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Abstract. Acetylsalicylic acid, also known as aspirin, is often 
used in clinical antipyretic, analgesic and antiplatelet therapy. 
Aspirin can cause numerous side effects in the gastrointestinal 
(GI) tract, ranging from unpleasant GI symptoms without gastric 
mucosal lesions to ulcer bleeding and even death. However, 
recent studies have found that aspirin can significantly prevent 
GI tumors. Despite impressive advances in cancer research, 
screening and treatment options, GI tumors remain a leading 
cause of death worldwide. Prevention is a far better option than 
treatment for tumors. Therefore, the present review assesses the 
pros and cons of aspirin on the GI tract and, on this the basis, 
the appropriate dose of aspirin to protect it.
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1. Introduction

Cancer is a major cause of death and one of the most impor-
tant global obstacles to improving life expectancy in the 21st 
century (1). Despite significant advances in cancer research, 
screening and treatment programs, gastrointestinal (GI) 
tumors have a high morbidity and mortality rate worldwide; 
according to the 2018 global cancer report, the mortality rate 
of colorectal cancer was 9.2%, that of gastric cancer was 8.2% 
and that of liver cancer was 8.2%, which account for the top 
5 cancer mortality rates in the world (2). The high incidence 
of cancer in the digestive system, especially gastric, esopha-
geal and colorectal cancer (CRC), is a major health burden in 
Asia, particularly in East Asia. Asia had the highest rate of 
CRC cases per 100,000 population (51.8%) and the highest 
mortality rate (52.4%) in 2018 (3). Additionally, >727,000 cases 
of gastric cancer were diagnosed in Asia in 2008, accounting 
for 11.9% of all confirmed cancer cases (4). Morbidity and 
mortality rates are also higher in East Asia than in other parts 
of the continent (4). China has the highest mortality rate of 
gastric cancer (30.1 per 100,000), followed by Japan (20.5 per 
100,000) and South Korea (13.8 per 100,000) (4).

Since Bayer AG distributed acetylsalicylic acid as Aspirin™ 
in 1899, the drug has cornered the non‑steroidal anti‑inflammatory 
drug (NSAID) market, and with time, aspirin has become a generic 
name (5). Recently, aspirin has received increasing research atten-
tion. The effectiveness of low‑dose aspirin (LDA) in preventing 
ischemic cardiovascular events has been confirmed (6‑8). There 
is increasing evidence to support the role that aspirin may play 
in chemical protection, especially in patients without cardiovas-
cular disease (CVD) (9‑11). Using aspirin can reduce mortality 
rates and the incidence of GI tumors (12). However, aspirin can 
cause a range of GI side effects; aspirin taken in large doses has 
anti‑inflammatory effects similar to those caused by non‑selective 
NSAIDs in the GI tract (13). LDA is now widely used for cardio-
vascular prevention, but even at these very low doses it is still 
associated with upper and lower GI damage (14). In the upper GI 
tract, aspirin causes a series of adverse GI events, ranging from 
asymptomatic lesions to serious complications, such as peptic 
ulcer bleeding or even death (15). The link between aspirin and 
upper GI damage has been established, but the impact of aspirin 
on the lower GI tract remains unclear, although evidence has been 
mounting over the past few years (15,16).
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The present review focuses on the advances made in under-
standing the benefits and the risks of long‑term use of aspirin 
on the GI tract. To provide evidence for the rational use of 
aspirin in clinical practice, the appropriate dose of aspirin to 
protect the GI tract is analyzed and summarized.

2. Pros

The main benefit of aspirin in the GI tract is manifested in 
the chemoprophylaxis of GI adenoma and numerous types of 
cancer, such as CRC, gastric cancer and familial adenoma-
tous polyposis (FAP). The main pros of aspirin, as will now 
be described, are also summarized in Table I. Additionally, 
the present review identified that the chemoprophylaxis dose 
of aspirin varied among studies. Therefore, the appropriate 
preventive doses of aspirin used in different studies are 
summarized in Table I.

Aspirin and colorectal adenomas. Adenomas are the most 
common polyps of the large intestine and are a precursor to 
most CRC (17). The epidemiology of adenomas and CRC is 
very similar, hence preventing adenomas can also prevent 
CRC (18,19). Sandler et al (20), found that taking 325 mg aspirin 
daily reduced the risk of adenomas and delayed progression in 
individuals with a CRC history by 10%. However, the afore-
mentioned study contain bias, as it selected only high‑risk 
patients. Baron et al (21), conducted another study in patients 
who had not previously ha5d CRC and found that 81  mg 
aspirin daily reduced the risk of recurrent adenomas by 19% 
in patients with a recent history of adenomas. In the group 
administered 81 mg aspirin daily, there was a >40% reduction 
in the risk of advanced disease. 

