa T, Tarnawski
A. Rebamipide: overview of its mechanisms of action
and efficacy in mucosal protection and ulcer healing.
Dig Dis Sci. 1998;43(9 Suppl):55-13.

Iijima K, Ichikawa T, Okada S, Ogawa M, Koike T,
Ohara S, Shimosegawa T. Rebamipide, a
cytoprotective drug, increases gastric mucus secretion
in human: evaluations with endoscopic gastrin test.
Dig Dis Sci. 2009;54:1500-7.

Tozawa K, Oshima T, Okugawa T, Ogawa T, Ohda Y,
Tomita T, Hida N, Fukui H, Hori K, Watari J,
Nakamura S, Miwa H. A randomized, double-blind,
placebo-controlled study of rebamipide for gastric
mucosal injury taking aspirin with or without
clopidogrel. Dig Dis Sci. 2014;59:1885-90.
Yamamoto T, Isono A, Mishina Y, Ebato T, Shirai T,
Nakayama S, Nagasawa K, Abe K, Hattori K, Ishii T,
Kuyama Y. Gastroduodenal mucosal injury in patients



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Adverse Effects of Low-Dose Aspirin in the Gastrointestinal Tract

taking low-dose aspirin and the role of gastric
mucoprotective drugs: possible effect of rebamipide.
J Clin Biochem Nutr. 2010;47:27-31.

Chan FK, Ching JY, Suen BY, Tse YK, Wu JC, Sung
JJ. Effects of Helicobacter pylori infection on long-
term risk of peptic ulcer bleeding in low-dose aspirin
users. Gastroenterology. 2013;144:528-35.
Malfertheiner P, Megraud F, O’Morain CA. et al;
European Helicobacter Study Group. Management
of Helicobacter pylori infection--the Maastricht IV/
Florence Consensus Report. Gut. 2012;61:646-64.
Pavlidis P, Bjarnason I. Aspirin Induced Adverse
Effects on the Small and Large Intestine. Curr
Pharm Des. 2015;21(35):5089-93.

Sostres C, Lanas A. Epidemiology of Low Dose Aspi-
rin Damage in the Lower Gastrointestinal Tract. Curr
Pharm Des. 2015;21:5094-100.

Higuchi K, Umegaki E, Watanabe T, Yoda Y,
Morita E, Murano M, Tokioka S, Arakawa
T. Present status and strategy of NSAIDs-induced
small bowel injury. J Gastroenterol. 2009;44:
879-88. Review.

Robert A, Asano T. Resistance of germ-free rats to
indomethacin  induced intestinal inflammation.
Prostaglandins. 1977;14:333-41.

Smecuol E, Pinto Sanchez MI, Suarez A, Argonz JE,
Sugai E, Vazquez H, Litwin N, Piazuelo E, Meddings
JB, Bai JC, Lanas A. Low-dose aspirin affects the
small bowel mucosa: results of a pilot study with a
multidimensional assessment. Clin Gastroenterol
Hepatol. 2009;7:524-9.

Hilsden RJ, Meddings JB, Sutherland LR. Intestinal
permeability changes in response to acetylsalicylic
acid in relatives of patients with Crohn’s disease.
Gastroenterology. 1996;110:1395-403.

Leung WK, Bjarnason I, Wong VW, Sung JJ, Chan
FK. Small bowel enteropathy associated with chronic

low-dose  aspirin  therapy. Lancet. 2007;369
(9561):614.
Endo H, Hosono K, Inamori M, Kato S, Nozaki Y,

Yoneda K, Akiyama T, Fujita K, Takahashi H,
Yoneda M, Abe Y, Kirikoshi H, Kobayashi N,
Kubota K, Saito S, Matsuhashi N, Nakajima
A. Incidence of small bowel injury induced by
low-dose aspirin: a crossover study using capsule
endoscopy in healthy volunteers. Digestion. 2009;
79:44-51.

Moore RA, Derry S, McQuay HJ. Faecal blood loss
with aspirin, nonsteroidal anti-inflammatory drugs
and cyclo-oxygenase-2 selective inhibitors: system-
atic review of randomized trials using autologous
chromium-labelled erythrocytes. Arthritis Res Ther.
2008;10:R7. Review.

Fortun PJ, Hawkey CJ. Nonsteroidal antiinflammatory
drugs and the small intestine. Curr Opin Gastroenterol.
2005;21:169-75. Review.

Longstreth GF. Epidemiology and outcome of
patients hospitalized with acute lower gastrointestinal
hemorrhage: a population-based study. Am J
Gastroenterol. 1997;92:419-24.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

151

Strate LL, Liu YL, Huang ES, Giovannucci EL, Chan
AT. Use of aspirin or nonsteroidal anti-inflammatory
drugs increases risk for diverticulitis and diverticular
bleeding. Gastroenterology. 2011;140:1427-33.
Yamada A, Sugimoto T, Kondo S, Ohta M, Watabe H,
Maeda S, Togo G, Yamaji Y, Ogura K, Okamoto M,
Yoshida H, Kawabe T, Kawase T, Omata
M. Assessment of the risk factors for colonic divertic-
ular hemorrhage. Dis Colon Rectum.
2008;51:116-20.

