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INTRODUCTION

The subject of this review is the study of some interconnected diseases, such as gastritis, duodenitis, 
reflux esophagitis, and their complications (duodenal and gastric ulcers, stomach cancer, Barrett’s 
esophagitis, esophageal ulcers and cancer), using the logic and tools of evolutionary medicine.

“Evolutionary medicine is the enterprise of using evolutionary biology to address the prob-
lems of medicine”1. If it is true that studying and understanding biological phenomena requires 
analyzing them in light of evolutionary mechanisms2, and considering that medicine is an applied 
branch of biology, it is also essential to study and try to understand diseases in light of evolu-
tionary mechanisms3. This means that the evolutionary approach to medicine is not an academic 
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curiosity of little practical importance but a radical change in medical rationale with enormous 
implications for the prevention and treatment of diseases, the reduction of their frequency and the 
general improvement of health4-6.

In current medicine, when discussing diseases, attention is focused on the symptoms, the 
pathogenetic mechanisms, the causes related to them, and from there on the actions that can 
treat the symptoms, normalize the pathogenetic mechanisms, and definitively cure the disease7,8.

Taking a somewhat different approach, evolutionary medicine focuses on the primary causes 
of disease, because if these causes are modifications of the ecological niche to which the species 
is adapted, the diseases can be prevented or at least slowed by eliminating or compensating for 
these modifications6.

However, for the subsequent discussion in this paper, some concepts and definitions of evo-
lutionary medicine are preparatory and indispensable6:
—	A random modification increases the entropy of a system: Given that entropy defines the de-

gree of disorder in a system, based solely on statistical considerations, it tends to increase in 
a closed system if there are no external forces acting on it9. If a random modification occurs in 
a complex system, such as a living organism or the complex relationships between a species 
and its natural habitat or other species, the modification increases the degree of disorder in 
the system and is a potential cause of dysfunction.

—	Ecological niche of a species: The ecological niche of a species can be defined as the range of 
conditions under which it is adapted. This concept includes, among other things, physical en-
vironmental conditions, diet, lifestyle, response to encounters with individuals of other species 
(attack, flight, coexistence, etc.), and the network of relationships with other species living in 
the same physical habitat or even on the external or internal body surfaces of a host species. 
In short, the concept of ecological niche concerns any aspect of the lives of individuals of a 
species, whether considered singly or in relation to individuals of other species. The central 
concept of Darwinian evolution is that, through natural selection, a species adapts as best as 
possible to its ecological niche. The selection of the fittest does not simply coincide with the 
selection of the strongest: sometimes the fittest is the one who flees the most and best, other 
times the fittest is the one who cooperates most with other individuals of the same species 
or other species, and one could continue with many examples of greater aptitude that do not 
coincide with the idea of a greater strength.

—	Mismatch: The adaptation of a species to the multiple and often changing characteristics of its 
ecological niche is a complex system that can easily be compromised by a change in the eco-
logical niche. Therefore, the most likely consequence of a random change in the ecological niche 
is dysfunction, that is, a disease4. A “discordance”10 or “mismatch”11 between the conditions to 
which a species is adapted and new ecological niche conditions is a frequent cause of disease.

—	Holobiont: In the traditional Darwinian conception, an individual of a species is generally consid-
ered an isolated and autonomous entity struggling to survive against other individuals of the same 
species and all other species. With the nineteenth-century discovery of pathogenic microbes that 
caused even fatal diseases and terrible epidemics, this conception was so accentuated that the 
ideal individual became one that lived in a sterile environment and therefore was free from contact 
with any microbial species, considered as probable or potential causes of even fatal harm.
This idea has been completely superseded by the concept of “holobiont”, consisting of a main 

species (“host biont,” or simply “host”) and a myriad of other microbial and non-microbial spe-
cies (“bionts”) that coexist on the host’s external and internal surfaces, as well as in body fluids 
and cells. The concept of the holobiont was first proposed in 194312 and revived in 199113, with its 
definition changing over time14. An alternative name is supraorganism or superorganism15.