FAP is a special type of colonic polyp (22). FAP is char-
acterized by the development of multiple (>100) colorectal 
adenomas throughout the colorectum (23). It is an uncommon 
autosomal dominant genetic disease characterized by numerous 
adenomas in the large intestine (22). Half of the patients with 
FAP are reported to develop adenocarcinoma by the age of 
40 years  (24). Prophylactic colectomy or proctocolectomy 
is usually performed between ages 15  and  25  years  (25). 
However, this type of intervention can cause severe diarrhea in 
some patients, resulting in a dramatic decline in quality of life. 
Therefore, research on chemoprophylaxis is being conducted 
in the hope of delaying surgery, or in patients with fewer 
polyps, to help avoid surgery altogether using a combination 
of chemoprevention and endoscopic resection (26). 

To the best of our knowledge, there are few reports on the 
effect of aspirin on FAP, but several studies have reported 
that aspirin can lessen the number of adenomas and delay 
the development of the disease. In a double‑blind, random-
ized study where 34 patients with FAP were treated with 
LDA (100 mg/day) or placebo post‑colectomy, the size of 
colorectal polyps in patients with FAP tended to be smaller 
when treated with LDA (27). In addition, the diameter and 
number of polyps were markedly reduced (aspirin:placebo 
group response ratio, 2.33:1) and polyp height also decreased 
(aspirin:placebo group response ratio, 2:1) (27). These results 
demonstrated that aspirin may have an impact on the relatively 
early stage of CRC development. However, the aforementioned 
study had limitations such as a small sample size and limited 

fields of polyp counting, which may have hampered the detec-
tion of responses. Another study by Burn et al (28), treated 
patients with FAP with aspirin (600 mg/day) and/or placebo 
for 1‑12 years and reported no side effects from aspirin, but 
also no reduction in polyps. The differences between these 2 
studies may be due to differences in cohorts of patients and the 
dose of aspirin given. 

Current research has demonstrated that aspirin does indeed 
affect adenomas; aspirin prevented the growth of adenomatous 
polyps leading to the regression of existing polyps in several 
randomized trials of patients with FAP (27). However, the 
degree of effect of aspirin dose on adenoma is still contro-
versial. As there are few studies on the effect of aspirin on 
FAP, which are hampered by the low incidence of the disease 
(1 in 8,300 at birth) (22) and small patient sample size, further 
studies are required to explore and verify their findings.

Aspirin and CRC. CRC ranked third in terms of incidence, 
but second in terms of mortality rate worldwide in 2018 (2). In 
patients with CRC with or without known CVD, there is little 
debate about the preventive effects of long‑term aspirin use. 
Considerable experimental evidence supports this view.

Numerous studies have demonstrated that regular 
aspirin use does prevent or reduce CRC mortality rates. 
The effects of aspirin may be related to the duration of use. 
Cea Soriano et al (29) used The Health Improvement Network 
to estimate the incidence of CRC in individuals without CVD 
and demonstrated that regular LDA use is associated with 
a reduction in the incidence of CRC in individuals without 
CVD. In addition, incidence rate ratios demonstrated that 
starting LDA at an age of 60‑69 or 70‑79 years significantly 
reduced the CRC risk. However, starting LDA at 80‑89 years 
did not reduce the risk of CRC. A study that used data from 
two ongoing prospective studies, the Nurses' Health Study and 
the Health Professionals Follow‑up Study, which contained 
follow‑up data for patients with CRC up to 32 years  (30), 
discovered a dose‑dependent effect of aspirin on CRC, 
appearing at 0.5‑1.5 standard aspirin tablets weekly or the 
equivalent of a daily dose of LDA. A combined analysis of 
dose and duration demonstrated that the apparent benefit of 
aspirin use for GI cancer and CRC comes from taking 0.5‑1.5 
standard aspirin tablets weekly (30). Regular aspirin use could 
prevent 33 CRCs/100,000 person‑years among individuals 
who are older >50 years (30).

The majority of studies have demonstrated a decreasing risk 
of CRC or adenomas when aspirin therapy is stopped (31‑33). 
There are different opinions about the duration of aspirin 
use. Some studies have demonstrated that this effect does not 
appear until 5‑10 years later, which is a considerably delayed 
effect (34,35).

Aspirin and gastric cancer. Gastric cancer was the fifth most 
commonly diagnosed cancer in the world and the third leading 
cause of cancer death in 2018 (2). Among men, it is the most 
common cancer in several western Asian countries, including 
Iran, Turkmenistan and Kyrgyzstan, and is also the main cause 
of cancer death (2). 

