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Abstract: Arterial hypertension is a risk factor for several pathologies, mainly including cardio-
cerebrovascular diseases, which rank as leading causes of morbidity and mortality worldwide. Arterial
hypertension also constitutes a fundamental component of the metabolic syndrome. Helicobacter pylori
infection is one of the most common types of chronic infection globally and displays a plethora of both
gastric and extragastric effects. Among other entities, Helicobacter pylori has been implicated in the
pathogenesis of the metabolic syndrome. Within this review, we illustrate the current state-of-the-art
evidence, which may link several components of the Helicobacter pylori-related metabolic syndrome,
including non-alcoholic fatty liver disease and arterial hypertension. In particular, current knowledge
of how Helicobacter pylori exerts its virulence through dietary, inflammatory and metabolic pathways
will be discussed. Although there is still no causative link between these entities, the emerging evidence
from both basic and clinical research supports the proposal that several components of the Helicobacter
pylori infection-related metabolic syndrome present an important risk factor in the development of arte-
rial hypertension. The triad of Helicobacter pylori infection, the metabolic syndrome, and hypertension
represents a crucial worldwide health problem on a pandemic scale with high morbidity and mortality,
like COVID-19, thereby requiring awareness and appropriate management on a global scale.

Keywords: Helicobacter pylori; metabolic syndrome; atherosclerosis; non-alcoholic fatty liver disease;
arterial hypertension; diet; inflammation
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1. Introduction

Arterial hypertension is one of the most important components of the metabolic syn-
drome (MetS) and represents a global major health burden with implications for individual
and public health, as well as direct and indirect healthcare costs. It is a substantial factor for
the development of atherosclerosis, with a high global incidence and prevalence that con-
tinues to increase and contributes to worldwide morbidity and mortality [1]. It constitutes a
major risk factor for MetS-related cardiovascular disease and the leading cause of mortality
related with MetS-associated chronic kidney failure, ischemic heart disease and stroke [2,3].
In 2015, a total of 1.13 billion adults had arterial hypertension worldwide [4]; this figure
is predicted to increase to 1.56 billion by 2025 [5]. Notably, an estimated 7.7–10.4 million
annual deaths are attributable to arterial hypertension [6,7].

Although the pathogenesis of arterial hypertension is not entirely understood, there is
support for the idea that its pathogenesis predominantly consists of a noxious interplay
among vascular, renal, neural, and hormonal mechanisms, of which increased activation
of the sympathetic nervous system (SNS) and the renin–angiotensin–aldosterone system
(RAAS) prevail [8]; RAAS dysregulation, including the systemic and brain RAAS, has been
recognized as one of the main causes of several types of arterial hypertension [9]. RAAS
overactivation also contributes to MetS-related obesity and cardiovascular morbidity and
mortality [10,11].

Specifically, potential causative agents of hypertension include the following (Table 1):
(1) genetic factors [12]; (2) diet (particularly sodium and potassium intake, as well as west-
ern diet) [13–15]; (3) adiposity [16]; (4) hyperinsulinemia and insulin resistance (IR) [17];
(5) smoking [18]; (6) endothelial dysfunction linked with MetS [19], with excessive release
of vasoconstrictive agents and defective secretion of smooth-muscle relaxing mediators,
such as nitric oxide [20]; (7) gut microbiota dysbiosis connected with MetS [15,21–23];
(8) inflammatory mechanisms, including pro-inflammatory cytokines and chemokines
overexpression, cell infiltration and oxidative stress—all induced by excessive immune
system stimulation—that are strongly upregulated in the hypertensive setting [24,25]; (9) in-
nate and adaptive immune system involvement [25,26]; (10) nonalcoholic fatty liver disease
(NAFLD), also closely associated with MetS [27]; (11) MetS-related brain neurodegenerative
disorders, through disruption to the blood–brain barrier, triggering neuroinflammation,
and exacerbation of amyloid disorders and decreased function of the cerebral blood vessels,
including reduced cerebral blood flow, altered brain autoregulation, and compromised
neurovascular coupling [28–31]; (12) MetS–related cancer development [32,33].

Likewise, Helicobacter pylori (H. pylori) infection is a global public health problem [34],
with higher burdens in the developing nations [34,35], mostly owing to low socio-economic
levels, and the potential drinking of contaminated water. H. pylori infection is very common
with a mean global prevalence of 58%, partly due to immigrants coming from countries
with a high prevalence of H. pylori infection [36]. A rather recent global systematic review
on the prevalence of H. pylori estimated that approximately 4.4 billion individuals were
infected from H. pylori in 2015 [34]. Several issues, including age, gender, number of family
members and financial status, education, lifestyle, health condition, and area of residence
could affect the prevalence of H. pylori in different populations [34].

Beyond H. pylori-related gastric pathologies [37], H. pylori infection is also asso-
ciated with MetS-related systemic pathologies, especially cardio-cerebrovascular, and
neurodegenerative diseases, the endpoints of MetS [38–43]. It is important to note that
almost all the aforementioned potential causative agents involved in the pathogenesis
of arterial hypertension are also involved in the pathophysiology of H. pylori-related
pathologies [36,38–40,42–55].

In this study, we aimed to investigate the potential impact of H. pylori-related MetS
parameters on arterial hypertension, since the triad of H. pylori infection, MetS, and hy-
pertension currently represents a fundamental worldwide health problem on a pandemic
scale with high morbidity and mortality, like COVID-19, thereby requiring awareness and
appropriate management on a global scale [56,57].
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Table 1. Synopsis of potential etiologic agents of MetS-related arterial hypertension.

Category Comment References

Genetic factors ATP2B1 gene polymorphisms rs2681472 and rs17249754 [12]
Diet High Na+/K+ intake and western-type of diet [13–15]

Adiposity Activation of the SNS and RAAS, and sodium retention [16]
Smoking Mainly via stimulation of the SNS [18]

Endothelial dysfunction
linked with MetS

Excessive release of vasoconstrictive agents and defective
secretion of smooth-muscle relaxing mediators [17]

Gut microbiota dysbiosis Via production, modification, and degradation of
microbial-derived bioactive metabolites [15,21–23]

Inflammatory mechanisms
Overstimulated immune system induction of pro

-inflammatory cytokines and chemokines overexpression,
cell infiltration and oxidative stress

[24,25]

NAFLD linked with MetS Mainly but not exclusively with hyperinsulinemia—insulin
resistance [27]

MetS-related brain neurodegenerative
disorders

Disruption of blood–brain barrier, triggering
neuroinflammation and amyloid disorders and decreasing
the function of the cerebral blood vessels, including reduced

cerebral blood flow, altered brain autoregulation, and
compromised neurovascular coupling

[28–31]

MetS–related cancer development Arterial hypertension displays a two-fold increased risk for
GC development [32,33]

MetS, metabolic syndrome; NAFLD, nonalcoholic fatty liver disease; GC, gastric cancer; RAS, renin-angiotensin system; SNS, sympathetic
nervous system.

2. H. pylori-Related Arterial Hypertension

Generally, pathogen infection could be one of the inflammatory triggering factors
that is connected with the incidence and development of arterial hypertension, including
abnormal systolic and/or diastolic pressure [58,59]. Chronic stimulation of inflammatory
reactions owing to bacterial infection in the gastrointestinal tract generates induction of
MetS-related dyslipidemia, triggers release of C-reactive protein (CRP), escalates blood
leukocytes and MetS-related homocysteine, increases the concentrations of MetS-related
fibrinogen, induces hypercoagulability, stimulates immune cross-reactivity, and rises pro-
inflammatory cytokines and other cytotoxic agents. This intense rise in the release of
diverse pro-inflammatory and inflammatory mediators disturbs blood vessel motility
and induces endothelial dysfunction, which results in the obstruction of arteries, thereby
leading to arterial hypertension and coronary artery disease. In this regard, chronic
H. pylori infection leads to disturbed immune reactions, which ultimately contribute to
arterial hypertension and cardiovascular abnormalities, including coronary artery disease.
Specifically, relative data indicate that H. pylori is positively correlated with the risk of
arterial hypertension [60–62]. As a consequence, H. pylori-positive hypertensive patients
display significantly higher arterial blood pressure than that of hypertensive patients
without the infection [62]. Moreover, H. pylori eradication has been reported to improve
arterial hypertension [63,64].

