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Abstract: The therapeutic management of atherosclerosis focuses almost exclusively on the 
reduction of plasma cholesterol levels. An important role in the genesis and evolution of 
atherosclerosis is played by chronic inflammation in promoting thrombosis phenomena after 
atheroma rupture. This review aims to take stock of the knowledge so far accumulated on the role 
of endemic HP infection in atherosclerosis. The studies produced so far have demonstrated a causal 
relationship between Helicobacter pylori (HP) and CVD. In a previous study, we demonstrated in 
HP-positive patients that thrombin and plasma fragment 1 + 2 production was proportionally 
related to tumor necrosis factor-alpha levels and that eradication of the infection resulted in a 
reduction of inflammation. At the end of our review, we can state that HP slightly affects the risk of 
CVD, particularly if the infection is associated with cytotoxic damage, and HP screening could have 
a clinically significant role in patients with a high risk of CVD. Considering the high prevalence of 
HP infection, an infection screening could be of great clinical utility in patients at high risk of CVD. 
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1. Introduction 
Cardiovascular disease (CVD) caused by atherosclerosis ranks first among the most 

common and most prevalent diseases in the world [1]. At the basis of this pathology, there 
is the atherosclerotic process characterized by a long latency period which involves 
alterations of glucose metabolism, inflammatory and immune factors, alterations of the 
delicate balance existing between the endothelial barrier, and finally, the cascade 
activation of the blood coagulation system (Figure 1) [2]. Furthermore, the role of 
unconventional risk factors, such as that played by the microbiome, has recently been 
observed, indicating that the composition of the intestinal bacterial flora can play a causal 
role in the formation, progression, and complication of atherosclerotic lesions [2]. The 
pathological culmination of this extremely long and insidious process is the degeneration 
and fissuring of the atherosclerotic plaque, which clinically manifests itself with a more 
or less severe acute ischemia of vital organs, which has as its price an increase in disability 
and mortality in the short and middle terms. Cardiovascular events and atherosclerosis 
have different fates among various individuals, also diversifying according to gender. 
Despite that CVD are caused by numerous factors such as lifestyle, nutrition, and 
voluptuous habits of individuals, it is known that these factors alone cannot fully explain 
the dynamics present in these diseases by suggesting the existence of generically 
determined elements that act as constitutive risk factors, which in some cases are gender 
specific [3,4]. The development process of atherosclerosis is based on metabolic changes 
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that gradually start from the age of 20 and concern the molecular processing of lipids, 
although in the presence of metabolic abnormalities such as dyslipidemia, diabetes, and 
obesity, they are also commonly observed in childhood and adolescence, manifesting 
themselves with small subclinical atherosclerotic lesions. The main organic factor of this 
disease is the excessive deposition of lipids in the intima of the arterial walls, which 
determines the formation in the arteries of fibro-lipid plaques, and subsequently, all the 
dramatic upheavals that concern the remodeling and degeneration of the plaque itself. As 
has long been known from the data available in the literature [5,6], vascular events 
originate from the fissure of the plaque, which leads to an anomalous activation of the 
haemo-coagulative cascade and the development of thrombosis [7]. 

 
Figure 1. Major determinates in the atherosclerosis process. 

A fundamental role in the process of atherogenesis is played by the vascular 
endothelium through the synthesis of nitric oxide. Nitric oxide (NO) is an important 
determinant of systemic circulation and actively contributes to modulating processes such 
as the inhibition of platelet adhesion and aggregation and the maintenance of 
physiological pressure inside the arteries [8]. NO therefore hinders the development of 
atherosclerotic plaque [9] and minimizes the proliferation and increase in thickness of 
vascular smooth muscle [10]. From the data available in the literature, it is recognized that 
inflammation is associated with an increased risk of cardiovascular events, regardless of 
cholesterol levels circulating in the blood [11,12]. In order to corroborate this relationship, 
some plasma inflammatory markers such as highly sensitive C-reactive protein (hs-CRP), 
adhesion molecules such as the type 1 soluble intercellular adhesion molecule (sICAM-1), 
serum amyloid A, various cytokines such as interleukin-6 (IL-6) and interleukin-8 (IL-8) 
have been tested as predictors of CVD risk, although the role remains to be defined. 

In the last twenty years, numerous pieces of scientific evidence have correlated the 
chronic systemic inflammatory state with the presence of various infectious pathogens, in 
particular with HP [13–16]. HP is a Gram-negative bacterium, with a microaerophilic 
metabolism able to damage the mucosal barrier of the stomach, causing gastritis, peptic 
ulcer, and eventually gastric cancer [17]. Growing evidence has shown that HP infection 
is associated with extra gastric manifestations such as CVD, but other studies do not find 
this association significant [18–20]. Since there are conflicting opinions in the literature on 
the relationship between HP infection, chronic inflammatory state, and atherosclerosis, 
we believe that a more in-depth study of the evidence is needed. The purpose of our 
review is to shed light on the role of the inflammatory state induced by HP in 
atherosclerosis in order to establish whether the identification of this infection has its 
usefulness and above all, to shed light on the basis of evidence in the literature such as the 
population groups to be screened. 
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2. Methods 
We performed a narrative review, carrying out a search of the literature in PubMed 

related to the topic, identifying the studies published up to December 31, 2022. In order 
to search for the works most relevant to the topic concerning the association between HP 
and atherosclerosis and cardiovascular risk, we used the following search terms in the 
titles and abstracts: (‘Helicobacter pylori’ or ‘H. pylori’ or ‘Helicobacter’ or ‘Campylobacter 
pylori’ or ‘helicobacter infections’) and (‘chronic systemic inflammation’ or ‘myo-intimal 
thickening’ or ‘intima-media thickness’ or ‘carotid atherosclerosis’ or ‘intracerebral 
atherosclerosis’ or ‘systemic atherosclerosis’ or ‘silent atherosclerosis’) or ‘coronary 
atherosclerosis’ or ‘hypercoagulability’. We took into consideration data from the results 
of experimental studies, while comments, case reports, or studies considered repetitive 
and similar in sample or content were excluded. Data extraction and quality assessment 
of the papers were conducted by two reviewers (PC and TC) who independently extracted 
data and assessed the quality of each study. For each pooled article, we collected the first 
author’s name, publication date, study design, study country, HP detection methods, age, 
male ratio, and the number of participants. Any discrepancies of opinion between reviewers 
in research selection, quality assessment, or data extraction were addressed, subsequently 
widening the assessment to the other two authors (GM and OP). The supervision of all the 
work carried out was carried out by MG, the creator and coordinator of the research. 

3. Pathogenesis of Atherosclerosis: The Centrality of Endothelial Integrity 
Atherosclerosis originates from toxic damage to the vascular endothelium linked to 

the accumulation of lipids associated with a persistent inflammatory state that alters the 
production of nitric oxide [20–25] (Figure 1). Nitric oxide (NO) regulates the tone of 
smooth muscle cells and of the vascular wall in response to a stimulus that induces a 
vasodilatory action [25,26]. The endothelium is also an active tissue from a metabolic point 
of view because it is able to produce other molecules with a vasogenic function such as 
prostaglandin I2 and the hyperpolarizing factor derived from the endothelium, and 
molecules with a vasoconstrictor function including endothelin-1, thromboxane A2 ,and 
angiotensin II [27,28]. It is precisely the perfect balance between these molecules that 
maintains endothelial integrity by preventing the oxidative, thrombotic, and 
inflammatory damage underlying CVD. These pathologies depend on the decrease in NO, 
on the decrease in the turnover of vascular smooth muscle cells, and finally, on the loss of 
the endothelial capacity to prevent leukocyte adhesion and platelet aggregation and 
adhesion [29]. The sum of these processes increases vascular permeability by modifying 
the blood flow speed and favors the passage of elements harmful to the organism 
(bacteria, toxins, etc.) [30]. 

3.1. Immune Function of Endothelial Cells and Atherosclerosis 
The mechanisms regulating blood flow and the immune function of the endothelium 

are intimately interrelated [29]. Endothelial cells express immunologically active immune 
system receptors such as Toll-like receptor (TLR) and Nod-like receptor (NLR) proteins 
[31,32]. Toll-like endothelial receptor 4 (TLR4) appears to influence blood flow based on 
the degree of inflammation present [33]. In confirmation of what has been said, a constant 
and turbulence-free blood flow makes arterial endothelial cells insensitive to the passage 
of ligands such as the Toll-like receptor (TLR2), lipopolysaccharide (LPS), and tumor 
necrosis factor (TNF) [33]. 

Furthermore, healthy endothelial cells are capable of producing cytokines and 
chemokines in response to a foreign antigenic stimulus and interleukins with pro-
inflammatory activity (IL-8) through the stimulation of the NOD1/NF-kB system, which 
is activated following stimulation by microorganisms [29]. 
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Endothelial cells can promote immune function and T lymphocyte recruitment by 
acting as antigen-presenting elements as well as the class II major histocompatibility 
complex (MCHC-II) [34]. 

Endothelial cells are capable of engulfing bacteria through the opsonization of their 
particles and complementary activation [35,36]. Endothelial cells are also involved in the 
apoptosis of neutrophils by inducing their phagocytosis under the influence of 
interleukin-1 [37] and in the presence of arachidonic acid in the production of 
antimicrobial peptides [38–40]. 

