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Abstract

The incidence of stomach cancer and the number of victims of this disease have decreased dramatically over the
last 60 years. However, gastric cancer still remains a very serious disease that requires further studies to enlarge
knowledge on its causes and to prevention methods. To date, the causes of gastric cancer are still not yet well
known but it is clear that some people are more prone than others to develop this disease. Gastric cancer affects
mostly adults aged 55 and over and men in percentage double than women. Stomach ulcer apparently does not
increase the risk of gastric cancer however, Helicobacter pylori, usually due to inflammation and gastric ulcers, may
be an important risk factor for this disease. Moreover, patients who have undergone stomach surgery or suffering
from pernicious anemia, achlorhydria or atrophic gastritis (that typically produce a reduction in the amount of acid)
are subject to a higher risk of gastric cancer. Exposure in workplaces to certain agents such as dust or fumes is
linked to a higher risk than average of developing stomach cancer. Smoking also contributes to increase this risk.
Moreover, epidemiological studies and animal models, conducted for years, have shown that some eating habits can
increase the risk of cancer. Other studies instead report that fresh foods (especially fruits and vegetables) play a
protective function against gastric cancer. For this reason, this paper provides an overview of the possible causes of
gastric cancer and the different therapeutic approaches, focusing in particular on the effects of diet.
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Introduction
Gastric cancer (GC) is the most common cancer worldwide

however, despite its recent decline, gastric cancer is the fourth most
common cancer and the second leading cause of cancer-related death
worldwide with 603,003 new cases among men and 330,290 new cases
among women [1,2] with a poor prognosis and a survival rate at 5
years of about 20% [3-5] in most areas of the world, except in Japan
where mass screening programs, staging systems, and treatment may
contribute to superior 5-year survival rates of approximately 60%
[6-10]. In all Europe, the incidence is about 104,620 and 69,394 among
males and females, respectively [11], representing about 23% of all
cancers. The ratio of males to females is 1.6:1 [12-14] and in six out of
10 cases the patient has more than 65 years. Stomach cancer still causes
more than 10,000 deaths per year, reaching as global spread, just below
the breast cancer and lung cancer [15]. The incidence is higher among
lower social classes, although it is in a rapid decline (about 5% every
five years) that is faster in women than in men. However, in developed
countries, over the last three decades, the incidence of gastric cancer is

declining. This phenomenon appears to be due, at least in part, to
improved nutrition and to the decreased consumption of foods
preserved in salt or smoked.

In this review, we tried to provide an overview of the possible causes
at the origin and development of gastric cancer. Moreover, as for all
types of cancer, since early detection is an important key aspect for
prevention, possible strategies for a viable therapeutic management of
the disease are reported, such as the search for possible early
biomarkers. Finally, several data are considered regarding the
potentially harmful foods that can increase the risk of cancer, as
opposed to other foods that can reduce the risk.

Histological Types
The development of gastric cancer in most cases does not occur “de

novo” from normal stomach but is rather a consequence of subsequent
modifications of the gastric epithelium. There are two main types of
stomach cancer based on histological classification. The intestinal type,
that is well known and the diffuse type, still not well characterized.
Intestinal type of stomach cancer is the most common and affects
mostly men over the age of 50 years [16,17]. The development of the
intestinal-type gastric cancer includes the transformation of normal
mucosa into a mucosa similar intestinal epithelium (intestinal
metaplasia). The presence of intestinal metaplasia increases the risk of
gastric cancer in proportion to the extension of the area affected by
metaplasia [18]. Intestinal metaplasia may progress to dysplasia and
then to carcinoma. This tumor generally occurs as formations facing
towards the interior of the cavity and with expansive growth. In
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contrast, the diffuse type gastric cancer presumably originates from
changes in a single cell in the region of the collar mucous of the gastric
glands. These cells then can proliferate and invade beyond the crypt to
the own lamina [19,20]. The diffuse type of stomach cancer is less
frequent and hits indifferently men and women aged on average 45
years.