The mechanisms involved in the pathophysiology of H. pylori-related arterial hyperten-
sion appear to be multifactorial, including diet, inflammatory processes, and MetS-related
parameters (Figure 1).
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also depend on the degree of hygiene and sociocultural parameters [71,72]. 

Figure 1. Proposed pathogenetic mechanisms, owing to H. pylori infection-related MetS, that may contribute to arterial
hypertension. CagA, cytotoxin-associated gene A; CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; H.
pylori, Helicobacter pylori; IL, interleukin; IR, insulin resistance; LDL-C, low-density lipoprotein-cholesterol; MetS, metabolic
syndrome; TC, total cholesterol; TG, triglycerides; TNF, tumor necrosis factor.

2.1. H. pylori and Mets-Related Diet and Arterial Hypertension

High salt consumption can cause the development of arterial hypertension [65,66].
Focusing on a H. pylori-related diet, high-salt consumption, as a recognized risk factor
for arterial hypertension, also favors H. pylori colonization [67–69]; high salt intake could
stimulate the gastric mucosa and make it susceptible to H. pylori infection [68]. Indeed,
experimental data in mice have revealed that high-salt consumption facilitates the develop-
ment of H. pylori colonies [68]. Likewise, high-salt intake increases the surface mucous cell
mucin with an affinity to H. pylori, reduces the H. pylori-resistant gland mucous cell mucin,
and injures the gastric mucosal gel layer [69]. As additional evidence, the 1991 EUROGAST
study, by investigating worldwide H. pylori infection rates, reported that the Akita area
in Japan had the highest incidence of H. pylori infection (70%) [67]. Remarkably, Akita is
located in the Tohoku region, where the diet is particularly high in salt compared to the
other regions of Japan. The high H. pylori infection incidence in Akita, a developed region
with raised standards of hygiene, indicates an association between H. pylori infection rates
and high-salt diets [70]. Thus, the incidence of arterial hypertension in a region with a
high-salt diet might be closely connected to H. pylori infection, though this may also depend
on the degree of hygiene and sociocultural parameters [71,72].

It is important to note that, in relation to salt in the diet, there are two forms of hy-
pertensive patients: salt-sensitive, as in the case of H. pylori infection, in whom blood
pressure rises with high salt intake; and salt-resistant, whose blood pressure does not
increase with salt intake (Figure 2) [73–75]. Salt-sensitive patients display impaired sodium
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excretion through the kidneys, which results in body salt retention, augmented circulating
blood volume, increased cardiac output, and eventually enhanced peripheral vascular
resistance, leading to arterial hypertension [73–77]. In order to compensate the expanded
intravascular volume, renal and peripheral vascular resistance are reduced, renal blood
flow (RBF) rises, and renal sodium excretion increases in salt resistance. Nevertheless, the
decline in peripheral vascular resistance with a high-salt diet is absent in salt-sensitive
patients, a phenomenon that is connected with compromised vascular endothelial function
and abnormally enhanced vasoconstrictor reactions in vascular smooth muscle cells [78,79].
Elements that affect renal sodium absorption, and therefore salt-sensitive arterial hyperten-
sion, include the aforementioned RAAS [80] angiotensin II [81] aldosterone, as well as the
aforementioned SNS [82,83]. Angiotensin II induces sodium retention by increasing tubular
sodium reabsorption [81] and reducing RBF [84]. Experimentally increased aldosterone,
in aldosterone-treated animal models [85], and obesity [86] appear to stimulate sodium
reabsorption from the epithelial sodium channel in the distal tubule through the activation
of mineralocorticoid receptors during salt intake, leading to fluid retention and finally
to salt-sensitive arterial hypertension. It is important to note that high salt consumption
appears to be a risk factor for MetS; several lifestyle elements are closely related with MetS,
including a high-salt diet [87–89].
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Figure 2. Simplified pathogenetic approach of diet (i.e., salt) impact on arterial hypertension. Patients
with Helicobacter pylori infection belong also to the salt-sensitive category.

2.2. H. pylori-Related MetS-Induced Inflammation and Arterial Hypertension

Inflammatory processes are an important feature of MetS components; obesity, dyslipi-
demia, IR, and atherosclerosis are all closely connected with inflammatory processes [90,91].

Focusing on H. pylori-related inflammatory processes, chronic inflammation due to
H. pylori infection [46] activates a variety of mediators (Table 2) that have been linked to
MetS-related endothelial cell dysfunction [19,92]. Indeed, H. pylori increases the levels of
inflammatory mediators, such as MetS-related tumor necrosis factor (TNF)-α, interleukin
(IL)-1, IL-6, IL-8, interferon (IFN)-γ, fibrinogen, thrombin, intercellular adhesion molecule,
and vascular cell adhesion molecule; these MetS-related inflammatory mediators directly or
indirectly damage the vascular walls, thereby triggering atherosclerosis [39,93–96]; H. pylori-
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mediated inflammation has been linked to atherosclerosis [97]; and the aforementioned
inflammatory mediators have been involved in the pathophysiology of MetS-related arterial
hypertension [98,99].

Specifically, CagA (cytotoxin-associated gene A) is a critical H. pylori virulence factor
connected with a greater inflammatory response [100,101] and H. pylori-related CagA could
especially be involved in the development of atherosclerosis [102]; by introducing poly-
merase chain reaction (PCR), H. pylori DNA has been detected in the atherosclerotic plaques
of patients with severe coronary artery disease, and H. pylori infection accompanying the
expression of CagA proteins is significantly connected with coronary artery disease. Coro-
nary artery disease patients with CagA display more extensive damage of the coronary
artery lumen and more frequently post-percutaneous transluminal coronary angioplasty
(PTCA) with stent insertion re-stenosis of the coronary artery; and a H. pylori eradication
regimen improves the reduction in the coronary artery lumen in these post-PTCA patients,
possibly owing to the reduction of H. pylori pro-inflammatory cytokine release and the
attenuation or elimination of H. pylori-induced chronic inflammatory prosses [102]. It
appears that the antibodies against CagA can directly cross-react with the surface antigen
of the blood vessel wall [103], induce lymphocyte proliferation, and provoke the host to
release several pro-inflammatory agents, such as the aforementioned IL-1, TNF-α, IL-1,
fibrinogen, and CRP [104,105]; as stated, such pro-inflammatory mediators are also related
with MetS [106]. The subsequent inflammatory response increases the number of white
blood cells and CRP concentrations in the circulation, triggers inflammation of the arterial
wall, ultimately leading to vascular endothelial cell injury and dysfunction, smooth muscle
cell proliferation, and atherosclerosis accompanied by arterial hypertension [107]. The
existence of common epitopes, between the H. pylori CagA antigens and some peptides ex-
pressed by endothelial cells and smooth muscle cells is a phenomenon known as molecular
mimicry. Therefore, in patients with a predisposition for arterial hypertension, the CagA
antibodies could interfere with smooth-muscle cell function, thereby inducing arterial
hypertension. However, this postulation remains to be elucidated. Of note, as in the case
of CagA, H. pylori-induced vacuolating cytotoxin A (VacA) is also connected with a gastric
inflammatory response, thereby contributing to gastric carcinogenesis. Moreover, VacA
exhibits chemotactic activities in the bone marrow-derived mast cells and stimulates bone
marrow-derived mast cells to induce proinflammatory cytokines that damage the blood–
brain barrier [49]. Furthermore, VacA promotes intracellular survival of the bacterium and
activated monocytes (possibly infected with H. pylori due to defective autophagy, resulting
in H. pylori replication in autophagic vesicles) might access the brain owing to blood–brain
barrier disruption (the Trojan horse theory), thereby contributing to H. pylori-related MetS
brain pathologies [45].

