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ABSTRACT: Stomach cancer is one of the leading causes of cancer-related deaths worldwide. It often develops silently; 
although advancements in treatments have improved results, it is still very difficult to treat, especially if diagnosed late. Early 
diagnosis is crucial to improving gastric cancer survival. Unfortunately, there is no screening program for gastric cancer currently 
in the U.S. This leads to the delay of the diagnosis of gastric cancer, impacting survivability. There are various causes and risk 
factors, including a Helicobacter pylori infection, a high-salt diet, and a lack of screenings. Some ethnic groups have higher H. pylori 
infection rates. The tendency in salt consumption differs depending on ethnic cuisines. It is important that the screening programs 
are developed by taking into account the differences among ethnic groups within the country. This literature review first covers 
three main risk factors: H. pylori infection, salt intake, and demographics. It then investigates the screening program of the country, 
Japan, where they were able to reduce gastric cancer rates. Examining such successful programs can help improve the screening 
methods of multi-ethnic countries such as the U.S. 
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�   Introduction
Stomach cancer, also known as gastric cancer, is one of the 

leading causes of cancer-related deaths worldwide. Though 
incidence and mortality rates of gastric cancer have been de-
clining, according to GLOBOCAN estimates, there were 
more than 1 million gastric cancer cases in 2020, resulting in 
around 768,800 deaths.1 It is generally a slow-developing can-
cer, and early-stage gastric cancer may not cause any noticeable 
symptoms. In many cases in the U.S., it is not diagnosed until it 
has spread significantly because cancer screening is not routine.  

Though the exact cause of gastric cancer is unknown, there 
are known risk factors that increase the chances of developing 
gastric cancer. In addition to family history and certain ge-
netic conditions, hereditary diseases such as Lynch syndrome 
and familial adenomatous coli, Epstein-Barr virus, alcohol 
consumption, gender, type A blood, stomach surgery, obesity, 
aging, and smoking also increase risk.2,3 Several studies have 
found diet factors that could prevent the risk of gastric can-
cer, such as intake of citrus fruits, a Mediterranean diet, dairy 
products, Vitamins C, A, and E, dietary fibers, and cruciferous 
vegetables;4 however, consuming smoked, salted, and processed 
foods can increase the risk of gastric cancer. H. pylori infections 
can also cause chronic inflammation in the stomach lining.3  
In addition, H. pylori induces genetic mutations by damaging 
DNA in tumor suppressor genes, leading to increased rates of 
cancer as well.5

There are three major types of gastric cancers. Adenocar-
cinoma is the most common, originating from the glandular 
cells of the stomach. Lymphoma, the next most common type, 
develops in the lymphatic tissue. The rarest is a gastrointesti-
nal stromal tumor, which develops in the muscle or connective 
tissue of the stomach wall.6 Treatments vary based on the stage 

and location of the cancer, including chemotherapy, radiation 
therapy, targeted therapy, immunotherapy, and palliative care.

Gastric cancer might not create any noticeable symptoms 
until the cancer has progressed for a while, and its symptoms 
are also often vague. Gastric cancer is commonly misdiagnosed 
or diagnosed too late because of the ambiguity of its symptoms. 
Common symptoms are poor appetite, unintentional weight 
loss, abdominal pain, feeling full without eating much, heart-
burn or indigestion, nausea and vomiting, vague discomfort in 
the abdomen, swelling or fluid buildup in the abdomen, blood 
in the stool, fatigue, anemia, and jaundice.7 

This literature review examines the gastric cancer prevalence 
by ethnic groups within the U.S. and explores the possibility 
of improving screenings. Certain ethnic groups have dietary 
preferences and high salt intake that elevates the risk of gas-
tric cancer. Certain ethnic groups also have higher H. pylori 
infections, which is a risk factor, as well. Immigrating into the 
U.S. would not immediately change their dietary preferences 
but also would not eradicate H. pylori, leaving their risk factor 
unchanged, yet they would not receive the necessary routine 
cancer screenings in the U.S. Therefore, It is likely that the gas-
tric cancer rates of the immigrant populations who are from 
the areas where people have cuisine with higher salt intake and 
have high H. pylori infections will remain high.