If the cancer is diagnosed early i.e., it affects only the mucosa and
sub mucosa (the first two layers of the tissues of the organ), it is called
the early gastric cancer (EGC) and has the best chance of healing [21].
In about 50% of cases, the place where the cancer develops is at the
level of the pylorus and the stomach cavity. In one-fifth cases, the
location is at the level of the body of the stomach, while it is not usual
that the tumor will establish itself at the level of the so-called small
curvature. The time interval that elapses on average between the
diagnosis of an EGC and cancer progression is approximately 37
months [22], while about 8 years are necessary for an EGC to progress
in an advanced stage of disease [23]. The percentage of EGC in Japan
(30-50%) is high than that occurring in Western countries [24]. The
importance of a correct identification of EGC is represented by the
excellent results achieved with surgical treatment and good prognosis
of EGC patients after surgery. The spreading of GC can occur directly
via lymphatic to the lymph nodes to the esophagus and the
peritoneum, and to blood-borne bringing liver metastases, bone, lung,
but rarely to the brain. To explain the emergence and development of
stomach cancer, several factors can be considered and, among them,
food plays a very important role in fact, a diet rich in starches, fats and
smoked or salted foods (mostly containing nitrites and nitrates as
precursors of carcinogenic nitrosamines) can promote the beginning of
gastric cancer, as well as cigarette smoking and alcohol consumption,
that can contribute to the neoplastic transformation of the gastric
tissue.

Correa [25] proposed that the development of gastric carcinogenesis
occurs through intermediate stage and is due to the combination of
several process that involves many factors such as environmental
irritants, acid secretion, bacterial growth and bacterial production of
nitrites or N-nitroso compounds of the diet. These factors led to
progressive spectrum of histological stages going from normal gastric
epithelium to gastric adenocarcinoma of intestinal type [26].

Etiology and Risk Factors
The underlying cause of gastric cancer is still unclear however,

several predisposing conditions have been identified, these include:

Genetic factors: Stomach cancer is particularly common in some
families. Subjects owning type II Lynch syndrome, that developed a
tumor of the colon without being affected by polyps, usually preceding
the tumor, show a high risk of stomach cancer. The incidence of the
disease in relatives of affected patients is 23 times higher than the
general population. Also ethnic groups such as blacks Americans and
people of Celtic origin, as part of the same nation, are more frequently
affected than others. In addition, the incidence of stomach cancer
among subjects belonging to blood group A is about 10-20% greater
than that of the remaining population.

Geographical factors: Gastric cancer tends to be more common in
some countries and, within the same nations; the incidence may vary
in different areas (higher in the north, where the climate is generally
cold, than in the south). Moreover, it has been observed that
immigrants from countries with high incidence of GC to countries
with low incidence, showed a decrease in the frequency of the disease.

Metabolic and nutrition factors: In high-risk countries, there are
well-defined correlations between the consumption of certain foods
and the incidence of stomach cancer; diet commonly used by the
population of these countries is rich in carbohydrates and cereals, but
low in fresh fruits and vegetables, fats and vitamins and in particular
vitamin A. Of course, this dietary composition is not itself
carcinogenic but it might be able to stimulate the action of some
pathogens (bacteria or other) towards the gastric mucosa. Also some
chemical compounds like nitrosamines (that contain nitrogen and
oxygen), can lead to stomach cancer. Nitro compounds are formed in
the stomach of humans when nitrates contained in certain foods are
converted to nitrite; nitrites that in turn interact with amine to form
nitrosamines that are carcinogenic. Bacteria colonizing the stomach
that often could be already suffering from other diseases such as
atrophic gastritis can catalyze the transformation of nitrates and
nitrites into nitrosamines. Nitrates are present mainly in smoked foods
since they have the function of preservatives; it is possible to find them,
in small amounts, also in fish, meat, sausages, cheese and beer.
Smoking also is also a factor that can increase the risk of stomach
cancer [27].

Atrophic gastritis: Atrophic gastritis is a precancerous disease that
precedes the development of stomach cancer. It is characterized by the
progressive disappearance of the glands of the stomach and by the
appearance in over 40% of cases of glands that are present in the
intestine (intestinal metaplasia), thus atypical for gastric region.
Atrophic gastritis is a very common disease in fact, about 20-25% of
apparently healthy young men and 50-60% of the elderly suffers of this
disease that has also been associated to 90% of stomach cancer cases.

Pernicious anemia: 6% of patients with this disease develop over
time gastric cancer (the risk is about 23 times greater than in the
general population); also in this case the predisposing condition is due
to changes in intestinal metaplasia.

Gastric polyps: These benign tumors that represent 10% of all
stomach cancers should be considered as true precancerous lesions:
about 1.5% of all patients with gastric disorder suffer from polyps. The
probability of malignant degeneration increases with the increase in
the size of the polyp and in particular if the diameter exceeds 2 cm.

