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Abstract: The ‘gut microbiome’—the hundreds of trillions of bacteria in the human gastrointestinal
tract—serves several functions. The gut microbiome includes all the microorganisms, bacteria, viruses,
protozoa, and fungi in the gastrointestinal tract and their genetic material. It helps digest indigestible
foods and produces nutrients. Through the metabolism of sugars and proteins, it helps the intestinal
barrier, the immune system, and metabolism. Some bacteria, such as those in the gut microbiome,
cause disease, but others are essential to our health. These “good” microbes protect us from pathogens.
Numerous studies have linked an unhealthy gut microbiome to obesity, insulin resistance, depression,
and cardiometabolic risk factors. To maximize probiotic benefits in each case, knowledge of probiotic
bacterial strains and how to consume them should be increased. This study aims to examine the
benefits of probiotic and prebiotic organisms on cardiovascular health, specifically on heart disease,
coronary heart disease, stroke, and hypertension. To complete the research, a literature review was
conducted by gathering clinical studies and data. The clinical evidence demonstrates the beneficial
effect of probiotics and prebiotic microorganisms on the gut microbiome, which has multiple benefits
for overall health and especially for cardiovascular diseases.

Keywords: cardiovascular disease; clinical studies; gut microbiota; prebiotics; probiotics; coronary
artery disease; stroke; hypertension

1. Introduction

The gut microbiome contributes to food metabolism and the immune system, and is
being strongly investigated as a diagnostic and therapeutic factor for various cardiovascular
diseases. Evidence from research suggests that there is a strong correlation between the gut
microbiome and the development of cardiovascular disease. In particular, a correlation has
been found between the gut microbiome and the production of N-trimethylamine oxide,
derived from dietary components such as choline and carnitine. Certain bacteria that are
found in the gut are capable of converting choline and carnitine (components that are found
in red meat and other animal foods) into N-trimethylamine oxide, potentially increasing
risk factors for heart disease [1].

In patients with pre-existing cardiovascular disease, the microbial-induced conversion
of ingested choline to trimethylamine affects the health of the cardiovascular system.
Elevated blood levels of N-trimethylamine oxide have been directly linked to adverse
outcomes in patients with such conditions, such as coronary artery disease and heart failure.
Over time, the microbiome begins to produce toxic molecules, including N-trimethylamine
oxide, which enter the bloodstream, causing inflammation. The age-related microbial
imbalance of the gut microbiome contributes to the development of oxidative stress and
inflammation that underlie arterial dysfunction. Such findings, therefore, support that
good gut microbiota helps prevent cardiovascular disease [2].

As is now well understood, the gut microbiome provides many of the most important
functions for our body. It is now recognized as a key component of human health and has
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been proposed to be defined as an “organ” of the human body, strange as that may sound.
The microorganisms of the gut microbiome stimulate the immune system by breaking down
toxic food compounds and synthesizing vitamins and amino acids, including vitamin B12
and vitamin K [3]. Also, a healthy microbiome full of “good” bacteria provides protection
against pathogens entering the body. In addition, microbes that are found in the gut prevent
the overgrowth of harmful bacteria that compete for certain nutrients [4].

The gut microbiota is a diverse symbiotic community of nonpathogenic microorgan-
isms made mostly of anaerobic bacteria and fungi [5]; however, certain gut bacteria prefer
to flourish under microaerophilic circumstances. One of its capabilities is the maintenance
of a barrier via enterocytes that are covered with a brush border of mucus, which is pro-
duced by goblet cells and non-penetrable tight junctions between enterocytes [6], a layer of
luminal mucus and tight adherent junctions between enterocytes that allows the control
of absorption and metabolism as well as the maturation and stimulation of the immune
system, all of which are essential functions for an effective mechanism of defense against
pathogenesis. The signals that are generated by the bacteria in the gut travel through the
intestinal epithelium and stimulate various signaling mechanisms at the epithelial cell
boundary before entering the systemic circulation. This allows the signals to communicate
with other organs that are located further away. The two-way connection that exists be-
tween the microbiota in the stomach and the organs throughout the body is mediated in
healthy people by a few different pathways [7].

Therefore, if an appropriate entry route can be identified, probiotics can be a beneficial
treatment. Multiple clinical investigations have proven the beneficial effects of probiotics
in stroke patients. Due to the variable quality and sample sizes of these studies, it is not
possible to evaluate the efficacy and safety of probiotic medication combined with EN in a
systematic manner. Therefore, this article will explore further clinical evidence highlighting
the protective use of prebiotics and probiotics in CVD, coronary heart disease, stroke and
hypertension.

2. Reduction in the Risk Factors of CVDs

In a recent meta-analysis, Mo et al. [8] concluded that probiotics significantly reduce
total cholesterol and low-density lipoprotein cholesterol in hypercholesterolemic individuals.

Systemic inflammation is a prevalent feature of cardiovascular diseases (CVD), as
are several risk factors such as hypertension [9]. It is also recognized that oxidative stress
has a role in the progression of CVDs [10]. It has been discovered that Lactobacillus and
Bifidobacterium inhibit lipid peroxidation and ROS production and, as a result, may slow
or even prevent the development of CVDs and other oxidative stress-related diseases [11].

Tenorio-Jimenez et al. [12] report that the 12-week administration of a daily dose of
5 × 109 cfu L. reuteri V3401 in capsules was associated with lower levels of inflamma-
tion biomarkers, such as TNF-, IL-6, IL-8, and soluble intercellular adhesion molecule-1
(sICAM-1), and a reduced risk of CVD in obese adults aged 18 to 65 years with metabolic
syndrome. Szulinska et al. [13] also discovered that treatment with the multispecies probi-
otic Ecologic® Barrier modified both the functional and biochemical markers of vascular
dysfunction in 81 obese postmenopausal Caucasian women. The subjects were assigned
to placebo, low dose (2.5 × 109 cfu per day), or high dose groups (1 × 1010 cfu per day).
The supplement was administered for 12 weeks. According to the researchers, both low
and high doses reduce systolic blood pressure, serum vascular endothelial growth factor
(VEGF), TNF-α, and IL-6. Other clinical studies [14,15] have similarly connected the use
of probiotics to a moderate or substantial reduction in blood pressure in both healthy and
obese individuals. It is believed that probiotics exert their antihypertensive effect through
many mechanisms, including modulation of the renin–angiotensin system [16].

In the most recent study that was released by the World Health Organization, it was
stated that strokes are the second biggest cause of death all over the world [17]. In 2016,
a stroke was responsible for the deaths of nearly 5.5 million people [18]. The release of
digestive hormones and neurotransmitters can be altered as a result of nerve damage that
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is caused by a stroke. This, in turn, causes the function of the intestinal mucosa to become
disrupted, which makes digestion and the absorption of nutrients from the intestines
more difficult. Due to this, the installation of a nasogastric tube for enteral feeding (EN)
is necessary in order to guarantee that the body will receive adequate nutrition. At the
moment, the bulk of nutritional support treatments involve either enteral feeding or
parenteral nutrition (PN) [19]. However, delivery of PN [20] for extended period of time
may result in undesirable effects, such as complications with the catheter and harm to
the intestinal mucosa. In addition to this, EN is responsible for the maintenance of the
gastrointestinal tract’s barrier function as well as an increase in the proliferation of intestinal
mucosal cells. As a result, there is a relatively low occurrence of adverse reactions to EN.
As a result of considerable gastrointestinal dysfunction, patients who have suffered a major
stroke are more likely to experience difficulties such as diarrhea, constipation, and infection
within one to two weeks of initiating EN therapy. This makes the application of EN [21]
more difficult and reduces its effectiveness. Probiotics are live bacteria that are beneficial to
the host and have the potential to colonize the human digestive tract. The human body can
reap the benefits of having a microecology in the gut that is in good health. Wong [22] found
that prompt probiotic supplementation can minimize intestinal permeability in critically ill
patients, reduce the generation of pathogenic toxins and gas, lessen abdominal distension,
neutralize food allergies, and lessen the severity of symptoms that are associated with
irritable bowel syndrome, and increase EN tolerance.