A previous study using animal experiments suggested 
that aspirin may inhibit not only the growth of gastric cancer 
but also the migration of cancer cells (36). Li et al (36) used 
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Table I. Association of the benefits of aspirin in the GI tract and the dose at which aspirin is effective from recent trials and studies.

A, Colorectal adenomas

First author, year	 Study type	 No. of cases	 Dose	 Results	 (Refs.)

Sandler et al, 2003	 RCT 	 635	 325 mg/day	 Reduced the number of adenomas and 	 (20)
				    delayed the development of adenomas 
				    in the patients who had CRC history
Hull et al, 2018	 RCT 	 709	 300 mg/day	 Reduced the total number of colorectal	 (117)
				    adenomas per participant
Baron et al, 2003	 RCT 	 1,121	 81‑325 mg/day	 Had a moderate chemopreventive effect 	 (21)

B, Familial adenomatous polyposis					   

First author, year	 Study type	 No. of cases	 Dose	 Results	 (Refs.)

Ishikawa et al, 2013	 RCT 	 34	 100 mg/day	 Polyp size tended to be smaller, especially 	 (27)
				    in the subjects with a mean baseline polyp 
				    diameter <2 mm
Burn et al, 2011	  RCT 	 133	 600 mg/day	 No reduction in polyps 	 (28)

C, CRC					   

First author, year	 Study type 	 No. of cases	 Dose	 Results	 (Refs.)

Cole et al, 2009	 Meta‑analysis of 	 3,000	 325 mg/day 	 Decreased the relative risk of adenoma 	 (118)
	 RCTs
Cook et al, 2013	 RCT 	 39,876	 100 mg/day	 Decreased the risk of CRC 	 (119)
Cea Soriano	 Cohort study 	 263,482	 LDA (the exact	 Reduced the incidence of CRC 	 (29)
et al, 2017			   dose was 
			   not specified)
Kuan et al, 2019	 Cohort study 	 344,777	 ≥28 cumulative	 Reduced the CRC risk in patients with 	 (120)
			   defined daily doses	 type 2 diabetes mellitus
Flossman and	 Review of 19 	 1,136,110	 ≥300 mg/day	 Reduced the incidence of CRC 	 (34)
Rothwell, 2007	 case‑control 
	 studies and 
	 11 cohort studies
Rothwell et al, 	 Cohort study 	 14,033	 ≥75 mg/day	 Reduced incidence and mortality	 (35)
2010				    due to CRC
Cao et al, 2016	 Cohort study 	 135,965	 0.5‑1.5 standard 	 Reduced the incidence of CRC and had 	 (30)
			   aspirin tablets 	 a dose‑dependent effect of aspirin
			   weekly

D, Gastric cancer					   

First author, year	 Study type 	 No. of cases	 Dose	 Results	 (Refs.)

Li et al, 2016	 Experimental 	 20 mice	 250 mg/kg	 Aspirin inhibited the proliferation and 	 (36)
	 study			   migration of gastric cancer cells in mice
Rothwell et al, 	 RCT 	 17,285	 ≥75 mg/day	 Reduced the incidence of gastric cancer	 (121)
2012				    and CRC and reduced the risk of distant
				    metastasis
Rothwell et al, 2011	 RCT 	 25,570	 ≥75 mg/day	 Reduced deaths caused by gastric cancer 	 (39)
Thun et al, 1993	 Meta‑analysis 	 635,031	 Unclear	 Reduced risk of fatal cancer of the 	 (38)
	 of RCTs			   esophagus, stomach, colon and rectum
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p53‑/‑ mice (n=20) that were randomly divided into 2 groups to 
understand the effects of aspirin on gastric cancer. The afore-
mentioned study demonstrated that the proliferation capacity 
of tumor cells in the experimental group (250 mg/kg aspirin 
daily added to food) was significantly reduced compared with 
that of the control group, and the number of cells was also 
markedly reduced.

To the best of our knowledge, there are few specific studies 
on the effects of aspirin on gastric cancer. The extent of the 

impact of aspirin on gastric cancer seems to be smaller than 
that on CRC and colorectal adenoma; in addition, the data 
are less comprehensive and more variable. However, it can be 
concluded from multi‑factor analysis in numerous studies that 
aspirin can inhibit the growth of gastric cancer. Two cohort 
studies have found that there was a 41% reduction in mortality 
in patients with gastric cancer when aspirin was taken (37,38). 
In a study involving several randomized controlled trials 
(RCTs), reported deaths decreased by 31% in patients with 

Table I. Continued.

D, Gastric cancer	

First author, year	 Study type	 No. of cases	 Dose	 Results	 (Refs.)