More specifically, the mechanism linked with chronic inflammation—the antigen
cross-reactivity of H. pylori with epitopes—triggers an autoimmune response leading to
inflammatory vascular endothelial damage [108], which is a feature of MetS, predisposing
to MetS-related ischemic disorders [19]. Essentially, an autoimmune response, which in-
volves cross-reactivity between CagA antibodies and vascular wall antigens, signifies that
these antibodies may contribute to the activation of inflammatory cells within atheroscle-
rotic lesions. Moreover, antigenic cross-reactivity between human heat shock proteins
and H. pylori has been connected with coronary artery calcification and atherosclerosis,
accompanied by arterial hypertension [109,110].

Furthermore, atrophic gastritis owing to H. pylori infection with or without MetS
induces vitamin B12 and folic acid deficiency, which results in hyperhomocysteinemia with
subsequent damage to the vascular endothelial cells [111,112]; H. pylori-induced chronic
gastritis can result in vitamin B12 and folate malabsorption, leading to methylation by
5- methyl-tetrahydrofolic acid failure and, hence, homocysteine accumulation. Hyperho-
mocysteinemia is a potent contributor to vascular disorders [111], an independent risk
factor for MetS-related atherosclerosis [113], and a risk factor for arterial hypertension [114].
Specifically, homocysteine inhibits the secretion of nitric oxide by endothelial cells and trig-
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gers thromboxane-mediated platelet aggregation and vasoconstriction; it causes endothelial
cell injury, promotes smooth muscle cell proliferation, and attenuates the protective effect
of endothelial cell-derived relaxation agents [115]; and hyperhomocysteinemia, hyperfib-
rinogenemia, and high lipoprotein-a (a low density lipoprotein-like particle which contains
the plasminogen homologue apo(a) disulfide-bound to apo B), as three ‘non-conventional’
coronary artery disease risk factors, may promote the occurrence of atherosclerosis and
sequelae, including arterial hypertension [116].

It is important to note that diastolic blood pressure mostly depends on peripheral
resistance, whereas systolic blood pressure predominantly depends on cardiac output.
Patients with H. pylori infection display higher concentrations of MetS-related fibrinogen,
an indicator of vascular inflammation that inhibits the production of nitric oxide and nitric
oxide synthase (NOS) from the vascular endothelium, leading to vasoconstriction and
augmented peripheral vascular tension [117]. The elevated concentrations of fibrinogen
and inflammatory cytokines mentioned above in H. pylori-infected subjects result in high
peripheral vascular tension but not cardiac output, which may explain, at least partly,
why H. pylori infection was reported to be associated with diastolic blood pressure but
not systolic blood pressure in some studies [118]. Of note, fibrinogen is a risk factor for
hypertension, and its levels predict acute coronary and ischemic vascular events; moreover,
they are higher in patients with future ischemic stroke development than those with-
out [119–121]. Finally, H. pylori increases ammonia in the intestine and the accompanying
intestinal spasms can impair absorption within the digestive tract, thus leading to enhanced
reabsorption of sodium via the kidneys, causing arterial hypertension [63].

Table 2. Proposed pathogenetic mechanisms of H. pylori and MetS-induced inflammation on arterial hypertension.

Mechanism Comment References

Upregulation of inflammatory mediators MetS-related inflammatory mediators damage directly or indirectly
the vascular walls and trigger atherosclerosis [93–97]

Cag A
H. pylori virulence factor connected with:

(1) greater inflammatory response, (2) atherosclerosis,
and (3) coronary artery disease.

[100–102]

VacA

H. pylori virulence factor connected with:
(1) gastric inflammation and carcinogenesis,

(2) chemotactic activation of bone marrow-derived mast cells and
stimulation and damage to the blood–brain barrier,
(3) promotion of intracellular H. pylori survival, and

(4) brain access of activated monocytes (the Trojan horse theory)

[45,49]

Cross reactivity of H. pylori Autoimmune response triggering by H. pylori cross-reactivity→
vascular endothelial damage→MetS-related ischemic disorders [108–110]

Atrophic gastritis

Vitamin B12 and folic acid deficiency induced by H. pylori and/or
MetS→ hyperhomocysteinemia resulting in:

(1) vascular endothelial cells damage and
(2) MetS-related atherosclerosis—arterial hypertension

[111–116]

Diastolic blood pressure

Higher concentrations of H. pylori/MetS-related fibrinogen→
inhibition of endothelial nitric oxide and nitric oxide synthase→
vasoconstriction and augmented peripheral vascular tension but

not cardiac output→ isolated diastolic blood pressure

[117,118]

CagA, Cytotoxin-associated gene A; H. pylori, Helicobacter pylori; MetS, metabolic syndrome; VacA, vacuolating cytotoxin A.

2.3. H. pylori-Related MetS Parameters and Arterial Hypertension

Regarding H. pylori-related MetS parameters, H. pylori infection is a potential contrib-
utor to IR, the major underlying mechanism responsible for MetS [46], which also plays an
important role in the pathogenesis and progression of arterial hypertension-triggered target
organ injury [122,123]. MetS contributes to an increased risk of developing atherosclero-
sis [124], and, in this respect, invasion of H. pylori leading to atheroma has been detected by
introducing PCR [102,125]]. Likewise, direct H. pylori colonization in the arterial walls has
been observed [126]. Moreover, H. pylori reacts with monocytes and stimulates fibroblast
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proliferation in atheroma [127]. Thus, H. pylori has been associated with MetS-related
atherosclerosis via a variety of mechanisms, thereby potentially triggering arterial hyper-
tension. H. pylori infection might independently be involved in atherosclerosis and arterial
hypertension via mechanisms distinct from the conventional causes of atherosclerosis,
such as the three non-conventional coronary artery disease risk factors—homocysteine,
fibrinogen, and lipoprotein(a) [39,111,128].

MetS-related dyslipidemia is also linked with arterial hypertension [129], and, in
this regard, chronic H. pylori infection can trigger abnormal lipid metabolism of the host
including, besides lipoprotein(a) [128], low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and total cholesterol (TC) [130,131]. Likewise,
H. pylori inflammatory cytokines involved in MetS-related arterial hypertension appear
to alter lipid profiles. TNF-α inhibits the action of lipoprotein lipase, and transfers lipids
from the adipose tissue, so that the concentrations of triglycerides (TG) in the circulation
increase, whereas the concentrations of HDL-C reduce [132]. Moreover, IL-6 and TNF-α in-
crease liver cholesterol production by affecting the expression of 3-hydroxy-3-methyl glutaryl
coenzyme A reductase gene, and inhibit cholesterol hydroxylase to decrease liver cholesterol
catabolism [133]. In contrast, H. pylori eradication significantly decreases the concentra-
tions of TC, TG, CRP, fibrinogen, and LDL-C, whereas it increases the concentrations of
HDL-C [134,135]. Therefore, eradication of H. pylori infection reduces the occurrence of
dyslipidemia, thereby potentially preventing the occurrence of MetS-related cardiovas-
cular disease accompanied by arterial hypertension. Beyond dyslipidemia and arterial
hypertension, H. pylori eradication also ameliorates other MetS-related parameters, such
as body mass index (BMI) [136], IR [137], total oxidant status [138,139], and fibrinogen,
an independent risk factor for cardiovascular disease [39]. Focusing on BMI, some other
investigators reported that H. pylori eradication seems to restore ghrelin by increasing
gastric ghrelin secretion, leading to increased plasma ghrelin levels, increased appetite and
a rise in BMI, though a causative relationship between H. pylori-connected serum ghrelin
decline and food intake and obesity has not been established. Since other data indicate
that plasma ghrelin levels are lowered by following a H. pylori eradication regimen, further
research is needed to clarify this issue.