3. Cardiovascular Disease

The term “cardiovascular disease” covers a wide range of diseases, including all
pathological changes involving the heart and/or blood vessels [23]. These diseases include
hypertension, coronary heart disease, heart failure, angina pectoris, myocardial infarction,
and vascular strokes. Over half of deaths in the middle-aged and one-third of deaths in the
elderly are attributed to CVD in the majority of developed nations [24]. The statistics related
to cardiovascular disease appear ominous at the global level. Cardiovascular disease has
been the leading cause of death in developing countries for the last 15 years, and by 2030,
deaths will exceed 20 million per year [25].

The most common cause of heart disease is atherosclerosis (plaques in the artery walls
which make them thicker, thus preventing proper blood flow). Other causes include high
blood pressure, diabetes, coronary heart disease, stress, heart damage, bacteria, viruses,
parasites (for heart infection), smoking, alcohol, and diet. Numerous studies have examined
the beneficial effects of probiotics and prebiotics on host’s health. The term probiotic comes
from the Greek, where it means “for life”. The definition of probiotics established in 2014
by the Food and Agriculture Organization of the United Nations (FAO) and the World
Health Organization (WHO) is “live strains of strictly selected microorganisms that, when
administered in adequate quantities, confer a health benefit on the host” [26]. Gibson
and Roberfroid first proposed the term “prebiotics” in 1995 and updated it in 2004 as
“non-digestible food components that allow the specificity of microbial changes in the
intestinal tract, thereby exhibiting beneficial effects on the host’s health” [27].

Currently, the International Scientific Association for Probiotics and Prebiotics (ISAPP)
reaffirms the most widely accepted definition of this term as a substrate that is selectively
utilized by host microorganisms that confer a health benefit [26]. Probiotics and prebiotics
have attracted a lot of interest in terms of the health benefits they may have. Although
research is ongoing, it appears that probiotics may help treat diarrhea that is caused
by taking antibiotics, treat urinary tract infections, treat irritable bowel syndrome (IBS),
speed up the treatment of intestinal infections, and prevent or reduce the severity of
colds and flu. Their intake is naturally through some types of food or more enhanced
through supplements, as needed. Accumulating evidence suggests that probiotics and
prebiotics may ameliorate metabolic disorders, such as obesity, diabetes, and CVD [28].
It has been demonstrated that they protect against CVD by lowering cholesterol levels,
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reducing oxidative stress, balancing functional and structural changes of gut microbiota,
and enhancing immune responses [29].

Thanks to modern high-throughput techniques for sequencing gut microbiota, the role
of gut microbiota in human health and well-being is the subject of extensive research [30].
Researchers suggest that heart patients may benefit from being treated with probiotics
which colonize the gut with friendly bacteria. After all, heart disease is on the list of
inflammatory problems such as rheumatoid arthritis, psoriasis, inflammatory bowel disease,
and multiple sclerosis that also originate in the gut and have all been linked to a gut
microbiota imbalance [31,32]. Probiotics and prebiotics with beneficial effects on the
microbiological and metabolic makeup of gut microbiota could be considered as a potential
therapy for CVD.

Modulation of the host immune system could potentially account for the protective
effects of probiotic and prebiotic treatments on cardiovascular disease. Immunological
mechanisms behind probiotics and prebiotics involve dendritic cells, epithelial cells, T-
regulatory cells, effector lymphocytes, natural killer T-cells, and B-cells [33]. Cardiovascular
disease is associated with low-grade inflammation, as is the case with many chronic
conditions. Plasma concentrations of the proinflammatory factors interleukin-1, interleukin-
6, and tumor necrosis factor, which are stimulated by innate and adaptive immune cells,
are commonly detected in cardiovascular diseases [34].

CVD refers to a collection of disorders with a complicated origin and pathogenesis.
Raygan reported that supplementation with probiotics and co-supplementation with probi-
otics and vitamin D or selenium could significantly improve the biomarkers of mental health
and metabolic profiles, such as high-sensitivity C-reactive protein, nitric oxide, low-density
lipoprotein or total cholesterol, as well as the parameters that are involved in inflammation
and oxidative stress [35,36]. Several indicators, including serum high-sensitivity C-reactive
protein, cholesterol, plasma nitric oxide, and malondialdehyde (MDA), improved follow-
ing supplementation with synbiotics including probiotic strains and prebiotic “inulin”,
according to two further investigations [37]. The last three articles are associated with
coronary artery disease (CAD). Supplementation with L. plantarum 299v (Lp299v) improved
vascular endothelial function and reduced system inflammation in males with CAD [38].
Lactobacillus rhamnosus GG consumption was also associated with a reduction in metabolic
endotoxemia and mega-inflammation in CAD patients [39]. In a further trial that was
conducted by the same group, co-supplementation of probiotics and inulin with CAD
patients for eight weeks was found to have favorable effects on biomarkers of depression,
anxiety, and inflammation [40].

The positive benefits of soluble fiber (Minolest) supplementation on the lipid profile of
people with mild hypercholesterolemia and a low risk of CAD were determined [41]. In a
rat model of ischemia-reperfusion, another study demonstrated that larch arabinogalactan,
an active component of pectin, reduced cardiac damage by blocking apoptotic cascades [42].
Moreover, chitosan oligosaccharides displayed preventive effects in CHD by enhancing
antioxidant capabilities and lipid profiles by boosting the proliferation of probiotic species in
the gut flora [43]. Overall, prebiotics may ameliorate CVD symptoms via many mechanisms
involving inflammation, antioxidant capacity, and resetting the dysbiotic gut microbiome.
However, the observed deleterious effects of prebiotics on CVD require caution in the
human application of inulin.

4. Coronary Artery Disease

Numerous studies have found that dysbiosis contributes to the development of CAD
through various mechanisms such as increased intestinal permeability and metabolic endo-
toxemia [44]. This could be explained by a microbiome-derived lipopolysaccharide, which
is a primary component of Gram-negative bacteria’s exterior membrane. Lipopolysaccha-
rides can enter the bloodstream after passing through the intestinal mucosa and may be a
major modulator of chronic inflammation [45]. Although endotoxaemia is not always syn-
onymous with high lipopolysaccharides, many people define metabolic endotoxemia as “a
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state of chronically elevated plasma lipopolysaccharides” [46]. Chronic inflammation after
metabolic endotoxemia may be a plausible mechanism explaining the link between dys-
biosis and CAD, which is caused by dysbiosis [47]. Lipopolysaccharides activate Toll-like
receptors and causes endothelium damage by raising the expression of surface adhesion
molecules such as a cluster of differentiation 14 on inflammatory cells, as well as stimu-
lating the release of proinflammatory cytokines [48]. Endotoxin may also cause plaque
development and progression of atherosclerotic lesions, as well as the release of other
chemicals that are implicated in the proinflammatory process from endothelial cells [49].

Probiotics, in addition to aiding in the maintenance of homeostasis in the gut micro-
biota, have been proposed as a viable treatment for CAD [50]. In some therapeutic contexts,
a small number of researchers have looked into the impact of probiotics on systemic levels
of endotoxin. Those who have studied the effect of probiotics on endotoxin levels and
associated metabolic diseases have found contradictory results [51]. Probiotics maintain
gut barrier function integration and decrease intestinal permeability, lowering endotoxin
levels [52].

