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ABSTRACT

Introduction: Epidemiological and experimental studies have suggested that chronic H. pylori infection may be associated with
colorectal cancer (CRC), a topic of growing interest. The Bradford-Hill criteria are the mainstay of the epidemiological approach
to causal inference. We aim to evaluate the epidemiological evidence based on the Bradford-Hill causality criteria and the asso-
ciation between H. pylori and CRC.

Methodology: A literature review of the databases search: Pubmed, ScienceDirect, Embase, SciELO, Cochrane, and Medline.
There are no limits in a period. Information sources that were coherent with the objectives set were selected.

Results: Applying the Bradford Hill criteria, we can conclude that H. pylori is positively associated with CRC. The current epi-
demiological findings should stimulate future studies to explain how H. pylori interacts with intestinal dysbiosis and the role of
H. pylori eradication in the treatment and prevention of CRC.

Conclusions: H. pylori reasonably meets the Bradford Hill criteria for causality. Further studies are required to consolidate the
data and generate strategies to determine whether H. pylori eradication translates into decreased CRC incidence and mortality
in large populations.

1 | Introduction the world's population [3]. Colorectal cancer (CRC) is the second

cause of cancer death and the third most common cancer world-

Helicobacter pylori (H. pylori) is the primary etiological factor
of chronic gastritis, gastric and duodenal ulcers, gastric mucosa
associated lymphoid tissue (MALT) lymphoma, and non-cardia
gastric cancer (nCGC) [1]. It is considered responsible for 90%-
95% of gastric cancers (GC) (intestinal type), of which more than
800,000 cases occur worldwide each year [2]. It was identified
by Marshall and Warren in 1983 and currently affects 44% of

© 2025 John Wiley & Sons Ltd.

wide, with 2.19 million new cases in 2021, ranking as the most
common gastrointestinal cancer [4]. Likewise, 70%-80% of CRCs
are sporadic, and 10%-20% have a hereditary component such
as Lynch syndrome (3%-4%) or familial adenomatous polypo-
sis (1%), and 1%-2% come from inflammatory bowel disease [5].
Sporadic cases have a very complex, multifactorial origin, with
various risk factors, such as genetic predisposition, environmental
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factors, metabolic alterations, microbiome composition, alter-
ation of the integrity of the intestinal barrier, smoking, alcohol
consumption, fatty liver associated with metabolic dysfunction
(MASLD) and consumption of processed meat [6-10]. Other fac-
tors have also been found, such as ferropenic anemia, obesity,
gastrectomy, and low physical activity [9]. Recently, it has been
determined that it is positively associated with a new indicator,
which is “sociodemographic index (SDI),” varying from 7.39 to
40.52 cases per 105 people if the SDI is low or high, respectively
[8]. The SDI combines several indicators, including total fertility
rate, average education in individuals over 15years of age, and
per capita income [8]. This indicator is related to factors such
as obesity, metabolic dysfunction-associated fatty liver disease
(MASLD), and processed meat consumption. In the last two de-
cades, H. pylori has been implicated as a risk factor for both CRC
[11-16] and its precursor lesions, such as adenomatosis polyps
[17, 18]. The causal link is considered to be related to alterations
in the microbiota and immunology in these microenvironments
[10, 19]. Taking into account the increasingly frequent research
on the possible relationship between H. pylori and CRC, it was
decided to carry out the present work with the aim of analyzing
whether H. pylori meets the Bradford-Hill causality (BHC) crite-
ria [11] for CRC. BHCs are a set of epidemiological principles pro-
posed by epidemiologist Sir Austin Bradford Hill in 1965 to assess
the causal relationship between risk factor and disease [11]. They
are considered especially useful in epidemiological studies where

controlled experiments are not always possible, as is the case
with chronic infections involved in the development of complex
diseases such as cancer [11]. In the context of H. pylori infection
and its possible causal relationship with CRC, BHCs can provide
a structured framework to critically and scientifically assess that
causal relationship. BHCs and their interpretation are shown in
Figure 1.

2 | Methods
2.1 | Aim and Search Criteria

A literature review on causality between H. pylori infection and
CRC was conducted. The stages of the review were as follows:
articles search, selection of articles, and review of the references
of the selected studies. In addition, some of the articles included
in the references of the selected publications were added to the
final selection if they provided information for causality analy-
sis. During the first phase of this review, the initial search was
conducted from February 2015 to April 2024 under the following
parameters: Metasearch engines and databases were: Pubmed,
ScienceDirect, Embase, SciELO, Cochrane, and Medline. The
search keywords were Helicobacter pylori, causality, colonic
neoplasms, and with period: unlimited. Languages: English
and Spanish. Type of studies: analytical observational studies
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FIGURE1 | Bradford-Hill criteria. Source: Authors.
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(case-control, cohort, cross-sectional), randomized controlled
clinical trials, and systematic reviews and/or meta-analyses.

2.2 | Eligibility Criteria

The use of scales of evidence and grading of recommendations
have been published by authors affiliated with world-renowned
institutions. Articles were included that, after the initial search,
upon reading their titles and abstracts individually, met the eli-
gibility criteria described and were consistent with the objective
of this review article.

3 | Results
3.1 | Strength of Association

Epidemiologically, the strength of the association is measured
by the change in the frequency of a disease when introducing
a specific factor in the community, expressed in absolute or
relative terms [12]. The strength of the association is measured
based on the magnitude of the association in terms of OR (odds
ratio) or RR (relative risk) [12]. Different meta-analyses have
found an association between H. pylori and CRC with an OR of
less than 2 [13-17]. Table 1 shows the most recent meta-analyses
on this topic (see Table 1).

These different meta-analyses show an association ranging
from 1.27 to 1.8, which is “weak.” Classically, strong associa-
tions have been considered to be more likely to be causal than
weak ones (cohort RR between 0.5 to 2, cases and controls OR
between 0.33 to 3) [20]. According to the “GRADE Working
Group,” an association is considered strong when the RR ranges
from 2 to 5 or from 0.2 to 0.5 [21]. Globally, when it is less than 3,
there are often hidden or confounding variables, not controlled,
that participate in the final magnitude of association with the
disease or outcome [20]. In contrast, when a strong association
is found, the possibility of an uncontrolled confounder or other
biases can be excluded [20]. So far, the strength of the associa-
tion found between H. pylori and CRC is less than 2. However,
a weak association per se, does not exclude a causal relation-
ship, as recognized initially by Hill [21]. Weak associations exist
when the disease being studied is relatively common [12, 22].
A recurrent example is the causal relationship between smok-
ing and cardiovascular disease [22]. Despite the low magnitude
of the risk, based on multiple investigations, nowadays, no one

TABLE1 | Association between H. pylori and CRC.

would doubt that cigarette smoking is a risk factor for cardio-
vascular disease [22]. Likewise, passive smokers have an RR for
lung cancer of 1.2-1.3. A relatively recent case—control study
found an OR 1.9 (IC: 1.05-3.56) for CRC in patients infected
with H. pylori, which is higher than other known risk factors
for CRC, such as smoking, alcohol, and obesity [23]. Recently,
Shah et al. [24] conducted a retrospective cohort study with a
population sample of over 800,000 individuals to evaluate the
impact of successful treatment of H. pylori on the incidence and
mortality of CRC. Treatment versus no treatment was associ-
ated with lower incidence and mortality from CRC at 15years
of follow-up (absolute risk reduction 0.23%-0.25%). H. pylori (+)
versus H. pylori (—) patients had an 18% higher risk for CRC (ad-
justed hazard ratio 1.18 95% CI 1.12-1.24) and 12% higher (ad-
justed hazard ratio 1.12 95% CI: 1.13-1.34) CRC mortality. The
comparison between untreated versus treated individuals for
H. pylori had a 23% higher incidence of CRC (adjusted HR 1.23
95% CI 1.13-1.34) and 40% higher mortality (adjusted HR 1.40
95% CI 1.24-1.58). Based on these results, the authors concluded
that positive-H. pylori may be associated with a small but statis-
tically significant higher incidence and mortality from CRC. A
population-based study that included 47,714,750 patients with a
follow-up 20years-period demonstrated that the risk of CRC was
OR 1.89(95% CI 1.69-2.10) in the patients who had a diagnosis of
H. pylori infection [25].

