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Abstract
Gastric cancer remains one of the most common and deadly cancers worldwide, especially among older males. Based on 

GLOBOCAN 2018 data, stomach cancer is the 5th most common neoplasm and the 3rd most deadly cancer, with an estimated 
783,000 deaths in 2018. Gastric cancer incidence and mortality are highly variable by region and highly dependent on diet and 
Helicobacter pylori infection. While strides in preventing and treating H. pylori infection have decreased the overall incidence of 
gastric cancer, they have also contributed to an increase in the incidence of cardia gastric cancer, a rare subtype of the neoplasm 
that has grown 7-fold in the past decades. A better understanding of the etiology and risk factors of the disease can help reach 
a consensus in approaching H. pylori infection. Dietary modification, smoking cessation, and exercise hold promise in preventing 
gastric cancer, while genetic testing is enabling earlier diagnosis and thus greater survival.

Introduction
Although it is steadily declining in incidence, cancer 

of the stomach (also known as gastric cancer) remains 
one of the most common and deadly neoplasms in the 
world [1]. The stomach, located in the digestive tract 
between the esophagus and small intestine, secretes 
enzymes and gastric acid to aid in the digestion of 
food. It also secretes the intrinsic factor necessary for 
the absorption of vitamin B

12. The stomach is lined with 
a mucous membrane composed of columnar epithelial 
cells and glands. These cells are prone to inflammation, 
known as gastritis, which can lead to peptic ulcers, and 
ultimately, gastric cancer [2].

Gastric adenocarcinomas are primarily classified 
as cardia and non-cardia based on their anatomic site. 
Cancers of the gastric cardia arise in the region ad-
joining the esophageal-gastric junction and thus share 
epidemiological characteristics with esophageal ade-
nocarcinoma (EAC). Non-cardia cancer, also known as 
distal stomach cancer, is more common and arises in 
the lower portion of the stomach [3]. Histologically the 
two main types of gastric cancer are the diffuse and 
intestinal type [4].

According to GLOBOCAN 2018 data, gastric cancer 
is the third leading cause of cancer deaths worldwide, 
following only lung and colorectal cancer in overall mor-
tality. About 1 in 12 of all oncological deaths are attribut-
able to gastric cancer. Gastric cancer has the fifth high-
est incidence among cancers, with 5.7% of all new cases 
attributable to the disease. Over a million new cases of 
gastric cancer are diagnosed, worldwide, each year [1, 5].  
Gastric cancer is also one of the most behaviorally influ-
enced, and thus preventable, of major cancers [2].

Epidemiology
Incidence
Over one million cases of gastric cancer are diag-

nosed each year around the world. Stomach cancer is 
the 5th most commonly diagnosed cancer in the world, 
and the 7th most prevalent (Figure 1). The cumulative 
risk of developing gastric cancer from birth to age 74 
is 1.87% in males and 0.79% in females worldwide [1].

Gastric cancer is more prevalent in males. In devel-
oped countries, gastric cancer is 2.2 times more likely 
to be diagnosed in males than females. In developing 
countries, this ratio is 1.83. In 5 countries worldwide, 
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gastric cancer has the highest incidence among all can-
cers for males. There is no country where it is the most 
diagnosed cancer in females [1].

Cancers of the stomach are more frequently diag-
nosed in developed nations. The average incidence rate 
among high-middle Human Development Index (HDI) na-
tions is 20 per 100,000 for males, while the average rate 
among low-middle HDI nations is 6.6 per 100,000 [1].

The incidence of gastric cancer is highly variable by 
region and culture. Incidence rates are highest in East-
ern and Central Asia and Latin America (Figure 2) [6]. In 
East Asia, the average incidence of gastric cancer is 32.1 
per 100,000 among males and 13.2 among females. In 
North America, this incidence is 5.6 per 100,000. The 
rate is lowest in North and East Africa, with only 4.7 
annual diagnoses per 100,000 males. The Republic of 

Figure 1. Graph shows the estimated incidence and prevalence of cancer cases worldwide, both sexes, all 
ages (reproduced from http://globocan.iarc.fr/ [5])
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Figure 2. Map shows the estimated age-standardized incidence rates (world) for stomach cancer in 2018, 
both sexes, all ages (reproduced from http://globocan.iarc.fr/ [5])
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Korea has the highest national incidence with almost 
60 per 100,000 new cases annually for males. While 
female incidence rates are lower (only 25 per 100,000 
in Korea); they follow the same regional trend (Figures 
3, 4) [1, 5].