Cao et al, 2016	 Cohort study 	 135,965	 0.5‑1.5 standard	 Reduced risk of gastric cancer 	 (30)
			   aspirin tablets
			   weekly

E, Esophageal cancer					  

First author, year	 Study type 	 No. of cases	 Dose	 Results	 (Refs.)

González‑Pérez	 Meta‑analysis 	 ‑	 Lack of specific	 Reduced the risk of esophageal cancer	 (42)
et al, 2003	 of RCTs		  dose	 and gastric cancer
Liu et al, 2009	 RCT 	 1,716	 25‑50 mg/day	 Reduced the risk of both esophageal 	 (43)
				    cancer and esophageal squamous cell 
				    carcinoma
Vaughan et al, 2005 	 Prospective 	 350	 ≥75 mg/day	 Reduced the risk of neoplastic progression	 (41)
	 cohort study			   in Barrett's esophagus
Farrow et al, 1998	 Case‑control 	 695	 No specific dose	 Reduced the risk of cancers of the 	 (40)
	 study		  was indicated	 esophagus and stomach
Bosetti et al, 2012	 Review 	‑	  Unclear	 Reduced the risk of esophageal cancer 	 (46)
	 comprising of 			   and gastric cancer
	 case‑control and
	 cohort studies
Spence et al, 2018	 Case‑control	 8,487	 75 mg/day	 Long‑term aspirin was not associated 	 (48)
	 study			   with cancer‑specific mortality after 
				    diagnosis of esophageal or gastric cancer

F, Other GI tumors					   

First author, year	 Study type 	 No. of cases	 Dose	 Results	 (Refs.)

Rothwell et al, 2011	 RCT 	 25,570	 75 mg/day	 Reduced the mortality of pancreatic cancer 	 (39)
Petrick et al, 2015	 Case‑control 	 1,084,133	 ≤163 mg/day	 Prevented liver cancer (including 	 (52)
	 study			   hepatocellular and intrahepatic 
				    cholangiocarcinoma) 
Choi et al, 2019	 Case‑control 	 4,962	 LDA but the	 Reduced risk of pancreatic ductal 	 (49)
	 study		  exact dose	 adenocarcinoma incidence for patients
			   remains unclear	 with risk factors

CRC, colorectal cancer; GI, gastrointestinal; RCT, randomized control trial; LDA, low‑dose aspirin.
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gastric cancer who took aspirin (P=0.11), and most significant 
decreases of up to 58% (P=0.007) were observed after 10 years 
of use (39). 

Aspirin and esophageal cancer. The incidence and mortality 
of esophageal cancer were ranked seventh and sixth among 
all types of cancer, respectively, in the 2018 global cancer 
statistics (2). Due to the poor prognosis of esophageal cancer, 
treatment options have been highlighted in this section of the 
review.

The effect of long‑term aspirin use in Barrett's esophageal 
cancer has been studied by several clinical trials and popula-
tion‑based observational studies, suggesting that aspirin may 
slow down its progression to both squamous carcinoma and 
adenocarcinoma (40‑42). Another three independent studies 
reported that in patients with esophageal cancer, aspirin had 
a remarkable protective effect on all‑cause mortality (43‑45). 
In all three studies, these effects were limited to patients with 
esophageal cancer (44) and esophageal squamous cell carci-
noma (43), and in the most recent study (45), when methods 
to reduce immortal time bias were employed, the effects were 
attenuated. A meta‑analysis indicated that aspirin does have 
a protective effect on esophageal cancer (including gastric 
cardia cancer), regardless of squamous cell or adenocarci-
noma type (46). In addition, in a recent study, in patients with 
Barrett's esophageal cancer who did not have a history of 
NSAID use, aspirin showed a significant protective effect (47).

However, opposing results were found by a study that 
included two large independent population‑based cohorts 
in the UK  (48). The study aforementioned revealed that 
long‑term aspirin use (75 mg/day) was not associated with 
cancer‑specific mortality after the diagnosis of esophageal 
or gastric cancer (48). These differences may be due to the 
aforementioned study investigating the effects of using aspirin 
on cancer after a diagnosis of gastric or esophageal cancer, 
whereas in other studies, patients were taking aspirin prior to 
esophageal or gastric cancer diagnosis.

Aspirin and other GI tumors. Aspirin can reduce cancer‑related 
mortality in all solid cancer types. One study found that 
this was mainly due to fewer deaths after 5 years, including 
significant reductions in pancreatic cancer deaths  (39). In 
the aforementioned study, aspirin had a significant effect on 
pancreatic cancer death only after >7.5 years of planned treat-
ment [hazard ratio (HR), 0.28; 95% confidence interval (CI) 
0.08‑1.00; P=0.04]. Another study found that aspirin use was 
associated with a reduced risk of pancreatic ductal adenocar-
cinoma incidence in patients with risk factors (OR, 0.48; 95% 
CI, 0.31‑0.67; P<0.001) (49). 