Interestingly, recent data indicate that MetS-related sarcopenia, H. pylori infection,
dyslipidemia, arterial hypertension, diabetes mellitus, smoking, alcohol consumption, and
diet (salty and/or spicy diets) are associated with precancerous gastric mucosa lesions,
including gastric atrophy, intestinal metaplasia, and dysplasia [140]. In this regard, MetS is
associated with malignances, including H. pylori-related upper and lower gastrointestinal
tract cancers, and besides other MetS-related parameters, arterial hypertension could be a
key parameter [46,141,142]. Biochemical reactions induced by dysregulated MetS parame-
ters, including arterial hypertension, affect the host’s general condition and organ-specific
microenvironment, leading to increased cancer recurrence and mortality [141]. Patients
with arterial hypertension show a two-fold increased risk for gastric cancer (GC) develop-
ment. Both arterial hypertension and GC may share a biochemical pathway of elevated
inositol triphosphate and cytosolic calcium that could contribute to the pathogenesis of
arterial hypertension and gastric carcinogenesis. Moreover, arterial hypertension is fre-
quent in survivors of malignancies, and management of preexisting or incident arterial
hypertension in these patients is crucial to reducing the risk of heart failure and other
cardiovascular diseases [143]. Remarkably, recent data indicate that bariatric patients with
H. pylori infection display significantly higher than baseline rates of the mentioned gastric
pre-malignant lesions, including gastric atrophy and intestinal metaplasia accompanied
with IR and arterial hypertension [144].

In line with the latter results, other investigators reported that bariatric patients also
exhibit baseline occurrence of MetS-related parameters, such as arterial hypertension,
dyslipidemia, IR, and even significant cyclooxygenase-2 (COX-2) induction. In contrast,
bariatric surgery has been shown to decrease the magnitude of MetS-related comorbidities,
such as arterial hypertension and dyslipidemia, and even remission of type 2 diabetes
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mellitus by normalizing peripheral insulin sensitivity and increasing pancreatic beta-cell
sensitivity to glucose [145].

In this context, COX-2 also appears to be implicated in MetS components, including
hypertension-related carcinogenesis [145]. It is mutagenic and tumorigenic in vitro, is
frequently overexpressed in multiple malignant cells, and is associated with increased
invasiveness and poor prognosis of tumors, including H. pylori-related upper and lower gas-
trointestinal tract malignancies [46,146]. H. pylori-induced COX-2 overexpression enhances
prostaglandin synthesis, which has been proved to promote the development, prolifera-
tion, and metastasis of cancer cells [146]. On the other hand, although COX-2 selective
inhibitors attenuate inflammation and suppress oncogenesis, their clinical use is con-
nected with potential side effects, most remarkably those within the cardio-cerebrovascular
system, including arterial hypertension, myocardial infarction, and stroke [147]. Specifi-
cally, H. pylori induces an immune response via COX-2 stimulation, which increases the
production of prostaglandin and nitric oxide [112], and the H. pylori cell wall lipopolysac-
charide (LPS) triggers Toll-like receptor-4, which stimulates secondary mediators, including
mitogen-activated protein kinase, extracellular-signal-regulated kinase, c-Jun N-terminal
kinase, and c-p38 kinase, and further stimulates NOS and COX-2 gene expression [148,149].
This immune reaction to LPS might increase the risk of atherosclerosis [150]. COX-2 has
been connected with pro-inflammatory/pro-atherogenic mechanisms, owing to its overex-
pression in monocyte-derived macrophages, existing in the atherosclerotic lesions [151].
Likewise, COX-2 expression may play a role in the progression of atherosclerosis and in the
induction of plaque rupture [152]. Myocardial infarction and stroke are direct outcomes of
atherosclerotic plaque rupture induced by prostaglandin-E2-dependent matrix-degrading
metalloproteinases [153].

Regarding MetS-related arterial hypertension, combined arterial hypertension and
atherosclerotic plaques might raise the risk of cardio-cerebrovascular severe events and
mortality [154]. COX-2 is the principal source of intravascular reactive oxygen species
creation, and, in arterial hypertension and diabetes, this seems to be the result of an
interaction between COX-2-induced prostaglandins, lower activity of oxidase, RAAS,
nicotinamide adenine dinucleotide phosphate, and bone morphogenic protein 4, as a
concentrated pathophysiological cascade in stimulating and preserving endothelial dys-
function [155,156]. Moreover, in patients with arterial hypertension, alterations in IL-12,
IL-23, IL-27, IL-35, and IL-37 concentrations are connected with the development of carotid
atherosclerotic plaque [157,158]. All aforementioned cytokines are also associated with H.
pylori infection [159–162].

2.4. H. pylori and MetS-Related NAFLD and Arterial Hypertension

NAFLD, as the hepatic component of MetS, is associated with H. pylori infection,
which appears to contribute to its development and progression [53]. Recent data indi-
cate that H. pylori infection is connected with IR and augmented intestinal permeability,
which could contribute to the development of NAFLD [163]; and active H. pylori infection
is independently positively associated with the severity of nonalcoholic steatohepatitis
(NASH) and fibrosis, findings suggesting probable clinical implications [53]. In this re-
gard, among patients with NAFLD, the prevalence of arterial hypertension varies from
40–70% and relative studies have shown that NAFLD is strongly related to augmented
risk of incident arterial prehypertension and hypertension [164,165]. Likewise, in the last
few years, numerous cross-sectional studies have shown that the occurrence and severity
of NAFLD are connected with augmented blood pressure and the occurrence of arterial
prehypertension and hypertension [166,167]. Moreover, two- to three-fold rise in the in-
cidence of arterial hypertension was confirmed in relative prospective epidemiological
reports in France and Germany, after observational periods of nine and five years, re-
spectively [168,169]. In addition, relevant data from Finland indicated that, among the
hypertensive or normotensive participants, 24-h daytime and night-time systolic or dias-
tolic blood pressure were significantly higher among participants with hepatic steatosis
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than without (estimated by ultrasound), while this association at a non-dipping status was
marginally non-significant [170]. Ultrasonography revealed fatty liver more often when
non-dipping or reverse dipping was found in 24-h ambulatory blood pressure monitor-
ing in a group of hypertensive patients, and baroreceptor sensitivity was decreased with
augmented blood pressure variability among patients with NAFLD [171,172].

Cytokeratin (CK)-18 is a well-known marker of hepatocellular-specific apoptosis with
its additional potential value as a noninvasive indicator in predicting the severity of in-
flammation, steatosis, and fibrosis [173]. CK-18 is not normally found in vascular smooth
muscle, but is highly expressed during the development of atherosclerotic plaques and
has been shown to be elevated in hypertensive patients with NAFLD [174]. Indications
are available displaying correlations of CK-18 with blood pressure, thus implying its
crucial role in the pathophysiology of such disorders [174,175]. Specifically, CK-18 is an
intermediate filament, the cleavage of which is an early event during apoptosis follow-
ing activation of effector caspases and its immunoreactivity is significantly higher in the
foveolar epithelium of H. pylori-positive gastritis compared with both H. pylori-negative
gastritis and controls; higher expression of CK-18 in the foveolar epithelium is noticed in
patients with CagA positive H. pylori-induced gastritis [176]. Furthermore, associations
between liver enzymes, including serum aspartate aminotransferase, alanine aminotrans-
ferase, and gamma-glutamyl transferase and hypertension are well established. Likewise,
several studies have reported positive associations between these enzymes and arterial
hypertension in NAFLD [177]. Apparently, NASH associated with active H. pylori infection
is characterized by increased levels of the aforementioned liver function tests [53].