5. Stroke

A stroke is an acute cerebrovascular disease that primarily manifests as a blockage of
blood vessels in the brain. Ischemic or hemorrhagic strokes are the most common kinds of
stroke, and males over the age of 40 are more likely to suffer from them. The two clinical
treatments for stroke that are most commonly used are thrombolytic therapy and drug
therapy. Due to the substantial risk of problems that are associated with both of these
treatments, there is no improvement in the prognosis for stroke [53]. Nutritional support
therapy is an important intervention that should be used in the treatment of acute severe
stroke. To account for the treatment and the provision of appropriate nutrition for recovery
in later stages, most studies have utilized early EN maintenance therapy [54]. Additionally,
researchers have discovered that EN is appropriate for individuals with any awareness
issue [55]. However, Xu discovered that EN can elicit a range of unpleasant gastrointestinal
symptoms [56]. Probiotics can lower the incidence of complications and limit the growth
of pathogenic bacteria in the intestine [57]. Using the notion of biological antagonism to
modify the balance of gut flora is also consistent with contemporary concepts of medical
treatment.

Nevertheless, the link between probiotics and stroke is complex. Ritzel discovered
that the incidence of intestinal dysbiosis in elderly stroke patients is on the rise [58]. Yin
discovered an increase in harmful bacteria and a decrease in probiotics in the gut flora of
ischemic stroke patients [59]. Recent studies [60] indicate that an imbalance in the gut flora
can influence the incidence of stroke via a bottom-up signaling pathway. Consequently,
gut inflammation and immunological response may be linked [61]. Probiotics and their
metabolites, such as short-chain fatty acids, can dramatically ameliorate the systemic
inflammatory response syndrome in critically ill patients [62].

6. Hypertension

Arterial hypertension is a key risk factor for the development of serious disorders,
such as acute myocardial infarction, heart failure, stroke, and renal failure [63], in addition
to being a leading cause of early death around the world [64]. Primary hypertension, also
known as essential hypertension, is a complicated illness that can be caused by several
variables, including genetics, demography, concurrent disorders, and the environment.
Approximately 8% of cases are suggestive of secondary hypertension, or hypertension
with a known etiology including endocrine disorders, medications, malignant tumors, or
hyperactivation of the renin-angiotensin system [65].

Antihypertensive medication used in clinical practice has been shown to be effective
at keeping blood pressure at safe levels, hence lowering the morbidity and mortality that is
linked to this condition. Several worldwide publications, the bulk of which were released
by the Eighth Joint National Committee, have created guidelines for the treatment of
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hypertension patients as well as numerous reference values for those over 60 [66]. These
guidelines were developed by several international publications.

In addition to pharmacological therapies, it is important to implement several non-
pharmacological methods for the disease’s control. In this regard, a healthy diet is of
critical importance [67], and probiotics can play a crucial role. Several mechanisms, such as
exerting control at the level of the central and autonomic nervous systems or safeguarding
endothelium function, have indicated that gut microbiota plays a significant role in the
regulation of blood pressure. In addition, gut dysbiosis has been described in hypertensive
animal models and hypertensive people [68].

Considering the use of probiotics, a working committee at the National Heart, Lung,
and Blood Institute recently examined the current status and future directions for the
treatment and prevention of high blood pressure, taking into account the role of the gut
flora. Therefore, functional foods that contribute to the preservation of the intestinal flora
can be highly helpful in preventing excessively high blood pressure levels, as various
writers have already discussed in detail [69].

Kefir is one of the foods that has been proven to deliver numerous cardiovascular
advantages, and one of those advantages is an effective reduction in blood pressure [70].
Kefir has been studied for its ability to inhibit the angiotensin-converting enzyme, as well
as for the prevention of vascular endothelial dysfunction [71], the restoration of damaged
autonomic cardiovascular function [72], and its inhibition of angiotensin-converting en-
zyme [73]. Mounting data are suggesting that the use of probiotics as a viable natural
coadjuvant in the treatment and prevention of cardiovascular disease, including hyperten-
sion, may be possible.

Multiple human clinical investigations have revealed that probiotics can reduce un-
usually high blood pressure levels. For instance, systolic/diastolic blood pressure and
heart rate decreased in response to an extract of Lactobacillus casei, which has been shown to
lower blood pressure in spontaneously hypertensive patients [74]. An intriguing 2002 study
found that using Lactobacillus plantarum lowered heavy smokers’ systolic blood pressure [75].
Chronic probiotic use lowers the risk of preeclampsia, which is linked to inflammation and
hypertension according to a 2011 Norwegian study [76]. Additionally, probiotic soy milk
containing Lactobacillus plantarum significantly decreased systolic/diastolic blood pressure
in a randomized, double-blind clinical trial with Type II diabetes mellitus [77], and in a
study with pre-diabetic patients, there was a significant tendency to reduce hypertension
in those patients receiving a multispecies probiotic [78]. Consuming probiotics resulted in
a little reduction in blood pressure, with the impact being more pronounced if the basal
blood pressure was elevated, according to a meta-analysis that was published in 2014 based
on the results of nine clinical trials. The authors also concluded that combining different
probiotic strains increased their effectiveness. Last but not least, the intervention must last
no more than eight weeks, and the daily probiotic dose cannot exceed 1011 colony-forming
units [79].

The initial line of defense between the bloodstream and the vascular muscle is made up
of a single layer of thin, smooth cells known as the vascular endothelium. Its duties include
acting as a selective membrane for the movement of fluid, solutes, and inflammatory cells
between the tissue and plasma areas [80].

The endothelium also modulates vascular tone by generating and releasing a vari-
ety of vasodilators and vasoconstrictors, including nitric oxide (NO), prostacyclin, and
endothelium-derived hyperpolarizing factor and endothelin (through ETA), angiotensin
II (by AT1 receptors), and ROS. Furthermore, it regulates platelet aggregation and blood
hemostasis, as well as the antithrombotic/prothrombotic balance, and it plays a function in
inflammation and immunological response [81].

Due to the endothelium’s multifunctional character, it is easy to see how changes in
it can play a role in the genesis and/or advancement of numerous diseases. Endothelial
dysfunction is thus recognized as a risk factor for the onset of CVD, manifesting itself in the
early stages and during the progression of hypertension, myocardial ischemia, atheroscle-
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rosis, and peripheral vascular disease [82]. Endothelial dysfunction is also a component of
disorders such as diabetes, renal failure, viral infections, and tumor growth [83].

Inflammatory processes can cause endothelial dysfunction, which leads to a decrease
in endothelial nitric oxide synthase (eNOS) enzyme activity, a decrease in nitric oxide
bioavailability, and hypertension. Furthermore, oxidative stress promotes the development
of endothelial dysfunction by reducing nitric oxide availability [84]. Endothelial nitric
oxide release is reduced when ROS are produced as a result of hypertension, hypercholes-
terolemia, diabetes, or other cardiovascular risk factors [85].

As stated previously, there is a significant association between dysbiosis and the de-
velopment of hypertension, which may include the decreased endothelium function that
is caused by changes in the gut microbiota during the chronic rise in blood pressure [86].
Consequently, a number of studies have demonstrated that probiotics may improve en-
dothelium function [87].

Some research on humans or human cells has demonstrated that probiotic therapy
improves endothelial function. Soy milk fermented with Lactobacillus plantarum or Strepto-
coccus thermophilus enhanced nitric oxide production and eNOS activity in endothelial cells,
suggesting their efficacy for enhancing endothelial function [88]. In men with stable CAD,
a 6-week supplementation with Lactobacillus plantarum improved endothelial function for
both conduit and resistance vessels by increasing nitric oxide bioavailability and concur-
rently reducing systemic inflammation, as measured by brachial artery flow-mediated
dilation. These findings indicate that the gut microbiota is mechanistically linked to sys-
temic inflammation and endothelial function [89]. Another clinical trial demonstrated that
a multispecies probiotic supplement improved both functional and biochemical parameters
of endothelial dysfunction in obese postmenopausal women. These parameters included
systolic blood pressure, vascular endothelial growth factor, pulse wave velocity and its
augmentation index, interleukin-6, TNF-α, and thrombomodulin. In contrast, in a study of
people with metabolic syndrome who received Lactobacillus casei Shirota supplementation,
no significant changes in markers that were used to measure low-grade inflammation or
endothelial dysfunction were observed [90].