Although declining in incidence, non-cardia stom-
ach cancer continues to be diagnosed twice as often 
as cardia [2].

Mortality
Gastric cancer was the most common cause of 

cancer-related mortality globally up to the mid-1990s. 
Gastric cancer accounts for 783,000 deaths each year, 
making it the third most deadly cancer among males 
worldwide (Figure 5). 8.3% of all cancer deaths are at-
tributable to gastric cancer. The cumulative risk of death 

Figure 3. A – Estimated age-standardized incidence rates (World) in 2018, stomach, males and females, all 
ages (reproduced from http://globocan.iarc.fr/ [5]). B – Estimated age-standardized mortality rates (World) 
in 2018, stomach, males and females, all ages (reproduced from http://globocan.iarc.fr/ [5])
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from gastric cancer, from birth to age 74, is 1.36% for 
males and 0.57% for females [1].

Mortality from gastric cancer is higher among males. 
Mortality rates are high in eastern and central Asia and 
Latin America, the same regions with high incidence. 

Due to historically low survival rates and few treatment 
options, especially in developing nations, reducing in-
cidence seems to be the key to reducing mortality [6].

For males, gastric cancer is the leading oncological 
cause of death in 10 nations worldwide, specifically, 

Figure 5. Graph shows the estimated age-standardized mortality rates (world) in 2018, worldwide, males 
and females, all ages (reproduced from http://globocan.iarc.fr/ [5])
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Figure 4. Table shows the estimated age-standardized incidence rates per 100,000 for stomach cancer in 
2018, all ages, in both sexes, men and women (reproduced and modified from http://globocan.iarc.fr/ [5])

		  Both sexes			   Men			   Women

	 Rank	 Country	 Age-standardised	 Rank	 Country	 Age-standardised 	 Rank	 Country	 Age-standardised
			   rate per 100,000			   rate per 100,000			   rate per 100,000
	 1	 South	 39.6	 1	 South	 57.8	 1	 South	 23.5
		  Korea			   Korea			   Korea
	 2	 Mongolia	 33.1 	 2	 Mongolia	 47.2	 2	 Mongolia	 21.7
	 3	 Japan	 27.5 	 3	 Japan	 40.7	 3	 Japan	 16

	 4	 China	 20.7 	 4	 China	 29.5	 4	 Guatemala	 14.2
	 5	 Bhutan	 19.4 	 5	 Kyrgyzstan	 29.3	 5	 Bhutan	 13.5

	 6	 Kyrgyzstan	 18.6 	 6	 Chile	 26.9	 6	 Peru	 13.4

	 7	 Chile	 17.8 	 7	 Belarus	 25.1	 7	 Mali 	 12.8
	 8	 Belarus	 16.5 	 7	 Cape Verde	 25.1	 8	 China	 12.3

	 9	 Peru	 16.1 	 9	 Kazakhstan	 24.7	 9	 Ecuador 	 12.2

	 10	 Vietnam	 15.9 	 10	 Bhutan	 24.2	 10	 Tajikistan	 11.6

http://globocan.iarc.fr/
http://globocan.iarc.fr/
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eastern and central Asian nations such as Iran, Kyrgyz-
stan, and Turkmenistan. For females, it is the leading 
oncological cause of death in 4 nations (Figure 6) [1].

Trends
The incidence of gastric cancer has steadily declined 

worldwide over the past 50 years. These declines pre-
ceded the successful reduction of H. pylori infection, and 
are likely attributable to changes in food preservation, 
such as less pickling of vegetables, and less smoking and 
processing of meat. The decline has also been elicited by 
the greater availability of fresh fruits and vegetables [6].

The second major factor in gastric cancer decline 
has been the success in preventing and treating H. py-
lori infections in much of the developing world. As many 
as 90% of cases of non-cardia gastric cancer are attrib-
utable to H. pylori, which explains why the incidence 
of that subtype of gastric cancer has declined in step 
with declining infection rates [6]. Meanwhile, during 
that same period, cardia-subtype gastric cancers have 
increased 7-fold, especially in the developed world [2].