Gastric ulcer: Frequency of tumor degeneration of this disease is
highly variable, in fact, it occurs on average in 10% of cases. Small
ulcers degeneration seems to occur less frequently than larger ones; in
fact, malignant degeneration of benign ulcer is an extremely rare event.

Helicobacter pylori: The most important etiological factors
implicated in gastric carcinogenesis are diet and Helicobacter pylori
(H. pylori) infection. There is an association between H. pylori
(H.pylori) infection and stomach cancer (the risk is higher than 36
times). This association is not apparently related to the development of
the ulcer, often occurring in these subjects, but is rather related to the
onset of chronic atrophic gastritis induced by the microorganism. An
international study on the population indicated that in countries with
a high incidence of cancer of the stomach, there was a corresponding
high prevalence of infection with H.pylori [28], a bacterium that is also
responsible of gastric ulcer and duodenal ulcer. The presence in the
stomach of H. pylori can alter in a longer time the delicate balances
that exist at the level of organ. Gastric ulcers, atrophic gastritis and
autoimmune gastritis associated with pernicious anemia [29-31] are all
conditions causing in gastric epithelium an excessive rate of cell
proliferation. Increased production of oxidants and reactive nitrogen
compounds including nitric oxide might lead to gastritis. Altered
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gastric acid secretion and increase gastric pH are generated by both
gastritis and atrophy that also modify the bacterial flora and allow
anaerobic bacteria to colonize the stomach. However, the different
geographical risk of Gastric Cancer in Europe cannot explain a
possible prevalence of infection since only a small percentage of people
infected with H. pylori develop stomach cancer. Under this aspect, in
Japan, the country in the world with the highest incidence of gastric
cancer, the actual estimation is that out of 60 million people with
Helicobacter infection, only 0.4% contracted a gastric cancer [32]. H.
Pylori was isolated for the first time in 1982; in 1994 it was recognized
as a human carcinogen by IARC, but its mechanism of action in the
complex process of tumor growth has never been completely clarified
[33]. Recent studies showed that the correlation between H. Pylori
infection and GC represents a typical model of a multistep process
characterized by some pre-neoplastic lesions with a high risk of
progression (atrophic gastritis, intestinal metaplasia and dysplasia).
Therefore, over the past decades, H. pylori infection has been clearly
correlated with gastric carcinogenesis [34] (Figure 1).

Genetic Factors
The possibility to contract gastric cancer is about 2-3 times higher in

first-degree relatives of patients with the disease [35-38]. A study
performed on Scandinavian twin showed an increased risk of gastric
cancer in the twin of a person with the disease [39]. To assess the
contribution of hereditary and environmental factors, some models
have been developed. These models have shown that to GC, inherited
genes contributed 28%, environmental factors related to lifestyle for
10% and other environmental factors for the 62%. In addition, it has
been also shown that there is a familial inclination that contributes to
the beginning of the disease; for instance, some alterations of certain
genes like p53 and Adenomatous polyposis coli (APC) [40-42] are
caused to the commencement of tumors in different organs, including
the stomach (called, in these cases, Lynch syndrome type II) [43,44].

Other possible causes that occur rarely are represented by gastric
polyposis [45] i.e., by the appearance of small benign growths that if
left untreated over time or treated by interventions with special
surgical techniques used in the past, can degenerate and become
malignant. In the latter case, it could be possible that after about 15 or
20 years form intervention, the point at which it was formed to the
wound it starts to appear a tumor. Therefore, people operated to the
stomach must be controlled periodically with gastroscopy.

Several recent studies have underlined the role that genetic
alterations could play in the development and progression of gastric
carcinoma [46]. Under this aspect, Molecular pathology should be of
great help to understand the pathogenesis of this disease but also for
providing useful prognostic molecular markers. For example, the over-
expression of p53 by immunohistochemistry has been observed in
17-91% of invasive tumors [47] whereas, the incidence of p53
mutations in invasive carcinomas ranged from 0% to 77% [48-50].
These results however were often contradictory [51-56] probably
because of the different immunohistochemical determination
procedures utilized (i.e., different antibodies, techniques or methods of
interpretation).