Previous studies have suggested that aspirin may have 
the potential to prevent liver cancer [including hepatocel-
lular carcinoma (HCC) and intrahepatic cholangiocarcinoma 
(ICC)] (50,51). A prospective cohort study based on data from 
1,084,133 individuals (HCC, n=679; ICC, n=225) from 10 
counties in the United States found that aspirin users who took 
the drug once a day (>5 years; ≤163 mg) had a 32% reduction 
in the risk of liver cancer (52). In addition, aspirin use reduced 
ICC risk by 36% in men, but not in women. For some patients 
with liver cancer who are at higher risk of bleeding (due to, 
for example, cirrhosis of the liver and portal hypertension 

with thrombocytopenia), aspirin should be avoided due to the 
risk of GI bleeding and renal failure (53). Therefore, the use 
of aspirin in these patients remains an important matter and 
should be investigated further.

3. Possible mechanisms of the anticancer action of aspirin

The process by which normal cells turn into cancer cells is 
very complex and despite extensive study, the mechanisms 
by which aspirin may affect carcinogenesis remain unknown. 
However, in the early stages of cancer development, a common 
feature is that cells no longer respond to anti‑proliferation 
and ‑differentiation signals, instead automatically producing 
signals to promote growth (54). The role of aspirin may be 
related to these processes.

One of the mechanisms involved in the anticancer activity 
of aspirin is commonly thought to be its ability to inhibit the 
activity of cyclooxygenase (COX) (55,56). COX‑2 is strongly 
and rapidly induced in response to growth factors, cytokines, 
endotoxins and inflammation, and involves cell proliferation 
and the promotion of tumor development (57). As aspirin is 
a potent inhibitor of COX‑2, it can reduce the production of 
prostaglandins and other inflammatory mediators (58). The 
deleterious effects of prostaglandins include promoting cell 
survival, stimulating cell proliferation and promoting angio-
genesis, which can increase cancer metastasis (59,60). 

However, the chemoprophylaxis of aspirin cannot be 
explained by inhibiting prostaglandin synthesis only, since 
some NSAIDs are still resistant to proliferation in cells that 
have no COX activity (61). COX‑independent evidence has 
also been found in recent years, particularly in high‑dose 
aspirin (31,62‑65), which has been reported to induce apop-
tosis through the inhibition of activation of nuclear factor 
κB (NF‑κB), the upregulation of tumor suppressor genes, 
such as TP53, CDKN1A and BAX, and the downregulation 
of antiapoptotic genes such as BCL‑2  (55). Maintaining 
homeostasis requires apoptosis, or programmed cell death, to 
maintain a dynamic balance of the total number of cells in a 
tissue (66). Previous studies (67,68) reported reduced micro-
satellite instability and enhanced apoptosis in mismatch repair 
(MMR)‑deficient cells exposed to aspirin, and suggested 
that aspirin may induce genetic selection for microsatellite 
stability in a subset of MMR‑deficient cells. Aspirin may 
delete those aberrant stem cells most likely to progress rapidly 
to cancer (69). Recently, autophagy has been found to play a 
role in the chemoprevention of cancer by aspirin. It has been 
reported that LDA can induce autophagic death and inhibit the 
proliferation of various tumor cells, including HCC and CRC 
cells  (70,71). Adenosine monophosphate‑activated protein 
kinase (AMPK) can inhibit the growth and proliferation of 
tumor cells by affecting autophagy and inhibiting glycolysis. 
Recent studies have demonstrated that aspirin can promote 
the autophagy and apoptosis of tumor cells by activating 
AMPK (72,73). Aspirin can activate AMPK by the allosteric 
effect and by inhibiting the dephosphorylation of AMPKα 
at the Thr 172 site; AMPKα is an important activator of 
AMPK (74). 

In addition, it has been reported that aspirin can stop or 
delay the growth and mutation of tumor cells instead of killing 
them directly. Aspirin can reduce the abnormal accumulation 
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of genes in cancer tissues (75). Aspirin may also play a role 
in the DNA mismatch‑repair system, Wnt signaling, NF‑κB 
signaling and polyamine metabolism (76,77). Despite several 
recognized mechanisms of action for the anticancer effect of 
aspirin, the exact mechanism remains unknown.

4. Cons

The main cons of aspirin, as will now be described, are also 
summarized in Table II.