3.2 | Consistency

This is interpreted as the replicability of the results [26]. It re-
fers to the fact that the results are similar in different studies,
as well as in different populations and under different circum-
stances [21, 27]. Epidemiologically, a single study is not con-
sidered definitive for medicine evidence-based decision making
and concluded for a hypothesis. The potential of the epidemi-
ological approach in the study of specific causal relationships
lies in the systematic observation of similar findings derived
from a large set of different studies [28]. The basis of this cri-
terion is that the possible cause-effect relationship remains
constant. At the same time, other factors may vary, which is
related to the a priori probability but can also be seen in terms
of confounding variables [21, 27]. If numerous studies carried
out in different places and under different conditions show the
same association between a variable and a disease, this pro-
vides evidence that a confounding variable is not responsible
for the demonstrated association [28, 29]. The consistency be-
tween H. pylori and CRC has been shown from observational

Author/year OR (CI: 95%) References Heterogeneity I?
Xu H/2024 1.80 (1.31-2.47) [13] 95%
MaL/2023 1.48 (1.10-1.99) [14] 70%
Zuo Y/2020 1.70 (1.64-1.76) [16] 97%
Choi DS/2020 1.50 (1.28-1.75) [17] 58%
Yang F/2019 1.27 (1.17-1.37) [18] 45%
Note: Meta-analysis results.
Source: The authors.
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studies and, more recently, based on systematic reviews and
meta-analyses that confirm their weakly positive association
[17, 18, 30, 31]. Currently, it has been found that, like GC, the H.
pylori eradication decreases the risk of CRC [24]. Based on this
latest and engaging study, it could be considered that H. pylori
eradication can reduce the risk of CRC to the same extent as
GC. It is a topic of great interest nowadays due to its significant
epidemiological impact since, in terms of primary prevention of
CRC, it could be a future strategy for simultaneous screening
programs for GC and CRC. However, a recent study carried out
in Sweden did not find a decrease in the incidence of CRC with
H. pylori eradication [32]. With a single strategy, such as H. py-
lori eradication, benefits could be obtained for these two types
of cancer, which have high mortality worldwide.

3.3 | Specificity

Specificity refers to whether a cause produces a single effect [21].
In this sense, a relationship is specific if it is associated with the
outcome being studied and not with others, and conversely, if that
outcome is only due to the factor being studied and not to others
[27, 33]. Specificity originated in Robert Koch's postulates to eval-
uate causality in infectious diseases when the outcome is based on
the state of exposure, such as, for example, by the presence of the
tuberculosis bacillus [28]; but actually, in epidemiology, it is un-
common since exposure can cause different outcomes; likewise,
an outcome can be the result of different causes [32, 34]. In the case
of the tuberculous bacillus, the disease “tuberculosis” will occur
if there are other simultaneous exposures, such as overcrowding,
malnutrition, or alcoholism [34]. In this example, the relationship
with alcohol is also nonspecific in TB because this substance, like-
wise, has different outcomes or consequences. Thus, when expo-
sure can produce multiple outcomes and the outcome can be due
to different exposures, the concept of specificity, as it was initially
proposed, has limited utility and would be an invalid or obsolete
concept [28]; since knowledge has advanced, many diseases have
different causal factors, which are not specific, as occurs for exam-
ple with cirrhosis secondary to alcohol, a substance that also has
other effects such as dilated cardiomyopathy and this, in turn, has
other causes as does chronic pancreatitis. Thus, there is no longer
specificity in the causal agent nor the outcome; therefore, speci-
ficity, according to its initial conception, is a weak and irrelevant
criterion from the epidemiological point of view [35]. However, by
going deeper and analyzing the concept, it can have new impli-
cations on interpretations in the context of a broader integration
according to the current conception that diseases, in addition to
exposure to the causal agent, must also exist in susceptibility and
the concurrence of various factors, since pathological conditions
are actually multifactorial. Although there are necessary causes,
these are usually insufficient [32-34]. This was conceived in
Rothman's approach when he stated that a sufficient cause could
be made up of multiple components and causes so that an outcome
occurs. In this way, there may be more than one accurate cause so
that the result can occur through various pathways [33]. In this
sense, specificity refers to how a vital component is in relation to
others, also known as rate difference etiological fraction or attrib-
utable risk [36].

H. pylori is mainly known for its causal role in GC and other
gastroduodenal diseases [1]. GC has many risk factors, including

genetic predisposition, salt consumption, low consumption of
vegetables and fruits, smoking, and chronic gastritis-mediated
H. pylori. Among the different risk factors involved, H. pylori
has an attributable risk of 90%-95%; that is, it is responsible for
that number of gastric cancers [1, 3]. Although a relationship
with CRC has been found, the specificity of this association is
low because H. pylori can cause other gastroduodenal patholo-
gies [1]. However, its ability to induce chronic inflammation in
the stomach, alter acid secretion, induce increased gastrin, and
modify the microbiota in the lower digestive tract could be con-
sidered a key causal agent in the pathogenesis of CRC [37-40]. In
this way, H. pylori infection, like other infectious diseases, can
cause an individual to harbor a microorganism as an asymptom-
atic carrier. In contrast, the presence of genetic, epigenetic, and
environmental factors can develop specific diseases. In other
words, the presence of H. pylori could be a non-sufficient cause
for the development of CRC [12]. For GC, it is a necessary but
not sufficient cause since less than 4% of those infected develop
that tumor [1].

Also, there are other factors that may interact with H. pylori to
generate CRC. The interaction between diabetes mellitus, smok-
ing, body mass index (BMI), and H. pylori infection in the context
of CRC risk is complex and multifactorial. Diabetes mellitus and
H. pylori are among the best described. The study by Hu et al.
[41] found that individuals with both elevated hemoglobin Alc
(HbA1c) levels and H. pylori infection had a significantly higher
risk of developing colorectal adenomas compared to those with
only one of these conditions. This suggests that hyperglycemia
may exacerbate the carcinogenic potential of H. pylori. Smoking
has been shown to modify the risk of advanced colorectal neo-
plasia associated with H. pylori infection. Specifically, younger
individuals (< 50years) with a history of smoking and H. pylori
infection have an increased risk of advanced colorectal neopla-
sia compared to non-smokers. This indicates that smoking may
potentiate the carcinogenic effects of H. pylori, possibly through
mechanisms involving increased DNA damage and altered im-
mune responses [42, 43]. While the direct interaction between
BMI and H. pylori in the context of CRC is less clear, BMI is a
known risk factor for various cancers, including CRC. The lit-
erature suggests that both low and high BMI can be associated
with increased cancer risk, although this has been more exten-
sively studied in the context of gastric cancer. The role of BMI
in CRC risk in the presence of H. pylori infection remains to be
fully elucidated [44].

3.4 | Temporality

This is one of the most important criteria for establishing cau-
sality: exposure must precede the development of the disease
[28]. It is particularly relevant in slow-developing diseases, as
exposure must precede the disease [39]. In studies investigat-
ing the relationship between H. pylori and CRC, it is essen-
tial to demonstrate that chronic infection by this bacterium
occurs before the development of cancer. Temporality is key
to supporting the hypothesis that H. pylori contributes to a
chronic inflammatory environment that could favor carcino-
genesis in the colon and rectum. H. pylori infection is usually
acquired in childhood, before 10years of age [45], and CRC
appears in the 5th or 6th decade, so there would be no doubt
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about temporality. This positive association has been proven
in different epidemiological studies, primarily prospective, ex-
cluding the possibility of reverse causality [30, 38-40]. This
type of causality is also known as the direction fallacy, such
as that argued by tobacco companies, who argued that tobacco
did not cause lung cancer but rather induced patients to smoke
to reduce pain [43, 46].