3.2. Inflammation of Endothelial Cells and Atherosclerosis 
The loss of the normal function of the endothelium largely linked to the decrease in 

the synthesis of nitric oxide (NO) represents the initial moment in the evolution of the 
atherosclerotic process. Subsequently, this is associated with inflammation of the vascular 
wall, induced by the deposition of lipoproteins [29], to the point of attracting leukocytes 
and platelets to adhere to the lesion [41]. The decrease in NO and above all, the decrease 
in eNOS (metabolically active) with respect to the iNOS isoform, increases the 
intraparietal inflammation favored by the release of pro-inflammatory cytokines [29,42]. 
iNOS impairs endothelial function and limits the activity of prostacyclin synthase, 
compromising the vasodilator function of the endothelium [43,44]. Proper NO production 
contributes to low iNOS levels through the inhibition of nuclear-factor-activated B-cell 
(NF-B) signaling, which promotes transcription and production of the iNOS isoform [45]. 

Another mechanism relating to NO and inflammation in the vascular wall involves 
the participation of some lipid mediators. For example, the enzyme phospholipase A2 
(PLA2) induces the release of arachidonic acid by degrading plasma membrane 
phospholipids, thus providing a substrate capable of triggering the inflammatory cascade 
[45]. As we have seen, NO plays a role in the inflammatory cascade, which assumes 
arachidonic acid as its main substrate. This action is related to the enhancement of 
cyclooxygenase (COX) activity, which, by promoting the production of prostaglandins, 
induces inflammation [46–48]. Some data believe that the amino acid L-arginine is 
essential for the production of NO, thus also favoring the regulation of the immune 
response [49,50]. T lymphocytes but above all, macrophages use arginine in a 
differentiated way according to their function [49,50]. 

Moreover, it would seem that the enhancement of the enzymatic activity of arginases 
at the level of endothelial cells is directly proportional to the entity of the inflammatory 
state and to the senescence of the endothelium as well as to the vascular reflux modeling 
[51]. Prostaglandin-2 (PGE2) can also modulate inflammatory activity and at the same 
time contribute to blood flow [52], as well as leukotrienes capable of inhibiting the activity 
of NF-κB and cell adhesion molecules (VCAM-1, ICAM-1), E-selectin, and monocyte 
chemoattractant protein-1 (MCP-1) [53,54]. 

Endothelin-1 (ET-1) is a vasoconstrictor peptide secreted in response to stimulation 
by TNF-α, IL-1, and IL-6 [29,55,56]. 

3.3. Platelets Aggregation and Clotting Formation in Atherosclerosis 
It is known that platelets are unable to adhere to the vascular wall and aggregate with 

each other in the presence of an intact endothelium and without flow turbulence [57]. In 
response to a pro-aggregating stimulus, or under the influence of thromboxane A2 (TxA2) 
and adenosine diphosphate (ADP) response, platelets can attract other cell types and 
continue to aggregate [58], activating glycoprotein IIb/IIIa), which makes it related to 
coagulation factors, and in the form of integrin αIIbβ3 by binding to fibrinogen and von 
Willebrand factor (VWF) [59–61]. The participation of platelets in atherosclerosis does not 
only occur acutely during the rupture of an atherosclerotic plaque but also during the 
genesis of the plaque [59,62] by interacting with the macrophages present at the level of 
the lipid core, contributing to the enlargement of the fibro-lipidic layer [63–65]. 
Furthermore, they interact with monocytes causing a functional transformation that has 
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characteristics similar to those of myofibroblasts, thus contributing to the development of 
the fibrous cap in the context of atherosclerotic plaque [66]. During cap rupture, 
monocyte–platelet complexes play an active role in promoting inflammation through the 
production of cytokines, with a regulatory and chemotactic action towards T lymphocytes 
and natural killer cells [67–70]. This linking activity between inflammatory and 
thrombotic processes is due to platelet factor 4 (PF4), CD40, and migration inhibitory 
factor (MIF) [71,72], under the effect of platelet-activating factor (PAF) produced from 
endothelial cells, monocytes, and platelets themselves. PAF binds to its receptor (PAFR) 
inducing its aggregation [73]. 

4. H. pylori and Pathogenicity 
HP is an extremely common pathogen in the world population that causes chronic 

infection and a consequent persistent inflammatory state characterized by local damage 
to the gastric mucosa but which also has systemic relevance as it is able to constantly 
stimulate the resident immune cells causing the release of cytokines, which have 
characteristics similar to those involved in the processes of atherosclerosis [74–76]. 

The degree of bacterial virulence and the characteristics of the host are very relevant 
in making HP infection generate pathological events [77]. In particular, the genetic 
phenotype of the host likely influences the progression of clinical manifestations 
associated with HP infection. In fact, specific polymorphisms in the genes coding for some 
cytokines (IL-1β, IL-8, IL-10, and TNF-α) cause a more severe infection and a greater 
inflammatory response, as well as being associated with an increased risk of gastric cancer 
[78]. Furthermore, the polymorphisms concerning the genes that regulate the innate immune 
processes, such as those concerning the Toll-like receptor 4 (TLR4), are of great importance 
because the extent of the epithelial damage of the gastric mucosa depends on their function 
[78]. 

4.1. Etiopathogenesis of H. pylori Colonization 
The development of HP infection is mainly due to the conformation of the bacterium, 

the flexibility of the cytoskeleton, and the flagellar movement and occurs in three 
consecutive stages: 
• adhesion and colonization of the gastric mucosa, 
• evasion of the immune response, 
• induction of mucosal damage. 

The tropism for the gastric mucosa is variable and depends, as we have said, on the 
characteristics of the host. In fact, once the stomach has been colonized, HP reaches the 
epithelium via some receptors defined as Tlp, which, by chemotaxis, direct the flagellar 
movement in response to precise chemical signals (urea, lactate, and reactive oxygen 
species) present in the gastric environment [79–81]. Due to the effect of the neutral pH 
induced by ammonia, there is also a reduction in the viscosity of the mucus, which allows 
the bacteria to move freely [80,81]. HP adhesion occurs mainly thanks to the affinity of the 
lipopolysaccharides present on the HP surface with Lewis antigens, surface glycoproteins 
of the gastric epithelium capable of modulating cell–cell adhesion [82–85]. Among the 
proteins of the bacterial wall of HP, we find the blood antigen A binding protein (BabA) 
and the sialic acid binding protein (SabA), which promote adhesion to the gastric cell by 
binding, respectively, to host LeB and LeX [86,87]. SabA, once bound to its receptor on the 
gastric wall, also stimulates an immune response by neutrophil granulocytes, thus 
modulating the intensity of the inflammatory response [88,89]. 

The adhesion of HP to the gastric surface activates the protein complex (T4SS), which 
allows the translocation of cytotoxins including group A-linked cytotoxin (CagA) onto 
gastric epithelial cells. This phenomenon silences host immune recruitment and thus HP 
is able to evade the antigenic response to non-self [90,91]. Another cytotoxin, VacA, 
induces apoptosis of the host cell favoring the formation of vacuoles, which constitute a 
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protective niche in which HP can lodge in the shelter of the immune response [92]. Expression 
of the toxin VacA is common to all strains of HP, while the vacuolating cytotoxin (CagA) is 
usually expressed only by some strains which are associated with the most severe 
inflammatory manifestations [91,93]. 

4.2. Role of Inflammation in H. pylori Infection: From Gastric Mucosa to Systemic Translocation 
Much data has emerged on the correlation between inflammation induced by HP 

infection and pathological conditions characterized by a chronic inflammatory infiltrate 
such as atherosclerosis [94]. The development of systemic diseases related to HP infection 
largely depends on the extent of inflammation triggered by the adaptive immune 
response although studies involving the two main virulence factors have not led to 
conclusive results [95]. This would suggest that the systemic complications of HP depend 
not only on the virulence of the strain but also on how the host immune defenses react to 
the infection and on concomitant external factors such as smoking, diet, and 
environmental factors [95]. The inflammatory response triggered by HP is widely variable 
and can cause local and systemic release of proinflammatory cytokines, or in some cases, 
some strains that have matured lower free-radical-releasing metabolic systems induce a 
milder inflammatory response [96]. 

In other words, depending on their metabolism, some strains of HP can modulate the 
antigenic response and therefore modulate the extent of the inflammatory response [97–
99]. This is largely due to the fact that some strains of HP are able to use superoxide 
dismutase (SOD) and therefore reduce oxidative stress and with it suppress the 
production of proinflammatory cytokines induced by its presence [100], while others 
instead are able to trigger a greater inflammatory response, with the release of cytokines 
(IL-1β and IL-18) [101]. Furthermore, it would appear that HP is able to manipulate the 
host microbiome by modulating hydrochloride-peptic secretion and influencing the 
composition of the gastric mucosal barrier [102,103], interfering with the expression and 
production of mucins [104]. Interestingly, HP is not only able to influence the integrity of 
the gastric barrier and the composition of the local microbiome but also the composition 
of the bacterial flora resident in other systems distant from the gastrointestinal one [78]. 
For this reason, it is assumed that HP can determine pathological manifestations in sites 
distant from the stomach through the translocation of regulatory T cells (Treg) and 
immunologically active molecules which, in the presence of an altered permeability of the 
intestinal barrier, are able to regulate immune tolerance [105]. This phenomenon could 
contribute to the progression of extra-gastric diseases. 