Other suggested biological prognostic factors were related to the
expression level of p21 [57], to the expression of vascular endothelial
growth factor (VEGF) [58], to the counts of microvessel density [59],
to the over-expression of EGF-r [60] and of Cyclin D2 [61], to
alterations of BAT-26 [62], uPA (urokinase type plasminogen

activator) and PAI-1 (plasminogen activator inhibitor) [63,64], to
serum levels of soluble receptor of IL-2 (SolIL-2R) [65,66] or some
factors related to cell proliferation like the fraction of S phase, the
Ki-67 or the nuclear antigen of cellular proliferation (PCNA) [67-73].
However, data on the correlation between molecular markers and
response to chemotherapy are still controversial [74]. For instance, two
studies on the immunohistochemical analysis of p53 made on
endoscopic biopsy before treatment have shown a relationship between
the expression of p53 and response to chemotherapy [75,76]. Also the
expression of thymidylate synthase seems to correlate with response to
chemotherapy [77,78]. Excision Repair Cross-Complementing
(ERCC-1), a gene potentially involved in chemoresistance, it was
demonstrated to be more highly expressed in gastric cancer patients
not responding to chemotherapy [79]. However, it must be pointed out
that all these data derive from backdated studies, thus there is a strong
need for well-designed future studies in order to identify the role of
molecular markers in predicting response and survival of patients with
gastric cancer (Figure 1).

Figure 1: Risk factors underlining gastric cancer.

Biological Markers
The initial stage of GC is troubled by the absence of specific

symptoms before it spreading. Therefore, screening programs finalized
to the detection of pre-cancerous lesions and early-stage GC might be
the main tool for reducing GC-related mortality. The primary
screening technique is upper endoscopy that represents the standard
approach for confirmation of the diagnosis [80,81]. Unfortunately,
endoscopy is a very invasive technique often characterized by serious
uncommon side effects with the disadvantage of being high costly and
endoscopic skill dependent. This state is further hampered by a lack of
diagnostic biomarkers that can aid in the early detection and prognosis
of gastric cancer and in the prediction of chemo-resistance. In
addition, tissues from surgery are difficult to obtained and traditional
gastric cancer biomarkers of are not successful. Early diagnosis
allowing identify a disease before it manifests clinically, is an aspect of
extreme importance in cancer in order to implement the most effective
therapy.

Today, pepsinogen (PG) represents the only non-invasive test for
GC detection. PGs are prevalently synthesized and secreted by the
gastric chief cells. Their serum levels indirectly reflect their secretion in
the stomach [82,83]. There are two PGs (PGI and PGII); PGI is
produced only in the corpus mucosa while cardiac and pyloric glands,
and proximal duodenal mucosa also secrete PGII [84]. Low levels of
PGI and a low PGI/PGII ratio are indicative of atrophic changes in the
gastric corpus. PG tests can detect gastric mucosal atrophy with a
sensitivity of 66.7%-84.6% and a specificity of 73.5%-87.1% [85-87],
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whereas the sensitivity for GC detection ranges from 36.8%-62.3%
[88-90]. These figures are not considered acceptable in population-
based screening settings. Therefore, PG test can be considered as
primary screening test to identify subjects who are at high risk for GC.
These subjects must then undergo to endoscopic examination followed
by the histological analysis of gastric biopsy [91].

Generally, in the management of cancer, a selected protein might
represent a useful and precious biomarker. Proteins as cancer
biomarker can play an integral role in many approaches in cancer
studies like diagnosis, detection, patient monitoring, treatment, and
tumor classification [92,93]. Therefore, expensive and invasive cancer
diagnostic tests can be switched to reasonable unambiguous biomarker
test [94]. The use of biomarkers has begun to demonstrate its novel
feature in the detection and management of patients with different
malignancies [95,96] and there has been a continuous search of
markers for possible use in the diagnosis of gastric cancer. Several
proteomics studies have helped to highlight powerful diagnostic tools
in the management of cancer. New proteomic technologies allow not
only the screening of large number of samples but also the
identification of pathologically significant proteins and quantify
difference in protein expression under different conditions. Potential
biomarkers for gastric cancer have been searched in several human
specimens like blood, gastric fluid, tissues and H.pylori-infected
samples [97]. Unfortunately, diagnostic biomarkers in gastric cancer,
such as the carcinoembryonic antigen (CEA), carbohydrate antigen
19-9 (CA 19-9), and carbohydrate antigen 72-4 (CA72-4), are not
specific and sensitive enough and their sensitivity in the range of
18%-57% [98,99]. In fact, CEA and CA19.9 have increased in 30-40%
of patients with gastric cancer, but significantly increased levels of
these antigens were typically found in advanced disease, rather than in
the early phase of the disease [100-104].