3.5 | Biological Gradient

This refers to the fact that with greater exposure, there will be a
greater risk of presenting the outcome or disease with a unidirec-
tional dose-response curve [21]. In this regard, Hill considered
that “if a response to the dose is documented, it is more likely
that there is a causal relationship” [21, 27]. Exposure should be
measured in terms of duration of exposure, average intensity of
exposure, and integration of these two factors, which will give a
measure of total exposure [22, 27]. However, associations that do
not show a monotonic trend in the frequency of the disease with
increasing levels of exposure do not necessarily invalidate cau-
sality since more complex “dose-response” relationships may
exist, and studies in recent decades have shown that a “mono-
tonic dose-response” curve is too simplistic for most causal
relationships [28]. For example, innate immune responses can
repair, eliminate, or reverse molecular changes produced by low
levels of exposure [28]. Likewise, with such exposures, adaptive
epigenetic changes may occur with greater or lesser expression
of a disease [34]. Conversely, confounding factors may generate
a monotonic relationship between a non-causal risk factor and
the disease if the confounding factor per se demonstrates a bio-
logical gradient in its relationship with the disease [4, 28, 35, 45].
The exposure, in conjunction with its temporal precedence, is
expected to show a latent period curve, as would be appropriate
in a circumstance in which a single brief exposure is respon-
sible for a disease [37]. The presence of a response dose effect
traditionally supports a causal relationship between an agent
and effect. Some studies suggest that patients infected with H.
pylori strains that express virulence factors, such as cytotoxin-
associated protein (cagA) and Vacuolating cytotoxin A (VacA),
or who present premalignant gastric lesions have a higher prob-
ability of association with CRC [40, 42, 43, 46].

3.6 | Biological Plausibility

Biological plausibility examines whether there is a pathophys-
iological mechanism that explains how the causal agent could
induce the disease [21, 34]. It consists of being able to infer the
causal relationship based on these mechanisms, and as such, it
will depend on the knowledge available on the subject at a given
time; therefore, the lack of plausibility does not rule out causal-
ity since scientific knowledge may be incomplete [47]. Although
the pathophysiological mechanisms underlying the association
between H. pylori and colonic neoplasia are not precise [47, 48],
it has recently been found that the infection has indirect actions
in the process of colonic carcinogenesis through the modula-
tion of the intestinal microbiota, the immune response of the
host, and activation of oncogenic genes, producing changes in
the composition of the microbiome, which favors tumor devel-
opment [19, 49, 50] (Figure 2).

Experimentally, it has been shown that H. pylori infection affects
the intercellular tight junctions, thereby weakening the integrity
of the mucosal barrier and also interfering with the differentia-
tion of mucus-producing goblet cells and overstimulation of the
activator of transcription 3 (STAT3) (Figure 3) [51-56]. In addi-
tion, it induces a pro-inflammatory response with loss of Treg
lymphocytes (LTreg), which then differentiate into forkhead
box protein 3 gene (FOXP3) and Interleukin-17A (IL-17A) [51].
H. pylori produced changes in the microbiota, favoring the ap-
pearance of mucolytic bacteria, pro-inflammatory bacteria, and
other pro-carcinogenic bacteria [51]. The changes induced in
the microbiota and the immune system, together with the alter-
ation of the mucosal barrier, are changes also observed among
the mechanisms of colon carcinogenesis in humans [54-56]. H.
pylori, through CagA, is the main oncogenic factor in gastric
carcinogenesis and can activate multiple canonical and non-
canonical constitutive signaling pathways (Figure 4). In this
regard, modulation of the phosphoinositide 3 kinase (PI3K)/
Akt/mammalian target of rapamycin (mTOR) pathway (PI3K/
AKT/mTOR), Janus kinase-signal transduction and activation of
transcription (JAK-STAT) pathway, Mitogen-activated protein
kinase (MAPK), Nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB), Rat Sarcoma (RAS), proto-oncogene
B-Raf (BRAF), Wnt/B-catenin signaling pathway, and Hippo
pathways through phosphorylation and non-phosphorylation
has been described [57]. The alteration of these fundamental
pathways results in decreased cell polarity and adhesion and
changes in morphology, proliferation, and motility [58]. In the
colonic carcinogenesis model, several of these pathways are al-
tered, mainly PI3K/AKT/mTOR, Transforming growth factor
(TGF)-B, WNT/B-catenin, and RAS/proto-oncogene, serine/
threonine kinase (RAF)/mitogen-activated extracellular signal-
regulated kinase (ERK) kinase (MEK)/ERK signaling pathway
(RAS/RAF/MERK/ERK) have been described [59] (Figure 3).
Although it is not clear whether these pathways are activated
simultaneously under chronic inflammation by H. pylori, they
are shared in carcinogenesis for both the colon and the stomach.
These circuits form an intricate and complex network of cellular
signaling that dictates the malignant phenotype, the immune
response, and the tumor microenvironment (TME), which influ-
ences the efficacy of therapeutic options [59].

On the other hand, in gastric carcinogenesis, genetic alter-
ations such as chromosomal aneuploidies, mutation of the P53
gene (38%-45%), deletion of p53 (60%), microsatellite instabil-
ity (27%), and mitochondrial microsatellite instability (33%)
have been observed [51]. H. pylori can produce genetic changes
through reactive oxygen species (ROS). Similarly, the bacteria
induce aberrant expression of activating cytidine dismutase
(AID), which is renowned as the DNA and RNA editor, a cru-
cial protein in antibody-mediated immunity due to the varia-
tion in affinity for antigens, allowing high-affinity B cells to
differentiate into plasma cells and produce antibodies in the
germinal centers of B cells through a mechanism known as
somatic hypermutation that produces changes in the DNA of
genes associated with the regulation of Ig in B cells [51]. In
this scenario, AID is involved in mutations of the P53 and APC
(Adenomatous Polyposis Coli) genes in gastric epithelial cells,
which means a relevant phenomenon in the development of
adenocarcinoma [51]. APC is a tumor suppressor that includes
functions in the regulation of chromosome segregation and
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FIGURE2 | Possible mechanism of colonic carcinogenesis mediated by H. pylori. Source: The authors.

cell division, migration, adhesion, and apoptosis; in addition,
its primary function is defined as the negative control of the
WNT signaling pathway [52]. In colon carcinogenesis, it has
been described that the mutation in the APC gene is consid-
ered critical for its initiation and progression in CRC [53]. Its
participation in the WNT/@B-catenin pathway has been widely
described since it is part of the canonical constitutive pathway
in the formation of the {3-catenin destruction complex com-
posed of the proteins AXIN, PI-4,5-P2-sensitive casein kinase
Ia (CKIa), APC, and glycogen synthase kinase-3 beta (GSK-3
beta) that prevents its translocation to the nucleus and exerts
the transduction of significant genes in the carcinogenic pro-
cess [52].

In the same sense, GC it has been seen that aberrant DNA
methylation accompanies global hypomethylation and local
hypermethylation, which are associated with genomic in-
stability and inactivation of tumor suppressor genes [54]. H.
pylori infection increases CpG island methylator phenotype
(CIMP) positivity [55], which leads to H. pylori causing ab-
errant DNA hypermethylation of specific genes, followed by
CIMP induction during gastric carcinogenesis [51]. This find-
ing is interesting, given that in CRC, there is also high micro-
satellite instability (MSI) in 15% [55] and genomic instability
whose mutations in fundamental genes in the control of mito-
sis, DNA damage repair, centrosome structure and function,
and other processes in DNA replication have catastrophic
consequences in colorectal carcinogenesis [60]. H. pylori has
been shown to have an influence on MSI in GC by reducing

the level of MutL (hMLH1 and hPMS2) and MutS (hMSH?2 and
hMSH6)/dMMR (deficiency mismatch repair) proteins respon-
sible for DNA repair [61]. CRC also has elevated MSI [62], and
it would be interesting to explore in future studies whether this
is generated by H. pylori infection. On the other hand, in the
survey conducted by Jia et al. [59], they have shown that H.
pylori infection is an unfavorable factor for immunotherapy in
CRC and esophageal squamous cell cancer with microsatellite
instability-high/mismatch repair deficient (MSI/Dmmr) phe-
notype with deficiency for DNA repair. Other studies showed
that H. pylori infection affects the immunotherapy in CRC
[49, 63]. The possible mechanism of action is to decrease can-
cer's sensibility and reactivity to ICIs, which is the result of the
low anti-CTLA-4 and anti-PDL-1 therapy [49, 63].

Also, studies have shown that serologic responses to certain H.
pylori proteins, such as VacA and CagA, are associated with an
increased risk of CRC. For instance, Butt et al. found that sero-
positivity to H. pylori VacA was associated with an increased
risk of CRC, particularly among African Americans. This sug-
gests that specific antibody responses could reflect exposure to
more virulent strains of H. pylori, which may contribute to col-
orectal carcinogenesis [42].