5. H. Pylori and Atherosclerosis 
We have said that the role of HP in extra gastric pathologies is variable, 

multifactorial, and not always obvious. One study demonstrated that HP infection affects 
the ability to release vascular endothelium and consequently, eradication of the infection 
improved endothelium-dependent vasodilation [106]. According to He J. et al. [107], it is 
possible to summarize the main hypotheses supporting the role of HP in determining 
systemic pathologies. Therefore, it is possible to hypothesize that HP induces a systemic 
inflammatory reaction because: 
1. It induces the production of various pro-inflammatory factors (TNF-α, IFN-γ, IL-1, 

IL-2, IL-6, IL-8, IL-1). 
2. It indirectly causes the formation of immune complexes that mimic cross-antigenic 

reactions, common to autoimmune pathological manifestations. 
These are the various mechanisms by which HP would appear to play a role in 

inducing atherosclerosis. Alongside the mechanisms of cytokine activation described up 
to now, at least two other hypotheses of endothelial damage by HP have been identified. 
First of all, it has been observed that the infection associated with CagA positivity is more 
associated with these diseases [108]. The mechanisms through which CagA would be due 
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to the increase in the production of COX-1 and COX-2 at the level of the vascular 
endothelium, thereby stimulating the release of prostaglandins and thromboxane A2 
(TXA2) by prompting platelets to aggregate [108]. It is also possible that an aberrant 
immune reaction, such as that exerted by CagA antibodies on the antigens of the 
endothelial wall, is a determinant element for the fissure of the fibro-lipidic plaque 
[107,108]. 

Myocardial infarction is the most serious manifestation of atherosclerotic processes. 
In this regard, a meta-analysis observed that among the risk factors for heart attack among 
young subjects, there was positivity to HP infection [109]. Also, with regard to the risk of 
atherothrombotic stroke, an epidemiological study demonstrated that HP positivity was 
associated with a greater risk of carotid atherosclerosis in Asian subjects under the age of 
50 [110]. If HP has been directly associated with the progression of carotid atherosclerosis, 
another study has also demonstrated the role of the bacterium in metabolic syndrome and 
how it can also indirectly affect the formation and degeneration of carotid plaques [111]. 
As has already been reported, not all scientific evidence correlates HP infection with 
atherosclerosis, and therefore in the next sections, we will analyze the evidence for and 
against this hypothesis. 

5.1. Experimental Evidence in Favor of the Role of H. pylori in Atherosclerosis 
We have, from a statistical point of view and some studies involving many 

participants, observed that HP infection correlates significantly with myocardial 
infarction and atherothrombotic stroke, but we have not yet mentioned the direct 
evidence of this association [109,110]. 

In this section, we will discuss the direct evidence that has led to the suspicion of HP 
as one of the determining factors in the progression of atherosclerotic manifestations 
(Figure 2). Already in the 1990s, it was postulated that these chronic infections, such as 
those from HP, were associated with a persistent state capable of increasing the 
concentrations of molecules of the acute phase such as fibrinogen and sialic acid [112]. 

 
Figure 2. Evidence in favor of a possible role in H. pylori and atherosclerosis. 

Based on this data, Patel et al. [112] showed that in the group of patients with 
ischemic heart disease, more than 1/3 were seropositive for HP compared to the normal 
population, in the absence of differences in socioeconomic status and risk factors for 
cardiovascular disease. Indeed, high fibrinogen concentrations and total leukocyte counts 
were independently present in HP seropositive men. However, the same author 
suggested that the data was not conclusive and that this relationship could be conditioned 
by true confounding factors, including the presence of a non-specific low-grade chronic 
inflammatory response not strictly dependent on HP. In 1997, Markle et al. [113] 
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hypothesized that there was a potential causal relationship between cardiovascular 
disease and the quality variation in the intraluminal acid content present in conjunction 
with HP-induced gastritis, indicating reduced folate bioavailability. The folate reduction 
in turn led to an inhibition of methionine synthase, increasing the blood concentration of 
homocysteine, known to be another important risk factor for atherosclerosis and 
endothelial damage. Birnie et al. [114] highlight an increase in anti-heat shock proteins, a 
group of acute-phase molecules, in patients with HP infection and coronary heart disease, 
hypothesizing that bacterial exposure leads to a significantly increased risk of coronary 
heart disease by means of an autoimmune process. Pascerì et al. [115] observed that strains 
of HP carrying cytotoxin-associated gene A (CagA) were more common in patients with 
coronary heart disease than in normal individuals for equal risk factors. Therefore, the 
hypothesis that HP may influence atherogenesis through prolonged low-threshold 
systemic inflammation is considered valid. Ameriso et al. [116] found the presence of HP 
by means of immunohistochemical reaction methods in atherosclerotic localizations of the 
carotid artery deriving from subjects undergoing endarterectomy. 

In addition to the direct presence of HP, an immunohistochemical investigation of 
the intercellular adhesion molecule-1 (ICAM-1), a marker related to the inflammatory 
cellular response, was performed. The direct presence of the microorganism in the 
atherosclerotic context was a common characteristic of the male sex and was independent 
of the extent of the neurological symptoms and of the general characteristics of the 
individuals. The authors concluded that HP is associated with the inflammatory cellular 
response with evidence for the relationship between infection and atherosclerotic disease. The 
present study did not ascertain the mechanisms by which HP is able to colonize carotid 
lesions, nor whether the bacterium is transiently or permanently present within the 
atherosclerotic plaque [116]. 

The same study highlighted that there are at least three different scenarios. 
• First, it has been hypothesized that acute infection may precipitate ischemic events, 

especially in individuals with a significant presence of vascular risk factors. The key 
to this phenomenon is due to the transient imbalance of the blood coagulation system 
towards a prothrombotic state. 

• Secondly, HP infection causes a chronic inflammatory state that affects 
atherosclerotic disease, supporting the hypothesis that the presence of 
microorganisms regardless of the site of primary colonization can lead to general 
inflammatory changes that weigh on the progression of atherosclerosis. 

• Finally, it could be possible that some bacteria can influence atherogenesis due to 
direct colonization of the vascular wall or simply because parts of it act as immune 
complexes capable of activating an inflammatory state responsible for the evolution 
of the atherosclerotic plaque [116]. 
Furthermore, an association between male gender and HP in carotid atherosclerotic 

plaques has also been highlighted, for which the predisposing factors would seem to take 
part both in determining gastric lesions and in the evolution of atherosclerosis, exploiting 
a predisposition of the host to develop gastric diseases or to have more marked 
atherosclerosis [117]. The link between inflammation and endothelial dysfunction has 
been taken into consideration by other studies, which have shown that acute phase 
proteins such as inflammatory adhesion molecules and C-reactive protein (CRP) were 
simultaneously elevated during HP infection and endothelial dysfunction [118]. 
Furthermore, chronic HP infection has been shown to correlate with levels of cytokines 
and clotting factors, which are in close relationship with the degeneration and instability 
of the atherosclerotic plaque [118]. The establishment of a hypercoagulable state 
associated with HP infection was the subject of another study [14] in which, starting from 
the assumption that TNF-α, produced following HP infection [119], causes the release of 
tissue factor from endothelial cells and monocytes by activating the extrinsic pathway of 
coagulation. The procoagulant activity of TNF-α has been measured, dosing plasma levels 
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of the prothrombin fragment 1+2 which in turn leads to increased thrombin generation 
[120]. Consolazio et al. [14] demonstrated a significant increase in plasmatic TNF-α and 
F1+2 in HP-positive patients, compared to HP pylori-negative subjects, also observing 
how the eradication of the infection is associated with showing a diminution of all 
parameters, obtaining values observed in patients without HP infection. This result 
suggests that HP is an important inducer primarily of a conical inflammatory state and 
also of a state of hypercoagulability and therefore an added cardiovascular risk factor. 

In conclusion, there is evidence that HP may contribute mildly as a cardiovascular 
risk factor to the progression of atherosclerosis, through the induction of low-grade 
inflammation and a procoagulant state. This contribution is particularly evident in male 
subjects, in the presence of other risk factors, and in the presence of gastritis during the 
activity phase. in particular, CagA-positive HP infection is associated with a mildly 
increased risk of CVD [121]. It would also appear that the eradication of HP achieves to 
some extent the decrease of the hypercoagulable state present in some patients. It still 
remains only in the hypotheses of how HP can lodge in atherosclerotic plaques or how it 
is able to influence endothelial function. 

5.2. Experimental Evidence against the Possible Role of H. pylori in Atherosclerosis 
The coexistence of HP infection with atherosclerosis has generated controversial 

findings on the causal relationship between the conditions over time (Figure 3). However, 
a causal relationship was disproved by findings indicating that commonly shared risk 
factors for HP gastritis and atherosclerosis, such as socioeconomic level with advanced 
age, cigarette smoking, and excess salt in the diet, can be confounding factors that deny 
their direct relationship [18]. 

 
Figure 3. Evidence in favor of a possible role in H. pylori and Atherosclerosis. 

In particular, unlike Ameriso et al. [116], Malnick et al. [122] did not detect the 
presence of HP in carotid endarterectomy samples taken from 10 male patients, not 
confirming the association between infection and atherosclerosis. 

Blasi et al. [123,124] performed a similar study examining material derived from 
aortic aneurysms but without demonstration of HP traces. The negative results of these 
two works explain how difficult it is to find a link between the two conditions but also 
place the effectiveness of the investigative methods used in conflict. In fact, Ameriso et al. 
[116] used a polymerase chain reaction method that mostly amplified the gluM gene (ureC), 
which is very sensitive and specific for the detection of HP in gastric biopsies, compared to 
others [125]. The sensitivity of the former method would appear to be much higher than the 
latter. 