Aspirin and upper GI adverse effects
Upper GI symptoms (UGSs). UGSs are the leading cause of 
discontinuation in patients treated with aspirin (78,79). Aspirin 
is one of the most common causal agents of medication hangover 
leading to hospitalization (80). UGSs are common but often over-
looked. In particular, short‑term use of aspirin for the treatment 
of pain, colds or fever did not show serious adverse events, but 
increased the risk of mild GI illness (81). A study known as ‘The 
UGLA survey’ demonstrated that the most frequent GI reaction 
among individuals using LDA was gastroesophageal reflux, 
followed by gastric burning and acid regurgitations (82). Most 
of the subjects (72%) reported that UGSs negatively affected 
their daily lives, even at low doses of aspirin, and damaged their 
quality of life to varying degrees (82). UGSs were present in 
one‑fifth of patients taking LDA, resulting in poor compliance. 
In addition, a history of dyspepsia led to the occurrence of UGSs 
associated with LDA (82).

Peptic ulcers and bleeding. Ulcers are lesions that extend 
throughout the thickness of the mucosa and into the submucosa 
or deeper layers (83). Evidence of aspirin‑induced peptic ulcers, 
particularly stomach ulcers began to emerge in the 1960s. Small 
ulcers are common even at the low doses of aspirin currently 
used for cardiovascular protection (78,84). One trial involving 
patients from four different countries who took 75‑325 mg of 
aspirin daily for baseline endoscopic evaluation found that the 
annualized incidence of new ulcers was 28%, and the majority 
of ulcers were in the stomach (78). Another trial found similar 
rates in LDA users (84). Helicobacter pylori (H. pylori) infection 
and advanced age (>70 years) significantly increased the risk of 
ulcers (78). Other studies demonstrated that in NSAID users, 
H. pylori infection increased the risk of uncomplicated peptic 
ulcer by 2‑3.5 times and GI bleeding by 2‑2.5 times (85‑87). 
Complications of peptic ulcers, especially the risk of bleeding, 
are associated with aspirin (88). A review analyzing studies 
published between 1946 and 2015 on the risk between long‑term 
LDA and GI bleeding found that the incidence of GI bleeding with 
LDA was 0.48‑3.64 cases per 1,000 person‑years (89). A recent 
study involving healthy elderly individuals who did not have 
known CDV found that aspirin was associated with a notably 
higher risk of bleeding (90). The main bleeding events involved 
the upper GI tract and intracranial hemorrhage. A review of risk 
analysis of prophylactic use of aspirin in the general population 
demonstrated a significant increase in bleeding and ulcer events 
at 70 years of age, with long‑term aspirin use reducing the risk 
of aspirin‑related excessive bleeding (87). 

GI perforation. Perforation is also a serious GI side effect 
of aspirin. A case‑control study found that in the general 

population, LDA used to prevent CVD conferred a two‑fold 
increased risk of upper GI perforation (91). Aspirin had the 
same effect on the gastric and duodenal sites. The aforemen-
tioned study reported that patients have the greatest risk of 
serious GI complications in the first 2 months after starting 
aspirin, following which, the risk falls and reaches a plateau 
at ~6 months. Aspirin is the most important independent risk 
factor for perforation of the upper and lower alimentary tract, 
and a history of smoking, alcohol consumption, arthritis or 
peptic ulcers increases the risk of perforation (92).

Aspirin and lower GI adverse effects. The association between 
LDA use and upper GI injuries has been well established, but 
effects of aspirin on the lower GI tract remain unclear, despite 
increasing evidence in recent years. A Japanese study reported 
that LDA (100 mg) significantly increased the risk of lower 
GI bleeding, but the number of bleeding cases (n=44) was 
relatively small (93). In a Spanish case‑control study (>1,000 
bleeding observations), LDA increased the risk of lower GI 
bleeding (including bleeding from the small and large intes-
tine) by 2.7 times compared with no aspirin use (94). A study 
in Japan reported that CVD patients prescribed LDA for 
>1 year have a high risk of hemorrhage, but few cases (5/701) 
of bleeding were observed, so the CI was large and the finding 
not statistically significant (95). 

In addition, the association between LDA and the devel-
opment of diverticular bleeding and diverticulitis have been 
evaluated by several studies  (16,96,97). In Japan, recent 
prospective research on diverticular disease has assessed 
the efficacy of LDA and found a significant association with 
diverticular bleeding (97). A study by health professionals 
demonstrated an increase in the risk of diverticular bleeding 
with LDA (2‑5.9 tablets of 325 mg per week; multivariate HR, 
2.32; 95% CI, 1.34‑4.02) compared with no aspirin use (98). 