The following proposed mechanisms (Table 3) appear to be involved in the patho-
physiology of H. pylori and MetS-related NAFLD on arterial hypertension:

Hypertension 1. H. pylori and MetS-related NAFLD may promote arterial hypertension by
inducing systemic inflammatory processes.

The liver, as an immunological organ with a distinctive tissue structure and cellular
composition, comprising abundant Kupffer cells (residential macrophages) and immune
cells, can provoke secretion of cytokines to defend against invading microorganisms and
environmental challenges and release them into systemic circulation, thereby inducing sys-
temic inflammation [178]. Correspondingly, recent clinical data showed that patients with
NAFLD had significantly compromised cardiac and autonomic function, and, in particular,
the raised levels of TNF-α and CK-18 (as markers for liver injury) in NAFLD patients were
independently connected with augmented sympathetic activity and reduced parasympa-
thetic activity [179]. Moreover, NAFLD has been reported to be related to systemic inflam-
matory responses, characterized by elevated levels of cytokines IL-6 and TNF-α [180,181].
Proinflammatory cytokine, such as the mentioned H. pylori-related TNF-α and IL-6, have
been revealed to regulate the expression of the mentioned RAAS components, especially
angiotensinogen production in the liver and kidneys, further promoting systemic and local
angiotensin II formation and angiotensin II-dependent hypertension [182]. It appears that
under systemic inflammation induced by NAFLD, local inflammatory infiltration in the
vasculature, kidney, and adipose tissue might accelerate the development and progression
of arterial hypertension, and thus further research is needed.

Hypertension 2. H. pylori and MetS-related NAFLD may promote arterial hypertension by
inducing augmented oxidative stress.

NAFLD has been suggested to be highly associated with oxidative stress [183]. In
this respect, reactive oxygen species may play a role in H. pylori-related MetS extragastric
systemic disorders, including atherosclerosis involved in arterial hypertension [184].

Hypertension 3. H. pylori and MetS-related NAFLD may promote arterial hypertension by
inducing IR.

Accumulating experimental and clinical data have highlighted a close and causal rela-
tionship between NAFLD and H. pylori-related IR, a key component of MetS [53,185,186].
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Mechanistically, in the setting of IR, excess free fatty acids released by adipose tissue stimu-
late ectopic fat deposits, including perivascular fat and renal sinus fat, thereby increasing
the risk of arterial hypertension [187].

Hypertension 4. H. pylori and MetS-related NAFLD gastrointestinal dysbiosis may promote
arterial hypertension.

H. pylori-related gastrointestinal dysbiosis has been associated with MetS-related sys-
temic disorders, including arterial hypertension and NAFLD [45]. Currently, it is well
recognized that NAFLD and gastrointestinal dysbiosis have been connected, and dysbiosis
has been associated with the development and possibly the progression of NAFLD [188].
Strikingly, in the sequencing analysis of fecal microbiota, NAFLD patients have exhibited
decreased richness and diversity of gut microbiota, especially increased Bacteroides and
decreased Prevotella, which are closely connected with the production of short-chain fatty
acids [189]; these changes could further contribute to arterial hypertension. In parallel with
gastrointestinal dysbiosis, the investigation of fecal microbiome characteristics in NAFLD
patients implied that NAFLD was linked with enriched genes encoding proteins essential in
the biosynthesis of lipopolysaccharide, which can disrupt the intestinal barrier [189]. Subse-
quently, increased translocation of bacteria, including H. pylori [190], microbial-associated
molecular patterns and gastrointestinal metabolites, elicit intestinal and hepatic inflam-
matory responses, thereby accelerating the progression of NAFLD. Moreover, systemic
lipopolysaccharide levels are significantly raised in patients with NASH [191] and may
stimulate systemic inflammation and induce arterial hypertension.

Hypertension 5. H. pylori and MetS-related NAFLD may promote arterial hypertension by
increasing vasoconstriction and decreasing vasodilation.

The liver is the central site of the elimination of asymmetrical dimethylarginine
(ADMA), which is an endogenous inhibitor of the mentioned NOS. There is evidence
that ADMA is connected with endothelial dysfunction and vascular flow alterations in
patients with arterial hypertension. Notably, circulating ADMA is positively related
with the prevalence of MetS [192]. Moreover, clinical studies have revealed that NAFLD
patients exhibit augmented levels of circulating ADMA, even independent of traditional
cardiovascular risk factors [193]. Furthermore, NAFLD patients exhibit impaired eNOS
(endothelial NOS) function in systemic circulating platelets [194], which may further
lead to reduced nitric oxide production and impair nitric oxide-dependent vasodilatation.
Additionally, RAAS activation by systemic inflammation and augmented production and
secretion of RAAS components, including angiotensin II, can also increase vasoconstriction.
Prospective studies also suggest that NAFLD is an independent pathogenic factor in the
development and progression of arterial stiffness, which can, in turn, modulate vessel
contractile function [195]. Therefore, it is possible that NAFLD can directly increase
vasoconstriction and drive the development of arterial hypertension, and thus further
investigation is needed.

Hypertension 6. H. pylori-related MetS-NAFLD genetic and epigenetic modifications may
promote arterial hypertension.

Generated gene–metabolite–disease interaction networks show that NAFLD and ar-
terial hypertension are interlinked by molecular signatures. Although a large amount
of evidence exists for the relationship between NAFLD and arterial hypertension, there
is little evidence on the genetic association between NAFLD and arterial hypertension.
Bioinformatic analysis revealed that the AGTR1 (angiotensin receptor type 1) gene, also
connected with H. pylori infection and MetS [196,197], might be involved in several signal-
ing pathways connected with the development of NAFLD [198]. In a recent prospective
cohort study, the gain-of-function A1166C (rs5186) variant in the AGTR1 gene represented
a strong predictor of incident NAFLD and related arterial hypertension [199]. Thus, de-
spite the previous unsuccessful clinical trial of angiotensin receptor blockers in managing
fibrosis in NAFLD patients [200], patients with the AGTR1 A1166C variant may exhibit
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a subtype of NAFLD that may benefit more from the personalized usage of angiotensin
receptor blockers.

Table 3. Promotion of arterial hypertension by proposed pathogenetic mechanisms of H. pylori and
MetS-related NAFLD.

Mechanisms

Promotion of arterial hypertension by:
• Augmented oxidative stress
• Increased insulin resistance
• Gastrointestinal dysbiosis

• Increased vasoconstriction and decreased vasodilation
• Genetic and epigenetic modifications

H. pylori, Helicobacter pylori; MetS, metabolic syndrome; NAFLD, nonalcoholic fatty liver disease.

3. Concluding Remarks

H. pylori infection displays a pleiotropic effect beyond the alimentary tract and mount-
ing evidence associates the infection with MetS, including arterial hypertension. The
above-described mechanistic proposals have presented a pathogenetic substrate, showing
how H. pylori infection may possibly exert its action and influence MetS-related arterial
hypertension. Further research is warranted, however, to elucidate in depth the potential
impact of Helicobacter pylori-related MetS on arterial hypertension, a serious public health
problem with high global incidence and prevalence that continues to increase and may
contribute to globally high levels of morbidity and mortality [1].