The human holobiont is extraordinarily complex. In addition to the host species, it consists of 
a large number of unicellular species (bacteria, Archaea, viruses, fungi, protozoa, mycoplasma)16 
and multicellular species (intestinal worms, mites, etc.)17.

The number of bacteria has been estimated to be approximately 3.8x1013, which is higher than 
the estimated number of cells (approximately 3x1013)18. The human holobiont comprises a number 
of complex ecosystems, including those of the gut, skin, oral cavity, and respiratory system, and 
the genetic information of bacterial species that exist in the various ecosystems of the human 
body has been estimated to be 150 times greater than that of the human genome19. The metabolic 
capacity of the gut microbiome is comparable to that of the liver, so much so that its description 
as “an additional human organ” appears justified15.
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In a holobiont, the interconnections between human host and bacterial bionts are intricate 
and largely unknown. A particularly interesting finding is the presence of specific oligosaccha-
rides [human milk oligosaccharides (HMOs)] in human milk. The number of identified HMOs 
was 70 in 201120 and rose to approximately 200 seven years later21. They serve as prebiotics 
for specific species of lactobacilli and bifidobacteria and perform functions, which are only 
partially understood, which involve cooperation between mother, bacteria, and the newborn 
baby22. Without these beneficial actions, the existence of HMOs would be difficult to justify in 
evolutionary terms.

Another well-known case is that of specific intestinal bacteria that synthesize vitamins useful 
or necessary for host health23,24.

Even considering our great ignorance regarding the bacterial ecosystems of our holobiont, the 
balance of the relationship between these bionts and the host has been considered important for 
the health of the host25.

Regarding Archaea, they represent key species in various ecosystems of our holobiont26, par-
ticularly in the gut27. Archaeal species are also present elsewhere, such as in the subgingival 
plaque of the oral mucosa (Methanobrevibacter oralis28) and on the skin (Thaumarchaeota29).

The number of viruses has been estimated to be approximately 1013, which is on the same 
order of magnitude as that of bacteria30. Under healthy conditions, viruses are found in virtually 
every part of the host organism31,32, even in parts thought to be sterile, such as blood30,33, cere-
brospinal fluid34, and breast milk35. The links between viruses and their hosts are so ancient and 
close that the percentage of human DNA of viral origin has been estimated at approximately 8%36.

As for the helminths, their presence is widespread in populations that live in conditions closer to 
those to which we are adapted37,38. Helminths are the subject of great attention because of the pathol-
ogies that derive from them, but they are also well-known to be essential for immune regulation39,40.

Even today, two species of mites (Demodex folliculorum and Demodex brevis), small arthro-
pods of the subclass Acari that are highly adapted to our species, are normally present in pilose-
baceous follicles41,42. Each individual hosts 1,000-2,000 mites43, and their possible role in some 
pathological skin conditions has been investigated44. However, it seems necessary to study the 
possible effect of their absence, which would interrupt an ancestral symbiotic relationship be-
tween these mites and humans.

These brief remarks give an idea of the intricate relationships between hosts and other bionts 
in the human holobiont.
—	Diseases caused by alterations of the ecological niche regarding the holobiont: The extensive 

discussion in a book recently published6 highlights that a large number of diseases originate 
from rapid or sudden changes (on an evolutionary timescale) in our ecological niche, leading 
to a mismatch between our species’ adaptation to the previous ecological niche and the new 
condition. These possible changes, which can be described as random modifications of a 
complex system such as species + ecological niche + species’ adaptation to the ecological 
niche, can be divided into two categories, discussed extensively in two chapters of the afore-
mentioned book regarding diseases derived from alterations of the ecological niche:

—	Part I: Not regarding the holobiont (Ch. 3);
—	Part II: Regarding the holobiont (Ch. 4).

The concepts briefly illustrated above are preparatory and necessary for understanding what 
follows.

The discovery of Helicobacter pylori and its actions

Before the discovery of H. pylori and its key role in the pathogenesis of gastritis, gastric and du-
odenal ulcers (peptic ulcers), and related disorders, the causes of these diseases were unclear.