�   Discussion 
1. H. Pylori :
H. pylori is classified as a carcinogen, meaning it is known 

to cause cancer in humans.8 This bacterium causes chron-
ic inflammation of the stomach lining, leading to the loss of 
stomach lining cells, which are then replaced inappropriate-
ly with intestinal cells, a phenomenon known as metaplasia.9  
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The inflammation can disrupt cell signaling and trigger DNA 
damage, leading to increased genetic mutations, which can 
directly exacerbate the risk of cancer development. There are 
certain H. pylori strains more strongly associated with gastric 
cancer. The eradication of H. pylori reduces the risk of gastric 
cancer, especially when treated before atrophic or metaplastic 
changes occur.8 

Screening and treatment of H. pylori infections in high-risk 
populations is crucial. Endoscopic surveillance is recommend-
ed for patients with atrophy, intestinal metaplasia, or dysplasia. 
Various biomarkers, such as serum pepsinogen and gastrin-17, 
can help in the risk stratification. Public health strategies can 
also lower gastric cancer incidence.8

There have been a variety of scientific studies that show a 
high salt diet exacerbates H. pylori’s ability to cause cancer. A 
study was done on Mongolian gerbils infected with either a 
wild-type strain of the bacteria with the CagA gene intact or a 
CagA knockout mutant. The CagA gene encodes a protein that 
acts as both a virulence factor and an oncoprotein. It gets in-
jected into cells during infection with CagA+ H. pylori bacteria, 
where it disrupts cell signaling and growth pathways, pro-
moting unrestrained growth and cancer development. They 
were then fed either a standard diet or a high salt diet (of 8 
~ 8.75% sodium chloride) for 4 months post-infection. It was 
found that 100% of gerbils infected with the wild-type CagA+ 
strain with a high salt diet developed gastric adenocarcinoma 
in 4 months. Meanwhile, only 58% of the wild-type CagA+ 
strain-infected animals on a regular diet developed cancer. 
None of the animals infected with the CagA mutant developed 
cancer, even with a high salt diet.5 These findings suggest that 
in this model, CagA is required for H. Pylori’s oncogenicity, 
which is exacerbated by a high salt diet. 

In other words, it was found that a high salt diet made the 
gastric inflammation response to H. pylori much worse. The 
high salt diet increased gastric inflammation severity, elevat-
ed gastric pH, increased parietal cell loss, and also caused a 
notably higher expression of pro-inflammatory cytokines and 
reduced levels of hepcidin, a peptide hormone. High-salt con-
ditions increased CagA gene expression both in vitro and in 
vivo (in mice). Relegated CagA transcription also correlated 
with increased delivery of the CagA oncoprotein into host 
cells, driving inflammation and carcinogenic changes.5 

In conclusion, a high salt diet significantly elevates gastric 
cancer risk in the presence of CagA+ H. pylori. This effect is 
driven by increased bacterial virulence (CagA expression) 
and enhanced mucosal damage/ inflammation. Interventions 
should focus on reducing salt intake alongside proactive H. py-
lori management. 

2. Salt in the Body:
2.1. The Role of Salt in the Body:
Our immune system can defend against cancer by recog-

nizing and killing mutated and cancerous cells, but salt can 
contribute to a cancer-promoting environment through the 
presence of low-level inflammation. Salt plays a crucial role in 
the body, but exacerbates H. pylori's capacity to cause cancer 
through effects on bacteria and the immune system.5 There 

are many other ways salt impacts the immune system, various 
cells, and structures within the body. These can have negative 
effects, including increased cell death in certain types of cells, 
and either diminished or enhanced effector functions. 

2.2. The Role of Salt in Gastric Cancer:
Salt impacts different cells in the body, but the effects are 

often dose and context-dependent. For example, a high salt 
diet is beneficial in some cell types or increases cellular pro-
liferation, while it might be pro-inflammatory for other cells. 
Sodium can be stored in high concentrations in certain tu-
mors and sites of inflammation throughout the body. It was 
found that high salt levels can lead to apoptosis, or cell death, 
in certain cell types and can diminish cellular proliferation. On 
the other hand, moderately increased salt concentrations led 
to improved T cell proliferation.10 Below are five examples of 
cells that are affected by a high salt diet and can potentially 
lead to increased gastric cancer risk. 

