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Alterations in gut microbiota composition and its metabolic activity are emerging as one of the most 

powerful determinants of cardiovascular disease. Although our knowledge of the precise molecular mech- 

anisms by which gut microbiota influences cardiometabolic homeostasis is still limited, a growing body of 

knowledge has recently been uncovered about the potential modulation of microbiome for cardiovascular 

diagnostic and therapeutic aspects. The multitude of interactions between the microorganisms inhabit- 

ing the digestive tract and the host has been recognized crucial in the development and progression of 

atherosclerosis, obesity, diabetes and hypertension. Here, we summarize the role of gut microbiota in 

host physiology as well as in the pathophysiology of the most common cardio-metabolic disorders, dis- 

cussing the potential therapeutic opportunities offered by interventions aimed at modifying microbiome 

composition and activity. 

© 2018 Elsevier Inc. All rights reserved. 
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Despite the tremendous progress achieved in the diagnosis and

herapy of cardiovascular diseases (CVDs) in the last twenty years,

VDs remain the leading cause of death and disability in Western

ountries [1] . Considering the worldwide rising prevalence in obe-

ity, type 2 diabetes (T2D) and metabolic syndrome, it is estimated

hat in the next two decades the number of people suffering from

hronic cardiometabolic illness will continue to grow. It goes along

hat a critical need exists to identify novel disease-related path-

ays and therapeutic targets. Although the heart and the arterial

ree are the ultimate site of disease, the pathophysiology of CVDs is

omplex and involves several organs, establishing communications

emotely via blood circulation. 

Recently, a growing body of evidence has emerged regarding

he crucial role of gut microbiota in CVDs and in particular in
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etabolic disorders [2] . Gut microbiota – the entire collection of

icrobes residing in our gut – can be considered as the largest

endocrine system” of our body. Bacteria and other microbes in

he gut produce a number of substances that can be absorbed by

he intestinal epithelium in the bloodstream and thus influence the

unction of several systems and organs. Some of the metabolites

roduced by gut flora are already biologically active, whereas oth-

rs can be further metabolized by the host generating secondary

ediators that influence the microbiota-host interaction. Given the

act that microbial cells outnumber the cells in human body, it is

lear how powerful this interaction can be in determining health

nd disease. 

Here we provide a brief overview of gut microbiota composi-

ion in human physiology and present the recent evidence estab-

ishing the association between alterations in gut microbiota and

n their metabolites and CVDs. Finally, we will discuss the modu-

ation of gut microbiota for diagnostic and therapeutic purposes in

VDs. 

hysiological interactions between gut microbiota and host 

It has been established that > 10 14 ( > 100-trillion) microorgan-

sms (bacteria, archea, yeast, viruses) inhabit the human intestine

https://doi.org/10.1016/j.tcm.2018.08.003
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[3] . Differences in numbers of microbes and microbiota composi-

tion have been recognized along the digestive tract, with the high-

est representation of microbial species founded in colon, where

the rich in nutrient and mostly anaerobic environment promotes

microbial colonization. Since approximately only one third of gut

bacteria species can be identified using conventional culturing

methods, a great deal of culture-independent methods have been

recently developed to provide a reference catalogue of gut micro-

biota [4,5] . These methods aim to characterize microbial commu-

nities by the analysis of microbe genome (microbiome). Broadly

defined as metagenomics, 16S ribosomal RNA(rRNA) pyrosequenc-

ing, shot-gun metagenomics and high-throughput sequencing data

have indicated the complexity of human gut microbiota (reviewed

in [4] ). 

Food digestion involves the breakdown of macronutrients in the

minimal constitutive molecules. In this process, gut microbiota par-

ticipates in part by its hydrolytic capacity generating short-chain

fatty acids (SCFAs) from complex carbohydrates or providing var-

ious metabolites from protein fermentation [6] . However, the ef-

fect of gut microbiota on host physiology is not limited to process

food nutrients otherwise indigestible, but promote host’s health in

a number of other ways. Intestinal bacteria exert a local protective

function regulating mucosal barriers and the immune system pre-

venting the proliferation of pathogens [7,8] . 

Therefore, the broad effects of gut flora on host metabolism and

immunity might be considered as fundamental mechanisms in hu-

man physiology. 