In this regard, gastric acidity was undisputed, and the most accepted hypothesis attributed 
these diseases to increased acidity. This excess was stimulated by various factors, including 
alcohol abuse, cigarette smoking, certain beverages (coffee, tea, and cola drinks), and various 
medications, particularly anti-inflammatory drugs (NSAIDs, corticosteroids, and salicylates)45. In 
some cases, acute stress (e.g., shock, sepsis, and trauma) was a clear determining factor46. When 
the acute stress is a burn, the definition of Curling’s ulcer was used for gastric or duodenal ulcer-
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ations47, while in other cases the definition of Cushing’s ulcer was preferred48. In addition to acute 
stress, chronic emotional stress appeared to be a common cause of gastritis49.

Stress strongly stimulates vagus nerve activity, resulting in hyperacidity and the aforemen-
tioned pathologies; therefore, in addition to local gastric antacids, vagotomy was a recommended 
therapeutic intervention46.

Overcoming the weak and transient antacid action of local gastric antacids, cimetidine was 
proposed in 1976 as the first H2 antagonist drug50,51, followed by ranitidine in 198152.

In those same years, in 1977, the third International Symposium on Gastric Ion Transport stim-
ulated active study of products that inhibited H/K-ATPase, the so-called proton pump, which led 
to the launch of omeprazole in 1989, and subsequently to other drugs in the same category such 
as pantoprazole and lansoprazole, better known as proton pump inhibitors (PPI)51.

These powerful drugs significantly improved the efficacy of treating gastritis and related con-
ditions but did not change the understanding of these conditions.

Starting in 1983, this view was radically overturned. In fact, in that year the presence of H. pylo-
ri, a spiral bacterium related to bacteria of the Campylobacter genus, was identified in the gastric 
mucosa of subjects with active chronic gastritis53. The correlation between the presence of this 
bacterium and gastritis and peptic ulcers was confirmed in a work the following year54.

The hypothesis that H. pylori could cause gastritis and related complications met with considerable 
resistance. However, further work in which a volunteer became infected with the bacterium and sub-
sequently developed mild gastritis, easily treated with antibiotics55, strongly supported the hypothesis. 
This discovery proved so important that it earned the Nobel Prize in Physiology or Medicine in 200556.

A subsequent study57 has shown an extraordinary frequency of H. pylori infection even in 
modern countries. For example, a systematic review and meta-analysis estimated that, in 2015, 
there were approximately 4.4 billion individuals worldwide with H. pylori infection, with the high-
est prevalence in Africa (70.1%; peaking in Nigeria, 87.7%), and the lowest prevalence in Oceania 
(24.4%) and in countries such as Switzerland (18.9%).

In addition to causing chronic gastritis, H. pylori infection is associated with atrophic gastritis, 
gastric and duodenal ulcers, gastric dysplasia and adenocarcinoma, mucosa-associated lym-
phoid tissue (MALT) lymphomas58-60, non-ulcer dyspepsia, vitamin B12 deficiency, iron-deficient 
anemia, and immune thrombocytopenic purpura61. In particular, H. pylori infection was clearly 
linked to the risk of lower stomach adenocarcinoma62, a finding also confirmed by subsequent 
research63, and to an increased risk of colorectal cancer64. Infection with H. pylori is classified as 
a carcinogenic factor in Group 1 for our species65.

Regarding the consequences of H. pylori infection, the therapeutic indication to eliminate 
this bacterium using an appropriate combination of antibiotics and other substances was soon 
widely shared66,67. This indication remained constant in the following years, even if the choice of 
substances to be used (in particular, bismuth, PPI, amoxicillin, metronidazole, clarithromycin, 
tetracycline, levofloxacin, and rifabutin in various therapeutic regimens) was multiple and varied 
depending on the authors and also the geographical areas68-70.