Some authors suggest that H. pylori infection has linked an-
tigen levels to colonic carcinogenesis. In this sense, the study
conducted by Genua et al. [64] demonstrated that the asso-
ciation between levels of H. pylori antigens and CRC risk is
gradually decreased with adenoma progression, which reveals
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the role of the early detection of the immune response and its
repercussions in the polyp stage. In this context, the immune
response with antibody levels to specific bacterial antigens is
essential for the development of biomarkers that detect early
stage neoplasia. As hypothesized, the chronic inflammation
from sustained infection by microorganisms (Streptococcus
gallolyticus subsp. and Fusobacterium nucleatum) favors the
progression of CRC, which is associated with advanced stages
(CRC and adenoma) [64, 65]. This novel evidence allowed an
approach for early detection of antibody response to the bac-
terium, which provided a landscape and timeline of microbial
exposures in colorectal carcinogenesis and benefited the iden-
tification of patients with increased CRC risk for diagnosis in
the early stages of CRC. On the other hand, it is interesting
that H. pylori, with its metabolites, influences and increases
the likelihood of developing polyps [64]. Some mechanisms
have been described; H. pylori can induce mucosal and sys-
temic antibody responses, leading to pro-carcinogenic effects,
although genotoxic and enterotoxic factors by Escherichia
coli and Bacteroides fragilis microorganisms [66]. A recent
study has demonstrated that H. pylori CagA+ modulates CRC
through intestinal flora. In this murine model, the H. pylori
CagA+ infection produces loss of resident cells and infiltra-
tion of immune cells in colorectal mucosa. Moreover, MHC-
II-positive in H. pylori CagA+ colorectal cells and highlevels
of TNF-a, IL-6, IL-8, and IL-10 serum. Finally, gut microbiota
alteration in the distribution reduction in Front-to-Back (F/B
ratio) decreased the a-diversity metric (Chaol and Shannon).
In B-diversity, gut microbiota in control and HP CagA+ groups

progression

| Signaling pathways involved in a possible model of colonic carcinogenesis. Source: The authors.

showed a significant distance based on UniFrac distance.
The CagA+ group was enriched with a higher abundance of
Staphylococcus and Corynebacterium, while control subjects
were enriched in Marinifilaceae and Odoribacter, which were
also observed [67].

Other relevant evidence supports that H. pylori CagA+ strains
are associated with the onset and progression of colorectal le-
sions. Consistent with this idea, Guo et al. [68] showed that
H. pylori CagA+ strains could increase Claudin-2, although
the CDX2-dependent pathwayis implicated in the disrup-
tion of the intestinal epithelial barrier during chronic colitis.
Likewise, Ghayemi et al. [69] concluded that CagA expression
in colorectal cells increased the risk of CRC, and Zhang et al.
found high levels of CagA+ serum in patients with colorectal
adenoma. In addition, adenoma patients with H. pylori CagA+
infection showed high Ki67 expression compared with ad-
enoma patients with H. pylori CagA— infection [70]. CagA+
increases the levels of the pro-survival factor phosphorylated
ERK signal pathway and the anti-apoptotic protein called
MCL1; therefore, it dampens gut epithelial self-renewal by
inhibiting apoptosis [49, 71]. This is very important because
CagA+ is considered an oncoprotein that is the most criti-
cal in gastric carcinogenesis, and this scenario could play a
key role in CRC. CagA+ oncoprotein triggered multiple sig-
nal pathways, both canonical and non-canonical, in both GC
and CRC. Also, VacA (VacA virulence factor) enters cells and
mitochondrial membranes through the formation of chloride
(Cl-) channels, resulting in loss of mitochondrial membrane
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potential, mitochondrial fragmentation, reactive oxygen spe-
cies formation, autophagy [72].

There is evidence of H. pylori infection in the TME of the CRC,
which was identified for molecular assessment. The study car-
ried out by Grahn et al. detected the presence of H. pylori DNA
in 77 CRC samples. The samples were tested by a Helicobacter
species-specific 16S rDNA PCR assay and real-time DNA pyro-
seq of the 16S rDNA variable V3 region, which found H. pylori in
27% of the CRC samples [73].

3.7 | Coherence

The association should not contradict existing and previously
demonstrated knowledge about the natural history and biology
of the disease [21, 22]. This criterion assesses whether the pro-
posed causal relationship is consistent with existing knowledge
about the biology of the disease [22]. Chronic inflammation is
known to be a well-established risk factor for CRC. If H. pylori
is associated with chronic intestinal inflammation, then the hy-
pothesis of a possible causal relationship between the bacteria
and CRC would be consistent with this knowledge. Coherence
assesses whether the proposed causal relationship is consistent
with other knowledge about the biology of the disease. Chronic
inflammation is known to be a well-established risk factor for

CRC. Although H. pylori is associated with chronic intestinal
inflammation, the hypothesis of a possible causal relationship
between the bacteria and CRC would be consistent with this
knowledge.

Itimplies that a cause-and-effect interpretation of an association
does not conflict with what is known about the natural history
and biology of the disease; it may become redundant with bio-
logical plausibility. However, contrary to biological plausibility,
the inferences will deny the possibility that there is a contra-
diction of association [47]. Similar to biological plausibility, the
mechanisms are still not precise and include the participation
of the intestinal microbiota, the effects of H. pylori directly and
indirectly, and the induction of growth in cells of the colonic mu-
cosa [74].

3.8 | Experiment

This criterion is considered the most substantial evidence and
the best way to assess causality [28]. The relationship between H.
pylori and CRC is very complex, and although there is important
information, the mechanisms and verification of these have not
been extensively studied. However, a recent experimental study
in a murine model of APC gene mutants (adenomatous polyposis
coli) (Apc+/min and Apc+/1638N) and Apc+ C57BL/6 mice, as a
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surrogate model for CRC in humans [75] since mutations in the
gene encoding APCs are one of the most critical mutations that
lead to sporadic CRC along with mutations in TP53 and kirsten
rat sarcoma viral oncogene (KRAS) [75, 76]. The study conducted
by Ralser et al. [75] showed that H. pylori infection produced an
almost 2-fold increase in the appearance of CRC, which coincides
with published analytical studies. Underlying this risk, H. pylori
induced significant changes in the immune response and the ep-
ithelial structure of the intestine with a decrease in Treg and an
increase in pro-inflammatory T cells, as well as the activation of
the pro-carcinogenic STAT3 signaling pathway, which promotes
tumor development. When H. pylori was eradicated, a decrease
and normalization of STAT3 levels were found [75]. In infected
animals compared to uninfected animals, there was a marked
decrease in mucus-producing goblet cells, reflecting a reduction
in the integrity of the colonic mucosal barrier. Furthermore,
these alterations indicate that H. pylori induces carcinogenesis
signaling pathways and also diminishes the mucosal barrier by
decreasing goblet cells and mucus production [75]. Likewise, in
infected mice, alterations in the composition of the microbiota
were found, with the appearance of mucus-degrading bacteria
(Akkermansia spp. and Ruminococcus spp.) and others that have
been linked to colon carcinogenesis [77]. In this respect, H. pylori
produced changes in the microbiota, favoring the appearance of
mucolytic bacteria, pro-inflammatory bacteria, and other pro-
carcinogenic bacteria [75].

Additionally, the H. pylori eradication prevented the CRC-
promoting effects. Infected mice received treatment with

clarithromycin, metronidazole, and omeprazole. Changes in the
microbiota and immune system, as well as disruption of the mu-
cosal barrier, have also been observed among the mechanisms
of colon carcinogenesis in humans [54-56]. A key finding of this
research was that H. pylori eradication normalized the tumor
phenotype in these murine models, suggesting that the adverse
effects of infection are potentially reversible. This reversibility
would have important public health implications since H. pylori
eradication therapy would not only be beneficial in preventing
gastric cancer but also in reducing the risk of CRC and, in the fu-
ture, could be part of CRC prevention strategies, similar to what
is currently done with GC [78].