Non-cardia cancer incidence rates are falling in East 
Asia due to a reduction of H. pylori infections. However, 
Latin America is not witnessing a similarly effective cam-
paign against H. pylori, and gastric cancer incidence is 
likely to remain high there for the foreseeable future [6].

Gastric cancer survival rates have also steadily im-
proved over the past 40 years thanks to earlier detec-
tion and better treatment options [6].

Survival
The 5-year survival rate for gastric cancer is 31% in 

the United States. Average survival rates reflect the fact 
that most cases diagnosed are already metastatic. The 
5-year survival rate for pre-metastatic diagnosis is 67%. 
Survival is highly variable based on stage during surgi-
cal intervention. The 5-year survival rates for stage IA 
and IB tumors treated with surgery are 94% and 88%, 
respectively. On the other hand, stage IIIC tumors treat-
ed with surgery had a 5-year survival rate of 18% [7].

Asian patients in the United States tend to have 
a better prognosis than Caucasians. Asians have a 12% 
higher 5-year survival rate. They are diagnosed earlier, 
have more lymph nodes examined, and more of their 
lymph nodes test positive [8].

In the United Kingdom, the 5-year survival rate is 
19%, and the 10-year survival rate is 15%. Nevertheless, 
these rates represent a marked improvement in gastric 
cancer treatment. For the 1971–1972 period in the UK, 
the 5-year survival rate was 5.3%, and the 10-year sur-
vival rate was 4.1% (Figure 7) [9].

The average 5-year survival rate in Europe is 26%, 
higher than in the UK but lower than that of the US. The 
highest survival rate in Europe belongs to Iceland, which 
reports a 42% 5-year survival rate among women [9].

Etiology
Ninety-five percent of cancers of the stomach are 

adenocarcinomas, followed by primary gastric lympho-

Figure 6. Map shows the estimated age-standardized mortality rates (world) for stomach cancer in 2018, 
both sexes, all ages (reproduced from http://globocan.iarc.fr/ [5])

ASR (world) per 100 000
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http://globocan.iarc.fr/
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ma. These adenocarcinomas are divided into cardia and 
non-cardia cancer based on their anatomical site.

Non-cardia cancers are brought about by chronic 
gastritis, inflammation of the stomach lining which 
can be caused by a variety of environmental factors. 
The pathogenesis of cardia cancer remains unclear, 
although two distinct etiologies have been proposed: 
one is associated with gastroesophageal reflux disease 
(GERD) and resembles esophageal adenocarcinoma, 
and the other is associated with H. pylori atrophic gas-
tritis and resembles non-cardia cancer [3]. 

These cancers are further histologically divided into ei-
ther the intestinal (well-differentiated) or the diffuse (un-
differentiated) category. The intestinal type is the more 
common, with the highest incidence among older males, 
but also carries a better prognosis [2], whereas the diffuse 
type affects younger people and frequently females [10].

Risk factors associated exclusively with cardia gas-
tric cancer include obesity and GERD, while H. pylori in-
fection, low socioeconomic status, and dietary factors 
are risk factors that are exclusive for non-cardia gastric 
cancer [11].

Risk factors
Genetics
Inherited mutations of certain genes, such as the 

GSTM1-null phenotype or CDH1 gene, have been found 
to increase the risk of stomach cancer. Loss of one of 
the copies of the CDH1 gene results in hereditary dif-
fuse gastric cancer (HDGC), an autosomal dominantly 
inherited condition wherein malignant cells promulgate 
underneath the stomach lining and consequently me-
tastasize. HDGC and loss of CDH1 are also associated 
with lobular breast cancer, prostate cancer, and colorec-
tal cancer [12].

IL-17 and IL-10, polymorphisms of the interleukin 
genes especially common in Asian populations, are also 
associated with an elevated risk of the neoplasm. Lynch 
syndrome is another common hereditary disorder that 
increases the risk of gastric cancer [2, 12].

Gastric adenocarcinoma and proximal polyposis 
of the stomach (GAPPS) is a cancer-predisposing syn-
drome inherited in an autosomal dominant pattern. It 
has been mapped to the gene 5q22, which results in 
the loss of the WT allele in fundic gland polyps [12, 13]. 
Point mutations in the APC promoter appear to be driv-
ers of the disorder.