Figure 1 summarizes interpretations of the causes of gastritis and its consequences before 
and after the discovery of H. pylori. The previous interpretation of various types of stress and oth-
er conditions as risk factors for gastritis and related diseases did not contradict the thesis that H. 
pylori infection was the main cause. Therefore, the above conditions simply became additive risk 
factors to H. pylori infection (e.g., for smoking71,72).

Other evidence about the pathogenicity of Helicobacter pylori

Despite the clear role of H. pylori infection in the pathogenesis of gastritis and related diseases, 
some other facts must be considered:
(i)	 In animal models, H. pylori infection was correlated with a protective effect against allergies 

and chronic inflammatory disorders73-76.
(ii)	 In humans, the absence of H. pylori infection was correlated with a higher incidence of hay 

fever, asthma, and skin allergies in childhood77,78.
(iii)	 In humans, H. pylori infection was correlated with increased resistance to active tubercu-

losis79. However, if a helminth infection is also present, the increased resistance appeared 
questionable or absent80,81.
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These observations can be explained as follows.
For (i) and (ii): If H. pylori infection is more frequent under conditions of lower hygiene than 

modern standards but closer to the ancestral conditions to which our species is adapted, the 
hygiene hypothesis predicts that allergic diseases should be more frequent82-84. Therefore, in both 
cases, there would be no direct relationship between the presence of H. pylori and the onset of 
the aforementioned diseases, but rather dependence on common conditions.

A possible explanation for (iii) is that H. pylori infection induces a T helper type 1 (Th1)-as-
sociated immune response while helminth infection induces a shift toward a T helper type 2 
(Th2)-associated immune response. Furthermore, an effective response against Mycobacterium 
tuberculosis infection requires a Th1-associated immune response. Therefore, the presence of 
H. pylori alone improves resistance against M. tuberculosis, but the simultaneous presence of a 
helminth infection cancels out this increased resistance80.

Moreover, the history of H. pylori infection showed that at the beginning of the twentieth century, 
the microbe was present in the stomachs of almost all individuals. A century later, in Sweden, Ger-
many, and the USA, less than 6% of the children were carriers of the microbe. The use of antibiotics, 
even without therapies targeted to eradicate the microbe, was the probable cause. In fact, a single 
course of therapy with amoxicillin or a macrolide antibiotic, a standard treatment for upper respira-
tory tract infections in children, was sufficient to eradicate H. pylori in 20-50% of cases85.

However, with respect to H. pylori eradication, an increase in cases of gastroesophageal reflux 
disease (GERD) and related conditions, such as Barrett’s esophagus and esophageal cancer, has 
been observed85. In the USA, a study of 78,000 patients who underwent upper gastrointestinal 
endoscopy and histopathological analysis of gastric biopsies found an association between the 
absence of H. pylori and Barrett’s esophagus, which is considered an intermediate condition 
between reflux esophagitis and esophageal adenocarcinoma86. Over the past 30 years or so, the 
frequency of esophageal reflux, Barrett’s esophagus, and esophageal adenocarcinoma has in-
creased in the developed world87-92, coinciding temporally with the decline in the frequency of H. 
pylori infection. The epidemiology of GERD appears to be related to a Western lifestyle, obesity, 
and the disappearance of H. pylori infection93. The estimated prevalence of GERD ranges from 
18.1%-27.8% in North America to 2.5%-7.8% in East Asia, and data indicate an increase in GERD 
prevalence since 1995 (p<0.0001), particularly in North America and East Asia94.

A systematic review and meta-analysis highlighted the correlation between GERD and H. py-
lori eradication95. GERD and laryngopharyngeal reflux cause esophagitis of varying degrees (with 
symptoms such as regurgitation, belching, heartburn, esophageal chest pain, globus sensation, 
asthma, chronic cough, and hoarseness)96 and are associated with a fivefold increased risk of 
developing esophageal adenocarcinoma93.