Aspirin and hepatic injury. Hepatotoxicity induced by NSAIDs 
is a rare but potentially fatal complication that usually occurs 
within 12 weeks of initiation of treatment; it can occur in all 
NSAIDs, but seems to be more common when diclofenac and 
sulindac are used (99). Although there are few reports on the 
association between aspirin and hepatotoxicity, the side effect 
of hepatotoxicity in patients with hepatic dysfunction should 
be noted. The patients may present with acute fulminant liver 
failure or with no symptoms, but with the biochemical and 
histological characteristics of chronic active hepatitis (99). 
The hepatotoxicity of aspirin is dose‑dependent and generally 
does not result in liver damage (75‑300 mg/day) unless the full 
anti‑inflammatory doses are used (99). 

5. Conclusions

In general, the benefits of aspirin to the GI tract are mainly 
reflected in cancer prevention. Aspirin can reduce the 
incidence of gastric cancer, CRC, colorectal adenoma, live 
cancer and pancreatic cancer, and reduce the risk of Barrett's 
esophageal progression to esophageal adenocarcinoma. The 
protective effect of aspirin on CRC and colorectal adenomas 
is almost certain, especially in older adults at risk for CVD. 
In April 2016, the United States Preventive Services Task 
Force formally issued guidelines recommending LDA 
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(75‑100 mg/day) to prevent CVD and CRC in people aged 
50‑69  years with CVD risk but no elevated hemorrhage 
risk (11). However, the preventive effect for other GI cancer 
types is still controversial. The effect of aspirin on cancer 
prevention is mainly reflected after 4‑5 years, even at low 
doses. However, a recent study (ASPREE trial) found that 
aspirin did not help reduce all‑cause mortality (mainly 
cancer‑related mortality, including GI cancer) (100). There are 
several possible reasons why the results of this study differ 
from those of previous studies: i) Most previous studies did 
not regard cancer as a predefined secondary endpoint, nor 
did they establish systematic approaches for the diagnosis 
and adjudication of cancer endpoints; and ii) the participants 
in the aforementioned study were mainly healthy individuals 
aged ≥70 years, with a median follow‑up of 4.7 years, while 
previous studies mainly focused on people aged <70 and found 
that the effects of aspirin take 4‑5 years to show. The other 
primary prevention trials of aspirin did not find similar results, 
suggesting that the deaths reported in the aforementioned 
study should be interpreted with caution. 

Speculation remains as to the risk‑benefit ratio of 
long‑term aspirin use and the optimal dose required for effec-
tive chemoprevention while minimizing side effects. One 
of the most representative studies of the effects of different 

doses of aspirin on the risk of GI cancer is that conducted 
by Rothwell et al (35). The study found the same effect for 
75‑300 mg doses of aspirin with regard to the reduction of fatal 
CRC, with 75 mg daily being as effective as higher doses. The 
group also observed an absolute risk reduction in colorectal 
malignancy of ~1.5% after a 5‑year period of treatment with at 
least 75 mg aspirin. However, very low doses of aspirin (e.g., 
30 mg/day) are associated with a higher risk of fatal CRC 
compared with higher doses (34,35). The effective dose of 
aspirin in order to obtain the associated benefits of the drug in 
the GI tract varies between trials, although some studies have 
demonstrated that high‑dose aspirin (>500 mg/day) may confer 
stronger protection than standard dose regimens (28,101). As 
summarized in Table  I, numerous recent trials have chal-
lenged this notion, providing evidence for the use of LDA in 
cancer prevention. This phenomenon may be related to the 
different pharmacokinetics and pharmacodynamics of aspirin 
in different environments, and the physiological differences 
among patient populations (102,103). 

The main harmful effects of aspirin on the digestive system 
are bleeding, ulcers, perforation, dyspepsia and discomfort, 
while hepatic dysfunction is rare (Table II). One study found 
that aspirin has low toxicity and leads to a lower incidence 
of bleeding in the upper GI tract, and that it mainly results in 

Table II. Side effects of aspirin on the GI tract and related preventive measures.

Region affected	 Main risk factors	 Dose	 Adverse drug reaction	 Precaution

Upper GI tract	 H. pylori infection and	 LDA but the exact dose	 UGSs, peptic ulcers and	 PPI prophylaxis may be
	 advanced age (>70)	 remains unclear.	 bleeding, perforation	 considered for patients
				    with related risk factors
				    (Fig. 1)
Lower GI tract	 Older patients with a	 Even LDA was associated	 Lower GI bleeding	 Some studies have 
	 great number of	 with damage (124) and		  evaluated the efficacy 
	 comorbidities (122,123)	 increased doses can cause 		  of probiotics in 
		  more severe bleeding (125)		  preventing lower GI 
				    injury among patients 
				    treated with LDA, but 
				    there is insufficient 
				    evidence to recommend 
				    a specific probiotic
				    (126,127). 
Lower GI tract	 Obesity, hypertension, 	 There is no dose‑dependent	 Diverticular bleeding	 There is no established
	 anticoagulants, diabetes 	 effect but a greater risk	 and diverticulitis	 prophylaxis for
	 mellitus, and ischemic 	 with the increasing duration		  diverticular bleeding
	 heart disease (16)	 of regular aspirin use (98)		  and diverticulitis.
Liver	 Patients with hepatic	 Dose‑dependent, 	 Hepatic injury (acute	 Avoid large doses of
	 dysfunction (99)	 75‑300 mg/day does not	 fulminant liver failure	 aspirin.
		  result in liver damage	 or with no symptoms 
			   but with the biochemical 
			   and histological 
			   characteristics of chronic 
			   active hepatitis)