Neutrophils are an innate immune cell type that responds 
quickly to the first infection, but can also be found in gas-
tric cancer tumors. They are responsible for causing acute 
inflammation. The effect of a high salt diet on neutrophils 
is dependent on the timing of the exposure. Specifically, if 
a neutrophil is activated and then encounters high salt con-
centrations, its effector function is improved.10 However, if a 
neutrophil is pretreated with high salt concentration before ac-
tivation, it has less effector function and increased apoptosis.11 
Importantly, it was found in a human study that a high salt diet 
inhibited neutrophil function, suggesting the potential for re-
duced cancer-fighting capacity during gastric cancer.11 These 
findings highlight that salt has time and context-dependent 
effects on neutrophil activity, which may contribute to the in-
creased risk of cancer associated with a high salt diet. 

Natural killer cells are important in the anti-cancer immune 
response: they kill tumor cells and produce IFNg, a cytokine 
that puts the rest of the immune system and neighboring 
cells on high alert. They recognize the absence of MHC I ex-
pression, a mechanism used by tumor cells to evade immune 
detection. A study performed in healthy mice showed that a 
high salt diet suppressed proliferation, activation, and natural 
killer cell function.12 Interestingly, another study performed in 
tumor-bearing mice showed increased natural killer cell func-
tion in response to a high salt diet due to diminished PD-1 
expression and increased IFNg production by natural killer 
cells.13 Therefore, the interaction between NK cells and salt 
during gastric cancer deserves further exploration.

Macrophages are another type of innate immune cell. Their 
basic functions are: phagocytosis, a process where cells engulf 
and internalize large particles; antigen presentation, and im-
mune modulation. Macrophages are commonly categorized 
into two subsets: M1 and M2 macrophages. M1 macrophages 
mediate the immune response to bacteria and intracellular 
pathogens, and are polarized by inflammatory stimuli. M2 
macrophages, on the other hand, are anti-inflammatory, ex-
isting in settings such as asthma and allergy. High salt diets 
generally favor M1-like macrophages, meaning a high salt diet 
favors inflammatory protein production and inhibits anti-in-
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flammatory protein production.10 This likely contributes to 
the chronic inflammation that supports gastric cancer devel-
opment. 

CD4+ Helper T cells orchestrate an immune response and 
tailor it to a specific pathogen type or disease state (such as 
bacteria, virus, helminth, or cancer). Different subtypes are 
impacted by a high salt diet in a variety of ways. Th17 cells 
are a subset of helper T cells that play an important role in 
controlling extracellular bacteria and fungi at the mucosal sur-
faces and are abundant in the gut. A high salt diet promotes 
differentiation into pathogenic Th17 cells in the presence of 
Th17 polarizing cytokines.10 Additionally, a high salt diet re-
duces the presence of the L. murinus bacteria, which promotes 
pathogenic Th17 differentiation.14 Regulatory T cells are an-
other subset of CD4+ helper T cells. These cells suppress T 
cell-derived inflammation. Salt reduced regulatory T cells and 
their proliferation. This means that salt has the potential to 
push the T cell balance into the pro-inflammatory direction, 
which in turn has a high potential to play a role in the chronic 
inflammatory process that supports gastric cancer develop-
ment and progression.10 

CD8+ T cells, also known as cytotoxic T cells, kill cells ex-
pressing mutated or cancer-associated proteins on cell surfaces 
via MHC I expression. Research on salt’s effect is currently 
conflicting. In one experiment, the anti-tumor immunity of 
CD8 T cells was enhanced on a high salt diet.15 Meanwhile, 
in another study, CD8 T cell activation was diminished due to 
impacts on antigen-presenting cells.16 These studies highlight 
the complex interplay between a high salt diet and CD8 T cell 
effector functions. 