Microbiota composition 

The composition of human microbiota is subjected to a number

of changes during health and disease. At the moment, four main

bacterial phyla have been identified in human gut: Firmicutes, Bac-

teroidetes, Actinobacteria , and Proteobacteria [5] with the phyla Fir-

micutes and Bacteroidetes being the most representative in healthy

gut ( > 90%). However, microbiota composition, even in healthy sub-

jects, exhibits both temporal and spatial differences at genus lev-

els. Moving from esophagus to the rectum significant changes in

density and diversity of bacteria occur. Streptococcus is the most

abundant genus in distal esophagus whereas Helicobacter domi-

nates in the stomach. Quantitatively, more than 70% of the total

numbers of microbes resides in the large intestine and gut flora

is the most represented in stool used to obtain metagenomic data.

Traditionally, alteration in the Firmicutes / Bacteroidetes ratio in colon

has been implicated in disease states [9] . However, this observa-

tion has been challenged given the recognition of the high inter-

individual variability among the healthy subjects based on differ-

ences in dietary habits, hygiene and lifestyle in general. 

More recently, a different classification of gut microbiota has

been proposed by the European Metagenomics of the Human In-

testinal Tract (MetaHIT) Consortium [10] . This classification intro-

duces the concept of enterotypes, which classifies human beings

on the basis of their gut flora identified by fecal metagenomic clus-

ters of bacterial genera, independently of age, body weight, gender

or geographical localization. According to this classification, three

enterotypes can be identified: enterotype 1, rich in Bacteroides ;

enterotype 2, rich in Prevotella ; enterotype 3, rich in Ruminococ-

cus . Although potentially attractive, the existence and the utility of

enterotypes in describing modifications of the gut microbiota has

been recently debated, and a new concept has been developed. In-

stead of isolated enterotypes, a continuum or gradient of bacterial

genera based on the similarity in the dependence from resources

has been proposed and seems to better segregate patients from

healthy subjects [11] . 
ffects of dietary habits on gut microbiota 

A bidirectional influence between food intake habits and gut

icrobiota diversity exists. As mentioned above, the composition

f microbial species in the intestine influences the absorption of

undamental nutrients. However, it is important to note the dietary

abits play an important role in shaping gut microbiota. Recently,

t has been demonstrated that gut microbiota composition is not

ignificantly associated with the genetic ancestry of the host. In

ontrast, individuals sharing the same environment, including diet

nd medications, show significant similarities in the microbiome

omposition [12] . 

The potent effect of diet on the collection and diversity of gut

icroorganisms became evident when gut microbiota was ana-

yzed in populations living in different geographic regions. Dif-

erences at phylum level in microbiota composition have been

dentified between children living in Africa and children living in

estern Europe [13] . These differences can be related to different

ood intake between these two populations. Specifically, a diet rich

n fibers, as common in African populations, has been associated

ith increase in Bacteroidetes phylum, resulting in a more efficient

reakdown of fibers and greater production of SCFAs [13] . Other

tudies have not reported differences in microbiota phyla, whereas

ore discrete differences in general have been shown [14,15] . Col-

ectively, these data strongly suggest a link between microbial rich-

ess and dietary habits. Therefore, food intake and diet composi-

ion should be taken into consideration and monitored to obtain a

etter profile of microbiota-host interaction. 

ut microbiota alterations in cardiovascular disease 

Virtually any CVDs have been associated with alterations in the

omposition and metabolic activity of gut microbiota. Cardiovas-

ular risk factors, such as hypertension, diabetes and others mod-

fy gut environment and gut flora. However, it is important to

ote that a pathogenic role of microbiota alterations and of its

etabolic activity has also been advocated in CVDs pathophysiol-

gy. 

ypertension 

Hypertension is the single largest modifiable risk factor for

VDs. Hypertension is a complex, multifactorial disease in which

enetic predisposition and environmental factors contribute to-

ether to alterations in blood pressure (BP) regulation. Dysbio-

is (derangement of gut microbiota composition) has been asso-

iated with hypertension in both preclinical and clinical studies

16–19] . Although conclusive human studies specifically recogniz-

ng a causative role of microbiota alterations in hypertension are

till lacking, several studies in animal models of hypertension have

stablished the important role of gut microbiota in BP control. 