Recent research work reported the identification of gastrokine 1
(GKN1), a protein secreted in the stomach antrum that is highly

expressed in normal tissues and down-regulated in H. pylori-positive
patients [105,106]. GKN1 is down-regulated in primary tumors both at
transcriptional and translational level. Therefore, based on these
results, GKN1 could be used as a new molecular marker to help predict
the early cell transformation and could be a potential new target for
treatment of gastric cancer [107].

Human secreted proteins can be detected in body fluids, such as
blood and urine. In fact, blood and urine represent the most and easily
accessible body fluids compared to tissue and gastric fluid. Therefore,
these fluids are potentially powerful sources for discovering highly
effective biomarker for GC. Several potential blood biomarkers of GC
have been found using proteomic strategies. For instance, ApoC-I and
apoC-III [108], thrombin light chain A [109], and three protein masses
with 1468, 3935, and 7560m/z [110] were highlighted with a high
sensitivity (>89.9%) and high specificity (>71%) as potential blood
biomarkers for GC. Also macrophage migration-inhibitory factor
(MIF) [111] and a 2209-Da peptide [112] were identified as potential
blood biomarkers for GC (sensitivity and specificity >28% and >83.3%,
respectively). Moreover, C9 [113] (sensitivity: 90%; specificity: 74%)
and IPO-38 [114] (sensitivity: 56.7%; specificity: 93.3%) were found to
be biomarkers for different stages of gastric cancer or for comparing
different cancers including gastric cancer, respectively. Endothelial
lipase protein is instead a promising urinary gastric cancer biomarker
and although it is not linked to tumor stage or grade, it could be useful
for screenings with high diagnostic fidelity [115]. All these findings
showed that proteomics can be efficaciously useful to discover blood/
serum biomarkers by using advanced diagnostic technologies and a
sufficient amount of clinical sample [116]. Under this regard, also
metabolomics is an emerging field that may offer practical solutions to
the challenges mentioned above [117-120]. The potential up- and
down-regulated biomarkers mentioned in these studies are reported in
Table 1.

Protein Condition Application References

Blood

2209-Da peptide

High molecular weight (HMW) kininogen
fragment

Up-regulated

 

Early detection of gastric cancer

 

[141]

 

Apolipoproteins ApoC-I and ApoC-III Dow-regulated Diagnostic score for stomach cancer [17]

Complementary Factor I precursor (CFI) Dow-regulated Diagnosis and indication of the advancement of
gastric cancer

[79]

Macrophage migration-inhibitory factor (MIF) Dow-regulated Prognostic of cancer patients [153]

Thrombin light chain A Dow-regulated Diagnosis of cancer patients [33]

Complement component 9 (C9) Up-regulated Biomarker for gastric cancer detection [16]

Fibrinopeptide a (FPA) Up-regulated Serum based tests for screening of high-risk
individuals

[34]

Inter-alpha-trypsin inhibitor heavy chain 3 (ITIH3) Up-regulated Early detection of gastric cancer [16]

IPO-38 Up-regulated Diagnosis and prognosis of gastric cancer [48]

Peaks at 1468, 3935, and 7560 m/z Up-regulated Diagnosis of gastric cancer [129]

Citation: Gallo M, Altieri F, Stadio CSD, Miselli G, Villano V, et al. (2016) An Overview on Factors Underlying Gastric Cancer; Strategies for its
Management With Particular Reference to Diet. J Gastrointest Dig Syst 6: 399. doi:10.4172/2161-069X.1000399

Page 4 of 10

J Gastrointest Dig Syst
ISSN:2161-069X JGDS, an open access journal

Volume 6 • Issue 2 • 1000399



Sialyl Lewis X epitopes (SLeX) Up-regulated Diagnosis and prognostic monitoring in stomach
cancer

[8]

Urine

Endothelial lipase (EL)

 

Down-regulated

 

Large-scale

screenings with high diagnostic fidelity

[15]

 

Metabolite of prostaglandin E(2) (PGE-M) Increased levels

 

Cancer biomarker and/or

indicator of risk factors.

[156]

 

Table 1: Summarized markers specific to gastric cancer.