In general, in vivo and in vitro investigations, as well as clinical studies in people, indi-
cate that treatment with numerous types of probiotics improves endothelium function via
multiple routes. Despite the need for additional investigation, the effect of probiotic supple-
mentation in preventing CVD by addressing endothelial dysfunction appears promising. In
addition, the multifunctional nature of the endothelium broadens the potential application
of probiotics to all diseases, not just cardiovascular, whose pathogenesis may be associated
with endothelial dysfunction.

7. Atherosclerosis

The primary risk factor for CVD is atherosclerosis, which is characterized by choles-
terol buildup and the migration of macrophages into arterial walls, which helps produce
atherosclerotic plaques [91]. It is interesting to note that recent research has revealed that
gut dysbiosis may possibly be a factor in the onset of atherosclerosis [92]. Researchers
discovered that the relative abundance of Roseburia and Eubacterium was lower, whereas
Collinsella was higher, in atherosclerosis patients compared to healthy controls, using
shotgun sequencing of the gut metagenome in patients with or without symptomatic
atherosclerosis [93]. The host’s first line of defense against the invasion of pathogens is the
gut epithelium [94]. The integrity of the gut barrier is crucial for sustaining the host’s health
due to its crucial role in preventing the transfer of intestinal material, primarily bacterial
components. Reduced expression of tight junction proteins such as zonula occludens-1
(ZO-1), claudin-1, and occludin, as well as an imbalance between intestinal epithelial cell
death and regeneration, are all related with intestinal permeability [95]. When the intesti-
nal epithelial barrier is compromised, pathogen-associated molecular patterns (PAMPs)
invade and trigger an immune response that leads to both systemic and tissue-specific
inflammation. As such, it has been proposed that gut dysbiosis, which impairs the integrity
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of the gut barrier, is a risk factor for chronic inflammation in a number of disorders. It is
interesting that peptidoglycan and lipopolysaccharides are microorganisms that have been
linked to CVD risk.

8. Conclusions

The positive effects of probiotics and prebiotics on host health have been the subject of
numerous studies. Probiotics appear to have potential as a treatment for a variety of condi-
tions, including irritable bowel syndrome, urinary tract infections, cold and flu symptoms.
Research into this topic is still ongoing. When necessary, supplements are used to supple-
ment their natural intake through some food types. Probiotics and prebiotics may help
treat metabolic disorders such as obesity, diabetes, and cardiovascular disease, according to
growing evidence. They have been shown to defend against CVD by lowering cholesterol
levels, cutting down on oxidative stress, balancing the functional and structural alterations
of the gut microbiota, and boosting immune responses. According to numerous studies,
dysbiosis affects the development of CAD via several different mechanisms, including in-
creased intestinal permeability and metabolic endotoxemia. Probiotics have been suggested
as a potential treatment for CAD in addition to helping to maintain homeostasis in the gut
microbiota. Probiotics’ effects on systemic levels of endotoxin have been studied in a small
number of therapeutic contexts. Researchers who have looked into how probiotics affect
endotoxin levels and related metabolic diseases have come up with conflicting findings.
Strokes and probiotics have a complicated relationship. According to recent research, a
bottom-up signaling pathway may be used to affect the incidence of stroke by affecting the
gut flora. Increasing evidence points to the possibility of using probiotics as an effective
natural coadjuvant in the treatment and prevention of cardiovascular disease, including
hypertension.

Evidence has been presented in the scientific literature indicating that a regular intake
of probiotics, which restore the balance of the intestinal microbiota, may provide cardiovas-
cular benefits based at least in part on its ability to reduce oxidative stress. Although many
questions remain unanswered and many published results are contradictory, it is clear that
the consumption of probiotics represents a promising complement to more conventional
cardiovascular therapies, as well as to nonpharmacological measures that are commonly
used to prevent the onset and progression of CVD. Further research is necessary to clarify
the interaction between the gut microbiota, the neuroimmune system, and the endocrine
system in order to develop nutrigenetic profiles that may aid in achieving homeostasis. In
addition, it will be necessary to increase knowledge regarding the various bacterial strains
that are present in probiotics and how they should be consumed to maximize their potential
beneficial effects in each particular circumstance. Lastly, studies of the vast variety of en-
zymes, peptides, and biochemical pathways that are produced by the intestinal microbiota,
which differ from the host’s resources, could serve as an innovative strategy for the design
of new drugs to treat CVD.
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Supplementation Favorably Affects Vascular Function and Reduces Arterial Stiffness in Obese Postmenopausal Women—A
12-Week Placebo-Controlled and Randomized Clinical Study. Nutrients 2018, 10, 1672. [CrossRef] [PubMed]

14. Mizushima, S. Randomized Controlled Trial of Sour Milk on Blood Pressure in Borderline Hypertensive Men. Am. J. Hypertens.
2004, 17, 701–706. [CrossRef]

15. Ejtahed, H.-S.; Ardeshirlarijani, E.; Tabatabaei-Malazy, O.; Hoseini-Tavassol, Z.; Hasani-Ranjbar, S.; Soroush, A.-R.; Larijani, B.
Effect of Probiotic Foods and Supplements on Blood Pressure: A Systematic Review of Meta-Analyses Studies of Controlled
Trials. J. Diabetes Metab. Disord. 2020, 19, 617–623. [CrossRef] [PubMed]

16. Matsutomo, T. Potential Benefits of Garlic and Other Dietary Supplements for the Management of Hypertension (Review). Exp.
Ther. Med. 2019, 19, 1479–1484. [CrossRef] [PubMed]

17. World Health Organization. The Top 10 Causes of Death. Available online: https://www.who.int/news-room/fact-sheets/
detail/the-top-10-causes-of-death (accessed on 10 September 2022).

18. Feigin, V.L.; Stark, B.A.; Johnson, C.O.; Roth, G.A.; Bisignano, C.; Abady, G.G.; Abbasifard, M.; Abbasi-Kangevari, M.; Abd-Allah,
F.; Abedi, V.; et al. Global, Regional, and National Burden of Stroke and Its Risk Factors, 1990–2019: A Systematic Analysis for the
Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [CrossRef]

19. Crary, M.A.; Carnaby, G.D.; Shabbir, Y.; Miller, L.; Silliman, S. Clinical Variables Associated with Hydration Status in Acute
Ischemic Stroke Patients with Dysphagia. Dysphagia 2015, 31, 60–65. [CrossRef]

20. Gavin, N.C.; Button, E.; Keogh, S.; McMillan, D.; Rickard, C. Does Parenteral Nutrition Increase the Risk of Catheter-Related
Bloodstream Infection? A Systematic Literature Review. J. Parenter. Enter. Nutr. 2017, 41, 918–928. [CrossRef]

21. Li, H. Value of Acute Gastrointestinal Injury Grading System in Assessing Gastrointestinal Dysfunction in Critically Ill Patients:
Application in Early Enteral Nutrition. World Chin. J. Dig. 2014, 22, 4668. [CrossRef]

22. Wong, S.; Jamous, A.; O’Driscoll, J.; Sekhar, R.; Weldon, M.; Yau, C.Y.; Hirani, S.P.; Grimble, G.; Forbes, A. A Lactobacillus Casei
Shirota Probiotic Drink Reduces Antibiotic-Associated Diarrhoea in Patients with Spinal Cord Injuries: A Randomised Controlled
Trial. Br. J. Nutr. 2013, 111, 672–678. [CrossRef] [PubMed]

23. Mendis, S.; Puska, P. Global Atlas on Cardiovascular Disease Prevention and Control CVDs; World Health Organization: Geneva,
Switzerland; World Heart Federation: Geneva, Switzerland; World Stroke Organization: Geneva, Switzerland, 2011.