Likewise, familial adenomatous polyposis (FAP), the 
most common form of familial intestinal gastric cancer, 
is an autosomal-dominant inherited predisposition to ad-
enomatous polyps caused by germline mutations in the 
APC gene. Nevertheless, the lifetime risk of developing 
gastric cancer among FAP patients is less than 1%, indi-

cating that it requires an environmental component in 
order to transform the polyps into adenocarcinomas [12].

All these genetic variants have been found to con-
tribute to 1–3% of cases [2]. A strong environmental 
component is believed to be the greatest factor in the 
regional variability of gastric cancer incidence [6].

Helicobacter pylori
The main risk factor for gastric cancer is the bacteri-

um H. pylori. In 2005, Australian researchers Barry Mar-
shall and Robin Warren were awarded the Nobel Prize 
in Medicine for the discovery of the bacterium H. pylori. 
Prior to their finding, lifestyle and stress were hypothe-
sized to be the major risk factors in peptic ulcer disease. 
In 1985, Marshall deliberately infected himself with the 
bacterium to demonstrate that it caused acute gastritis. 
Thanks to their work, we now know that up to 80% of 
gastric ulcers are caused by H. pylori [14].

Gastritis brought about by the bacterium also elic-
its the majority of gastric cancers. 90% of cases of the 
non-cardia subtype are associated with the bacterium 
[3]. In fact, H. pylori has been found to increase the 
odds ratio of stomach cancer by 5.9× within ten years 
of infection. IL-10 and IL-17, the polymorphisms asso-
ciated with gastric cancer, have been shown to interact 
with H. pylori infection [2].

Meanwhile, recent studies indicate that the cardia 
subtype has two distinct etiologies: one resembling 
esophageal adenocarcinoma (EAC), most commonly  
H. pylori negative, and the other resembling non-cardia 
cancer in etiology [3].

Genomic sequencing and post-genomic analyses of 
the H. pylori bacterium have revealed a long history of 
coevolution with the human host. Many have specu-

 Men          Women          Adults

Figure 7. Bar chart of stomach cancer, age-stan-
dardized 5-year net survival, adults (aged 15–99),  
England and Wales, 1971–2011 (reproduced 
from reference [9])
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lated that humans once had a symbiotic relationship 
with the bacterium and that the recent campaign for 
eradicating the pathogen may be misbegotten. Many 
nations, such as India, that have persistently high 
H. pylori infection rates do not suffer from high gastric 
cancer incidence. The interaction between H. pylori and 
genetics and diet may explain these discrepancies [14].

While H. pylori infection increases the risk of gastric 
cancer, it has also been shown to protect against gas-
tro-esophageal reflux and esophageal adenocarcinoma. 
While the bacterium promotes corpus (non-cardia) gas-
tritis, it is known to reduce acid secretion in the prox-
imal (cardia) portion of the stomach, thus decreasing 
gastritis in the esophagus and cardia. As it reduces the 
risk of esophageal inflammation, H. pylori has also been 
shown to protect against cardia gastric cancer [3, 9]. 
Furthermore, H. pylori infection has been associated 
with lower risks of asthma and obesity [9].

Therefore, it may be that success in eradicating 
H. pylori, which has decreased the incidence of non-car-
dia gastric cancer in the developed world, has actually 
increased the incidence of the cardia subtype. The Unit-
ed States and the United Kingdom have the highest 
proportion of cardia relative to non-cardia stomach can-
cer, possibly due to the complete absence of the H. pylo-
ri bacterium [15]. A recent study in Hong Kong in 63,397 
subjects has shown that long-term use of proton pump 
inhibitors (PPIs) was associated with a 2.4-fold increase 
in gastric cancer risk in H. pylori-infected subjects who 
had received eradication therapy. The risk of gastric 
cancer increases in a dose- and duration-dependent 
manner with the use of PPIs [16].

Advocates of the “hygiene hypothesis” further point 
out that exposure to a bacteria-free environment early 
in life, as brought about by antibiotics during the treat-
ment of H. pylori, increases the risk of certain auto-
immune disorders later in life, while also enabling the 
spread of antibiotic resistance [17].