Nagata N, Niikura R, Aoki T, Shimbo T, Kishida Y,
Sekine K, Tanaka S, Watanabe K, Sakurai T,
Yokoi C, Akiyama J, Yanase M, Mizokami M,
Uemura N. Colonic diverticular hemorrhage
associated with the use of nonsteroidal anti-
inflammatory drugs, low-dose aspirin, antiplatelet
drugs, and dual therapy. J Gastroenterol Hepatol.
2014;29:1786-93.

Yuhara H, Corley DA, Nakahara F, Nakajima T,
Koike J, Igarashi M, Suauki T, Mine T. Aspirin and
non-aspirin NSAIDs increase risk of colonic divertic-
ular bleeding: a systematic review and meta-analysis.
J Gastroenterol. 2014;49:992—-1000.

Hreinsson JP, Gumundsson S, Kalaitzakis E,
Bjornsson ES. Lower gastrointestinal bleeding: inci-
dence, etiology, and outcomes in a population-based
setting. Eur J Gastroenterol Hepatol. 2013;25:37-43.
Lanas A, Carrera-Lasfuentes P, Arguedas Y, Garcia S,
Bujanda L, Calvet X, Ponce J, Perez-Aisa A,
Castro M, Muiioz M, Sostres C, Garcia-Rodriguez
LA. Risk of upper and lower gastrointestinal bleeding
in patients taking nonsteroidal anti-inflammatory
drugs, antiplatelet agents, or anticoagulants. Clin
Gastroenterol Hepatol. 2015;13:906—-12.

Endo H, Sakai E, Taniguchi L, Kessoku T, Komiya Y,
Ezuka A, Kawamura H, Taguri M, Higurashi T,
Ohkubo H, Yamada E, Takahashi H, Inamori M,
Maeda S, Sakaguchi T, Hata Y, Nagase H, Nakajima
A. Risk factors for small-bowel mucosal breaks in
chronic low-dose aspirin users: data from a prospec-
tive multicenter capsule endoscopy registry.
Gastrointest Endosc. 2014;80:826-34.

Wallace JL, Syer S, Denou E, de Palma G, Vong L,
McKnight W, Jury J, Bolla M, Bercik P, Collins SM,
Verdu E, Ongini E. Proton pump inhibitors exacerbate
NSAID-induced small intestinal injury by inducing
dysbiosis. Gastroenterology. 2011;141:1314-22.
Nagata N, Niikura R, Aoki T, Sakurai T, Moriyasu S,
Shimbo T, Sekine K, Okubo H, Watanabe K,
Yokoi C, Yanase M, Akiyama J, Uemura N. Effect
of proton-pump inhibitors on the risk of lower gastro-
intestinal bleeding associated with NSAIDs, aspirin,
clopidogrel, and warfarin. J Gastroenterol.
2015;50:1079-86.

Watanabe T, Sugimori S, Kameda N, Machida H,
Okazaki H, Tanigawa T, Watanabe K, Tominaga K,
Fujiwara Y, Oshitani N, Higuchi K, Arakawa T. Small
bowel injury by low-dose enteric-coated aspirin and
treatment with misoprostol: a pilot study. Clin
Gastroenterol Hepatol. 2008;6:1279-82.



152

74.

75.

Endo H, Higurashi T, Hosono K, Sakai E, Sekino Y,
Iida H, Sakamoto Y, Koide T, Takahashi H,
Yoneda M, Tokoro C, Inamori M, Abe Y, Nakajima
A. Efficacy of Lactobacillus casei treatment on small
bowel injury in chronic low-dose aspirin users: a pilot
randomized controlled study. J Gastroenterol.
2011;46:894-905.

Watanabe T, Nishio H, Tanigawa T, Yamagami H,
Okazaki H, Watanabe K, Tominaga K, Fujiwara Y,
Oshitani N, Asahara T, Nomoto K, Higuchi K,
Takeuchi K, Arakawa T. Probiotic Lactobacillus
casei strain Shirota prevents indomethacin-induced
small intestinal injury: involvement of lactic acid.
Am J Physiol Gastrointest Liver Physiol. 2009;297:
G506-13.

76.

71.

78.

K. lijima

Mizukami K, Murakami K, Abe T, Inoue K,
Uchida M, Okimoto T, Kodama M, Fujioka T. -
Aspirin-induced small bowel injuries and the preven-
tive effect of rebamipide. World J Gastroenterol.
2011;17:5117-22.

Watanabe T, Takeuchi T, Handa O, Sakata Y,
Tanigawa T, Shiba M, Naito Y, Higuchi K,
Fujimoto K, Yoshikawa T, Arakawa T. A multicenter,
randomized, double-blind, placebo-controlled trial of
high-dose rebamipide treatment for low-dose aspirin-
induced moderate-to-severe small intestinal damage.
PLoS One. 2015;10, e0122330.

von Rahden BH, Germer CT. Pathogenesis of colonic
diverticular disease. Langenbecks Arch Surg.
2012;397:1025-33.



	10: Adverse Effects of Low-Dose Aspirin in the Gastrointestinal Tract
	Introduction
	Upper GI Tract Injury
	Pathogenesis
	Epidemiology
	Risk Factors
	Prevention

	Lower GI Tract Injury
	Pathogenesis
	Epidemiology
	Risk Factors
	Prevention

	Conclusion
	References