Gastric Cancer and Diet
Epidemiological studies and animal models, conducted for years,

have shown that some eating habits can increase the risk of cancer.
However, is quite difficult to exactly quantify the risk associated with
each type of food. This is due to the complexity of elements that are
involved in etiopathogenesis of cancer and the considerable number of
substances present in our diet. Nevertheless, there are numerous
studies reporting the property of certain foods to reduce the risk of
cancer. In particular, gastric cancer shows a higher incidence in some
areas of the world, such as Japan, Korea, some countries of Eastern
Europe and Latin America. Inhabitants of these geographical areas
routinely consume dried, smoked, salted or pickled foods that,
according to some studies, could play an important role in the
development of stomach cancer. However, there is not yet a theory
establishing that some types of diet and certain food components
provide protection against the development of neoplastic disease.
People moving from countries characterized by a high incidence of
gastric cancer to countries with lower frequencies tend to maintain the
high-risk of the population of origin. The subsequent generations of
immigrants show a risk level that is close to that of the new host
country [121]. All of these aspects help to suggest the close association
of gastric cancer with changeable factors such as diet. Under this
regard, several studies have shown that about 66-75% of the risk
associated with gastric cancer could be reduced with increased
consumption of fruits and vegetables in the diet and with a
concomitant lower consumption of foods rich in salts [122]. In fact,
diets high in fruits and vegetables, in combination or separately, reduce
the risk of gastric cancer. Increased evidences have indicated that raw
vegetables, citrus fruits and vegetables own a protective effect, whereas
plants salted and pickled show a negative role. Several among all case-
control studies have pointed out a positive association between gastric
cancer and the consumption of highly salted foods such as salted fish,
cured meat, and salted vegetables or the use of table salt. It must be
noted that processed meat often contains chemical carcinogens like N-
nitroso compounds as well as high amounts of salt [123,124]. Diets
rich in salty foods, associated to high salt consumption, appears to
increase the risk of stomach cancer, while diets rich in whole grains
and green tea may decrease the risk of gastric cancer. Epidemiological
studies have shown that whole-grain consumption displayed a
protective effect against several cancers. Although is quite difficult to
identify and isolate the protective properties of whole-grain from
dietary fiber and other components, the protection property exerted by
whole-grain far exceeds in eventual prospective epidemiological
studies, the protection from the isolated nutrients and phytochemicals
contained in whole-grain [125]. Despite that studies regarding the
relationship between the use of whole-grain and the occurrence of

gastric cancer are not so many, in most cases they are almost
comparable [126].

It is well known that green tea contains polyphenols, commonly
known as catechins. Antioxidant activities have been isolated from
green tea and both in vitro and in vivo studies showed their ability to
inhibit the nitrosation of polyphenols [127,128]. In addition, recent
investigations proposed other possible mechanisms for cancer
inhibitory effects of green tea, including modulation of signal
transduction pathways leading to the inhibition of cell proliferation
and transformation, induction of apoptosis and cell cycle arrest,
inhibition of tumor invasion and angiogenesis [129-131]. However,
while statistical significant studies have shown a reduction in the risk
of gastric cancer with green tea drinking [132,133], other studies
showed a contrary non-protective effect of green tea toward gastric
cancer [134,135]. Hence, the consumption of green tea might be
possibly associated with a decreased risk of gastric cancer however,
further prospective studies with more detailed information are
required to better clarify the role of green tea on gastric carcinogenesis.
There is instead no apparent evidence that black tea or coffee
consumption has any effect on the risk of gastric cancer. In this contest,
the most important vitamins and derivatives contained in vegetables
and fruit, like vitamin C and carotenoids seem to reduce the risk of
gastric cancer whereas some doubt are still present regarding vitamin E
[136-138].

The evidence on the effects of vitamin C comes from
chemoprevention studies conducted with volunteers [139] in order to
evaluate the role of vitamin C and beta-carotene on gastric cancer. The
study indicated that vitamin C and beta-carotene show protective
effect that consisted in an increase in the reduction of histologically
proven diagnosis of intestinal metaplasia and/or atrophy (pre-
neoplastic lesions). In another chemoprevention study conducted in
Finland on male smokers [140], showed that administration of alpha-
tocopherol and beta-carotene did not affected the risk of gastric cancer
and/or prevalence of premalignant lesions [141], showed that the
consumption of vitamin E reduced the risk of gastric cancer, however,
in previous case control studies no statistically significant association
between dietary vitamin E intake and gastric cancer [142-147] or
inverse association was observed [148-153]. On the basis of the actual
knowledge, a dietary high consumption of antioxidants (vitamin C,
vitamin E, niacin), iron and potassium and low consumption of foods
that are sources of sodium, decrease risk for gastric cancer, however,
given the contradictory results, additional studies in a large number of
subjects will be necessary to clarify the interaction between the various
dietary micronutrients and risk of gastric cancer.