3.9 | Analogy

This criterion is linked to the criteria of plausibility and coher-
ence. According to this criterion, there must be a similarity be-
tween the mechanisms considered in the causal relationship with
other situations in which the same outcome also occurs when ex-
posed to different risk factors [11]. Recently, Ralser et al. [51] con-
firmed that H. pylori infection in murine models with mutations
in the APC gene produces alterations in the intestinal microbiota,
which trigger molecular mechanisms that activate proinflamma-
tory and carcinogenic pathways, promoting the accelerated devel-
opment of CRC. Proliferative factors such as STAT3, NF-xB, and
WNT signaling pathways are activated by signals from epithelial
cells and immune cells, triggering chronic inflammation, a mech-
anism classically known in the genesis of sporadic CRC [79] and

TABLE 2A | Bradford Hill criteria in the relationship between H. pylori and CRC.

Criteria Fulfilled Comments
Strength of Association Yes. Although the magnitude of the association is weak (less than 3), this does not exclude
OR and RR causality because in diseases that are frequent and multifactorial, the strength of
1.4-1.9 the association is usually weak, as is the case with smoking and lung cancer
Consistency Yes In different studies, with different methodologies and different places,
an association between H. pylori and CRC is found. These similar results
could exclude hidden and uncontrolled confounding variables
Specificity No Today, specificity, that is, that an agent causes a single effect and vice versa,
is obsolete since an agent can cause various diseases and these, in turn, are
multifactorial. H. pylori induces changes in the microbiota, which would be a risk
factor that, together with others, leads to CRC. Specificity is currently irrelevant
Temporality Yes H. pylori infection is acquired before the age of ten, and CRC appears in
the 5th or 6th decade, so there would be no doubt about temporality
Biological Gradient Yes Some studies suggest that patients infected with H. pylori strains expressing
virulence factors, such as CagA and VacA, or who have premalignant gastric
lesions are more likely to be associated with CRC. The more frequently
infected with CagA and VacA-positive strains, the higher the risk of CRC
Biological Plausibility Yes H. pylori induce changes in the microbiota and activation of immune system

signaling pathways, as well as deterioration of the mucosal barrier with a decrease
in goblet cells. These changes in an inflammatory environment constantly
activate carcinogenic pathways like those found in patients with sporadic CRC.
CagA+ increases the levels of the pro-survival factor phosphorylated
ERK signal pathway and the anti-apoptotic protein (MCL1), therefore
dampening gut epithelial self-renewal by inhibiting apoptosis. Therefore,
eradication of H. pylori decreases the incidence and mortality from CRC

Source: The authors.
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TABLE 2B | Bradford Hill criteria in the relationship between H. pylori and CRC (Contin).

Criteria Fulfilled Comments

Coherence Yes The published evidence from experimental findings on the mechanisms by
which H. pylori infects CRC does not contradict accepted evidence on the

mechanisms operating in the carcinogenesis of sporadic CRC in humans

In a murine model featuring the APC knockout gene, H. pylori infection expedited the onset of

CRC. The immunological responses were marked by a decline in regulatory T lymphocytes and

arise in pro-inflammatory T cells, alongside the activation of carcinogenic signaling pathways
(STAT3) and a decrease in goblet cells. Eradicating H. pylori in infected subjects halted these

Experiment Yes

developments and, in some cases, even reversed them. Conversely, H. pylori CagA+ strains
induce gut microbiota dysbiosis, resulting in the degradation of the intestinal barrier, which
contributes to CRC by promoting the colonization of Staphylococcus and Corynebacterium.
Changes in microbiota composition were observed, including the emergence of mucus-
degrading bacteria (Akkermansia spp and Ruminococcus spp) and other species correlated with
colon carcinogenesis. H. pylori-induced shifts in microbiota, favoring the growth of mucolytic
bacteria, pro-inflammatory bacteria, and other pro-carcinogenic microorganisms. H. pylori
infection was confirmed through molecular testing in the TME of CRC in 77 samples

Analogy Yes

The changes produced by H. pylori in the colonic microbiota, as well as inflammation

and carcinogenic pathways, are like those found in CRC sporadic and are
related to other risk factors (obesity, metabolic syndrome, and others)

Source: The authors.

also that which occurs with inflammatory bowel disease [80, 81],
that associated with metabolic syndrome and fatty liver associ-
ated with metabolic dysfunction [82]. GC also appears in an en-
vironment of chronic inflammation that progresses to precursor
conditions such as atrophy, intestinal metaplasia, and alterations
in the microbiota [1], In a multifactorial process with inflamma-
tory and procarcinogenic immune alterations, as has been found
experimentally in CRC [67, 75].

For decades, it has been shown that H. pylori treatment decreases
the incidence and mortality of GC by stopping or attenuating the
inflammatory cascade [83-86]. Similarly, H. pylori infection pro-
motes the appearance of adenomatous polyps in the colon and
CRC [64, 87]; therefore, its eradication reduces the incidence and
mortality of CRC [24] by decreasing the proinflammatory im-
mune response, microbiota disruption, and carcinogenic signal-
ing pathways [20, 51], as recently demonstrated by Ralser [75].

4 | Summary and Conclusions

Based on different publications from the last two decades, we
consider that H. pylori is positively associated with CRC and
reasonably meets the current conception of the BHCs [32, 34].
Further studies are required to consolidate the information and
generate strategies to determine whether the eradication of H. py-
lori translates into a decrease in the incidence and mortality from
CRC in large populations. Table 2A and Table 2B summarize the
evidence on the causal role of H. pylori as a promoter of CRC.

Author Contributions

W.O.R. conceived the study's idea and edited and supplemented the ini-
tial version of the paper with J.S.F.-O., A.R., HM.-F,, L.O.-P,, J.A.U.,
J.D.P-M., and E.O.-R. All authors contributed to all steps of the

preparation of the paper and gave final approval of the version pre-
sented. All authors read and approved the final manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing is not applicable to this article as no new data were created
or analyzed in this study.

References

1. P. Malfertheiner, F. Megraud, T. Rokkas, et al., “Management of
Helicobacter pylori Infection: The Maastricht VI/Florence Consen-
sus Report,” Gut 71 (2022): 1724-1762, https://doi.org/10.1136/gutjn
1-2022-327745.

2. C.de Martel, D. Georges, F. Bray, J. Ferlay, and G. M. Clifford, “Global
Burden of Cancer Attributable to Infections in 2018: A Worldwide Inci-
dence Analysis,” Lancet Global Health 8, no. 2 (2020): e180-€190.

3.Y. C. Chen, P. Malfertheiner, H. T. Yu, et al., “Global Prevalence of
Helicobacter pylori Infection and Incidence of Gastric Cancer Between
1980 and 2022,” Gastroenterology 166, no. 4 (2024): 605-619.

4. P. Danpanichkul, K. Suparan, P. Tothanarungroj, et al., “Epidemiol-
ogy of Gastrointestinal Cancers: A Systematic Analysis From the Global
Burden of Disease Study 2021,” Gut 74, no. 1 (2024): 26-34, https://doi.
org/10.1136/gutjnl-2024-333227.

5.P.D. Dunne and M. J. Arends, “Molecular Pathological Classification
of Colorectal Cancer—An Update,” Virchows Archiv 484, no. 2 (2024):
273-285.

6.D.J. H. Tan, C. H. Ng, M. Muthiah, et al., “Rising Global Burden of
Cancer Attributable to High BMI From 2010 to 2019,” Metabolism 152
(2024): 1-2.

7. A. Lewandowska, G. Rudzki, T. Lewandowski, A. Stryjkowska-Gora,
and S. Rudzki, “Risk Factors for the Diagnosis of Colorectal Cancer,”
Cancer Control 29 (2022): 1-2.

10 of 13

Helicobacter, 2025

85U8017 SUOWIIOD BAEa.D 3|eot|dde aup Ag peussnob afe ssolle O 8sn JO S9Nl 10} AeiqiT8uljUO /8|1 UO (SUORIPUOD-PUB-SWSHW0D A8 | 1M AeIq U1 |UO//:SdNY) SUOHIPUCD pue swie | 8y} 88S *[6202/50/22] Uo ARiqiauliuo A8|IMm ‘B]1y0 80 BI1[01eD PepsRAIUN BIOIUOd AQ $Z00L BU/TTTT OT/I0p/L00 A3 1M ARe.q 1 jpuluoy/sdny wolj pepeojumod ‘Z ‘G20z ‘8LESEZST


https://doi.org/10.1136/gutjnl-2022-327745
https://doi.org/10.1136/gutjnl-2022-327745
https://doi.org/10.1136/gutjnl-2024-333227
https://doi.org/10.1136/gutjnl-2024-333227

8. P. Danpanichkul, T. Auttapracha, B. Sukphutanan, et al., “The Bur-
den of Overweight and Obesity-Associated Gastrointestinal Cancers in
Low and Lower-Middle-Income Countries: A Global Burden of Disease
2019 Analysis,” American Journal of Gastroenterology 119, no. 6 (2024):
1177-1180.