Figure 1. Before the discovery of H. pylori, gastritis and related diseases were explained as the result of excess 
acidity caused by various types of stress. After the aforementioned discovery, H. pylori infection clearly emerged 
as the main cause.
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Regarding the relationship between the absence of H. pylori infection and gastroesophageal re-
flux (and related diseases), H. pylori-associated inflammation of the antral region (or cardia/upper 
stomach) causes hyperchlorhydria, whereas inflammation primarily affecting the corpus (lower stom-
ach) causes atrophy and hypochlorhydria97,98. The second type of inflammation is the most common; 
therefore, H. pylori-negative individuals have an abnormally high acid output. When some gastric 
acid refluxes into the esophagus, this increased acidity causes reflux esophagitis and its associated 
conditions (esophagitis, increased risk of Barrett’s esophagus and esophageal adenocarcinoma)99.

These considerations align with data from human studies. As H. pylori prevalence has de-
clined in developed countries, the prevalence of gastroesophageal reflux complications (includ-
ing esophagitis, Barrett’s esophagus, and esophageal adenocarcinoma) has increased100,101. 
Many cross-sectional studies have shown an inverse association between H. pylori status and 
the severity of reflux symptoms and reflux esophagitis, and an even stronger inverse association 
with the prevalence of Barrett’s esophagus and esophageal adenocarcinoma102-105. The strongest 
inverse associations were observed in East Asian populations102.

Regarding esophageal cancer, in 2020 it ranked worldwide 10th by number of cases (604,100) 
and sixth by number of deaths (544,076) - after lung cancer, liver cancer, stomach cancer, female 
breast cancer (684,996 deaths), and colon cancer (576,858 deaths) - with a death-to-case ratio 
of 90.06%106.

There are two common subtypes of esophageal cancer, each with distinct risk factors:
—	Esophageal squamous cell carcinoma, which appears to be related to heavy drinking and 

smoking in high-income countries and to nutritional deficiencies, nitrosamines107, and betel 
quid chewing, consumption of pickled vegetables, and very hot foods and beverages108 in low-
er-income countries;

—	Esophageal adenocarcinoma, which accounts for approximately two-thirds of cases in high-in-
come countries, appears to be primarily associated with excess body weight, gastroesopha-
geal reflux disease, and Barrett’s esophagus108. It also appears to be inversely associated with 
H. pylori infection109.
In short, the presence of H. pylori caused gastritis and related diseases (in particular, gastric 

and duodenal ulcers and an increased risk of gastric cancer), but was negatively correlated with 
GERD and related diseases (Barrett’s esophagus and esophageal cancer) and with some dis-
eases, such as allergies and chronic inflammatory disorders in animal models, and in humans, 
hay fever, asthma, and skin allergies in childhood, as well as reduced resistance against active 
tuberculosis and diarrheal diseases.

However, further evidence appeared contradictory and confusing.
In 1992, Holcombe highlighted an epidemiological pattern he called the “African Enigma.” In 

sub-Saharan Africa, including Nigeria, Gambia, and Côte d’Ivoire, antibodies against H. pylori 
were present in half of subjects under 10 years of age and in 80% of adults. Among those with 
dyspepsia symptoms, the prevalence of H. pylori infection rose to 97%. Histological signs of type 
B antral gastritis were present in 88% of asymptomatic subjects and in even higher percentages 
in subjects with symptoms of dyspepsia. Duodenal ulcers were less common in northern Nigeria 
than in the UK, and gastric ulcers were rare (six to 30 times less common than duodenal ulcers), 
despite the higher prevalence of H. pylori infection. There was also a clear contrast between the 
histologically documented gastritis, present in 90% of Africans, and the rarity of gastric ulcers. In 
Nigeria, gastric cancer, which is associated with H. pylori infection in Western populations, was 
rare110. The African enigma still exists in 2024, although there have been attempts to explain it as 
the effects of particular strains of the bacterium or peculiarities of the African diet111; however, a 
plausible explanation is given below.