Gastric ulcer
Helicobacter pylori is the main risk factor in the as-

sociation between gastric ulcer and gastric cancer [18, 
19]. In a large cohort of 57,936 Swedish patients it was 
found that the risk of gastric cancer was almost twice 
the expected rate among patients with gastric ulcers 
and there was a 40% reduction in risk of gastric cancer 
among patients with duodenal ulcers [18]. Helicobacter 
pylori eradication in gastric ulcer patients may reduce 
the risk of developing gastric cancer [20].

Gastroesophageal reflux disease 
Several studies have reported significant associa-

tions between GERD and cardia gastric cancer [21, 22]. 

Cardia gastric cancer was positively associated with 
both severe gastric atrophy and with frequent GERD 
symptoms [23]. Multiple distinct pathways of tumori-
genesis exist at the esophagogastric junction, includ-
ing one in which tumors arise from dysplastic intestinal 
metaplasia, and one potentially involving dysplasia of 
the cardiac-type mucosa [24]. The incidence of reflux-re-
lated cardia cancer has steadily increased when com-
pared to H. pylori-related cardia cancer. Incidence rate 
trends in reflux-related cardia cancer and esophageal 
adenocarcinoma are very similar, suggesting that these 
two cancers share a similar etiology and pathophysio-
logical process [25].

Smoking
Tobacco use has been shown to increase the risk 

of cardia gastric cancer. Tobacco has been implicated 
in the recent rise of cardia gastric cancer in developed 
nations. It is estimated that 11% of global stomach can-
cers, and 17% of cases in Europe, are attributable to 
smoking [2]. A meta-analysis of 42 studies estimated 
that in smokers the risk of gastric cancer was increased 
approximately 1.53-fold and was higher in men than 
in women [26]. A recent study has shown that hookah 
and opium use are risk factors for gastric cancer and 
precancerous lesions [27].

Alcohol
Alcohol use has been shown to increase the risk 

of gastric cancer, but the effect of the amount of al-
cohol consumed and gastric cancer risk has been 
controversial. Based on a meta-analysis of 10 studies, 
moderate alcohol consumption was shown to increase 
gastric cancer risk by 39%, while heavy consumption 
further worsened the odds. Another meta-analysis of 
44 case-control and 15 cohort studies showed a lack 
of association between moderate alcohol drinking and 
gastric cancer risk. However, a positive association of 
gastric cancer with heavy alcohol drinking was found 
[28]. Alcohol is known to irritate and erode the stom-
ach lining, resulting in gastritis, a precursor for stomach 
cancer [29, 30].

Chemical exposure
Occupational exposure to dust, high-temperature 

particulates, and metals such as chromium VI has also 
been implicated in non-cardia stomach cancer. Occupa-
tions as varied as wood processing, food machine op-
eration, rubber manufacturing, coal mining, and metal 
processing have been found to carry a greater risk of 
the neoplasm [2]. A recent meta-analysis of 40 mortal-
ity cohort studies showed that asbestos is associated 
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with a moderately increased risk of stomach cancer 
[31]. A recent meta-analysis of 13 observational studies 
showed that occupational talc exposure is associated 
with an increased risk of stomach cancer [32]. A signifi-
cant relationship has been found between occupational 
crystalline silica exposure and gastric cancer [33].

Diet
Ingestion of salt has been shown to increase gas-

tritis and the carcinogenic effects of known gastric car-
cinogens such as N-methyl-N-nitro-N-nitrosoguanidine 
(MNNG). Salt is known to erode the mucosal barrier of 
the stomach, thereby leading to inflammation. Cultures 
whose diets are rich in salt and pickled foods, such as 
the Japanese, exhibit higher rates of gastric cancer. Jap-
anese immigrants to the United States who assimilated 
and adopted Western foods exhibited a substantially 
lower rate of gastric cancer relative to those who did 
not assimilate their diet [29].

Preserved meats are rich in N-nitroso compounds, 
which can elicit a similar effect in the body. Grain-fed 
red meat is especially rich in saturated fats and low in 
protective fats such as omega-3, which contributes to 
its inflammatory processes and thus increases gastric 
cancer risk [29].

A meta-analysis of nine prospective studies demon-
strated that coffee consumption was not associated 
with overall gastric cancer risk. However, subgroup anal-
ysis showed that coffee consumption might be a risk 
factor for gastric cardia cancer [34].