9.F. A. Haggar and R. P. Boushey, “Colorectal Cancer Epidemiology:
Incidence, Mortality, Survival, and Risk Factors,” Clinics in Colon and
Rectal Surgery 22, no. 4 (2009): 191-197.

10. C. Lucas, N. Barnich, and H. T. T. Nguyen, “Microbiota, Inflamma-
tion and Colorectal Cancer,” International Journal of Molecular Sciences
18, no. 6 (2017): 28632155.

11. A. B. Hill, “The Environment and Disease: Association or Causation?,”
Journal of the Royal Society of Medicine 108, no. 1 (2015): 32-37.

12. K. J. Rothman and S. Greenland, “Causation and Causal Inference
in Epidemiology,” American Journal of Public Health 95, no. S1 (2005):
16030331.

13. H. Xu, Y. Zhang, Y. Guo, Y. Chen, X. Ju, and X. Guan, “Meta-Analysis
of the Correlation Between Helicobacter pylori Infection and the Risk of
Colorectal Neoplasia,” Alternative Therapies in Health and Medicine 30,
no. 8 (2024): 92-97.

14. L. Ma, W. Guo, Z. Zeng, F. Yang, S. Tang, and Y. Ling, “Colorectal
Cancer Risk in East Asian Patients With Helicobacter pylori Infection:
A Systematic Review and Meta-Analysis,” Medicine (Baltimore) 102, no.
10 (2023): E33177.

15.Y. C. Lee, T. H. Chiang, H. M. Chiu, et al.,, “Community-Based
Gastric Cancer Screening Coupled With a National Colorectal Can-
cer Screening Program: Baseline Results,” Gastroenterology 160, no. 6
(2021): 2159-2161.¢e4.

16.Y. Zuo, Z. Jing, M. Bie, et al., “Association Between Helicobacter py-
lori Infection and the Risk of Colorectal Cancer: A Systematic Review
and Meta-Analysis,” Medicine (Baltimore) 99, no. 37 (2020): 1-2.

17. D. S. Choi, S. I. Seo, W. G. Shin, and C. H. Park, “Risk for Colorectal
Neoplasia in Patients With Helicobacter pylori Infection: A Systematic
Review and Meta-Analysis,” Clinical and Translational Gastroenterol-
ogy 11, no. 2 (2020): e00127.

18. F. Yang, Y. L. Xu, and R. F. Zhu, “Helicobacter pylori Infection and
the Risk of Colorectal Carcinoma: A Systematic Review and Meta-
Analysis,” Minerva Medica 110, no. 5 (2019): 464-470.

19. V. Engelsberger, M. Gerhard, and R. Mejias-Luque, “Effects of Heli-
cobacter pylori Infection on Intestinal Microbiota, Immunity and Col-
orectal Cancer Risk,” Frontiers in Cellular and Infection Microbiology
14 (2024): 1-2.

20. D. A. Grimes and K. F. Schulz, “False Alarms and Pseudo-Epidemics:
The Limitations of Observational Epidemiology,” Obstetrics and Gyne-
cology 120, no. 4 (2012): 920-927.

21. G. H. Guyatt, A. D. Oxman, S. Sultan, et al., “GRADE Guidelines:
9. Rating Up the Quality of Evidence,” Journal of Clinical Epidemiology
64, no.12(2011): 1311-1316.

22.K.J. Rothman and C. Poole, “A Strengthening Programme for Weak
Associations,” International Journal of Epidemiology 17, no. 4 (1988):
955-959.

23.T.J. Kim, E. R. Kim, D. K. Chang, et al., “Helicobacter pylori Infec-
tion Is an Independent Risk Factor of Early and Advanced Colorectal
Neoplasm,” Helicobacter 22, no. 3 (2017): 4-5.

24.8S. C. Shah, M. C. Camargo, M. Lamm, et al., “Impact of Helicobacter
pylori Infection and Treatment on Colorectal Cancer in a Large, Nation-
wide Cohort,” Journal of Clinical Oncology 42, no. 16 (2024): 1881-1889.

25. A. Boustany, S. Onwuzo, A. Almomani, and I. Asaad, “Epidemiology
and Risk of Colorectal Cancer in Patients With a History of Helicobacter
pyloriInfection: A Population-Based Study,” Annals of Gastroenterology
36, no. 2 (2023): 203-207.

26.J. Howick, P. Glasziou, and J. K. Aronson, “The Evolution of Evi-
dence Hierarchies: What Can Bradford Hill's “Guidelines for Causation”
Contribute?,” Journal of the Royal Society of Medicine 102, no. 5 (2009):
186-194.

27. A. G. Gravina, R. M. Zagari, C. De Musis, L. Romano, C. Logu-
ercio, and M. Romano, “Helicobacter pylori and Extragastric Dis-
eases: A Review,” World Journal of Gastroenterology 24, no. 29 (2018):
3204-3221.

28. K. M. Fedak, A. Bernal, Z. A. Capshaw, and S. Gross, “Applying
the Bradford Hill Criteria in the 21st Century: How Data Integration
has Changed Causal Inference in Molecular Epidemiology,” Emerging
Themes in Epidemiology 12, no. 1 (2015): 1-2.

29.K. C. Hu, M. S. Wu, C. H. Chu, et al., “Decreased Colorectal Ade-
noma Risk After Helicobacter pylori Eradication: A Retrospective Co-
hort Study,” Clinical Infectious Diseases 68, no. 12 (2019): 2105-2113.

30. Q. Wu, Z. P. Yang, P. Xu, L. C. Gao, and D. M. Fan, “Association
Between Helicobacter pylori Infection and the Risk of Colorectal Neo-
plasia: A Systematic Review and Meta-Analysis,” Colorectal Disease 15,
no. 7 (2013): 1-2.

31.Y. Zhao, X. Wang, and Y. Wang, “Helicobacter pylori Infection and
Colorectal Carcinoma Risk: A Meta-Analysis,” Journal of Cancer Re-
search and Therapeutics 12, no. 5 (2016): C15-C18.

32. Q. Liu, O. Sadr-Azodi, L. Engstrand, K. Fall, and N. Brusselaers,
“Helicobacter pylori Eradication Therapy and the Risk of Colorectal
Cancer: A Population-Based Nationwide Cohort Study in Sweden,” He-
licobacter 29, no. 6 (2024): 1-2.

33. C. Chen and W. C. Lee, “Attributing Diseases to Multiple Pathways:
A Causal-Pie Modeling Approach,” Clinical Epidemiology 10 (2018):
489-497.

34.N. S. Weiss, “Can the “Specificity” of an Association Be Rehabili-
tated as a Basis for Supporting a Causal Hypothesis?,” Epidemiology 13,
no. 1 (2002): 6-8.

35.S. A. Gross and K. M. Fedak, “Applying a Weight-Of-Evidence Ap-
proach to Evaluate Relevance of Molecular Landscapes in the Exposure-
Disease Paradigm,” BioMed Research International 2015 (2015): 1-2.

36. K. J. Rothman, Epidemiology: An Introduction, 2nd ed. (Oxford Uni-
versity Press, 2012).

37. F. X. Bosch, A. Lorincz, N. Mufioz, C. J. L. M. Meijer, and K. V. Shah,
“The Causal Relation Between Human Papillomavirus and Cervical
Cancer,” Journal of Clinical Pathology 55, no. 4 (2002): 244-265.

38. C. M. Thorburn, G. D. Friedman, C. J. Dickinson, J. H. Vogelman,
N. Orentreich, and J. Parsonnet, “Gastrin and Colorectal Cancer: A Pro-
spective Study,” Gastroenterology 115, no. 2 (1998): 275-280.

39.N. F. de Larrea-Baz, A. Michel, B. Romero, et al., “Helicobacter py-
lori Antibody Reactivities and Colorectal Cancer Risk in a Case-Control
Study in Spain,” Frontiers in Microbiology 8, no. May (2017): 1-2.