In 2006, other seemingly inexplicable data were obtained from observations in Asian popula-
tions. In less developed countries such as India, Pakistan, Thailand, and Bangladesh, H. pylori 
infection rates ranged from 55% to 92%. In contrast, in China and Japan, H. pylori infection prev-
alence was 44% and 55%, respectively. However, while the incidence of gastric cancer in India, 
Bangladesh, and Thailand was 10.6, 1.3, and 7.1 per 100,000 individuals, respectively, in China 
and Japan it was estimated to be 32-59 and 80-115 per 100,000 individuals, respectively. That 
is, there was a clear and inexplicable inverse correlation between the presence of H. pylori and 
the incidence of gastric cancer (“Asian enigma”)112. In North India, a similar inverse correlation 
between high incidence of H. pylori infection and relatively low incidence of gastric cancer was 
found (“Indian enigma”)113.
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Regarding the African and Indian enigmas, there have been attempts to deny their existence 
or to explain them as a consequence of particular conditions114,115. However, these works seem to 
add complexity and variation by considering the epidemiological framework of populations with 
varied living conditions, which does not contribute to clear data assessment.

Additional data were provided by a study on the number of gastric cancer, gastric ulcer, and 
duodenal ulcer cases from 1800 to 1920 in four hospitals in Scotland and three in the US116. These 
diseases were rare or unreported at the beginning of the nineteenth century. Subsequently, the 
incidence of gastric cancer and gastric ulcer gradually increased from the mid-nineteenth centu-
ry, while the cases of duodenal ulcer began to increase from the end of the nineteenth century. 
In subsequent studies117,118, the same pattern was shown for France, Germany, the Netherlands, 
Scotland, Spain, Sweden, Denmark, England & Wales, Italy, Japan, and Switzerland. This could 
be defined as “European enigma”.

Another enigma (“large, free-living feline enigma”) was the cheetah (Acinonyx jubatus) and its 
species-specific gastric Helicobacter (H. heilmannii). The infection caused by this bacterium led 
to chronic gastritis, related illnesses, and even death in zoo-dwelling felines, but was not known 
to cause problems in wild felines119.

These observations in cheetahs fell within a more general framework in which species relat-
ed to H. pylori were widely distributed in mammalian hosts, including marine mammals - each 
with its own species-specific Helicobacter120,121, caused an inflammatory response in the host (a 
chronic, benign form of gastritis), which was analogous to that of H. pylori in humans, but was 
generally not disease-causing121.

The situations previously defined as African, Asian, Indian, European, and “large, free-living 
feline” enigma clearly required an interpretation that could not be based on the simple alternative 
of the presence or absence of H. pylori/H. heilmannii infection122.

Possible interpretations according to Evolutionary Medicine

Mice are routinely infected with the spiral microbe Helicobacter felis, which is equivalent to H. 
pylori infection in humans. In a study, two groups of mice were infected: one with H. felis alone 
and the other with H. felis and the rodent worm Heligmosomoides polygirus. Mice in the first 
group quickly developed severe gastritis, atrophic gastritis, and histological lesions similar to the 
premalignant lesions mediated by type 1 T-helper cells. In contrast, mice in the second group, 
despite the strong presence of H. felis, showed chronic gastritis with a significant reduction in the 
cytokines and chemokines associated with a gastric inflammatory response of type 1 T-helper 
cells, but without developing the other lesions found in the first group123.

In domesticated or captive animals, because parasite eradication is routinely performed, the 
absence of macroparasite infection correlates with the onset of autoimmune diseases6,122,124.

A few years later, in 2005, two human populations with no detectable racial differences 
between them were studied. One lived on the coast of Colombia, in Tumaco, and the other 
inland on the Andes, in Pasto. Both populations had H. pylori in 95% of individuals. Children 
from Tumaco had worm infections (Ascaris lumbricoides and Trichuris trichiura) twice as often 
as those from Pasto, and the overall cancer rate was much lower in the Tumaco population. 
Serum IgE levels were significantly higher in children and adults from Tumaco than in those 
from Pasto. Children from Tumaco “developed higher Th2-associated IgG1 responses to H. 
pylori” than those from Pasto, which, according to the authors, explained the different out-
comes between the two populations125. These results were confirmed in a subsequent study 
on the same populations126.