Finally, alcohol drinking and cigarette smoking may contribute to
the transformation of the gastric tissue in tumor. Alcohol consumption
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may increase the risk of gastric cancer at the cardia [154,155] at the
same level of the association between smoking and gastric cancer
[156,157] (Figure 2).

Figure 2: Gastric cancer and diet. Green section: foods that prevent
cancer; Red section: foods associated to cancer risk.

Gastric Cancer and Mediterranean Diet
Mediterranean diet is characterized by a large intake of fruit,

vegetables, cereals, legumes, nuts and seeds, fish and seafood, and by a
relative use of alcohol such as red wine. In particular, olive oil
represents the principal source of fats whereas a relatively low
consumption of milk derivate like cheese and yoghurt and of red meat
is registered [158-160]. Mediterranean diet is also correlated to a
reduction of total mortality and in particular that associated to cancer.
Mediterranean country like as France and Greece [86] are
characterized by relatively low incidence of gastric cancer mortality
whereas in southern Italy, where the Mediterranean diet is more
diffused compared to the northern area of the country [28] gastric
cancer mortality is even lower. Even though no scientific explanation is
actually available, GC history of the last decade highlighted a
worldwide decline of the disease most likely due to dietary
improvements [66]. In a recent study regarding the relation between
gastric cancer risk and the Mediterranean diet and conducted in Italy
using data from two case-control studies between 1985 and 2007,
convincing evidence of a beneficial role of the Mediterranean diet on
gastric cancer were provided. The mechanism of action of the
Mediterranean diet might be due to the synergic action of the
nutrients, and not to a single nutrient. To partly explain the health
benefits such as cardio-protective and anti-inflammatory effects,
specific biochemical process, like decreases in oxidative stress,
inflammation, plasma N-terminal pro-brain natriuretic peptide (NT-
proBNP) concentrations, and tumor necrosis factor α, were identified.
In addition, intake of polyphenol from lignans, flavonols, and
hydroxybenzoic acids present in Mediterranean food appear to be
associated with decreased cardiovascular disease risks. Extra virgin
olive oil, rich of phenolic compounds, vitamin E, and other lipid
molecules, also possess a anti-atherogenic effects, improving
endothelial function, lipid profiles, insulin sensitivity, glycemic control,
and blood pressure levels. In definitive, these studies demonstrated
that adherence to a Mediterranean diet positively affects health.

Conclusion
In this review, we have tried to highlight the numerous studies

regarding the various environmental and genetic factors that are

involved in the different stages of gastric cancer process. Therefore,
under these aspects, a multifactorial and multistep model of gastric
cancer is currently accepted. In particular, scientific studies have
suggested that certain foods and/or food compounds may help prevent
cancer whereas other kind of foods seems to play an opposite role. It
still remains unclear how constituents present in fruit and vegetables
play a significant role in gastric cancer prevention and why the effects
of cancer prevention in the development of stomach cancer are only in
some cases effective. Of coarse, the risk of gastric cancer also depends
on several other factors, including smoking, alcohol consumption and
obesity. All these findings and prospective studies suggest that a
dietary modification directed toward a reduction of salt and salted
food intake and to an increase intake of fruit, particularly vitamin C, as
well as quitting smoking represents an effective way to prevent gastric
cancer. Therefore, it is essential the commitment of basic medicine in
the disclosure of risk factors of gastric cancer with a focus on food
regulations. Such action, if done in a methodical, comprehensive and
continuous, could help in the medium to long-term change in the
incidence of this disease. To achieve this, it is also crucial that General
Medicine provides specific training on these issues and collaborates in
each geographical area with Health, patients' associations and citizens
to counter the misleading buildup produced by other sources of
"pseudo-information health" in terms of nutrition. Overall, this review
wants to provide a set of data that confirm as a healthy lifestyle starting
from feed can reduce the risk of cancer, but also of several chronic
diseases.
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