GI, gastrointestinal; LDA, low‑dose aspirin; PPI, proton pump inhibitor; H. pylori, Helicobacter pylori.
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dyspepsia. This study demonstrated that the beneficial effects 
of aspirin on cancer outweigh the risk of aspirin‑induced 
bleeding events (104). The main risk factors for bleeding in 
aspirin users are age and H. pylori infection  (7,105). Age 
is a key factor when weighing the pros and cons of aspirin. 
Once an individual approaches 60 years old, there is a marked 
increase in the risk of aspirin‑induced bleeding events, with a 
non‑linear relationship between increased risk and subsequent 
age (106,107). Changing drug formulations would not alleviate 
the adverse effects of aspirin on upper GI mucosa, and neither 
buffer nor enteric‑coated tablets can reduce the risk of massive 
upper GI bleeding (107,108). According to previous studies, 
long‑term LDA use for >4‑5 years still plays a role in the 
prevention of GI cancer in healthy people aged 55‑65 years. 
Since aspirin takes 4‑5 years to have an effect and there is 
an increased risk of GI side effects in people aged >60, the 
prophylactic use of aspirin alone in people aged >60 is not 
recommended. Numerous studies have demonstrated that 
proton pump inhibitors (PPI) significantly reduce the risk of GI 
adverse events in aspirin patients (14,89,109‑111). H2‑receptor 
antagonists can also inhibit the secretion of gastric acid to a 
certain extent, but their effect may not be as good as that of PPI 
preparation (112). This superiority was observed uniformly in 
the separate clinical circumstances in which these agents are 
used in peptic ulcer disease, namely the prevention, healing 
and treatment of acute upper GI bleeding (113). According to 
the report by the American College of Cardiology Foundation 
Task Force (Fig. 1) (107), PPI were recommended in asso-
ciation with low‑dose aspirin for patients with prior history of 
ulcer diseases or complicated GI ulcer. For other patients who 
have more than one risk factor among the categories of corti-
costeroid use, dyspepsia or gastroesophageal reflux and age 
>60 years, PPI are recommended. As H. pylori is an important 
risk factor for ulcer and ulcer bleeding in patients on LDA, a 
systematic testing for and eradication of H. pylori is recom-
mended before starting aspirin for patients with prior history 
of ulcer disease (107). The value of PPI combined with aspirin 
lies not only in its ability to decrease the incidence of adverse 
events in the upper GI, but also in its ability to decrease the risk 
of withdrawal of aspirin (114,115). This has been confirmed in 
both RCTs and observational studies (114,115).

Clinicians always face clinical dilemmas and need to 
balance the risks and benefits of treatment. The use of aspirin 
in preventing GI cancer (or adenoma) and the risk of GI 
damage is one of these situations. In conclusion, the continued 
prophylactic use of LDA (75‑325 mg/day) for at least 4‑5 years 

to prevent GI cancer in non‑high‑risk populations aged 
55‑65 years should be considered for several reasons: i) A large 
amount of evidence suggests that LDA may play a prophylactic 
role in GI cancer. In addition, LDA causes less damage to the 
GI tract compared with high‑dose aspirin. ii) The negative 
effects of aspirin to the GI tract are mainly the damage to the 
upper GI tract. The efficacy of PPI in treating LDA‑related 
gastroduodenal ulcers and bleeding in most populations has 
been well documented and recognized. iii) Although, there 
is no effective preventive measure for lower GI bleeding, the 
clinical significance of LDA‑induced lower GI mucosal injury 
is still unclear. Most studies investigating lower GI bleeding 
events had small sample sizes with wide CIs. LDA is routinely 
used in the primary and secondary prophylaxis of CVD. With 
a globally aging population (116), the consumption of LDA 
seems likely to increase in the future. Effects of aspirin need 
to be seen from a risk‑benefit perspective, and from all the 
aforementioned evidence, we believe that the benefits outweigh 
the risks. However, unanswered questions related to the exact 
mechanism of cancer‑related effects, optimal dose, duration, 
treatment options, and the balance of risks and benefits among 
specific populations need to be further investigated. The 
present review will contribute to continued progress in this 
exciting area of research.
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