Malnick et al. [122] used a species-specific antigenic method considered poorly 
sensitive, just as Blasi and colleagues [123,124] used the urease gene, which as a method 
does not achieve significant sensitivity.  

Akyön et al. [126] instead established a relationship between HP and atherosclerosis 
by detecting traces of HP but only in about 20% of the atherosclerotic plaques examined. 
Also, from the epidemiological point of view, some studies [127,128] have failed to find 
an association between HP and parameters of the progression of atherosclerosis. 

6. Limits and Unanswered Questions 



Biomedicines 2024, 12, 400 10 of 15 
 

In recent years, we have seen efforts to demonstrate whether HP favors the evolution 
of atherosclerosis, but the reported results have been mixed and not always easily 
reproducible. HP infection is associated with a slightly increased risk of CVD, but being 
widespread, it should be sought in all patients at high cardiovascular risk [121]. A 
limitation in the analysis of the various results was the heterogeneity of the measured 
variables, circulating cytokines, inflammatory infiltrates, wall thickening, and haemo-
coagulant activity which led to a compartmentalized view of the atherosclerotic 
phenomenon. A recent meta-analysis [129] showed that HP infection is associated with a 
significant increase in intima-media thickness and contrary to other evidence [109–112], 
the relationship was higher in younger and older adults, under 60, and in people with no 
history of cardiovascular events. So, considering the above, should we focus our 
prevention efforts on healthy subjects with evidence of HP infection, or on subjects with 
pre-existing cardiovascular risk factors and concurrent HP positivity and active gastritis 
(Cag-positive)? 

In general, alongside the traditional determinants for the evolution of atherosclerosis, 
chronic inflammation plays an important role in the development of CVD according to a 
gradual and protracted mechanism. The relationship between inflammation and 
atherosclerosis has recently been supported by the involvement of innate immunity with 
the involvement of Toll-like receptors (TLRs) capable of influencing the host immune 
response. TLRs play a central role in promoting immune responses in chronic 
inflammatory processes such as atherosclerosis and HP gastritis and for this reason, future 
studies could be carried out to highlight this possible correlation. 

7. Conclusions 
In conclusion, at present, it has not yet been demonstrated whether atherosclerosis 

and HP-related gastritis are characterized by the same immune processes and whether 
there is a contextual relationship between them. Subsequent studies will have to be aimed 
at establishing a correlation between the immunogenic stimulus characterizing 
atherosclerosis and that characterizing HP infection. 

Funding: This research received no external funding.  

Conflicts of Interest: The authors declare that haven’t conflict of interest. 

References 
1. Singh, S.S.; Pilkerton, C.S.; Shrader, C.D., Jr.; Frisbee, S.J. Subclinical atherosclerosis, cardiovascular health, and disease risk: Is 

there a case for the Cardiovascular Health Index in the primary prevention population? BMC Public Health 2018, 18, 429. 
https://doi.org/10.1186/s12889-018-5263-6. 

2. Cimmino, G.; Muscoli, S.; De Rosa, S.; Cesaro, A.; Perrone, M.A.; Selvaggio, S.; Selvaggio, G.; Aimo, A.; Pedrinelli, R.; Mercuro, 
G.; et al. Evolving concepts in the pathophysiology of atherosclerosis: From endothelial dys-function to thrombus formation 
through multiple shades of inflammation. J. Cardiovasc. Med. 2023, 24 (Suppl. S2), e156–e167. 
https://doi.org/10.2459/JCM.000000000000145. 

3. Barquera, S.; Pedroza-Tobías, A.; Medina, C.; Hernández-Barrera, L.; Bibbins-Domingo, K.; Lozano, R.; Moran, A.E. Global 
overview of the epidemiology of atherosclerotic cardiovascular disease. Arch. Med. Res. 2015, 46, 328–338. 
https://doi.org/10.1016/j.arcmed.2015.06.006. 

4. Gasbarrino, K.; Di Iorio, D.; Daskalopoulou, S.S. Importance of sex and gender in ischaemic stroke and carotid atherosclerotic 
disease. Eur. Heart J. 2021, 43, 460–473. https://doi.org/10.1093/eurheartj/ehab756. 

5. Zhu, Y.; Xian, X.; Wang, Z.; Bi, Y.; Chen, Q.; Han, X.; Tang, D.; Chen, R. Research Progress on the Relationship between 
Atherosclerosis and Inflammation. Biomolecules 2018, 8, 80. https://doi.org/10.3390/biom8030080. 

6. Libby, P. The changing landscape of atherosclerosis. Nature 2021, 592, 524–533. https://doi.org/10.1038/s41586-021-03392-8. 
7. Palmisano, B.T.; Zhu, L.; Eckel, R.H.; Stafford, J.M. Sex differences in lipid and lipoprotein metabolism. Mol. Metab. 2018, 15, 

45–55. https://doi.org/10.1016/j.molmet.2018.05.008. 
8. Yao, S.K.; Ober, J.C.; Krishnaswami, A.; Ferguson, J.J.; Anderson, H.V.; Golino, P.; Buja, L.M.; Willerson, J.T. Endogenous nitric 

oxide protects against platelet aggregation and cyclic flow variations in stenosed and endothelium-injured arteries. Circulation 
1992, 86, 1302–1309. https://doi.org/10.1161/01.cir.86.4.1302. 

9. Cohen, R.A. The role of nitric oxide and other endothelium-derived vasoactive substances in vascular disease. Prog. Cardiovasc. 
Dis. 1995, 38, 105–128. https://doi.org/10.1016/s0033-0620(05)80002-7. 



Biomedicines 2024, 12, 400 11 of 15 
 

10. Seki, J.; Nishio, M.; Kato, Y.; Motoyama, Y.; Yoshida, K. FK409, a new nitric-oxide donor, suppresses smooth muscle 
proliferation in the rat model of balloon angioplasty. Atherosclerosis 1995, 117, 97–106. https://doi.org/10.1016/0021-
9150(95)05563-c. 

11. Ridker, P.M.; Cushman, M.; Stampfer, M.J.; Tracy, R.P.; Hennekens, C.H. Inflammation, aspirin, and the risk of cardiovascular 
disease in apparently healthy men. N. Engl. J. Med. 1997, 336, 973–979. https://doi.org/10.1056/nejm199704033361401. 

12. Ridker, P.M.; Hennekens, C.H.; Buring, J.E.; Rifai, N. C-reactive protein and other markers of inflammation in the prediction of 
cardiovascular disease in women. N. Engl. J. Med. 2000, 342, 836–843. https://doi.org/10.1056/nejm200003233421202. 

13. Wang, X.; He, Q.; Jin, D.; Ma, B.; Yao, K.; Zou, X. Association between helicobacter pylori infection and subclinical 
atherosclerosis: A systematic review and meta-analysis. Medicine 2021, 100, e27840. 
https://doi.org/10.1097/md.0000000000027840. 

14. Consolazio, A.; Borgia, M.C.; Ferro, D.; Iacopini, F.; Paoluzi, O.A.; Crispino, P.; Nardi, F.; Rivera, M.; Paoluzi, P. Increased 
thrombin generation and circulating levels of tumour necrosis factor-α in patients with chronic Helicobacter pylori-positive 
gastritis. Aliment. Pharmacol. Ther. 2004, 20, 289–294. https://doi.org/10.1111/j.1365-2036.2004.02074.x. 

15. Longo-Mbenza, B.; Nkondi; Mokondjimobe, E.; Gombet, T.; Ibara, J.R.; Mbolla, E.; Vangu, D.N.; Fuele, S.M. Helicobacter pylori 
infection is identified as a cardiovascular risk factor in Central Africans. Vasc. Health Risk Manag. 2012, 8, 455–461. 
https://doi.org/10.2147/VHRM.S28680. 

16. Xu, Y.; Wang, Q.; Liu, Y.; Cui, R.; Lu, K.; Zhao, Y. Association between Helicobacter pylori infection and carotid atherosclerosis 
in patients with vascular dementia. J. Neurol. Sci. 2016, 362, 73–77. https://doi.org/10.1016/j.jns.2016.01.025. 

17. Hooi, J.K.Y.; Lai, W.Y.; Ng, W.K.; Suen, M.M.Y.; Underwood, F.E.; Tanyingoh, D.; Malfertheiner, P.; Graham, D.Y.; Wong, 
V.W.S.; Wu, J.C.Y.; et al. Global prevalence of Helicobacter pylori infection: systematic review and meta-Analysis. Gastroenterology 
2017, 153, 420–429. https://doi.org/10.1053/j.gastro.2017.04.022. 

18. Feng, Y.; Zhou, W.; Luo, L.; Xu, W. Helicobacter pylori infection is not related to increased carotid intima-media thickness in 
general population. Sci. Rep. 2018, 8, 14180. https://doi.org/10.1038/s41598-018-32465-4. 

19. Xu, Z.; Li, J.; Wang, H.; Xu, G. Helicobacter pylori infection and atherosclerosis: Is there a causal relationship? Eur. J. Clin. Microbiol. 
Infect. Dis. 2017, 36, 2293–2301. https://doi.org/10.1007/s10096-017-3054-0. 

20. Du, L.; Liu, J.; Jin, C.; Ma, Y.; Yin, L.; Man, S.; Li, S.; Li, L.; Ning, Y.; Zhang, X. Association between Helicobacter pylori infection 
and carotid atherosclerosis in Chinese adults. Atheroscler. Plus 2021, 44, 25–30. https://doi.org/10.1016/j.athplu.2021.08.004. 