24. Saxelby, C. Cardiovascular Disease: Diet, Nutrition and Emerging Risk Factors. Nutr. Diet. 2006, 63, 189–190. [CrossRef]
25. Roger, V.L.; Go, A.S.; Lloyd-Jones, D.M.; Benjamin, E.J.; Berry, J.D.; Borden, W.B.; Bravata, D.M.; Dai, S.; Ford, E.S.; Fox, C.S.; et al.

Heart Disease and Stroke Statistics—2012 Update: A Report from the American Heart Association. Circulation 2012, 125, e2–e220.
[CrossRef] [PubMed]

26. Hill, C.; Guarner, F.; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.J.; Salminen, S.; et al. Expert
Consensus Document. The International Scientific Association for Probiotics and Prebiotics Consensus Statement on the Scope
and Appropriate Use of the Term Probiotic. Nature reviews. Gastroenterol. Hepatol. 2014, 11, 506–514. [CrossRef]

27. Gibson, G.R.; Roberfroid, M.B. Dietary Modulation of the Human Colonic Microbiota: Introducing the Concept of Prebiotics.
J. Nutr. 1995, 125, 1401–1412. [CrossRef]

28. Mishra, S.; Wang, S.; Nagpal, R.; Miller, B.; Singh, R.; Taraphder, S.; Yadav, H. Probiotics and Prebiotics for the Amelioration of
Type 1 Diabetes: Present and Future Perspectives. Microorganisms 2019, 7, 67. [CrossRef]

http://doi.org/10.1111/imr.12567
http://www.ncbi.nlm.nih.gov/pubmed/28856738
http://doi.org/10.3389/fcimb.2012.00136
http://www.ncbi.nlm.nih.gov/pubmed/23130351
http://doi.org/10.1152/ajpgi.00048.2015
http://doi.org/10.1038/nrgastro.2009.35
http://doi.org/10.1016/j.medcli.2018.09.007
http://doi.org/10.2174/1381612826666200403122600
http://doi.org/10.4014/jmb.1806.06004
http://doi.org/10.5897/ajmr11.924
http://doi.org/10.1016/j.clnu.2018.06.1118
http://doi.org/10.3390/nu10111672
http://www.ncbi.nlm.nih.gov/pubmed/30400570
http://doi.org/10.1016/j.amjhyper.2004.03.674
http://doi.org/10.1007/s40200-020-00525-0
http://www.ncbi.nlm.nih.gov/pubmed/32550214
http://doi.org/10.3892/etm.2019.8375
http://www.ncbi.nlm.nih.gov/pubmed/32010326
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://doi.org/10.1016/S1474-4422(21)00252-0
http://doi.org/10.1007/s00455-015-9658-6
http://doi.org/10.1177/0148607117714218
http://doi.org/10.11569/wcjd.v22.i30.4668
http://doi.org/10.1017/S0007114513002973
http://www.ncbi.nlm.nih.gov/pubmed/24044687
http://doi.org/10.1111/j.1747-0080.2006.00084.x
http://doi.org/10.1161/CIR.0b013e31823ac046
http://www.ncbi.nlm.nih.gov/pubmed/22179539
http://doi.org/10.1038/nrgastro.2014.66
http://doi.org/10.1093/jn/125.6.1401
http://doi.org/10.3390/microorganisms7030067


Int. J. Mol. Sci. 2022, 23, 15898 10 of 12

29. Al Bander, Z.; Nitert, M.D.; Mousa, A.; Naderpoor, N. The Gut Microbiota and Inflammation: An Overview. Int. J. Environ. Res.
Public Health 2020, 17, 7618. [CrossRef]

30. Tringe, S.G. Comparative Metagenomics of Microbial Communities. Science 2005, 308, 554–557. [CrossRef]
31. Kitai, T.; Tang, W.H. Wilson. Gut Microbiota in Cardiovascular Disease and Heart Failure. Clin. Sci. 2018, 132, 85–91. [CrossRef]
32. Li, D.Y.; Tang, W.H.W. Gut Microbiota and Atherosclerosis. Curr. Atheroscler. Rep. 2017, 19, 39. [CrossRef]
33. Frei, R.; Akdis, M.; O’Mahony, L. Prebiotics, Probiotics, Synbiotics, and the Immune System. Curr. Opin. Gastroenterol. 2015, 31,

153–158. [CrossRef] [PubMed]
34. Golia, E.; Limongelli, G.; Natale, F.; Fimiani, F.; Maddaloni, V.; Pariggiano, I.; Bianchi, R.; Crisci, M.; D’Acierno, L.; Giordano, R.;

et al. Inflammation and Cardiovascular Disease: From Pathogenesis to Therapeutic Target. Curr. Atheroscler. Rep. 2014, 16, 435.
[CrossRef]

35. Raygan, F.; Rezavandi, Z.; Bahmani, F.; Ostadmohammadi, V.; Mansournia, M.A.; Tajabadi-Ebrahimi, M.; Borzabadi, S.; Asemi, Z.
The Effects of Probiotic Supplementation on Metabolic Status in Type 2 Diabetic Patients with Coronary Heart Disease. Diabetol.
Metab. Syndr. 2018, 10, 51. [CrossRef] [PubMed]

36. Raygan, F.; Ostadmohammadi, V.; Asemi, Z. The Effects of Probiotic and Selenium Co-Supplementation on Mental Health
Parameters and Metabolic Profiles in Type 2 Diabetic Patients with Coronary Heart Disease: A Randomized, Double-Blind,
Placebo-Controlled Trial. Clin. Nutr. 2019, 38, 1594–1598. [CrossRef] [PubMed]

37. Farrokhian, A.; Raygan, F.; Soltani, A.; Tajabadi-Ebrahimi, M.; Sharifi Esfahani, M.; Karami, A.A.; Asemi, Z. The Effects of
Synbiotic Supplementation on Carotid Intima-Media Thickness, Biomarkers of Inflammation, and Oxidative Stress in People
with Overweight, Diabetes, and Coronary Heart Disease: A Randomized, Double-Blind, Placebo-Controlled Trial. Probiotics
Antimicrob. Proteins 2017, 11, 133–142. [CrossRef] [PubMed]

38. Hofeld, B.C.; Puppala, V.K.; Tyagi, S.; Ahn, K.W.; Anger, A.; Jia, S.; Salzman, N.H.; Hessner, M.J.; Widlansky, M.E. Lactobacillus
Plantarum 299v Probiotic Supplementation in Men with Stable Coronary Artery Disease Suppresses Systemic Inflammation. Sci.
Rep. 2021, 11, 3972. [CrossRef]

39. Moludi, J.; Kafil, H.S.; Qaisar, S.A.; Gholizadeh, P.; Alizadeh, M.; Vayghyan, H.J. Effect of Probiotic Supplementation along with
Calorie Restriction on Metabolic Endotoxemia, and Inflammation Markers in Coronary Artery Disease Patients: A Double Blind
Placebo Controlled Randomized Clinical Trial. Nutr. J. 2021, 20, 47. [CrossRef]

40. Moludi, J.; Khedmatgozar, H.; Nachvak, S.M.; Abdollahzad, H.; Moradinazar, M.; Sadeghpour Tabaei, A. The Effects of Co-
Administration of Probiotics and Prebiotics on Chronic Inflammation, and Depression Symptoms in Patients with Coronary
Artery Diseases: A Randomized Clinical Trial. Nutr. Neurosci. 2022, 25, 1659–1668. [CrossRef]

41. Tai, E.S.; Fok, A.C.; Chu, R.; Tan, C.E. A Study to Assess the Effect of Dietary Supplementation with Soluble Fibre (Minolest) on
Lipid Levels in Normal Subjects with Hypercholesterolaemia. Ann. Acad. Med. Singap. 1999, 28, 209–213.