Meanwhile, fruits and vegetables are rich in carot-
enoids, folate, phytochemicals and vitamin C, which help 
modulate xenobiotic metabolizing enzymes during diges-
tion. Fruits and vegetables also contain numerous antiox-
idants that prevent against metabolic damage. Vitamin C,  
also known as ascorbic acid, is a powerful antioxidant 
found in high concentrations in citrus fruit. Case-control 
studies found that a higher intake of fruits and vegeta-
bles was associated with a 37% lower risk of gastric can-
cer. Non-dietary antioxidant sources such as green tea, 
vitamin A, C and E supplements, and selenium have seen 
mixed results in preventing gastric cancer [29].

Obesity
A statistical meta-analysis from around the world 

found that those with an excess body mass index (over 
25 kg/m2) have a 1.13 odds ratio of developing cancer. 
The strength of the association increased with increas-
ing BMI. Obesity was an especially strong predisposing 
factor for males and non-Asians. Obesity may induce 
inflammation of the stomach lining via tumor necro-
sis factor-α (TNF-α), interleukin-6 (IL-6), and monocyte 
chemoattractant protein-1 (MCP-1). Those with a diet of 

heavily inflammatory foods, such as a diet high in meat 
and low in fruits and vegetables, also have a higher risk 
of being obese [29, 35].

Pernicious anemia
Studies have found that those with pernicious ane-

mia have a 6.9% chance of developing gastric cancer, 
particularly non-cardia cancer, which is more than five 
times the risk of the general population. The link be-
tween the disorders remains unknown. Chronic gastri-
tis, as caused by H. pylori infection, may lead to the 
long-term use of PPIs, which decrease B12 absorption 
and thus cause pernicious anemia. Those with perni-
cious anemia and gastric cancer also share many risk 
factors, such as alcohol consumption and smoking [36].

Gastric surgery
There is an increased risk for gastric cancer after 

gastric surgery [37–39]. Risk depends on the reason for 
the initial surgery and type of surgery [39, 40]. The Bill-
roth II procedure (gastrojejunostomy) carries a higher 
risk when compared to the Billroth I procedure (gas-
troduodenostomy) [39, 40]. The interval between initial 
gastric surgery for benign disease and the development 
of gastric stump carcinoma is approximately 30 years 
or more, compared to 12 years if surgery was done for 
prior gastric cancer [39, 41].

Radiation
Follow-up of survivors of the Hiroshima and Naga-

saki atomic bombs has established radiation as a risk 
factor for gastric cancer [42]. Childhood cancer survi-
vors are at 4.6 times increased risk for gastrointestinal 
cancers compared to the general population. The risk 
was highest in cancer survivors who had abdominal 
radiation (standardized incidence ratio (SIR) 11.2, 95% 
confidence interval (CI): 7.6–16.4). However, survivors 
not exposed to radiation also still had a significantly 
increased risk (SIR: 2.4, 95% CI: 1.4–3.9) [43]. A study 
on Hodgkin’s lymphoma patients who had received 
subdiaphragmatic radiotherapy showed dose-depen-
dent increased risk of stomach cancer. The risk was  
77 times higher in patients who received both radiation 
and high dose procarbazine [44]. A recent study has 
shown that testicular cancer (TC) patients are at 1.45% 
risk for stomach cancer after 30 years of TC diagnosis. 
Risk increases to 5.9 times in TC survivors who have 
received radiotherapy [45].

Epstein-Barr virus (EBV)
Approximately 5–10% of gastric carcinomas are associ-

ated with EBV [46]. A meta-analysis of 70 studies showed 
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the EBV associated gastric cancer is two times more com-
mon in males than in females. It was also found that EBV 
associated gastric cancer is more common in the gastric 
cardia or postsurgical gastric stump area [47]. Recent stud-
ies have suggested that EBV and coinfection with H. pylo-
ri increase the occurrence of gastric carcinoma [48]. The 
exact role of EBV in gastric carcinoma is still unclear [49].