21. Viles-Gonzalez, J.F.; Fuster, V.; Badimon, J.J. Atherothrombosis: A widespread disease with unpredictable and life-threatening 
consequences. Eur. Heart J. 2004, 25, 1197–1207. https://doi.org/10.1016/j.ehj.2004.03.011. 

22. Torzewski, M. The Initial Human Atherosclerotic Lesion and Lipoprotein Modification—A Deep Connection. Int. J. Mol. Sci. 
2021, 22, 11488. https://doi.org/10.3390/ijms222111488. 

23. Zhong, S.; Li, L.; Shen, X.; Li, Q.; Xu, W.; Wang, X.; Tao, Y.; Yin, H. An update on lipid oxidation and inflammation in 
cardiovascular diseases. Free. Radic. Biol. Med. 2019, 144, 266–278. https://doi.org/10.1016/j.freeradbiomed.2019.03.036. 

24. Shatila, M.; Thomas, A.S. Current and Future Perspectives in the Diagnosis and Management of Helicobacter pylori Infection. J. 
Clin. Med. 2022, 11, 5086. https://doi.org/10.3390/jcm11175086. 

25. Ciarambino, T.; Crispino, P.; Giordano, M. Hyperuricemia and Endothelial Function: Is It a Simple Association or Do Gender 
Differences Play a Role in This Binomial? Biomedicines 2022, 10, 3067. https://doi.org/10.3390/biomedicines10123067. 

26. Kajikawa, M.; Higashi, Y. Obesity and Endothelial Function. Biomedicines 2022, 10, 1745. 
https://doi.org/10.3390/biomedicines10071745. 

27. Cai, H.; Harrison, D.G. Endothelial dysfunction in cardiovascular diseases: The role of oxidant stress. Circ. Res. 2000, 87, 840–
844. https://doi.org/10.1161/01.res.87.10.840. 

28. Papežíková, I.; Pekarová, M.; Kolářová, H.; Klinke, A.; Lau, D.; Baldus, S.; Lojek, A.; Kubala, L. Uric acid modulates vascular 
endothelial function through the down regulation of nitric oxide production. Free. Radic. Res. 2012, 47, 82–88. 
https://doi.org/10.3109/10715762.2012.747677. 

29. Kotlyarov, S. Immune Function of Endothelial Cells: Evolutionary Aspects, Molecular Biology and Role in Atherogenesis. Int. 
J. Mol. Sci. 2022, 23, 9770. https://doi.org/10.3390/ijms23179770. 

30. Linton, M.F.; Yancey, P.G.; Davies, S.S.; Jerome, W.G.; Linton, E.F.; Song, W.L.; Doran, A.C.; Vickers, K.C. Il ruolo dei lipidi e 
delle lipoproteine nell’aterosclerosi. In Endotesto; Feingold, K.R., Anawalt, B., Boyce, A., Chrousos, G., de Herder, W.W., 
Dhatariya, K., Dungan, K., Hershman, J.M., Hofland, J., Kalra, S., et al., Eds.; MDText.com, Inc.: South Dartmouth, MA, USA, 
2000. 

31. Mai, J.; Virtue, A.; Shen, J.; Wang, H.; Yang, X.-F. An evolving new paradigm: Endothelial cells—Conditional innate immune 
cells. J. Hematol. Oncol. 2013, 6, 61. https://doi.org/10.1186/1756-8722-6-61. 

32. Murdoch, C.; Monk, P.N.; Finn, A. Cxc chemokine receptor expression on human endothelial cells. Cytokine 1999, 11, 
704–712. https://doi.org/10.1006/cyto.1998.0465. 

33. Qu, D.; Wang, L.; Huo, M.; Song, W.; Lau, C.-W.; Xu, J.; Xu, A.; Yao, X.; Chiu, J.-J.; Tian, X.Y.; et al. Focal TLR4 activation 
mediates disturbed flow-induced endothelial inflammation. Cardiovasc. Res. 2019, 116, 226–236. 
https://doi.org/10.1093/cvr/cvz046. 

34. Li, X.; Wang, L.; Fang, P.; Sun, Y.; Jiang, X.; Wang, H.; Yang, X.-F. Lysophospholipids induce innate immune transdifferentiation 
of endothelial cells, resulting in prolonged endothelial activation. J. Biol. Chem. 2018, 293, 11033–11045. 
https://doi.org/10.1074/jbc.ra118.002752. 



Biomedicines 2024, 12, 400 12 of 15 
 

35. Bai, B.; Yang, Y.; Wang, Q.; Li, M.; Tian, C.; Liu, Y.; Aung, L.H.H.; Li, P.-F.; Yu, T.; Chu, X.-M. NLRP3 inflammasome in 
endothelial dysfunction. Cell Death Dis. 2020, 11, 776. https://doi.org/10.1038/s41419-020-02985-x. 

36. Zhang, B.; Cao, G.L.; Cross, A.; Domachowske, J.B.; Rosen, G.M. Differential antibacterial activity of nitric oxide from the 
immunological isozyme of nitric oxide synthase transduced into endothelial cells. Nitric Oxide 2002, 7, 42–49. 
https://doi.org/10.1016/s1089-8603(02)00001-0. 

37. Gao, C.; Xie, R.; Li, W.; Zhou, J.; Liu, S.; Cao, F.; Liu, Y.; Ma, R.; Si, Y.; Liu, Y. et al. Endothelial cell phagocytosis of senescent 
neutrophils decreases procoagulant activity. Thromb. Haemost. 2013, 109, 1079–1090. https://doi.org/10.1160/th12-12-0894. 

38. Alva-Murillo, N.; Téllez-Pérez, A.D.; Sagrero-Cisneros, E.; López-Meza, J.E.; Ochoa-Zarzosa, A. Expression of antimicrobial 
peptides by bovine endothelial cells. Cell. Immunol. 2012, 280, 108–112. https://doi.org/10.1016/j.cellimm.2012.11.016. 

39. Campinho, P.; Vilfan, A.; Vermot, J. Blood Flow Forces in Shaping the Vascular System: A Focus on Endothelial Cell Behavior. 
Front. Physiol. 2020, 11, 552. https://doi.org/10.3389/fphys.2020.00552. 

40. Jensen, L.D.E.; Hansen, A.J.; Lundbæk, J.A. Regulation of endothelial cell migration by amphiphiles—Are changes in cell 
membrane physical properties involved? Angiogenesis 2007, 10, 13–22. https://doi.org/10.1007/s10456-006-9060-y. 

41. Järvisalo, M.J.; Juonala, M.; Raitakari, O.T. Assessment of inflammatory markers and endothelial function. Curr. Opin. Clin. Nutr. 
Metab. Care 2006, 9, 547–552. https://doi.org/10.1097/01.mco.0000241663.00267.ae. 

42. Gliozzi, M.; Scicchitano, M.; Bosco, F.; Musolino, V.; Carresi, C.; Scarano, F.; Maiuolo, J.; Nucera, S.; Maretta, A.; Paone, S.; et al. 
Modulation of Nitric Oxide Synthases by Oxidized LDLs: Role in Vascular Inflammation and Atherosclerosis Development. Int. 
J. Mol. Sci. 2019, 20, 3294. https://doi.org/10.3390/ijms20133294. 

43. Eligini, S.; Colli, S.; Habib, A.; Aldini, G.; Altomare, A.; Banfi, C. Cyclooxygenase-2 Glycosylation Is Affected by Peroxynitrite 
in Endothelial Cells: Impact on Enzyme Activity and Degradation. Antioxidants 2021, 10, 496. 
https://doi.org/10.3390/antiox10030496. 

44. Sabe, S.A.; Feng, J.; Sellke, F.W.; Abid, M.R. Mechanisms and clinical implications of endothelium-dependent vasomotor 
dysfunction in coronary microvasculature. Am. J. Physiol. Heart Circ. Physiol. 2022, 322, H819–H841. 
https://doi.org/10.1152/ajpheart.00603.2021. 

45. Kotlyarov, S.; Kotlyarova, A. Involvement of Fatty Acids and Their Metabolites in the Development of Inflammation in 
Atherosclerosis. Int. J. Mol. Sci. 2022, 23, 1308. https://doi.org/10.3390/ijms23031308. 

46. Salvemini, D.; Misko, T.P.; Masferrer, J.L.; Seibert, K.; Currie, M.G.; Needleman, P. Nitric oxide activates cyclooxygenase 
enzymes.. Proc. Natl. Acad. Sci. USA 1993, 90, 7240–7244. https://doi.org/10.1073/pnas.90.15.7240. 

47. Kim, S.F. The role of nitric oxide in prostaglandin biology; update. Nitric Oxide 2011, 25, 255–264. 
https://doi.org/10.1016/j.niox.2011.07.002. 

48. Mollace, V.; Muscoli, C.; Masini, E.; Cuzzocrea, S.; Salvemini, D. Modulation of prostaglandin biosynthesis by nitric oxide and 
nitric oxide donors. Pharmacol. Rev. 2005, 57, 217–252. https://doi.org/10.1124/pr.57.2.1. 

49. Martí i Líndez, A.-A.; Reith, W. Arginine-dependent immune responses. Cell. Mol. Life Sci. 2021, 78, 5303–5324. 
https://doi.org/10.1007/s00018-021-03828-4. 