40.7J. Butt, M. Jenab, M. Pawlita, et al., “Antibody Responses to Heli-
cobacter pylori and Risk of Developing Colorectal Cancer in a Euro-
pean Cohort,” Cancer Epidemiology, Biomarkers & Prevention 29, no. 7
(2020): 1475-1481.

41. K. C. Hu, M. S. Wu, C. H. Chu, et al., “Synergistic Effect of Hyper-
glycemia and Helicobacter pylori Infection Status on Colorectal Ade-
noma Risk,” Journal of Clinical Endocrinology and Metabolism 102, no.
8(2017): 2744-2750.

42.]. Butt, M. G. Varga, W. J. Blot, et al., “Serologic Response to He-
licobacter pylori Proteins Associated With Risk of Colorectal Cancer
Among Diverse Populations in the United States,” Gastroenterology 156,
no. 1(2019): 175-186.€2.

43. M. Wang, W.J. Kong, J. Z. Zhang, et al., “Association of Helicobacter
pylori Infection With Colorectal Polyps and Malignancy in China,”
World Journal of Gastrointestinal Oncology 12, no. 5 (2020): 582-591.

11 0f 13

85U8017 SUOWIIOD BAEa.D 3|eot|dde aup Ag peussnob afe ssolle O 8sn JO S9Nl 10} AeiqiT8uljUO /8|1 UO (SUORIPUOD-PUB-SWSHW0D A8 | 1M AeIq U1 |UO//:SdNY) SUOHIPUCD pue swie | 8y} 88S *[6202/50/22] Uo ARiqiauliuo A8|IMm ‘B]1y0 80 BI1[01eD PepsRAIUN BIOIUOd AQ $Z00L BU/TTTT OT/I0p/L00 A3 1M ARe.q 1 jpuluoy/sdny wolj pepeojumod ‘Z ‘G20z ‘8LESEZST



44.].Jang, T. Wang, H. Cali, et al., “The U-Shaped Association Between
Body Mass Index and Gastric Cancer Risk in the Helicobacter pylori Bio-
marker Cohort Consortium: A Nested Case-Control Study From Eight
East Asian Cohort Studies,” International Journal of Cancer 147, no. 3
(2020): 777-784.

45. L. G. V. Coelho and M. C. F. Coelho, “Helicobacter Pylori and Col-
orectal Neoplasms: A Concise Review,” Arquivos de Gastroenterologia
58, no. 1(2021): 114-119.

46.Y. Kawahara, M. Kodama, K. Mizukami, et al., “Endoscopic Gas-
tric Mucosal Atrophy as a Predictor of Colorectal Polyps: A Large Scale
Case-Control Study,” Journal of Clinical Biochemistry and Nutrition 65,
no. 2 (2019): 153-159.

47. L. C. Thygesen, G. S. Andersen, and H. Andersen, “A Philosophical
Analysis of the Hill Criteria,” Journal of Epidemiology and Community
Health 59, no. 6 (2005): 512-516.

48.D. L. Weed and L. S. Gorelic, “The Practice of Causal Inference in
Cancer Epidemiology,” Cancer Epidemiology, Biomarkers & Prevention 5,
no. 4 (1996): 303-311, http://www.ncbi.nlm.nih.gov/pubmed/8722223.

49.S.Q. Zhao, H. L. Zheng, X. T. Zhong, Z. Y. Wang, Y. Su, and Y. Y. Shi,
“Effects and Mechanisms of Helicobacter pylori Infection on the Occur-
rence of Extra-Gastric Tumors,” World Journal of Gastroenterology 30,
no. 37 (2024): 4090-4103.

50. C. Zhang, H. Zhang, L. Yu, and Y. Cao, “Helicobacter pylori Dwell-
ing on the Apical Surface of Gastrointestinal Epithelium Damages the
Mucosal Barrier Through Direct Contact,” Helicobacter 19, no. 5 (2014):
330-342.

51. A. Ralser, A. Dietl, S. Jarosch, et al., “Helicobacter pylori Promotes
Colorectal Carcinogenesis by Deregulating Intestinal Immunity and
Inducing a Mucus-Degrading Microbiota Signature,” Gut 72 (2023):
1258-1270, https://doi.org/10.1136/gutjnl-2022-328075.

52. K. He and W. J. Gan, “Wnt/gB-Catenin Signaling Pathway in the De-
velopment and Progression of Colorectal Cancer,” Cancer Management
and Research 15 (2023): 435-448.

53.S. Narayan and D. Roy, “Role of APC and DNA Mismatch Repair
Genes in the Development of Colorectal Cancers,” Molecular Cancer 2
(2003): 1-2.

54.8S.Y.Park, E.J. Yoo, N.Y. Cho, N.Kim, and G. H. Kang, “Comparison
of CpG Island Hypermethylation and Repetitive DNA Hypomethylation
in Premalignant Stages of Gastric Cancer, Stratified for Helicobacter py-
lori Infection,” Journal of Pathology 219, no. 4 (2009): 410-416.

55.L. Zong and Y. Seto, “CpG Island Methylator Phenotype, Helico-
bacter pylori, Epstein-Barr Virus, and Microsatellite Instability and
Prognosis in Gastric Cancer: A Systematic Review and Meta-Analysis,”
PLoS One 9, no. 1 (2014): 1-2.

56. C. R. Boland and A. Goel, “Microsatellite Instability in Colorectal
Cancer,” Gastroenterology 138, no. 6 (2010): 2073-2087, https://doi.org/
10.1053/j.gastro.2009.12.064.

57. H. Wang, M. Zhao, F. Shi, S. Zheng, L. Xiong, and L. Zheng, “A Re-
view of Signal Pathway Induced by Virulent Protein CagA of Helico-
bacter pylori,” Frontiers in Cellular and Infection Microbiology 13 (2023):
24-25.

58.Z.N. Lei, Q. X. Teng, Q. Tian, et al., “Signaling Pathways and Ther-
apeutic Interventions in Gastric Cancer,” Signal Transduction and Tar-
geted Therapy 7, no. 1 (2022): 1-2.

59.K. Jia, Y. Chen, Y. Xie, et al., “Helicobacter Pylori and Immunother-
apy for Gastrointestinal Cancer,” Innovations 5, no. 2 (2024): 1-2.

60. W. M. Grady and S. Markowitz, “Genomic Instability and Colorectal
Cancer,” Current Opinion in Gastroenterology 16, no. 1 (2000): 62-67.

61.J.J. Kim, H. Tao, E. Carloni, W. K. Leung, D. Y. Graham, and A. R.
Sepulveda, “Helicobacter pylori Impairs DNA Mismatch Repair in Gas-
tric Epithelial Cells,” Gastroenterology 123, no. 2 (2002): 542-553.

62. A. M. D. Machado, C. Figueiredo, R. Seruca, and L. J. Rasmussen,
“Helicobacter pylori Infection Generates Genetic Instability in Gastric
Cells,” Biochimica et Biophysica Acta, Reviews on Cancer 1806, no. 1
(2010): 58-65.

63. P. Oster, L. Vaillant, E. Riva, et al., “Helicobacter pylori Infection has
a Detrimental Impact on the Efficacy of Cancer Immunotherapies,” Gut
71, no. 3 (2022): 457-466.

64. F. Genua, J. Butt, T. Waterboer, and D. J. Hughes, “Association of
Antibody Responses to Fusobacterium nucleatum and Streptococcus
gallolyticus Proteins With Colorectal Adenoma and Colorectal Cancer,”
Digestive Diseases and Sciences 68, no. 8 (2023): 3300-3311.

65. M. Schmitt and F. R. Greten, “The Inflammatory Pathogenesis of Col-
orectal Cancer,” Nature Reviews. Immunology 21, no. 10 (2021): 653-667.

66.J. Butt, M. Jenab, J. Werner, et al., “Association of pre-Diagnostic
Antibody Responses to Escherichia coli and Bacteroides fragilis Toxin
Proteins With Colorectal Cancer in a European Cohort,” Gut Microbes
13, no. 1 (2021): 1-14.

67. S. Cui, X. Liu, F. Han, et al., “Helicobacter pylori CagA+ Strains Modu-
late Colorectal Pathology by Regulating Intestinal Flora,” BMC Gastroen-
terology 25, no. 1 (2025): 54, https://doi.org/10.1186/s12876-025-03631-6.