Identifying H. pylori and MetS-related NAFLD as an important risk factor for hyper-
tension may be helpful for improving the risk prediction, identifying primary preventive
strategies, and selecting a therapeutic program for arterial hypertension and associated
systemic MetS-related pathologies, including cardiovascular disorders.
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Owczarek, A.; Dziuba, M.; Krzemińska-Pakuła, M.; et al. Potential role of LPS in the outcome of Helicobacter pylori related diseases.
Pol. J. Microbiol. 2006, 55, 25.

151. Martinez-Gonzalez, J.; Badimon, L. Mechanisms Underlying the Cardiovascular Effects of COX-Inhibition: Benefits and Risks.
Curr. Pharm. Des. 2007, 13, 2215–2227. [CrossRef]

152. Cipollone, F.; Cicolini, G.; Bucci, M. Cyclooxygenase and prostaglandin synthases in atherosclerosis: Recent insights and future
perspectives. Pharmacol. Ther. 2008, 118, 161–180. [CrossRef]

153. Cipollone, F.; Fazia, M.L. COX-2 and Atherosclerosis. J. Cardiovasc. Pharmacol. 2006, 47, S26–S36. [CrossRef] [PubMed]
154. Li, W.; Zhao, J.; Song, L.; Chen, S.; Liu, X.; Wu, S. Combined effects of carotid plaques and hypertension on the risk of

cardiovascular disease and all-cause mortality. Clin. Cardiol. 2020, 43, 715–722. [CrossRef]
155. Virdis, A.; Taddei, S. Endothelial Dysfunction in Resistance Arteries of Hypertensive Humans. J. Cardiovasc. Pharmacol. 2016, 67,

451–457. [CrossRef]
156. Wong, W.T.J.; Tian, X.Y.; Huang, Y. Endothelial Dysfunction in Diabetes and Hypertension. J. Cardiovasc. Pharmacol. 2013, 61,

204–214. [CrossRef]
157. Ye, J.; Wang, Y.; Wang, Z.; Liu, L.; Yang, Z.; Wang, M.; Xu, Y.; Ye, D.; Zhang, J.; Lin, Y.; et al. Roles and Mechanisms of Interleukin-12

Family Members in Cardiovascular Diseases: Opportunities and Challenges. Front. Pharmacol. 2020, 11, 129. [CrossRef]
158. Ye, J.; Wang, Y.; Wang, Z.; Lin, Y.; Liu, L.; Zhou, Q.; Wang, M.; Xu, Y.; Ye, D.; Zhang, J.; et al. Circulating IL-37 levels are elevated

in patients with hypertension. Exp. Ther. Med. 2021, 21, 558. [CrossRef]
159. Shi, Y.; Liu, X.-F.; Zhuang, Y.; Zhang, J.-Y.; Liu, T.; Yin, Z.; Wu, C.; Mao, X.-H.; Jia, K.-R.; Wang, F.-J.; et al. Helicobacter pylori—

Induced Th17 Responses Modulate Th1 Cell Responses, Benefit Bacterial Growth, and Contribute to Pathology in Mice. J.
Immunol. 2010, 184, 5121–5129. [CrossRef]

160. Jafarzadeh, A.; Nemati, M.; Rezayati, M.-T. Circulating interleukin-27 levels in Helicobacter pylori—Infected patients with gastric
or duodenal ulcers, independent of the bacterial cytotoxin-associated gene A virulence factor. J. Dig. Dis. 2011, 12, 302–307.
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/12388919
http://doi.org/10.5812/nephropathol.8115
http://doi.org/10.1097/SMJ.0b013e3181cf373f
http://www.ncbi.nlm.nih.gov/pubmed/20134372
http://doi.org/10.3390/antiox10010093
http://www.ncbi.nlm.nih.gov/pubmed/33440881
http://doi.org/10.1016/j.clinbiochem.2011.03.001
http://doi.org/10.3389/fonc.2019.01249
http://doi.org/10.3389/fonc.2021.629666
http://doi.org/10.1186/s13098-021-00627-6
http://www.ncbi.nlm.nih.gov/pubmed/33468224
http://doi.org/10.1016/j.hfc.2019.06.010
http://doi.org/10.3390/microorganisms9071361
http://doi.org/10.3390/ijms140714700
http://doi.org/10.1016/j.jss.2007.06.011
http://www.ncbi.nlm.nih.gov/pubmed/17720195
http://doi.org/10.1096/fj.03-0645rev
http://doi.org/10.1007/s10787-012-0141-9
http://www.ncbi.nlm.nih.gov/pubmed/22669511
http://doi.org/10.1007/s10787-013-0169-5
http://www.ncbi.nlm.nih.gov/pubmed/23563696
http://doi.org/10.2174/138161207781368774
http://doi.org/10.1016/j.pharmthera.2008.01.002
http://doi.org/10.1097/00005344-200605001-00006
http://www.ncbi.nlm.nih.gov/pubmed/16785826
http://doi.org/10.1002/clc.23372
http://doi.org/10.1097/FJC.0000000000000362
http://doi.org/10.1097/FJC.0b013e31827fe46e
http://doi.org/10.3389/fphar.2020.00129
http://doi.org/10.3892/etm.2021.9990
http://doi.org/10.4049/jimmunol.0901115
http://doi.org/10.1111/j.1751-2980.2011.00510.x


Microorganisms 2021, 9, 2351 19 of 20

161. Davarpanah, E.; Jafarzadeh, A.; Nemati, M.; Bassagh, A.; Abasi, M.H.; Khosravimashizi, A.; Kazemipoor, N.; Ghazizadeh, M.;
Mirzaee, M. Circulating concentration of interleukin-37 in Helicobacter pylori—Infected patients with peptic ulcer: Its association
with IL-37 related gene polymorphisms and bacterial virulence factor CagA. Cytokine 2019, 126, 154928. [CrossRef]

162. Gu, J.; Wang, X.; Wang, L.; Zhou, L.; Tang, M.; Li, P.; Wu, X.; Chen, M.; Zhang, Y. Serum level of interleukin-35 as a potential
prognostic factor for gastric cancer. Asia-Pac. J. Clin. Oncol. 2020, 17, 52–59. [CrossRef]

163. Wei, L.; Ding, H.-G. Relationship between Helicobacter pylori infection and nonalcoholic fatty liver disease. Medicine 2021,
100, e26706. [CrossRef] [PubMed]

164. Aneni, E.C.; Oni, E.T.; Martin, S.S.; Blaha, M.J.; Agatston, A.S.; Feldman, T.; Veledar, E.; Conçeicao, R.D.; Carvalho, J.A.; Santos,
R.D.; et al. Blood pressure is associated with the presence and severity of nonalcoholic fatty liver disease across the spectrum of
cardiometabolic risk. J. Hypertens. 2015, 33, 1207–1214. [CrossRef] [PubMed]

165. Ryoo, J.-H.; Suh, Y.J.; Shin, H.C.; Cho, Y.K.; Choi, J.-M.; Park, S.K. Clinical association between non-alcoholic fatty liver disease
and the development of hypertension. J. Gastroenterol. Hepatol. 2014, 29, 1926–1931. [CrossRef]

166. Lorbeer, R.; Bayerl, C.; Auweter, S.; Rospleszcz, S.; Lieb, W.; Meisinger, C.; Heier, M.; Peters, A.; Bamberg, F.; Hetterich, H.
Association between MRI-derived hepatic fat fraction and blood pressure in participants without history of cardiovascular
disease. J. Hypertens. 2017, 35, 737–744. [CrossRef]