In conclusion, though salt is an essential mineral and nec-
essary for various bodily functions, there are a multitude of 
ways that salt can affect various cells in the body and eventu-
ally contribute to the development of gastric cancer. However, 
their effects are often dependent on their quantity and context.

3. Demographics of Gastric Cancer:
There are also demographic factors that contribute to gastric 

cancer risks. Gastric cancer is more common in older people, 
with the average age of diagnosis being 68. Men are more like-
ly to develop it than women. Ethnic background also plays a 
large part; in the US, it is more common in Hispanic, Afri-
can American, Native American, and Asian/Pacific Islander 
populations compared to the non-Hispanic white population. 
Within the Asian population, Korean, Vietnamese, Japanese, 
and Chinese people have a higher risk.17

Generally, countries with a high incidence of gastric cancer 
also have high H. pylori prevalence rates, such as developing 
countries, South Korea, China, and Japan. However, in some 
regions, such as South Asia and Africa, the incidence of gas-
tric cancer is relatively low while the prevalence of H pylori 
is very high.17 The reason for this may be the presence of a 
non-gastric-cancer type of H. pylori strain rather than one that 
promotes gastric cancer.8 

Recently, an increasing incidence has been observed in pop-
ulations younger than 50 years in the U.S. and the UK. A study 

found that despite the declining trend in the overall incidence 
rate, the incidence rate of people younger than 45 years in 
some countries showed an increasing trend, especially in coun-
tries with a low overall incidence rate, such as the UK, the 
U.S., and the Netherlands.  Especially for the U.S. and the UK, 
this trend may be due to their highest obesity rates in adults, 
children, and adolescents, which would influence the rates of 
gastric cancer.17 This suggests that further studies are needed 
to determine exactly why gastric cancer rates are increasing in 
younger populations across the world.

4. Screening In the U.S.:
The U.S. Preventive Services Task Force has not issued any 

formal recommendations on routine screening for H. pylori 
infection in asymptomatic adults. There are also no standard 
or routine screening tests to detect stomach cancer in people 
at average risk. This is due to the relatively low incidence of 
stomach cancer in the U.S. and the fact that there seems to be 
no major benefit in spending resources on it for the general 
population. However, early diagnosis of gastric cancer is essen-
tial, especially for those at higher risk, as a late diagnosis often 
leads to more fatal outcomes.18 

The American College of Gastroenterology (ACG) sug-
gests testing and treating H. pylori in specific high-risk groups, 
including: individuals with gastric atrophy, intestinal metapla-
sia, or dysplasia; patients with a history of early gastric cancer 
resection; first-degree relatives of individuals with gastric 
cancer; individuals from regions with high gastric cancer inci-
dence (e.g., East Asia, South America, etc.); and patients with 
certain hereditary cancer syndromes. Screening in the U.S. is 
usually only done for those who are considered to have a high-
er risk, such as those who have genetic diseases or those with 
a family history.

In addition, screenings for the first-generation immigrants 
from high-incidence gastric cancer regions and possibly other 
non-white racial and ethnic groups, those with a family his-
tory of gastric cancer in a first-degree relative, and individuals 
with certain hereditary GI polyposis or hereditary cancer syn-
dromes are recommended.18

The most common method to screen for gastric cancer is 
an upper endoscopy, which is the best test for screening or 
surveillance in individuals at increased risk for gastric cancer. 
With an endoscopy, doctors can visually check the esophagus, 
stomach, and the first part of the upper intestine, enabling 
direct visualization to endoscopically stage the mucosa and 
identify areas of concerning neoplasia. It also enables biopsies 
for further histologic examination and mucosal staging. Both 
endoscopic and histologic staging are key for risk stratification 
and determining whether ongoing surveillance is indicated 
and at what interval.19

Endoscopists should ensure that all individuals with con-
firmed gastric atrophy with or without gastric intestinal 
metaplasia (GIM) undergo risk stratification. Individuals with 
severe atrophic gastritis and/or multifocal or incomplete GIM 
are likely to benefit from endoscopic surveillance, particularly 
if they have other risk factors for gastric cancer, for example, 
family history. If the individual has a family history of gas-
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past few decades, often attributed to the decline in H. pylori 
prevalence. 