42. Lim, S.-H. Larch Arabinogalactan Attenuates Myocardial Injury by Inhibiting Apoptotic Cascades in a Rat Model of Ischemia–
Reperfusion. J. Med. Food 2017, 20, 691–699. [CrossRef]

43. Jiang, T.; Xing, X.; Zhang, L.; Liu, Z.; Zhao, J.; Liu, X. Chitosan Oligosaccharides Show Protective Effects in Coronary Heart
Disease by Improving Antioxidant Capacity via the Increase in Intestinal Probiotics. Oxidative Med. Cell. Longev. 2019, 2019,
7658052. [CrossRef] [PubMed]

44. Moludi, J.; Alizadeh, M.; Lotfi Yagin, N.; Pasdar, Y.; Nachvak, S.M.; Abdollahzad, H.; Sadeghpour Tabaei, A. New Insights
on Atherosclerosis: A Cross-Talk between Endocannabinoid Systems with Gut Microbiota. J. Cardiovasc. Thorac. Res. 2018, 10,
129–137. [CrossRef] [PubMed]

45. Ng, Q.X.; Soh, A.Y.S.; Loke, W.; Lim, D.Y.; Yeo, W.-S. The Role of Inflammation in Irritable Bowel Syndrome (IBS). J. Inflamm. Res.
2018, 11, 345–349. [CrossRef] [PubMed]

46. Cani, P.D.; Amar, J.; Iglesias, M.A.; Poggi, M.; Knauf, C.; Bastelica, D.; Neyrinck, A.M.; Fava, F.; Tuohy, K.M.; Chabo, C.; et al.
Metabolic Endotoxemia Initiates Obesity and Insulin Resistance. Diabetes 2007, 56, 1761–1772. [CrossRef]

47. Tang, W.H.W.; Kitai, T.; Hazen, S.L. Gut Microbiota in Cardiovascular Health and Disease. Circ. Res. 2017, 120, 1183–1196.
[CrossRef] [PubMed]

48. Tsukamoto, H.; Takeuchi, S.; Kubota, K.; Kobayashi, Y.; Kozakai, S.; Ukai, I.; Shichiku, A.; Okubo, M.; Numasaki, M.; Kanemitsu, Y.;
et al. Lipopolysaccharide (LPS)-Binding Protein Stimulates CD14-Dependent Toll-like Receptor 4 Internalization and LPS-Induced
TBK1–IKKε–IRF3 Axis Activation. J. Biol. Chem. 2018, 293, 10186–10201. [CrossRef] [PubMed]

49. Pasterkamp, G.; van Keulen, J.K.; de Kleijn, D.P.V. Role of Toll-like Receptor 4 in the Initiation and Progression of Atherosclerotic
Disease. Eur. J. Clin. Investig. 2004, 34, 328–334. [CrossRef]

50. Reid, G. Probiotics: Definition, Scope and Mechanisms of Action. Best Pract. Res. Clin. Gastroenterol. 2016, 30, 17–25. [CrossRef]
51. Villar-García, J.; Hernández, J.J.; Güerri-Fernández, R.; González, A.; Lerma, E.; Guelar, A.; Saenz, D.; Sorlí, L.; Montero, M.;

Horcajada, J.P.; et al. Effect of Probiotics (Saccharomyces boulardii) on Microbial Translocation and Inflammation in HIV-Treated
Patients. JAIDS J. Acquir. Immune Defic. Syndr. 2015, 68, 256–263. [CrossRef]

52. Durack, J.; Lynch, S.V. Promotion of Epithelial Barrier Integrity via Probiotic-Derived Products. J. Pediatric Gastroenterol. Nutr.
2017, 64, 335–336. [CrossRef]

53. Gulati, P.; Singh, N.; Muthuraman, A. Pharmacologic Evidence for Role of Endothelial Nitric Oxide Synthase in Neuroprotective
Mechanism of Ischemic Postconditioning in Mice. J. Surg. Res. 2014, 188, 349–360. [CrossRef] [PubMed]

http://doi.org/10.3390/ijerph17207618
http://doi.org/10.1126/science.1107851
http://doi.org/10.1042/CS20171090
http://doi.org/10.1007/s11883-017-0675-9
http://doi.org/10.1097/MOG.0000000000000151
http://www.ncbi.nlm.nih.gov/pubmed/25594887
http://doi.org/10.1007/s11883-014-0435-z
http://doi.org/10.1186/s13098-018-0353-2
http://www.ncbi.nlm.nih.gov/pubmed/29946368
http://doi.org/10.1016/j.clnu.2018.07.017
http://www.ncbi.nlm.nih.gov/pubmed/30057015
http://doi.org/10.1007/s12602-017-9343-1
http://www.ncbi.nlm.nih.gov/pubmed/29079990
http://doi.org/10.1038/s41598-021-83252-7
http://doi.org/10.1186/s12937-021-00703-7
http://doi.org/10.1080/1028415X.2021.1889451
http://doi.org/10.1089/jmf.2016.3886
http://doi.org/10.1155/2019/7658052
http://www.ncbi.nlm.nih.gov/pubmed/30984339
http://doi.org/10.15171/jcvtr.2018.21
http://www.ncbi.nlm.nih.gov/pubmed/30386532
http://doi.org/10.2147/JIR.S174982
http://www.ncbi.nlm.nih.gov/pubmed/30288077
http://doi.org/10.2337/db06-1491
http://doi.org/10.1161/CIRCRESAHA.117.309715
http://www.ncbi.nlm.nih.gov/pubmed/28360349
http://doi.org/10.1074/jbc.M117.796631
http://www.ncbi.nlm.nih.gov/pubmed/29760187
http://doi.org/10.1111/j.1365-2362.2004.01338.x
http://doi.org/10.1016/j.bpg.2015.12.001
http://doi.org/10.1097/QAI.0000000000000468
http://doi.org/10.1097/MPG.0000000000001350
http://doi.org/10.1016/j.jss.2013.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24439135


Int. J. Mol. Sci. 2022, 23, 15898 11 of 12

54. Wernerman, J. Paradigm of Early Parenteral Nutrition Support in Combination with Insufficient Enteral Nutrition. Curr. Opin.
Clin. Nutr. Metab. Care 2008, 11, 160–163. [CrossRef] [PubMed]

55. de Brito-Ashurst, I.; Preiser, J.-C. Diarrhea in Critically Ill Patients. J. Parenter. Enter. Nutr. 2016, 40, 913–923. [CrossRef] [PubMed]
56. Xu, Y. Early Enteral Nutrition to Prevent Stress Ulcer Bleeding in Elderly Patients with Severe Stroke. Chin. J. Pract. Nerv. Dis.

2017, 20, 50–52.
57. Zhang, J.M. Application Effect of Prospective Visual Management in the Prevention of Early Enteral Nutrition Complications in

Patients with Severe Stroke. Int. J. Nurs. 2017, 36, 433–436.
58. Ritzel, R.M.; Lai, Y.-J.; Crapser, J.D.; Patel, A.R.; Schrecengost, A.; Grenier, J.M.; Mancini, N.S.; Patrizz, A.; Jellison, E.R.;

Morales-Scheihing, D.; et al. Aging Alters the Immunological Response to Ischemic Stroke. Acta Neuropathol. 2018, 136, 89–110.
[CrossRef]

59. Yin, J.; Liao, S.X.; He, Y.; Wang, S.; Xia, G.H.; Liu, F.T.; Zhu, J.J.; You, C.; Chen, Q.; Zhou, L.; et al. Dysbiosis of Gut Microbiota with
Reduced Trimethylamine-n-Oxide Level in Patients with Large-Artery Atherosclerotic Stroke or Transient Ischemic Attack. J. Am.
Heart Assoc. 2015, 4, e002699. [CrossRef]

60. Spychala, M.S.; Venna, V.R.; Jandzinski, M.; Doran, S.J.; Durgan, D.J.; Ganesh, B.P.; Ajami, N.J.; Putluri, N.; Graf, J.; Bryan, R.M.;
et al. Age-Related Changes in the Gut Microbiota Influence Systemic Inflammation and Stroke Outcome. Ann. Neurol. 2018, 84,
23–36. [CrossRef]