50. Ley, K. M1 Means Kill; M2 Means Heal. J. Immunol. 2017, 199, 2191–2193. https://doi.org/10.4049/jimmunol.1701135. 
51. Zhu, C.; Yu, Y.; Montani, J.-P.; Ming, X.-F.; Yang, Z. Arginase-I enhances vascular endothelial inflammation and senescence 

through eNOS-uncoupling. BMC Res. Notes 2017, 10, 82. https://doi.org/10.1186/s13104-017-2399-x. 
52. Wu, J.M.F.; Cheng, Y.Y.; Tang, T.W.H.; Shih, C.; Chen, J.H.; Hsieh, P.C.H. Prostaglandin E2 Receptor 2 Modulates Macrophage 

Activity for Cardiac Repair. J. Am. Heart Assoc. 2018, 7, e009216. https://doi.org/10.1161/jaha.118.009216. 
53. Jiang, J.-X.; Zhang, S.-J.; Liu, Y.-N.; Lin, X.-X.; Sun, Y.-H.; Shen, H.-J.; Yan, X.-F.; Xie, Q.-M. EETs alleviate ox-LDL-induced 

inflammation by inhibiting LOX-1 receptor expression in rat pulmonary arterial endothelial cells. Eur. J. Pharmacol. 2014, 727, 
43–51. https://doi.org/10.1016/j.ejphar.2014.01.045. 

54. Kozak, W.; Aronoff, D.M.; Boutaud, O.; Kozak, A. 11,12-epoxyeicosatrienoic acid attenuates synthesis of prostaglandin E2in rat 
monocytes stimulated with lipopolysaccharide. Exp. Biol. Med. 2003, 228, 786–794. https://doi.org/10.1177/15353702-0322807-03. 

55. Nappi, F.; Fiore, A.; Masiglat, J.; Cavuoti, T.; Romandini, M.; Nappi, P.; Singh, S.S.A.; Couetil, J.-P. Endothelium-Derived 
Relaxing Factors and Endothelial Function: A Systematic Review. Biomedicines 2022, 10, 2884. 
https://doi.org/10.3390/biomedicines10112884. 

56. Kowalczyk, A.; Kleniewska, P.; Kolodziejczyk, M.; Skibska, B.; Goraca, A. The role of endothelin-1 and endothelin receptor 
antagonists in inflammatory response and sepsis. Arch. Immunol. Ther. Exp. 2014, 63, 41–52. https://doi.org/10.1007/s00005-014-
0310-1. 

57. Lordan, R.; Tsoupras, A.; Zabetakis, I. Platelet Activation and Prothrombotic Mediators at the Nexus of Inflammation and 
Atherosclerosis: Potential Role of Antiplatelet Agents. Blood Rev. 2020, 45, 100694. https://doi.org/10.1016/j.blre.2020.100694. 

58. Estevez, B.; Du, X. New Concepts and Mechanisms of Platelet Activation Signaling. Physiology 2017, 32, 162–177. 
https://doi.org/10.1152/physiol.00020.2016. 

59. Huilcaman, R.; Venturini, W.; Fuenzalida, L.; Cayo, A.; Segovia, R.; Valenzuela, C.; Brown, N.; Moore-Carrasco, R. Platelets, a 
Key Cell in Inflammation and Atherosclerosis Progression. Cells 2022, 11, 1014. https://doi.org/10.3390/cells11061014. 

60. Nieswandt, B.; Varga-Szabo, D.; Elvers, M. Integrins in Platelet Activation. J. Thromb. Haemost. 2009, 7, 206–209. 
https://doi.org/10.1111/j.1538-7836.2009.03370.x. 

61. Shattil, S.J.; Newman, P.J. Integrins: Dynamic Scaffolds for Adhesion and Signaling in Platelets. Blood 2004, 104, 1606–1615. 
https://doi.org/10.1182/blood-2004-04-1257. 



Biomedicines 2024, 12, 400 13 of 15 
 

62. Chen, Y.-C.; Huang, A.L.; Kyaw, T.S.; Bobik, A.; Peter, K. Atherosclerotic Plaque Rupture: Identifying the Straw That Breaks 
the Camel’s Back. Arter. Thromb. Vasc. Biol. 2016, 36, e63–e72. https://doi.org/10.1161/atvbaha.116.307993. 

63. Koenen, R.R.; von Hundelshausen, P.; Nesmelova, I.V.; Zernecke, A.; Liehn, E.A.; Sarabi, A.; Kramp, B.K.; Piccinini, A.M.; 
Paludan, S.R.; Kowalska, M.A.; et al. Disrupting Functional Interactions between Platelet Chemokines Inhibits Atherosclerosis 
in Hyperlipidemic mice. Nat. Med. 2009, 15, 97–103. https://doi.org/10.1038/nm.1898. 

64. Gencer, S.; Evans, B.R.; van der Vorst, E.P.C.; Döring, Y.; Weber, C. Inflammatory Chemokines in Atherosclerosis. Cells 2021, 
10, 226. https://doi.org/10.3390/cells10020226. 

65. Gonzalez, J.; Donoso, W.; Díaz, N.; Albornoz, M.E.; Huilcaman, R.; Morales, E.; Moore-Carrasco, R. High Fat Diet Induces 
Adhesion of Platelets to Endothelium in Two Models of Dyslipidemia. J. Obes. 2014, 2014, 591270. 
https://doi.org/10.1155/2014/591270. 

66. Newman, A.A.C.; Serbulea, V.; Baylis, R.A.; Shankman, L.S.; Bradley, X.; Alencar, G.F.; Owsiany, K.; Deaton, R.A.; Karnewar, 
S.; Shamsuzzaman, S.; et al. Multiple Cell Types Contribute to the Atherosclerotic Lesion Fibrous Cap by PDGFRβ and 
Bioenergetic Mechanisms. Nat. Metab. 2021, 3, 166–181. https://doi.org/10.1038/s42255-020-00338-8. 

67. Groh, L.; Keating, S.T.; Joosten, L.A.B.; Netea, M.G.; Riksen, N.P. Monocyte and Macrophage Immunometabolism in 
Atherosclerosis. In Seminars in Immunopathology; Springer: Berlin/Heidelberg, Germany, 2018, Volume 40, pp. 203–214. 

68. Oggero, S.; de Gaetano, M.; Marcone, S.; Fitzsimons, S.; Pinto, A.L.; Ikramova, D.; Barry, M.; Burke, D.; Montero-Melendez, T.; 
Cooper, D.; et al. Extracellular Vesicles from Monocyte/Platelet Aggregates Modulate Human Atherosclerotic Plaque Reactivity. 
J. Extracell. Vesicles 2021, 10, 12084. https://doi.org/10.1002/jev2.12084. 

69. Wang, J.; Doran, J. The Many Faces of Cytokine Release Syndrome-Related Coagulopathy. Clin. Hematol. Int. 2021, 3, 3–12. 
https://doi.org/10.2991/chi.k.210117.001. 

70. Vajen, T.; Benedikter, B.J.; Heinzmann, A.C.A.; Vasina, E.M.; Henskens, Y.; Parsons, M.; Maguire, P.B.; Stassen, F.R.; Heemskerk, 
J.W.M.; Schurgers, L.J.; et al. Platelet Extracellular Vesicles Induce a Pro-Inflammatory Smooth Muscle cell Phenotype. J. 
Extracell. Vesicles 2017, 6, 1322454. https://doi.org/10.1080/20013078.2017.1322454. 

71. Bakogiannis, C.; Sachse, M.; Stamatelopoulos, K.; Stellos, K. Platelet-Derived Chemokines in Inflammation and Atherosclerosis. 
Cytokine 2019, 122, 154157. https://doi.org/10.1016/j.cyto.2017.09.013. 

72. Kaczor, D.M.; Kramann, R.; Hackeng, T.M.; Schurgers, L.J.; Koenen, R.R. Differential Effects of Platelet Factor 4 (CXCL4) and 
Its Non-Allelic Variant (CXCL4L1) on Cultured Human Vascular Smooth Muscle Cells. Int. J. Mol. Sci. 2022, 23, 580. 
https://doi.org/10.3390/ijms23020580. 

73. Trostchansky, A.; Moore-Carrasco, R.; Fuentes, E. Oxidative Pathways of Arachidonic Acid as Targets for Regulation of Platelet 
Activation. Prostaglandins Other Lipid Mediat. 2019, 145, 106382. https://doi.org/10.1016/j.prostaglandins.2019.106382. 

74. Markus, H.S.; Risley, P.; Mendall, M.A.; Steinmetz, H.; Sitzer, M. Helicobacter pylori infection, the cytotoxin gene a strain, and 
carotid artery intima-media thickness. J. Cardiovasc. Risk 2002, 9, 1–6. https://doi.org/10.1177/174182670200900101. 

75. Manolakis, A.; Kapsoritakis, A.N.; Potamianos, S.P. A review of the postulated mechanisms concerning the association of 
Helico-bacter pylori with ischemic heart disease. Helicobacter 2007, 12, 287–297. https://doi.org/10.1111/j.1523-5378.2007.00511.x. 

76. Zhang, P.; He, Q.; Song, D.; Wang, Y.; Liu, X.; Ding, G.; Xing, W. Association of Helicobacter pylori Infection With Carotid 
Atherosclerosis in a Northern Chinese Population: A Cross-Sectional Study. Front. Cardiovasc. Med. 2022, 8, 795795. 
https://doi.org/10.3389/fcvm.2021.795795. 