68.Y. Guo, C. Xu, R. Gong, et al., “Exosomal CagA From Helicobacter
pylori Aggravates Intestinal Epithelium Barrier Dysfunction in Chronic
Colitis by Facilitating Claudin-2 Expression,” Gut Pathogens 14, no. 1
(2022): 1-2.

69. S. M. Ghayemi, N. Aboutaleb, G. Yousefi, N. M. Niri, and M. Na-
seroleslami, “Association of D299G Polymorphism of TLR4 Gene and
CagA Virulence Factor of H. pylori Among the Iranian Patients With
Colorectal Cancer,” Medical Journal of the Islamic Republic of Iran 36,
no. 1(2022): 18-19.

70.H. Zhang, Y. Liao, H. Zhang, J. Wu, D. Zheng, and Z. Chen,
“Cytotoxin-Associated Gene A Increases Carcinogenicity of Helico-
bacter pylori in Colorectal Adenoma,” International Journal of Biolog-
ical Markers 35, no. 1 (2020): 19-25.

71. H. Mimuro, T. Suzuki, S. Nagai, et al., “Helicobacter pylori Dampens
Gut Epithelial Self-Renewal by Inhibiting Apoptosis, a Bacterial Strat-
egy to Enhance Colonization of the Stomach,” Cell Host & Microbe 2, no.
4(2007): 250-263.

72.]. Rassow and M. Meinecke, “Helicobacter pylori VacA: A New Per-
spective on an Invasive Chloride Channel,” Microbes and Infection 14,
no. 12 (2012): 1026-1033.

73. N. Grahn, M. Hmani-Aifa, K. Fransén, P. S6derkvist, and H. J. Mon-
stein, “Molecular Identification of Helicobacter DNA Present in Human
Colorectal Adenocarcinomas by 16S rDNA PCR Amplification and
Pyrosequencing Analysis,” Journal of Medical Microbiology 54, no. 11
(2005): 1031-1035.

74.N. Basmaci, A. Karatas, M. Ergin, and G. S. Dumlu, “Association
Between Helicobacter pylori Infection and Colorectal Polyps,” Medicine
(Baltimore) 102, no. 42 (2023): E35591.

75. V. Engelsberger, M. Gerhard, and R. Mejias-Luque, “Effects of Heli-
cobacter pylori Infection on Intestinal Microbiota, Immunity and Col-
orectal Cancer Risk,” Frontiers in Cellular and Infection Microbiology 14
(2024): 1339750, https://doi.org/10.3389/fcimb.2024.1339750.

76. G. Smith, F. A. Carey, J. Beattie, et al., “Mutations in APC, Kirsten-
Ras, and p53 - Alternative Genetic Pathways to Colorectal Cancer,”
Proceedings of the National Academy of Sciences of the United States of
America 99, no. 14 (2002): 9433-9438.

77.J. Wirbel, P. T. Pyl, E. Kartal, et al., “Meta-Analysis of Fecal Metag-
enomes Reveals Global Microbial Signatures That Are Specific for Col-
orectal Cancer,” Nature Medicine 25, no. 4 (2019): 679-689.

78.Y. C.Kuo, H.J. Ko, L. Y. Yu, et al., “Kill Two Birds With One Stone?
The Effect of Helicobacter pylori Eradication in Decreased Prevalence

12 0f 13

Helicobacter, 2025

85U8017 SUOWIIOD BAEa.D 3|eot|dde aup Ag peussnob afe ssolle O 8sn JO S9Nl 10} AeiqiT8uljUO /8|1 UO (SUORIPUOD-PUB-SWSHW0D A8 | 1M AeIq U1 |UO//:SdNY) SUOHIPUCD pue swie | 8y} 88S *[6202/50/22] Uo ARiqiauliuo A8|IMm ‘B]1y0 80 BI1[01eD PepsRAIUN BIOIUOd AQ $Z00L BU/TTTT OT/I0p/L00 A3 1M ARe.q 1 jpuluoy/sdny wolj pepeojumod ‘Z ‘G20z ‘8LESEZST


http://www.ncbi.nlm.nih.gov/pubmed/8722223
https://doi.org/10.1136/gutjnl-2022-328075
https://doi.org/10.1053/j.gastro.2009.12.064
https://doi.org/10.1053/j.gastro.2009.12.064
https://doi.org/10.1186/s12876-025-03631-6
https://doi.org/10.3389/fcimb.2024.1339750

of Gastric Cancer and Colorectal Cancer,” Cancers (Basel) 16, no. 22
(2024): 19-20.

79. M. Song, A. T. Chan, and J. Sun, “Influence of the Gut Microbiome,
Diet, and Environment on Risk of Colorectal Cancer,” Gastroenterology
158, no. 2 (2020): 322-340.

80. O. M. Nardone, I. Zammarchi, G. Santacroce, S. Ghosh, and M. Ia-
cucci, “Inflammation-Driven Colorectal Cancer Associated With Coli-
tis: From Pathogenesis to Changing Therapy,” Cancers (Basel) 15, no. 8
(2023): 1-2.

81. M. J. Waldner and M. F. Neurath, “Mechanisms of Immune Signal-
ing in Colitis-Associated Cancer,” Cellular and Molecular Gastroenter-
ology and Hepatology 1, no. 1 (2015): 6-16.

82.S. Albhaisi and A. J. Sanyal, “Does Nonalcoholic Fatty Liver Disease
Increase the Risk for Extrahepatic Malignancies?,” Clinics in Liver Dis-
ease 17, no. 3 (2021): 215-219.

83.A. C. Ford, D. Forman, R. H. Hunt, Y. Yuan, and P. Moayyedi,
“Helicobacter pylori Eradication Therapy to Prevent Gastric Cancer in
Healthy Asymptomatic Infected Individuals: Systematic Review and
Meta-Analysis of Randomised Controlled Trials,” BMJ 348 (2014): 1-2.

84. A. C. Ford, Y. Yuan, and P. Moayyedi, “Helicobacter pylori Eradica-
tion Therapy to Prevent Gastric Cancer: Systematic Review and Meta-
Analysis,” Gut 69, no. 12 (2020): 2113-2121.

85.J. L. Ma, L. Zhang, L. M. Brown, et al., “Fifteen-Year Effects of He-
licobacter pylori, Garlic, and Vitamin Treatments on Gastric Cancer In-
cidence and Mortality,” Journal of the National Cancer Institute 104, no.
6 (2012): 488-492.

86. W. K. Leung, I. O. L. Wong, K. S. Cheung, et al., “Effects of Helico-
bacter pylori Treatment on Incidence of Gastric Cancer in Older Individ-
uals,” Gastroenterology 155, no. 1 (2018): 67-75.

87.Y. Liu, D. Q. Yang, J. N. Jiang, and Y. Jiao, “Relationship Between
Helicobacter pylori Infection and Colorectal Polyp/Colorectal Cancer,”
World Journal of Gastrointestinal Surgery 16, no. 4 (2024): 1008-1016.

13 0f 13

85U8017 SUOWIIOD BAEa.D 3|eot|dde aup Ag peussnob afe ssolle O 8sn JO S9Nl 10} AeiqiT8uljUO /8|1 UO (SUORIPUOD-PUB-SWSHW0D A8 | 1M AeIq U1 |UO//:SdNY) SUOHIPUCD pue swie | 8y} 88S *[6202/50/22] Uo ARiqiauliuo A8|IMm ‘B]1y0 80 BI1[01eD PepsRAIUN BIOIUOd AQ $Z00L BU/TTTT OT/I0p/L00 A3 1M ARe.q 1 jpuluoy/sdny wolj pepeojumod ‘Z ‘G20z ‘8LESEZST



	Helicobacter pylori and Colorectal Cancer: Meeting Sir Austin Bradford Hill's Causality Criteria
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Aim and Search Criteria
	2.2   |   Eligibility Criteria

	3   |   Results
	3.1   |   Strength of Association
	3.2   |   Consistency
	3.3   |   Specificity
	3.4   |   Temporality
	3.5   |   Biological Gradient
	3.6   |   Biological Plausibility
	3.7   |   Coherence
	3.8   |   Experiment
	3.9   |   Analogy

	4   |   Summary and Conclusions
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References