In Japan, gastric cancer caused nearly half of all cancer deaths 
in the 1960s; however, the proportion continues to decline.2 
The number of gastric cancer deaths that had remained similar 
for the past few decades, 50,000, has also begun declining since 
2011. In 2021, gastric cancer was ranked third in the number 
of deaths after lung cancer and colorectal cancer, constituting 
42,000 deaths.22 However, more than 40,000 people still lose 
their lives to gastric cancer every year; gastric cancer has the 
second-highest incidence rate at 12.9%, following colorectal 
cancer, meaning it is still very prevalent. Overall, while the to-
tal number of cases is still rising and deaths are leveling off 
due to an increase in incidence and deaths among the elderly, 
the age-standardized incidence and mortality rates of gastric 
cancer are decreasing.2

In Japan, radiographic examination has been conducted 
since the 1960s as a secondary preventive measure for gas-
tric cancer. The revised 2014 Japanese Guidelines for Gastric 
Cancer Screening approved gastric endoscopy for use in pop-
ulation-based screening, together with radiography. Currently, 
the government of Japan recommends either radiography or 
gastroscopic examination for gastric cancer screening. Howev-
er, there are some barriers, such as participation rate, endoscopic 
capacity, equal access, and cost-effectiveness.2 One way to com-
bat costs is through risk stratification.

As mentioned before, there are a multitude of factors that 
can increase the risk of getting gastric cancer. Recently, it has 
been reported that approximately one-fifth of diffuse-type gas-
tric cancers (a subtype of gastric cancer characterized by poorly 
differentiated cancer cells that infiltrate the tissue individual-
ly),23 in Japan, were attributable to the combination of alcohol 
intake and defective ALDH2 allele or CDH1 variants. In 
addition, individuals can be categorized by gastric cancer risk 
based on H. pylori infection status and suggestive cancer risk 
during endoscopic examination. A study examining the accura-
cy of a H. pylori infection diagnosis found that the specificity of 
detecting uninfected, existing, or current infections is very high 
(>90%).2 As a safeguard, however, an H. pylori antibody test is 
also recommended. 

The Kyoto classification of gastritis includes factors such as 
moderate-to-severe gastric atrophy, enlarged gastric folds, nod-
ular gastritis, xanthoma, and map-like redness. Additionally, 
this risk classification by endoscopic examination was con-
firmed to have very high accuracy. The commonly used gastric 
cancer risk classification system is the “ABC method,” a com-
bined assay for serum anti-H. pylori IgG antibody and serum 
pepsinogen (PG) levels.2 A study reported a strong correlation 
between the ABC classification system and radiological find-
ings in relation to the risk of gastric cancer.24 

According to the 2019 Basic Survey of National Life, 54.2% 
of men and 45.1% of women 40 - 90 years of age have un-
dergone gastric cancer screening, with the target value being 
50%.2 In addition, while the gastric cancer-adjusted mortality 
rate has naturally decreased, the number of H. pylori-negative 
people has increased in recent years. Unfortunately, it is noted 
that in the future, it may be necessary to categorize individuals 

tric cancer or multiple risk factors for gastric cancer, ongoing 
screening should be considered as well. Endoscopic surveil-
lance should be considered every 3 years; however, intervals 
are not well defined, and shorter intervals may be advisable 
in those with multiple risk factors, such as severe GIM that 
is anatomically extensive.19 This highlights the importance of 
personalized medicine specific to each patient’s circumstances.  