Socioeconomic status (SES)
An increased risk of gastric cancer was associated 

with low SES [50]. Higher SES has been reported to be 
associated with a lower risk of occurrence of gastric 
cancer. Lower SES was associated with lower surviv-
al rates [51]. Higher education was closely associated 
with a reduced risk of gastric cancer, and this effect was 
more pronounced for cancer of the cardia when com-
pared to non-cardia gastric cancer [52]. Higher rates 
of H. pylori infection or lower access to fresh food, fruits 
and vegetables may be responsible for the association 
of low SES and a higher risk of gastric cancer [11].

Blood group
The relation between cancer of the stomach and 

blood group A was first reported in 1953, by Aird et al. 
[53]. Numerous studies have shown that blood group A is 
associated with a higher risk of gastric cancer. An increase 
in pernicious anemia was also seen in this group [54, 
55]. A large prospective population-based study in Scan-
dinavia confirmed that blood type A is associated with 
a higher risk of gastric cancer and that blood group O  
is associated with a higher risk of peptic ulcers [55].

Sex
Gastric cancer rates have been considerably lower 

in females than males [1, 56]. A possible explanation 
might be that the protective effect of estrogen may 
lower the risk of gastric cancer in women. Other causes 
such as differences in diet and occupational exposure 
may contribute to increased gastric cancer incidence in 
males [57]. Gastric cancer risk is lowered by delayed 
menopause and increased fertility. Increased risk may 
be seen with anti-estrogen drugs, for example tamox-
ifen [58, 59]. After menopause the incidence of gastric 
cancer in women has a similar pattern to that in men, 
but with a 10- to 15-year lag period [57].

Race/ethnicity
Data from the 2000 to 2015 Surveillance, Epidemi-

ology, and End Results (SEER) registries in the United 
States show that the incidence of gastric cancer (rates 
per 100,000/year for both sexes in the year 2000 vs. 
the year 2015) among whites (7.3 vs. 6.2) is signifi-
cantly lower than in Asians/Pacific Islanders (16.3 vs. 
9.4), African Americans (13.2 vs. 9.8), American Indi-
an/Alaska Native (11.7 vs. 9.5) and Hispanics (12.6 vs. 
10.0) (Figure 8) [60]. A systematic review of 74 studies 
has shown that incidence and mortality rates from 
stomach cancer have decreased in the last four de-
cades in most parts of the world, but rates have in-
creased for some indigenous population groups. High 
rates of stomach cancer were observed in Indigenous 
Siberians, Mapuche in South America, Inuit in Arctic 
regions of Greenland, Canada and Alaska and Maoris 
in New Zealand [61].

Screening
There are significant regional differences in the 

incidence of gastric cancer. Japan and South Korea 
are countries which have national gastric cancer 
screening programs. Other countries where universal 
or population-based screening has been implement-
ed include Venezuela and Chile. Screening for gastric 
cancer generally involves contrast radiography and 
endoscopy [62]. Other non-invasive methods used 
are serum pepsinogen levels, H. pylori serology, and 
serum trefoil factor 3, although their use has been 
controversial. Further studies are needed to define 
the role of these non-invasive methods of screening 
for gastric cancer.

Endoscopy allows direct visual examination of the 
gastric mucosa, and it allows for biopsy and histologic 
evaluation. In Japan, gastric cancer screening annually 
for all residents aged 40 years and older with upper 
gastrointestinal (UGI) series was initiated in 1983, 

 All races (includes Hispanic)
 American Indian/Alaska native (includes Hispanic)
 Asian/Pacific Islander (includes Hispanic)
 Black (includes Hispanic)
 Hispanic (any race)
 Non-Hispanic White
 White (includes Hispanic)

Figure 8. Stomach cancer, recent trends in SEER 
incidence rates, 2000–2015 by race/ethnicity 
(reproduced from http:// seer.cancer.gov/ [60])
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and in 2015 the Japanese guidelines were updated 
to allow screening with either endoscopy or UGI se-
ries [63]. Similarly, in Korea, endoscopy or UGI series 
is recommended every two years for individuals aged  
40 years and older [62]. The optimal interval for gastric 
cancer screening has not been established in random-
ized trials.