167. Qian, L.-Y.; Tu, J.-F.; Ding, Y.-H.; Pang, J.; Che, X.-D.; Zou, H.; Huang, D.-S. Association of blood pressure level with nonalcoholic
fatty liver disease in nonhypertensive population. Medicine 2016, 95, e4293. [CrossRef]

168. Bonnet, F.; Gastaldelli, A.; Bars, F.P.-L.; Natali, A.; Roussel, R.; Petrie, J.; Tichet, J.; Marre, M.; Fromenty, B.; Balkau, B. Gamma-
glutamyltransferase, fatty liver index and hepatic insulin resistance are associated with incident hypertension in two longitudinal
studies. J. Hypertens. 2017, 35, 493–500. [CrossRef]

169. Lau, K.; Lorbeer, R.; Haring, R.; Schmidt, C.O.; Wallaschofski, H.; Nauck, M.; John, U.; Baumeister, S.E.; Völzke, H. The association
between fatty liver disease and blood pressure in a population-based prospective longitudinal study. J. Hypertens. 2010, 28,
1829–1835. [CrossRef]

170. Vasunta, R.-L.; Kesäniemi, Y.A.; Ylitalo, A.S.; Ukkola, O.H. High ambulatory blood pressure values associated with non-alcoholic
fatty liver in middle-aged adults. J. Hypertens. 2012, 30, 2015–2019. [CrossRef] [PubMed]

171. Latea, L. Primary non-alcoholic fatty liver disease in hypertensive patients. Australas. Med. J. 2013, 6, 325–330. [CrossRef]
172. Singh, A.; Kumar, M.S.; Jaryal, A.K.; Ranjan, P.; Deepak, K.K.; Sharma, S.; Lakshmy, R.; Pandey, R.M.; Vikram, N.K. Diabetic status

and grade of nonalcoholic fatty liver disease are associated with lower baroreceptor sensitivity in patients with nonalcoholic fatty
liver disease. Eur. J. Gastroenterol. Hepatol. 2017, 29, 956–961. [CrossRef] [PubMed]

173. Li, J.; Verhaar, A.P.; Pan, Q.; de Knegt, R.J.; Peppelenbosch, M.P. Serum levels of caspase-cleaved cytokeratin 18 (CK18-Asp396)
predict severity of liver disease in chronic hepatitis B. Clin. Exp. Gastroenterol. 2017, 10, 203–209. [CrossRef] [PubMed]

174. Bär, H.; Bea, F.; Blessing, E.; Watson, L.; Wende, P.; Kreuzer, J.; Kübler, W.; Jahn, L. Phosphorylation of cytokeratin 8 and 18 in
human vascular smooth muscle cells of atherosclerotic lesions and umbilical cord vessels. Basic Res. Cardiol. 2001, 96, 50–58.
[CrossRef] [PubMed]

175. Morrow, D.A.; Ridker, P.M. C-reactive protein, inflammation, and coronary risk. Med. Clin. N. Am. 2000, 84, 149–161. [CrossRef]
176. Todorovic, V.; Sokic-Milutinovic, A.; Drndarevic, N.; Micev, M.; Mitrovic, O.; Nikolic, I.; Wex, T.; Milosavljevic, T.; Malfertheiner,

P. Expression of cytokeratins in Helicobacter pylori—Associated chronic gastritis of adult patients infected with cagA+ strains: An
immunohistochemical study. World J. Gastroenterol. 2006, 12, 1865–1873. [CrossRef] [PubMed]

177. Patel, S.; Lawlor, D.A.; Ferreira, D.L.; Hughes, A.D.; Chaturvedi, N.; Callaway, M.; Day, C.; Sattar, N.; Fraser, A. The association
of nonalcoholic fatty liver disease with central and peripheral blood pressure in adolescence. J. Hypertens. 2015, 33, 546–553.
[CrossRef]

178. Racanelli, V.; Rehermann, B. The liver as an immunological organ. Hepatology 2006, 43, S54–S62. [CrossRef]
179. Houghton, D.; Zalewski, P.; Hallsworth, K.; Cassidy, S.; Thoma, C.; Avery, L.; Slomko, J.; Hardy, T.; Burt, A.D.; Tiniakos, D.; et al.

The degree of hepatic steatosis associates with impaired cardiac and autonomic function. J. Hepatol. 2019, 70, 1203–1213.
[CrossRef]

180. Haukeland, J.W.; Damås, J.K.; Konopski, Z.; Løberg, E.M.; Haaland, T.; Goverud, I.; Torjesen, P.A.; Birkeland, K.; Bjøro, K.;
Aukrust, P. Systemic inflammation in nonalcoholic fatty liver disease is characterized by elevated levels of CCL2. J. Hepatol. 2006,
44, 1167–1174. [CrossRef]

181. Potoupni, V.; Georgiadou, M.; Chatzigriva, E.; Polychronidou, G.; Markou, E.; Gakis, C.Z.; Filimidou, I.; Karagianni, M.;
Anastasilakis, D.; Evripidou, K.; et al. Circulating tumor necrosis factor-α levels in non-alcoholic fatty liver disease: A systematic
review and a meta-analysis. J. Gastroenterol. Hepatol. 2021, 36, 3002–3014. [CrossRef]

182. Satou, R.; Penrose, H.; Navar, L.G. Inflammation as a Regulator of the Renin-Angiotensin System and Blood Pressure. Curr.
Hypertens. Rep. 2018, 20, 100. [CrossRef]

183. Yu, Y.; Cai, J.; She, Z.; Li, H. Insights into the Epidemiology, Pathogenesis, and Therapeutics of Nonalcoholic Fatty Liver Diseases.
Adv. Sci. 2018, 6, 1801585. [CrossRef]

184. Kountouras, J.; Boziki, M.; Polyzos, S.A.; Katsinelos, P.; Gavalas, E.; Zeglinas, C.; Tzivras, D.; Romiopoulos, I.; Giorgakis, N.;
Anastasiadou, K.; et al. Impact of reactive oxygen species generation on Helicobacter pylori—Related extragastric diseases: A
hypothesis. Free. Radic. Res. 2017, 51, 73–79. [CrossRef]

http://doi.org/10.1016/j.cyto.2019.154928
http://doi.org/10.1111/ajco.13403
http://doi.org/10.1097/MD.0000000000026706
http://www.ncbi.nlm.nih.gov/pubmed/34397807
http://doi.org/10.1097/HJH.0000000000000532
http://www.ncbi.nlm.nih.gov/pubmed/25693058
http://doi.org/10.1111/jgh.12643
http://doi.org/10.1097/HJH.0000000000001245
http://doi.org/10.1097/MD.0000000000004293
http://doi.org/10.1097/HJH.0000000000001204
http://doi.org/10.1097/HJH.0b013e32833c211b
http://doi.org/10.1097/HJH.0b013e3283576faf
http://www.ncbi.nlm.nih.gov/pubmed/22940679
http://doi.org/10.4066/AMJ.2013.1648
http://doi.org/10.1097/MEG.0000000000000898
http://www.ncbi.nlm.nih.gov/pubmed/28471821
http://doi.org/10.2147/CEG.S135526
http://www.ncbi.nlm.nih.gov/pubmed/28860836
http://doi.org/10.1007/s003950170077
http://www.ncbi.nlm.nih.gov/pubmed/11215532
http://doi.org/10.1016/S0025-7125(05)70211-X
http://doi.org/10.3748/wjg.v12.i12.1865
http://www.ncbi.nlm.nih.gov/pubmed/16609992
http://doi.org/10.1097/HJH.0000000000000445
http://doi.org/10.1002/hep.21060
http://doi.org/10.1016/j.jhep.2019.01.035
http://doi.org/10.1016/j.jhep.2006.02.011
http://doi.org/10.1111/jgh.15631
http://doi.org/10.1007/s11906-018-0900-0
http://doi.org/10.1002/advs.201801585
http://doi.org/10.1080/10715762.2016.1271122