5. Gastric Cancer In Asian Populations in the U.S.:
In the U.S., gastric cancer consists of 1.5% of all new can-

cers nationally.20 However, different ethnic groups within the 
U.S. have different levels of gastric cancer risk. It is known 
that Asian populations are at a particularly high risk for gastric 
cancer, even if they're living in the U.S. They are only about 
6% of the U.S. population, thus contributing to statistical un-
derrepresentation in gastric cancer incidence at the population 
level.20

In California, the public health system keeps track of health 
data by ethnicity. It is known that Vietnamese, Korean, Chi-
nese, and Japanese people have a significantly elevated risk of 
gastric cancer. Koreans have the highest risk at 13 times that of 
non-Hispanic white people. Vietnamese people's risk is seven 
times higher, while Japanese and Chinese people have a risk of 
around five times higher.21 

Moreover, the prevalence of H. pylori infection is much 
higher in countries outside of the U.S., especially those in Asia. 
The rate of H. pylori infection in the U.S. is only about 10 to 
20% for all populations. In Asian countries, however, it is as 
high as 80%. It is known that recent immigrants from these 
high-incidence of H. pylori countries remain at high risk.21 
Therefore, immigrants from these areas should still stay vigi-
lant about gastric cancer prevention, and communicate to their 
physicians that they may be an abnormal case compared to the 
typical US population. 

In summary, collecting and summarizing the data of gastric 
cancer through general population-level statistics puts minori-
ty groups in the U.S. at a strong disadvantage. Developing a 
screening policy incorporating differences by ethnic groups is 
a potentially better approach to address this issue.

6. Screening in Countries with High Gastric Cancer Rates:
Japan and Korea have national stomach cancer screen-

ing programs because the incidence of gastric cancer is very 
high. Early identification improves the outcome of gastric 
cancer treatment. However, in the U.S., because screening is 
not done regularly, it often isn’t diagnosed early enough. This 
has huge impacts on outcomes, as only 30% of patients who 
are diagnosed with stomach cancer in the U.S. reach the five-
year survival mark, while in Japan and Korea, it is 60 to 70%.2  
Overall, this demonstrates the effectiveness of proper screen-
ing protocols. 

6.1. Epidemiology and Risk Stratif ication of Gastric Cancer 
in Japan:

Gastric cancer is the second leading cause of cancer inci-
dence in Japan, though its mortality has decreased over the 
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While it is known that recent immigrants in high-incidence 
countries are at high risk, there isn’t enough good data on chil-
dren of immigrant parents. However, it is reasonable to infer 
that the diets of recent immigrants will not change quickly 
enough to create a drastic change in gastric cancer prevalence, 
as food is an important part of culture. This dietary preference 
will also likely carry on to their children as well, though per-
haps at a lesser rate due to assimilation. Furthermore, H. pylori 
is transmitted between people, highlighting another potential 
source of increased risk in immigrant families. Therefore, such 
a population should be studied in the U.S. to determine appro-
priate screening methods. 

In the U.S., there are currently no stomach cancer screening 
guidelines for people at average risk of the disease. They have 
not been proven to be effective in reducing death from gastric 
cancer in the general U.S. population, and are thought to lead 
to unnecessary medical procedures, emotional distress, and 
cost.27 Due to this, only those who have a substantial risk fac-
tor, such as a genetic or hereditary factor, would be considered. 

Japan successfully implemented screening and risk stratifi-
cation policies to improve outcomes in gastric cancer, showing 
it is feasible and beneficial to have a simplified strategy for gas-
tric cancer screening and surveillance for high-risk individuals 
in the U.S. In this case, individuals could be stratified based 
on race, H. pylori infection status, and family history of gastric 
cancer. In addition, it would be beneficial to determine regular 
and frequent screening intervals for older individuals who are 
first or second-generation immigrants from high-risk regions 
of the world, such as East Asia. It would also be beneficial to 
begin endoscopic screening in individuals with a family history 
of gastric cancer earlier on, and use the various markers and 
treatments available for determining the H. pylori infection 
status. 

Constant and early gastric cancer screening in the appro-
priate populations would be highly helpful, especially as a late 
diagnosis of gastric cancer is a major risk factor that affects the 
mortality of the diagnosed individual. A specific and targeted 
screening system has been shown to have a survival benefit, 
as seen in East Asian countries. Implementing such target-
ed screening systems in the U.S. should also be beneficial to 
reduce gastric cancer-related mortality in underrepresented 
populations that have historically been underserved by a gen-
eralized medical system. 
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