Prevention
Helicobacter pylori testing and treatment
Despite the controversy, the eradication of H. pylori 

in the developing world remains a primary goal in the 
fight against gastric cancer due to its strong associa-
tion with non-cardia gastric cancer. Helicobacter pylo-
ri can be detected serologically, for example with an 
ELISA or HelicoTest or via the benchmark urea breath 
test (UBT). An endoscopy followed by a plate culture 
is a more invasive option to test for H. pylori infection 
[64]. Whether treatment is necessary for those with 
chronic, largely asymptomatic infections remains con-
troversial [15].

Lifestyle modifications
Many factors other than H. pylori have been impli-

cated in the incidence of gastric cancer. Daily consump-
tion of three or more servings of alcohol and high-salt 
foods significantly increase the risk of gastric cancer. 
Processed meat was found to significantly increase the 
risk of non-cardia gastric cancer, while obesity was as-
sociated with a higher risk of stomach cardia cancer [2].

Other findings suggest that fruits and vegetables, 
especially citrus fruit such as oranges, lemons, and 
grapefruit, help to decrease the risk of the disease [65]. 
It is important to discuss with one’s doctor before add-
ing grapefruit to one’s diet, as it may interact with other 
medications and exacerbate certain medical conditions 
[29, 66].

Diet modification is the most established form of 
prevention of gastric cancer. A wholesome diet rich 
in fruits, vegetables, whole grains, and low in alcohol, 
pickled foods, and processed, smoked or salted meats 
(especially red meat), not only lowers the risk of stom-
ach inflammation and gastric cancer [29], but also helps 
prevent high blood pressure and obesity, thus decreas-
ing one’s risk for a wide array of chronic diseases [66].

Exercise is also an essential component of any 
weight loss program. Both are aerobic, and strength 
exercises are recommended to build muscle mass and 
lose and keep off weight [66].

Tobacco use has also been shown to increase the 
risk of cardia gastric cancer. Smoking is also responsible 
for one-third of cancer deaths in the United States [2].

Antioxidant supplements (such as vitamins A, C, and 
E and the mineral selenium) and green tea have been 
suggested to reduce the risk of gastric cancer. However, 
studies have found that those with adequate nutrition 
do not further benefit from these antioxidant supple-
ments or green tea [29, 66].

Therapeutics and genetic testing
Regular Aspirin, or other non-steroidal anti-inflam-

matory drugs (NSAIDs) such as naproxen or ibuprofen, 
have been shown to lower the risk of stomach cancer, 
as well as colon cancer. In a nationwide retrospective 
cohort study in Taiwan on 52,161 patients, regular 
NSAID use was found to be an independent protective 
factor for gastric cancer development (hazard ratio 
(HR) 0.79 for each incremental year; p < 0.001), es-
pecially in H. pylori-associated patients (HR = 0.52 for 
each incremental year; p < 0.001) [67]. In another me-
ta-analysis of 24 studies by Huang et al. it was found 
that the use of NSAIDs is inversely associated with GC 
risk (risk ratio = 0.78, 96% CI: 0.72–0.85), especially 
for non-cardia GC risk [68]. However, NSAIDs also in-
crease the risk of internal bleeding. Studies have not 
yet determined whether the benefits outweigh the 
costs for the general population. Therefore, NSAIDs 
are not recommended for the prevention of stomach 
cancer, though those taking them for chronic pain or 
as a blood thinner may benefit from a lowered risk of 
the neoplasm [69].

Those with a family history of stomach cancer, or 
who have personally had invasive lobular breast can-
cer before age 50, are recommended to undergo ge-
netic testing for abnormal changes in the CDH1 gene, 
which greatly increase the risk of gastric cancer [70]. 
Physicians may recommend that those testing positive 
for this should have their stomach prophylactically re-
moved. Lynch syndrome is another hereditary disease 
associated with gastric cancer [71].

Conclusions
Significant global strides have been made in the 

global prevention and treatment of gastric cancer. Nev-
ertheless, the neoplasm remains the 5th most commonly 
diagnosed, and the 3rd most deadly. While H. pylori in-
fection is the most established risk factor, eradicating 
the bacterium may actually increase the risk of a sub-
type of the disease. Instead, more focus is being placed 
on the interaction between diet, genetics, and H. pylori. 
Diet and lifestyle modification have been revealed to be 
the most effective means of preventing gastric cancer, 
especially in the developed world, while advances in ge-
netic testing are enabling earlier detection and better 
survival. 
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