61. Pluznick, J.L.; Protzko, R.J.; Gevorgyan, H.; Peterlin, Z.; Sipos, A.; Han, J.; Brunet, I.; Wan, L.-X.; Rey, F.; Wang, T.; et al. Olfactory
Receptor Responding to Gut Microbiota-Derived Signals Plays a Role in Renin Secretion and Blood Pressure Regulation. Proc.
Natl. Acad. Sci. USA 2013, 110, 4410–4415. [CrossRef]

62. Shimizu, K.; Ojima, M.; Ogura, H. Gut Microbiota and Probiotics/Synbiotics for Modulation of Immunity in Critically Ill Patients.
Nutrients 2021, 13, 2439. [CrossRef]

63. Santos, M.; Shah, A.M. Alterations in Cardiac Structure and Function in Hypertension. Curr. Hypertens. Rep. 2014, 16, 428.
[CrossRef] [PubMed]

64. Forouzanfar, M.H.; Liu, P.; Roth, G.A.; Ng, M.; Biryukov, S.; Marczak, L.; Alexander, L.; Estep, K.; Hassen Abate, K.; Akinyemiju, T.F.;
et al. Global Burden of Hypertension and Systolic Blood Pressure of at Least 110 to 115 Mm Hg, 1990–2015. JAMA 2017, 317, 165.
[CrossRef] [PubMed]

65. Rimoldi, S.F.; Scherrer, U.; Messerli, F.H. Secondary Arterial Hypertension: When, Who, and How to Screen? Eur. Heart J. 2014,
35, 1245–1254. [CrossRef] [PubMed]

66. James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.; LeFevre, M.L.;
MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 Evidence-Based Guideline for the Management of High Blood Pressure in Adults:
Report from the Panel Members Appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014, 311, 507–520. [CrossRef]

67. Rysz, J.; Franczyk, B.; Banach, M.; Gluba-Brzozka, A. Hypertension—Current Natural Strategies to Lower Blood Pressure. Curr.
Pharm. Des. 2017, 23, 2453–2461. [CrossRef] [PubMed]

68. Ganesh, B.P.; Nelson, J.W.; Eskew, J.R.; Ganesan, A.; Ajami, N.J.; Petrosino, J.F.; Bryan, R.M.; Durgan, D.J. Prebiotics, Probiotics,
and Acetate Supplementation Prevent Hypertension in a Model of Obstructive Sleep Apnea. Hypertension 2018, 72, 1141–1150.
[CrossRef]

69. Vasquez, E.C.; Meyrelles, S.S.; Gava, A.L.; Campagnaro, B.P.; Gil-Longo, J.; Campos-Toimil, M.; Pereira, T.M.C. Beneficial Effects
of the Synbiotic Kefir on the Neural Control of Cardiovascular Function. J. Food Microbiol. 2018, 2, 25–33.

70. Pimenta, F.S.; Luaces-Regueira, M.; Ton, A.M.; Campagnaro, B.P.; Campos-Toimil, M.; Pereira, T.M.; Vasquez, E.C. Mechanisms of
Action of Kefir in Chronic Cardiovascular and Metabolic Diseases. Cell. Physiol. Biochem. 2018, 48, 1901–1914. [CrossRef]

71. Friques, A.G.F.; Arpini, C.M.; Kalil, I.C.; Gava, A.L.; Leal, M.A.; Porto, M.L.; Nogueira, B.V.; Dias, A.T.; Andrade, T.U.; Pereira,
T.M.C.; et al. Chronic Administration of the Probiotic Kefir Improves the Endothelial Function in Spontaneously Hypertensive
Rats. J. Transl. Med. 2015, 13, 390. [CrossRef]

72. Silva-Cutini, M.A.; Almeida, S.A.; Nascimento, A.M.; Abreu, G.R.; Bissoli, N.S.; Lenz, D.; Endringer, D.C.; Brasil, G.A.; Lima, E.M.;
Biancardi, V.C.; et al. Long-Term Treatment with Kefir Probiotics Ameliorates Cardiac Function in Spontaneously Hypertensive
Rats. J. Nutr. Biochem. 2019, 66, 79–85. [CrossRef]

73. Brasil, G.A.; de Almeida Silva-Cutini, M.; de Souza Andrade Moraes, F.; de Melo Costa Pereira, T.; Vasquez, E.C.; Lenz, D.; Bissoli,
N.S.; Endringer, D.C.; de Lima, E.M.; Biancardi, V.C.; et al. The Benefits of Soluble Non-Bacterial Fraction of Kefir on Blood
Pressure and Cardiac Hypertrophy in Hypertensive Rats Are Mediated by an Increase in Baroreflex Sensitivity and Decrease in
Angiotensin-Converting Enzyme Activity. Nutrition 2018, 51–52, 66–72. [CrossRef]

74. Nakajima, K.; Hata, Y.; Osono, Y.; Hamura, M.; Kobayashi, S.; Watanuki, M. Antihypertensive Effect of Extracts of Lactobacillus
Casei in Patients with Hypertension. J. Clin. Biochem. Nutr. 1995, 18, 181–187. [CrossRef]

75. Naruszewicz, M.; Johansson, M.-L.; Zapolska-Downar, D.; Bukowska, H. Effect of Lactobacillus Plantarum 299v on Cardiovascular
Disease Risk Factors in Smokers. Am. J. Clin. Nutr. 2002, 76, 1249–1255. [CrossRef]

76. Brantsaeter, A.L.; Myhre, R.; Haugen, M.; Myking, S.; Sengpiel, V.; Magnus, P.; Jacobsson, B.; Meltzer, H.M. Intake of Probiotic
Food and Risk of Preeclampsia in Primiparous Women: The Norwegian Mother and Child Cohort Study. Am. J. Epidemiol. 2011,
174, 807–815. [CrossRef]

http://doi.org/10.1097/MCO.0b013e3282f53370
http://www.ncbi.nlm.nih.gov/pubmed/18301093
http://doi.org/10.1177/0148607116651758
http://www.ncbi.nlm.nih.gov/pubmed/27271709
http://doi.org/10.1007/s00401-018-1859-2
http://doi.org/10.1161/JAHA.115.002699
http://doi.org/10.1002/ana.25250
http://doi.org/10.1073/pnas.1215927110
http://doi.org/10.3390/nu13072439
http://doi.org/10.1007/s11906-014-0428-x
http://www.ncbi.nlm.nih.gov/pubmed/24639061
http://doi.org/10.1001/jama.2016.19043
http://www.ncbi.nlm.nih.gov/pubmed/28097354
http://doi.org/10.1093/eurheartj/eht534
http://www.ncbi.nlm.nih.gov/pubmed/24366917
http://doi.org/10.1001/jama.2013.284427
http://doi.org/10.2174/1381612823666170215144649
http://www.ncbi.nlm.nih.gov/pubmed/28215150
http://doi.org/10.1161/HYPERTENSIONAHA.118.11695
http://doi.org/10.1159/000492511
http://doi.org/10.1186/s12967-015-0759-7
http://doi.org/10.1016/j.jnutbio.2019.01.006
http://doi.org/10.1016/j.nut.2017.12.007
http://doi.org/10.3164/jcbn.18.181
http://doi.org/10.1093/ajcn/76.6.1249
http://doi.org/10.1093/aje/kwr168


Int. J. Mol. Sci. 2022, 23, 15898 12 of 12

77. Hariri, M.; Salehi, R.; Feizi, A.; Mirlohi, M.; Ghiasvand, R.; Habibi, N. A Randomized, Double-Blind, Placebo-Controlled, Clinical
Trial on Probiotic Soy Milk and Soy Milk: Effects on Epigenetics and Oxidative Stress in Patients with Type II Diabetes. Genes
Nutr. 2015, 10, 52. [CrossRef] [PubMed]

78. Kassaian, N.; Aminorroaya, A.; Feizi, A.; Jafari, P.; Amini, M. The Effects of Probiotic and Synbiotic Supplementation on Metabolic
Syndrome Indices in Adults at Risk of Type 2 Diabetes: Study Protocol for a Randomized Controlled Trial. Trials 2017, 18.
[CrossRef] [PubMed]

79. Khalesi, S.; Sun, J.; Buys, N.; Jayasinghe, R. Effect of Probiotics on Blood Pressure. Hypertension 2014, 64, 897–903. [CrossRef]
80. Mehta, D.; Ravindran, K.; Kuebler, W.M. Novel Regulators of Endothelial Barrier Function. Am. J. Physiol.-Lung Cell. Mol. Physiol.