It is important to explain why H. pylori infection causes gastritis and related pathologies, and 
why helminth infection appears to counteract these consequences. H. pylori elicits a robust 
pro-inflammatory Th1 and Th17 immune response (Th1-dominant immune response), which ex-
plains its damage to gastric tissue127. Conversely, helminth infection diverts the immune system 
reaction toward a Th2 and regulatory response (Th2-dominant immune response), which appears 
to dampen H. pylori-induced inflammation128-130. The effects of immunomodulation vary depend-
ing on the helminth species. Ascaris lumbricoides, Trichuris trichiura, and Schistosoma spp. in-
duce strong Th2 and regulatory T cell (Treg) responses, characterized by the release of IL-4, IL-5, 
IL-13, and IL-10, which suppress the Th1-dominant pro-inflammatory response typically induced 
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by H. pylori131. The Th2-dominant response appears to curb gastric inflammation while allow-
ing the persistence of H. pylori infection. Other helminths modulate the immunological reactions 
triggered by H. pylori differently; overall, helminth infection appears to contain H. pylori-induced 
gastric inflammation without hindering bacterial persistence132.

Another study found that H. pylori infection increases expression of pro-inflammatory IL-1β cy-
tokines (Th1-dominant immune response), which is associated with increased histological inflam-
mation and gastric cancer risk index. This is in contrast to simultaneous H. pylori and helminth 
infection, which shows increased expression of IL-4 and reduced expression of proinflammatory 
cytokines (Th2-dominant immune response), associated with a lower degree of mononuclear 
infiltration and mucosal atrophy in the gastric corpus, and a reduced gastric cancer risk index133.

As the association between H. pylori infection and stomach cancer is well known, it is neces-
sary to consider data regarding this type of cancer.

In 2020, worldwide, stomach cancer ranked sixth in terms of cases (1,089,103) and third in 
terms of deaths (769,793), after lung cancer (1,796,144 deaths) and liver cancer (830,180 deaths), 
with a death-to-case ratio of 70.68%106.

Stomach cancer is classified into two types based on location, pathogenesis, and epidemio-
logical data106:
—	Noncardia (lower stomach) cancer. The main risk factor is H. pylori. Other risk factors include 

alcohol consumption, tobacco smoking, and foods preserved by salting. Possible risk factors 
include low fruit intake, high consumption of processed meat, and grilled or barbecued meat 
and fish134.

—	Cardia (upper stomach) cancer. Generally, it is not associated with H. pylori135; in fact, in some 
populations, there is an inverse correlation136. This type of cancer appears to be related to 
excess body weight and gastroesophageal reflux disease injury, such as esophageal adeno-
carcinoma137.
It should be remembered that the carcinogenic effects on the stomach related to H. pylori 

infection concern noncardia (lower stomach) cancer, and that there are other risk factors for this. 
The incidence of stomach cancer varies greatly depending on geographic area and gender. The 
worldwide incidence is 15.8 per 100,000 for males and 7.0/100,000 for females. The highest inci-
dence rates worldwide are reported in Eastern Asia, with peaks for males in Japan, Mongolia, and 
Korea (48.1, 47.2, and 39.2/100,000, respectively). By contrast, Africa has the lowest incidence 
with values of 5/100,000138, despite the high frequency of H. pylori infections57.

This low incidence of gastric cancer in Africa is associated with a similarly low incidence of 
autoimmune diseases such as inflammatory bowel disease, Crohn’s disease, and ulcerative coli-
tis. The low incidence of gastric cancer and these autoimmune diseases may be explained by the 
high rate of infections with gastrointestinal parasites, which reduce inflammation and thus the risk 
of developing these diseases139. Consistent with this hypothesis, a negative correlation between 
autoimmune diseases and helminth infection has been reported6,140-148.