77. Thorell, K.; Yahara, K.; Berthenet, E.; Lawson, D.J.; Mikhail, J.; Kato, I.; Mendez, A.; Rizzato, C.; Bravo, M.M.; Suzuki, R.; et al. 
Correction: Rapid evolution of distinct Helicobacter pylori subpopulations in the Americas. PLoS Genet. 2017, 13, e1006730. 
https://doi.org/10.1371/journal.pgen.1006730. 

78. Bravo, D.; Hoare, A.; Soto, C.; Valenzuela, M.A.; Quest, A.F. Helicobacter pylori in human health and disease: Mechanisms for 
local gastric and systemic effects. World J. Gastroenterol. 2018, 24, 3071–3089. https://doi.org/10.3748/wjg.v24.i28.3071. 

79. Denic, M.; Touati, E.; De Reuse, H. Review: Pathogenesis of Helicobacter pylori infection. Helicobacter 2020, 25, e12736. 
https://doi.org/10.1111/hel.12736. 

80. Hanyu, H.; Engevik, K.A.; Matthis, A.L.; Ottemann, K.M.; Montrose, M.H.; Aihara, E. Helicobacter pylori Uses the TlpB Receptor 
to Sense Sites of Gastric Injury. Infect. Immun. 2019, 87, e00202-19. https://doi.org/10.1128/iai.00202-19. 

81. Idowu, S.; Bertrand, P.P.; Walduck, A.K. Gastric organoids: Advancing the study of H. pylori pathogenesis and inflammation. 
Helicobacter 2022, 27, e12891. https://doi.org/10.1111/hel.12891. 

82. Soejima, M.; Koda, Y. Molecular mechanisms of Lewis antigen expression. Leg. Med. 2005, 7, 266–269. 
https://doi.org/10.1016/j.legalmed.2004.12.003. 

83. Odenbreit, S.; Faller, G.; Haas, R. Role of the AlpAB proteins and lipopolysaccharide in adhesion of Helicobacter pylori to human 
gastric tissue. Int. J. Med. Microbiol. 2002, 292, 247–256. https://doi.org/10.1078/1438-4221-00204. 

84. Alm, R.A.; Bina, J.; Andrews, B.M.; Doig, P.; Hancock, R.E.W.; Trust, T.J. Comparative Genomics of Helicobacter pylori: Analysis 
of the Outer Membrane Protein Families. Infect. Immun. 2000, 68, 4155–4168. https://doi.org/10.1128/iai.68.7.4155-4168.2000. 

85. Oleastro, M.; Ménard, A. The Role of Helicobacter pylori Outer Membrane Proteins in Adherence and Pathogenesis. Biology 2013, 
2, 1110–1134. https://doi.org/10.3390/biology2031110. 

86. Xu, C.; Soyfoo, D.M.; Wu, Y.; Xu, S. Virulence of Helicobacter pylori outer membrane proteins: An updated review. Eur. J. Clin. 
Microbiol. Infect. Dis. 2020, 39, 1821–1830. https://doi.org/10.1007/s10096-020-03948-y. 



Biomedicines 2024, 12, 400 14 of 15 
 

87. Doohan, D.; Rezkitha, Y.A.A.; Waskito, L.A.; Yamaoka, Y.; Miftahussurur, M. Helicobacter pylori BabA–SabA Key Roles in the 
Adherence Phase: The Synergic Mechanism for Successful Colonization and Disease Development. Toxins 2021, 13, 485. 
https://doi.org/10.3390/toxins13070485. 

88. Unemo, M.; Aspholm-Hurtig, M.; Ilver, D.; Bergström, J.; Borén, T.; Danielsson, D.; Teneberg, S. The Sialic Acid Binding SabA 
Adhesin of Helicobacter pylori Is Essential for Nonopsonic Activation of Human Neutrophils. J. Biol. Chem. 2005, 280, 15390–
15397. https://doi.org/10.1074/jbc.m412725200. 

89. Giraldi, L.; Michelazzo, M.B.; Arzani, D.; Persiani, R.; Pastorino, R.; Boccia, S. MUC1, MUC5AC, and MUC6 polymorphisms, 
Helicobacter pylori infection, and gastric cancer: A systematic review and meta-analysis. Eur. J. Cancer Prev. 2018, 27, 323–330. 
https://doi.org/10.1097/cej.0000000000000348. 

90. Backert, S.; Tegtmeyer, N. Type IV Secretion and Signal Transduction of Helicobacter pylori CagA through Interactions with Host 
Cell Receptors. Toxins 2017, 9, 115. https://doi.org/10.3390/toxins9040115. 

91. Baj, J.; Forma, A.; Sitarz, M.; Portincasa, P.; Garruti, G.; Krasowska, D.; Maciejewski, R. Helicobacter pylori Virulence Factors—
Mechanisms of Bacterial Pathogenicity in the Gastric Microenvironment. Cells 2020, 10, 27. https://doi.org/10.3390/cells10010027. 

92. Chauhan, N.; Tay, A.C.Y.; Marshall, B.J.; Jain, U. Helicobacter pylori VacA, a distinct toxin exerts diverse functionalities in 
numerous cells: An overview. Helicobacter 2018, 24, e12544. https://doi.org/10.1111/hel.12544. 

93. Sharndama, H.C.; Mba, I.E. Helicobacter pylori: An up-to-date overview on the virulence and pathogenesis mechanisms. Braz. J. 
Microbiol. 2022, 53, 33–50. https://doi.org/10.1007/s42770-021-00675-0. 

94. Sharma, V.; Aggarwal, A. Helicobacter pylori: Does it add to risk of coronary artery disease. World J. Cardiol. 2015, 7, 19–25. 
https://doi.org/10.4330/wjc.v7.i1.19. 

95. Nejati, S.; Karkhah, A.; Darvish, H.; Validi, M.; Ebrahimpour, S.; Nouri, H.R. Influence of Helicobacter pylori virulence factors 
CagA and VacA on pathogenesis of gastrointestinal disorders. Microb. Pathog. 2018, 117, 43–48. 
https://doi.org/10.1016/j.micpath.2018.02.016. 

96. Lina, T.T.; Alzahrani, S.; Gonzalez, J.; Pinchuk, I.V.; Beswick, E.J.; Reyes, V.E. Immune evasion strategies used by Helicobacter 
pylori. World J. Gastroenterol. 2014, 20, 12753–12766. https://doi.org/10.3748/wjg.v20.i36.12753. 

97. Mejías-Luque, R.; Gerhard, M. Immune Evasion Strategies and Persistence of Helicobacter pylori. In Molecular Pathogenesis and 
Signal Transduction by Helicobacter pylori; Current Topics in Microbiology and Immunology; Springer: Cham, Switzerland, 2017; 
Volume 400, pp. 53–71. https://doi.org/10.1007/978-3-319-50520-6_3. 

98. Morey, P.; Pfannkuch, L.; Pang, E.; Boccellato, F.; Sigal, M.; Imai-Matsushima, A.; Dyer, V.; Koch, M.; Mollenkopf, H.J.; 
Schlaermann, P.; et al. Helicobacter pylori Depletes Cholesterol in Gastric Glands to Prevent Interferon Gamma Signaling and 
Escape the Inflammatory Response. Gastroenterology 2018, 154, 1391–1404.e9. https://doi.org/10.1053/j.gastro.2017.12.008. 

99. Chen, Y.; Tang, Z.; Fu, L.; Liu, R.; Yang, L.; Wang, B. Inhibitory and Injury-Protection Effects of O-Glycan on Gastric Epithelial 
Cells Infected with Helicobacter pylori. Infect. Immun. 2022, 90, e0039322. https://doi.org/10.1128/iai.00393-22. 

100. Stent, A.; Every, A.L.; Chionh, Y.T.; Ng, G.Z.; Sutton, P. Superoxide dismutase from Helicobacter pylori suppresses the production 
of pro-inflammatory cytokines during in vivo infection. Helicobacter 2017, 23, e12459. https://doi.org/10.1111/hel.12459. 

101. Tran, L.S.; Chonwerawong, M.; Ferrero, R.L. Regulation and functions of inflammasome-mediated cytokines in Helicobacter 
pylori infection. Microbes Infect. 2017, 19, 449–458. https://doi.org/10.1016/j.micinf.2017.06.005. 

102. Parsons, B.N.; Ijaz, U.Z.; D’Amore, R.; Burkitt, M.D.; Eccles, R.; Lenzi, L.; Duckworth, C.A.; Moore, A.R.; Tiszlavicz, L.; Varro, 
A.; et al. Comparison of the human gastric microbiota in hypochlorhydric states arising as a result of Helicobacter pylori-induced 
atrophic gastritis, autoimmune atrophic gastritis and proton pump inhibitor use. PLoS Pathog. 2017, 13, e1006653. 
https://doi.org/10.1371/journal.ppat.1006653. 

103. Fakharian, F.; Asgari, B.; Nabavi-Rad, A.; Sadeghi, A.; Soleimani, N.; Yadegar, A.; Zali, M.R. The interplay between Helicobacter 
pylori and the gut microbiota: An emerging driver influencing the immune system homeostasis and gastric carcinogenesis. Front. 
Cell. Infect. Microbiol. 2022, 12, 953718. https://doi.org/10.3389/fcimb.2022.953718. 