Microorganisms 2021, 9, 2351 20 of 20

185. Dongiovanni, P.; Stender, S.; Pietrelli, A.; Mancina, R.M.; Cespiati, A.; Petta, S.; Pelusi, S.; Pingitore, P.; Badiali, S.;
Maggioni, M.; et al. Causal relationship of hepatic fat with liver damage and insulin resistance in nonalcoholic fatty liver. J.
Intern. Med. 2017, 283, 356–370. [CrossRef] [PubMed]

186. Polyzos, S.A.; Kountouras, J. Helicobacter pylori infection and nonalcoholic fatty liver disease: Time for large clinical trials
evaluating eradication therapy. Helicobacter 2019, 24, e12588. [CrossRef] [PubMed]

187. Ferrara, D.; Montecucco, F.; Dallegri, F.; Carbone, F. Impact of different ectopic fat depots on cardiovascular and metabolic
diseases. J. Cell. Physiol. 2019, 234, 21630–21641. [CrossRef] [PubMed]

188. Schwimmer, J.; Johnson, J.S.; Angeles, J.E.; Behling, C.; Belt, P.H.; Borecki, I.; Bross, C.; Durelle, J.; Goyal, N.P.; Hamilton, G.; et al.
Microbiome Signatures Associated With Steatohepatitis and Moderate to Severe Fibrosis in Children With Nonalcoholic Fatty
Liver Disease. Gastroenterology 2019, 157, 1109–1122. [CrossRef]

189. Tripathi, A.; Debelius, J.; Brenner, D.A.; Karin, M.; Loomba, R.; Schnabl, B.; Knight, R. The gut–liver axis and the intersection with
the microbiome. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 397–411. [CrossRef] [PubMed]

190. Kountouras, J.; Zavos, C.; Polyzos, S.A.; Deretzi, G. Potential impact of Helicobacter pylori—Related human β-defensin-1 on
hepatic encephalopathy and neurodegeneration. Ann. Gastroenterol. 2016, 29, 99.

191. Sharifnia, T.; Antoun, J.; Verriere, T.G.C.; Suarez, G.; Wattacheri, J.; Wilson, K.T.; Peek, R.M.P., Jr.; Abumrad, N.N.; Flynn, C.R.
Hepatic TLR4 signaling in obese NAFLD. Am. J. Physiol.-Gastrointest. Liver Physiol. 2015, 309, G270–G278. [CrossRef]

192. Yola, I.M.; Moser, C.; Duncan, M.S.; Schwedhelm, E.; Atzler, D.; Maas, R.; Hannemann, J.; Böger, R.H.; Vasan, R.S.; Xanthakis, V.
Associations of circulating dimethylarginines with the metabolic syndrome in the Framingham Offspring study. PLoS ONE 2021,
16, e0254577. [CrossRef] [PubMed]

193. Dogru, T.; Genc, H.; Tapan, S.; Ercin, C.N.; Ors, F.; Aslan, F.; Kara, M.; Sertoglu, E.; Bagci, S.; Kurt, I.; et al. Elevated asymmetric
dimethylarginine in plasma: An early marker for endothelial dysfunction in non-alcoholic fatty liver disease? Diabetes Res. Clin.
Pract. 2012, 96, 47–52. [CrossRef] [PubMed]

194. Persico, M.; Masarone, M.; Damato, A.; Ambrosio, M.; Federico, A.; Rosato, V.; Bucci, T.; Carrizo, A.; Vecchione, C. Non alcoholic
fatty liver disease and eNOS dysfunction in humans. BMC Gastroenterol. 2017, 17, 35.

195. Li, N.; Zhang, G.-W.; Zhang, J.-R.; Jin, D.; Li, Y.; Liu, T.; Wang, R.-T. Non-alcoholic fatty liver disease is associated with progression
of arterial stiffness. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 218–223. [CrossRef] [PubMed]

196. Assali, A.; Ghayour-Mobarhan, M.; Sahebkar, A.; Hassani, M.; Kasaian, J.; Tatari, F.; Moohebati, M.; Paydar, R.; Oladi, M.;
Esmaeili, H.A.; et al. Association of angiotensin II type 1 receptor gene A1166C polymorphism with the presence of diabetes
mellitus and metabolic syndrome in patients with documented coronary artery disease. Eur. J. Intern. Med. 2011, 22, 254–261.
[CrossRef]

197. Sugimoto, M.; Ohno, T.; Graham, D.Y.; Yamaoka, Y. Helicobacter pylori outer membrane proteins on gastric mucosal interleukin 6
and 11 expression in Mongolian gerbils. J. Gastroenterol. Hepatol. 2011, 26, 1677–1684. [CrossRef] [PubMed]

198. Li, L.; Liu, H.; Hu, X.; Huang, Y.; Wang, Y.; He, Y.; Lei, Q. Identification of key genes in non-alcoholic fatty liver disease progression
based on bioinformatics analysis. Mol. Med. Rep. 2018, 17, 7708–7720. [CrossRef]

199. Musso, G.; Saba, F.; Cassader, M.; Paschetta, E.; De Michieli, F.; Pinach, S.; Framarin, L.; Berrutti, M.; Leone, N.; Parente, R.; et al.
Angiotensin II Type 1 Receptor rs5186 Gene Variant Predicts Incident NAFLD and Associated Hypertension: Role of Dietary
Fat-Induced Pro-Inflammatory Cell Activation. Am. J. Gastroenterol. 2019, 114, 607–619. [CrossRef]

200. Li, Y.; Xu, H.; Wu, W.; Ye, J.; Fang, D.; Shi, D.; Li, L. Clinical application of angiotensin receptor blockers in patients with
non-alcoholic fatty liver disease: A systematic review and meta-analysis. Oncotarget 2018, 9, 24155–24167. [CrossRef]

http://doi.org/10.1111/joim.12719
http://www.ncbi.nlm.nih.gov/pubmed/29280273
http://doi.org/10.1111/hel.12588
http://www.ncbi.nlm.nih.gov/pubmed/30950170
http://doi.org/10.1002/jcp.28821
http://www.ncbi.nlm.nih.gov/pubmed/31106419
http://doi.org/10.1053/j.gastro.2019.06.028
http://doi.org/10.1038/s41575-018-0011-z
http://www.ncbi.nlm.nih.gov/pubmed/29748586
http://doi.org/10.1152/ajpgi.00304.2014
http://doi.org/10.1371/journal.pone.0254577
http://www.ncbi.nlm.nih.gov/pubmed/34492019
http://doi.org/10.1016/j.diabres.2011.11.022
http://www.ncbi.nlm.nih.gov/pubmed/22189171
http://doi.org/10.1016/j.numecd.2014.10.002
http://www.ncbi.nlm.nih.gov/pubmed/25456154
http://doi.org/10.1016/j.ejim.2010.11.014
http://doi.org/10.1111/j.1440-1746.2011.06817.x
http://www.ncbi.nlm.nih.gov/pubmed/21679252
http://doi.org/10.3892/mmr.2018.8852
http://doi.org/10.14309/ajg.0000000000000154
http://doi.org/10.18632/oncotarget.23816

	Introduction 
	H. pylori-Related Arterial Hypertension 
	H. pylori and Mets-Related Diet and Arterial Hypertension 
	H. pylori-Related MetS-Induced Inflammation and Arterial Hypertension 
	H. pylori-Related MetS Parameters and Arterial Hypertension 
	H. pylori and MetS-Related NAFLD and Arterial Hypertension 

	Concluding Remarks 
	References