2014, 307, L924–L935. [CrossRef]
81. Khaddaj Mallat, R.; Mathew John, C.; Kendrick, D.J.; Braun, A.P. The Vascular Endothelium: A Regulator of Arterial Tone and

Interface for the Immune System. Crit. Rev. Clin. Lab. Sci. 2017, 54, 458–470. [CrossRef]
82. Rajendran, P.; Rengarajan, T.; Thangavel, J.; Nishigaki, Y.; Sakthisekaran, D.; Sethi, G.; Nishigaki, I. The Vascular Endothelium

and Human Diseases. Int. J. Biol. Sci. 2013, 9, 1057–1069. [CrossRef]
83. Zhang, H.; Xu, Q.; Thakur, A.; Alfred, M.O.; Chakraborty, M.; Ghosh, A.; Yu, X. Endothelial Dysfunction in Diabetes and

Hypertension: Role of MicroRNAs and Long Non-Coding RNAs. Life Sci. 2018, 213, 258–268. [CrossRef] [PubMed]
84. He, F.; Zuo, L. Redox Roles of Reactive Oxygen Species in Cardiovascular Diseases. Int. J. Mol. Sci. 2015, 16, 27770–27780.

[CrossRef] [PubMed]
85. Förstermann, U.; Xia, N.; Li, H. Roles of Vascular Oxidative Stress and Nitric Oxide in the Pathogenesis of Atherosclerosis. Circ.

Res. 2017, 120, 713–735. [CrossRef]
86. Robles-Vera, I.; Toral, M.; Romero, M.; Jiménez, R.; Sánchez, M.; Pérez-Vizcaíno, F.; Duarte, J. Antihypertensive Effects of

Probiotics. Curr. Hypertens. Rep. 2017, 19, 26. [CrossRef] [PubMed]
87. Rashid, S.K.; Khodja, N.I.; Auger, C.; Alhosin, M.; Boehm, N.; Oswald-Mammosser, M.; Schini-Kerth, V.B. Probiotics (VSL#3)

Prevent Endothelial Dysfunction in Rats with Portal Hypertension: Role of the Angiotensin System. PLoS ONE 2014, 9, e97458.
[CrossRef]

88. Cheng, C.-P.; Tsai, S.-W.; Chiu, C.P.; Pan, T.-M.; Tsai, T.-Y. The Effect of Probiotic-Fermented Soy Milk on Enhancing the
NO-Mediated Vascular Relaxation Factors. J. Sci. Food Agric. 2012, 93, 1219–1225. [CrossRef]

89. Malik, M.; Suboc, T.M.; Tyagi, S.; Salzman, N.; Wang, J.; Ying, R.; Tanner, M.J.; Kakarla, M.; Baker, J.E.; Widlansky, M.E.
Lactobacillus Plantarum 299v Supplementation Improves Vascular Endothelial Function and Reduces Inflammatory Biomarkers
in Men with Stable Coronary Artery Disease. Circ. Res. 2018, 123, 1091–1102. [CrossRef]

90. Tripolt, N.J.; Leber, B.; Blattl, D.; Eder, M.; Wonisch, W.; Scharnagl, H.; Stojakovic, T.; Obermayer-Pietsch, B.; Wascher, T.C.;
Pieber, T.R.; et al. Short Communication: Effect of Supplementation with Lactobacillus Casei Shirota on Insulin Sensitivity, β-Cell
Function, and Markers of Endothelial Function and Inflammation in Subjects with Metabolic Syndrome—A Pilot Study. J. Dairy
Sci. 2013, 96, 89–95. [CrossRef]

91. Gui, T.; Shimokado, A.; Sun, Y.; Akasaka, T.; Muragaki, Y. Diverse Roles of Macrophages in Atherosclerosis: From Inflammatory
Biology to Biomarker Discovery. Mediat. Inflamm. 2012, 2012, 693083. [CrossRef]

92. Jie, Z.; Xia, H.; Zhong, S.-L.; Feng, Q.; Li, S.; Liang, S.; Zhong, H.; Liu, Z.; Gao, Y.; Zhao, H.; et al. The Gut Microbiome in
Atherosclerotic Cardiovascular Disease. Nat. Commun. 2017, 8, 845. [CrossRef]

93. Karlsson, F.H.; Fåk, F.; Nookaew, I.; Tremaroli, V.; Fagerberg, B.; Petranovic, D.; Bäckhed, F.; Nielsen, J. Symptomatic Atherosclero-
sis Is Associated with an Altered Gut Metagenome. Nat. Commun. 2012, 3. [CrossRef] [PubMed]

94. Desai, M.S.; Seekatz, A.M.; Koropatkin, N.M.; Kamada, N.; Hickey, C.A.; Wolter, M.; Pudlo, N.A.; Kitamoto, S.; Terrapon,
N.; Muller, A.; et al. A Dietary Fiber-Deprived Gut Microbiota Degrades the Colonic Mucus Barrier and Enhances Pathogen
Susceptibility. Cell 2016, 167, 1339–1353.e21. [CrossRef] [PubMed]

95. Chen, W.-Y.; Wang, M.; Zhang, J.; Barve, S.S.; McClain, C.J.; Joshi-Barve, S. Acrolein Disrupts Tight Junction Proteins and Causes
Endoplasmic Reticulum Stress-Mediated Epithelial Cell Death Leading to Intestinal Barrier Dysfunction and Permeability. Am. J.
Pathol. 2017, 187, 2686–2697. [CrossRef] [PubMed]

http://doi.org/10.1007/s12263-015-0503-1
http://www.ncbi.nlm.nih.gov/pubmed/26577825
http://doi.org/10.1186/s13063-017-1885-8
http://www.ncbi.nlm.nih.gov/pubmed/28356129
http://doi.org/10.1161/HYPERTENSIONAHA.114.03469
http://doi.org/10.1152/ajplung.00318.2014
http://doi.org/10.1080/10408363.2017.1394267
http://doi.org/10.7150/ijbs.7502
http://doi.org/10.1016/j.lfs.2018.10.028
http://www.ncbi.nlm.nih.gov/pubmed/30342074
http://doi.org/10.3390/ijms161126059
http://www.ncbi.nlm.nih.gov/pubmed/26610475
http://doi.org/10.1161/CIRCRESAHA.116.309326
http://doi.org/10.1007/s11906-017-0723-4
http://www.ncbi.nlm.nih.gov/pubmed/28315049
http://doi.org/10.1371/journal.pone.0097458
http://doi.org/10.1002/jsfa.5880
http://doi.org/10.1161/CIRCRESAHA.118.313565
http://doi.org/10.3168/jds.2012-5863
http://doi.org/10.1155/2012/693083
http://doi.org/10.1038/s41467-017-00900-1
http://doi.org/10.1038/ncomms2266
http://www.ncbi.nlm.nih.gov/pubmed/23212374
http://doi.org/10.1016/j.cell.2016.10.043
http://www.ncbi.nlm.nih.gov/pubmed/27863247
http://doi.org/10.1016/j.ajpath.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28935573

	Introduction 
	Reduction in the Risk Factors of CVDs 
	Cardiovascular Disease 
	Coronary Artery Disease 
	Stroke 
	Hypertension 
	Atherosclerosis 
	Conclusions 
	References