104. Chahal, G.; Padra, M.; Erhardsson, M.; Jin, C.; Quintana-Hayashi, M.; Venkatakrishnan, V.; Padra, J.T.; Stenbäck, H.; Thorell, 
A.; Karlsson, N.G.; et al. A Complex Connection Between the Diversity of Human Gastric Mucin O-Glycans, Helicobacter pylori 
Binding, Helicobacter Infection and Fucosylation. Mol. Cell. Proteom. 2022, 21, 100421. 
https://doi.org/10.1016/j.mcpro.2022.100421. 

105. Brawner, K.M.; Kumar, R.; Serrano, C.A.; Ptacek, T.; Lefkowitz, E.; Morrow, C.D.; Zhi, D.; Kyanam-Kabir-Baig, K.R.; Smythies, 
L.E.; Harris, P.R.; et al. Helicobacter pylori infection is associated with an altered gastric microbiota in children. Mucosal Immunol. 
2017, 10, 1169–1177. https://doi.org/10.1038/mi.2016.131. 

106. Xia, X.; Zhang, L.; Chi, J.; Li, H.; Liu, X.; Hu, T.; Li, R.; Guo, Y.; Zhang, X.; Wang, H.; et al. Helicobacter pylori Infection Impairs 
Endothelial Function Through an Exosome-Mediated Mechanism. J. Am. Heart Assoc. 2020, 9, e014120. 
https://doi.org/10.1161/jaha.119.014120. 

107. He, J.; Liu, Y.; Ouyang, Q.; Li, R.; Li, J.; Chen, W.; Hu, W.; He, L.; Bao, Q.; Li, P.; et al. Helicobacter pylori and unignorable 
extragastric diseases: Mechanism and implications. Front. Microbiol. 2022, 13, 972777. https://doi.org/10.3389/fmicb.2022.972777. 

108. Liu, J.; Wang, F.; Shi, S. Helicobacter pylori Infection Increase the Risk of Myocardial Infarction: A Meta-Analysis of 26 Studies 
Involving more than 20,000 Participants. Helicobacter 2015, 20, 176–183. https://doi.org/10.1111/hel.12188. 

109. Zhang, L.; Chen, Z.; Xia, X.; Chi, J.; Li, H.; Liu, X.; Li, R.; Li, Y.; Liu, D.; Tian, D.; et al. Helicobacter pylori infection selectively 
increases the risk for carotid atherosclerosis in young males. Atherosclerosis 2019, 291, 71–77. 
https://doi.org/10.1016/j.atherosclerosis.2019.10.005. 



Biomedicines 2024, 12, 400 15 of 15 
 

110. Yu, L.-Y.; Hu, K.-C.; Liu, C.-J.; Hung, C.-L.; Bair, M.-J.; Chen, M.-J.; Wang, H.-Y.; Wu, M.-S.; Shih, S.-C.; Liu, C.-C. Helicobacter 
pylori infection combined with non-alcoholic fatty liver disease increase the risk of atherosclerosis: Focus in carotid artery plaque. 
Medicine 2019, 98, e14672. https://doi.org/10.1097/md.0000000000014672. 

111. Patel, P.; Mendall, M.A.; Carrington, D.; Strachan, D.P.; Leatham, E.; Molineaux, N.; Levy, J.; Blakeston, C.; A Seymour, C.; 
Camm, A.J.; et al. Association of Helicobacter pylori and Chlamydia pneumoniae infections with coronary heart disease and 
cardiovascular risk factors. BMJ 1995, 311, 711–714; Erratum in BMJ 1995, 311, 985. https://doi.org/10.1136/bmj.311.7007.711. 

112. Markle, H.V. Coronary artery disease associated with Helicobacter pylori infection is at least partially due to inadequate folate 
status. Med. Hypotheses 1997, 49, 289–292. https://doi.org/10.1016/s0306-9877(97)90191-2. 

113. Birnie, D.H.; Holme, E.R.; McKay, I.C.; Hood, S.; McColl, K.E.; Hillis, W.S. Association between antibodies to heat shock protein 
65 and coronary atherosclerosis. Possible mechanism of action of Helicobacter pylori and other bacterial infections in increasing 
cardiovascular risk. Eur. Heart J. 1998, 19, 387–394. https://doi.org/10.1053/euhj.1997.0618. 

114. Pasceri, V.; Cammarota, G.; Patti, G.; Cuoco, L.; Gasbarrini, A.; Grillo, R.L.; Fedeli, G.; Gasbarrini, G.; Maseri, A. Association of 
virulent Helicobacter pylori strains with ischemic heart disease. Circulation 1998, 97, 1675–1679. 
https://doi.org/10.1161/01.cir.97.17.1675. 

115. Ameriso, S.F.; Fridman, E.A.; Leiguarda, R.C.; Sevlever, G.E. Detection of Helicobacter pylori in human carotid atherosclerotic 
plaques. Stroke 2001, 32, 385–391. https://doi.org/10.1161/01.str.32.2.385. 

116. Huang, G.; Fang, N.; Kuang, M.Q.; Huang, Y.Q.; Zhang, K.H. Establishment of a risk assessment system for peptic ulcer 
recurrence and its value in individualized intervention. Am. J. Transl. Res. 2021, 13, 2969–2975. 

117. Crabtree, J.E.; Shallcross, T.M.; Heatley, R.V.; Wyatt, J.I. Mucosal tumour necrosis factor alpha and interleukin-6 in patients with 
Helicobacter pylori associated gastritis. Gut 1991, 32, 1473–1477. https://doi.org/10.1136/gut.32.12.1473. 

118. Bauer, K.A.; Rosenberg, R.D. The pathophysiology of the prethrombotic state in humans: Insights gained from studies using 
markers of hemostatic system activation. Blood 1987, 70, 343–350. 

119. Sun, L.; Zheng, H.; Qiu, M.; Hao, S.; Liu, X.; Zhu, X.; Cai, X.; Huang, Y. Helicobacter pylori infection and risk of cardiovascular 
disease. Helicobacter 2023, 28, e12967. https://doi.org/10.1111/hel.12967. 

120. Malnick, S.D.; Goland, S.; Kaftoury, A.; Schwarz, H.; Pasik, S.; Mashiach, A.; Sthoeger, Z. Evaluation of carotid arterial plaques 
after endarterectomy for Helicobacter pylori infection. Am. J. Cardiol. 1999, 83, 1586–1587. https://doi.org/10.1016/s0002-
9149(99)00158-7. 

121. Blasi, F.; Denti, F.; Erba, M.; Cosentini, R.; Raccanelli, R.; Rinaldi, A.; Fagetti, L.; Esposito, G.; Ruberti, U.; Allegra, L. Detection 
of Chlamydia pneumoniae but not Helicobacter pylori in atherosclerotic plaques of aortic aneurysms. J. Clin. Microbiol. 1996, 34, 
2766–2769. https://doi.org/10.1128/jcm.34.11.2766-2769.1996. 

122. Blasi, F.; Boman, J.; Esposito, G.; Melissano, G.; Chiesa, R.; Cosentini, R.; Tarsia, P.; Tshomba, Y.; Betti, M.; Alessi, M.; et al. 
Chlamydia pneumoniae DNA detection in peripheral blood mononuclear cells is predictive of vascular infection. J. Infect. Dis. 
1999, 180, 2074–2076. https://doi.org/10.1086/315126. 

123. Lu, J.J.; Perng, C.L.; Shyu, R.Y.; Chen, C.H.; Lou, Q.; Chong, S.K.F.; Lee, C.H. Comparison of five PCR methods for detection of 
Helicobacter pylori DNA in gastric tissues. J. Clin. Microbiol. 1999, 37, 772–774. https://doi.org/10.1128/jcm.37.3.772-774.1999. 

124. Akyön, Y.; Pinar, A.; Farsak, B.; Böke, E.; Günalp, A. Helicobacter pylori and Chlamydia pneumoniae DNA found in 
atherosclerotic plaques by polymerase chain reaction. Gut 1999, 45, A89. 

125. Laek, B.; Szklo, M.; McClelland, R.L.; Ding, J.; Tsai, M.Y.; Bluemke, D.A.; Tracy, R.; Matsushita, K. The prospective association 
of Chlamydia pneumoniae and four other pathogens with development of coronary artery calcium: The multi-ethnic study of 
atherosclerosis (MESA). Atherosclerosis 2013, 230, 268–274. https://doi.org/10.1016/j.atherosclerosis.2013.07.053. 

126. Schöttker, B.; Adamu, M.A.; Weck, M.N.; Müller, H.; Brenner, H. Helicobacter pylori infection, chronic atrophic gastritis and 
major cardiovascular events: A population-based cohort study. Atherosclerosis 2012, 220, 569–574. 
https://doi.org/10.1016/j.atherosclerosis.2011.11.029. 

127. Shi, H.; Li, Y.; Dong, C.; Si, G.; Xu, Y.; Peng, M.; Li, Y. Helicobacter pylori infection and the progression of atherosclerosis: A 
systematic review and meta-analysis. Helicobacter 2021, 27, e12865. https://doi.org/10.1111/hel.12865. 

128. Li, B.; Xia, Y.; Hu, B. Infection and atherosclerosis: TLR-dependent pathways. Cell. Mol. Life Sci. 2020, 77, 2751–2769. 
https://doi.org/10.1007/s00018-020-03453-7. 

129. Tobias, P.; Curtiss, L.K. Thematic review series: The immune system and atherogenesis. Paying the price for pathogen 
protection: Toll receptors in atherogenesis. J. Lipid Res. 2005, 46, 404–411. https://doi.org/10.1194/jlr.r400015-jlr200. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