Limitations

This study review has several limitations. First, the available literature was not assessed using 
a systematic review methodology. Second, the available evidence is heterogeneous in terms of 
study design, populations, and methodological approaches. Third, much of the evidence is ob-
servational and does not allow causal inferences to be drawn. Accordingly, the interpretations 
proposed in this review should be regarded as hypothesis-generating rather than conclusive. 
Further studies are necessary to validate the suggested interpretations, also with a systematic 
consultation of the available literature.

CONCLUSIONS

In modern medicine, we generally consider the relationships between the human organism and 
each interrelated species, studying the effects (whether negative, positive, or neutral) and devel-
oping appropriate interventions when necessary.

From an evolutionary medicine perspective, it is important to consider that our species and 
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all the other interrelated species are part of our holobiont. When analyzing the relationships be-
tween our species and other species within our holobiont, we must not overlook the relationships 
between the component species of the holobiont. All the species within the holobiont constitute 
a complex ecosystem, or rather, a complex set of ecosystems, and an action even on a single el-
ement of an ecosystem can have significant and serious consequences for the entire ecosystem 
and for the health of the host biont, that is, for our own health (Figure 2).

Figure 2. The relationships between each individual of our species and the other species with which we interact in 
the holobiont, i.e., Other Species (OS) 1, 2 .... n. Left side: Current medicine focuses on the relationships between 
our organism and each other species; Right side: Evolutionary medicine considers the whole of our organism (host 
biont) and all the other species (bionts) that make up our holobiont and the relationships between all the species 
of our holobiont.

Regarding our holobiont, and in particular H. pylori, Figures 3-5 schematically illustrate various 
conditions in which alterations occur that affect, among other things, H. pylori. These alterations, 
combined with other possible alterations of the holobiont, cause epidemics of mild and serious 
diseases and even fatal diseases.

Figure 3 outlines the state of the holobiont under ancestral living conditions, where the com-
ponents of the holobiont are balanced due to long co-evolution. In the diagram, the relationships 
between the species considered are highlighted in green, indicating normality and the absence 
or rarity of the pathological conditions.

Figure 5 outlines the state of the holobiont in modern living conditions in developed countries. 
The alterations in the holobiont are numerous and serious, as highlighted in the diagram by 

the prevalence of the red color, an indicator of anomaly and the onset of diseases, even serious 
and fatal ones.

Figure 4 indicates an intermediate condition, specifically one in which alterations result from 
helminth eradication and the use and overuse of antibiotics.

The diseases highlighted in Figure 5 have a large epidemiological impact worldwide with sig-
nificant consequences. For autoimmune diseases, considering only the USA and diseases with 
a number of registered cases > 10,000, the estimated number of cases ranges from 31 million to 
44 million149. In 2016, approximately 700 million cases of allergic diseases such as asthma and al-
lergic rhinitis were estimated worldwide150. Other allergic diseases also contribute substantially to 
this burden⁶. Similarly, gastritis, duodenal and gastric ulcers, GERD, gastric cancer, esophageal 
cancer, and other related diseases represent an important global health burden, as indicated by 
the epidemiological data presented above.
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Figure 3. Ancestral condition (evolutionary “normal” condition; e.g., (i) in hunter-gatherer populations; (ii) partially, in 
many populations of the developing counties; and (iii) in European populations around the first half of the nineteenth 
century) - Presence of both H. pylori and helminths → Chronic benign gastritis; no increase in the incidence of gastric 
or esophageal cancer, and gastric or duodenal ulcer; protection against allergic and autoimmune diseases.

Figure 4. An intermediate condition - Presence of H. pylori but not of helminths (e.g., in European people in the 
second half of the nineteenth century) → Increased incidence of gastric and duodenal ulcer and lower stomach 
cancer, gastric and duodenal ulcer; increasing alterations of the microbial ecosystems of the holobiont and so of 
the risk of allergic diseases.
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These diseases, which undoubtedly pose a significant burden to global health, appear to result 
from serious alterations to the ecosystems of our holobiont, which require careful assessment 
of their primary causes. This is necessary for effective prevention that addresses alterations to 
internal ecosystems, moving beyond actions aimed exclusively or mainly at treating the resulting 
diseases.
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