Compared to normotensive animals, a reduction in richness and

iversity of microbiota composition has been observed in several

odent models of hypertension, including Dhal salt sensitive rats,

pontaneously hypertensive rats (SHRs) and chronic infusion of An-

iotensin II (Ang II) in mice [16,17,19] . At phylum level, an increase

n gut Firmicutes / Bacteroidetes ratio seems to be a constant feature

n experimental hypertensive models and has been observed also

n human hypertensive subjects. Depletion of microbial members

sing the antibiotic minocycline, significantly reduced mean BP in

ng II-infused animals as well as the Firmicutes / Bacteroidetes ra-

io [16] . These data collectively suggest an association between gut

ysbiosis and hypertension. 

Modifications in microbiota composition also change the pre-

onderant microbial metabolic activity. Bacteria with high fermen-
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ative activity produce more SCFAs, which have been shown to

e implicated in BP modulation [20] . In particular, two G protein-

oupled receptors (GPCRs) for SCFAs expressed in kidney, Olfr78

nd GRP41, have been shown to modulate renin secretion in re-

ponse to SCFAs produced by gut microbiota. This notion extends

he role of gut microbiota as regulator of BP via its metabolic prod-

cts, which are assimilated by the host and, at the same time,

oints out that microbial dysfunction can be associated with hy-

ertension. 

Although a potential causal role of microbiome in hypertension

athophysiology has been advocated using antibiotics and probi-

tics treatments [21,22] , the role of microbiota in regulating BP in

umans has been poorly understood to date. Only a few human

tudies [23] have looked into the potential role of gut dysbiosis and

ts putative mechanisms in hypertension. Further investigations are

eeded to delineate the shape of this association in humans. 

therosclerosis, ischemic disease and heart failure 

Bacterial DNA has been found within the vessel wall at the site

f atherosclerotic plaques with a correlation between the bacte-

ia present in the atherosclerotic plaques and the ones in the gut

f the same subjects [24,25] . Some have suggested that the pres-

nce of bacteria in the plaques might have a role in their destabi-

ization and the emergence of ischemic heart disease. To this end,

sing metagenomic sequencing, a different microbiota composition

as been found in subjects with stable atherosclerotic plaques ver-

us patients with unstable atherosclerotic plaques. Specifically, a

ower fecal abundance of butyrate-producing Roseburia genus was

resent in the latter group, indicative of changes in gut micro-

iota metabolic activity towards a pro-inflammatory state in sub-

ects with unstable atherosclerotic plaques [26,27] . 

As mentioned above, alterations in microbiota composition go

long with changes in the metabolic production of microbiome.

ecently, the identification of Trimethylamine N-oxide (TMAO), a

etabolite derived from gut microbes’ metabolic activity, as a

ontributor of atherosclerosis, has shed the light on the potential

ausative role of gut microbiota alterations in CVDs. TMAO is the

roduct of liver flavin monooxygenases (FMOs), which oxidize the

icrobial metabolite TMA. TMA is produced in the gut by a vari-

ty of microbial species as a waste product of food rich in choline,

hosphatidylcholine, and L -carnitine (such as eggs, fish, red meat).

n particular, microbial TMA synthesis from choline-rich food re-

uires the presence of a specific enzyme, TMA-lyase (CutC) and its

ctivator CutD. The CutC/CutD genes are widely distributed across

arious taxa belonging to Firmicutes, Actinobacteria , and Proteobac-

eria phyla [28] . A closer look to the microbial TMA-producing

ommunities revealed the abundance of microorganisms capable

o produce TMA. For example, the genera Clostridium and Sporobac-

er has been respectively associated negatively and positively with

lasma TMAO concentrations and using the enterotype classifica-

ion of microbial cells, TMA production has been shown for Pre-

otella genus. Collectively, these results highlight the complexity of

MA production system in microbes. Despite one study providing

 comprehensive catalog of TMA-producing microorganisms [29] ,

he identification of the key players and the therapeutic potential

f selective inhibition of TMA producers needs to be further ex-

lored. 

Experimental evidence has delineated the pro-atherogenic role

f TMA/TMAO axis. Atherosclerosis-prone apolipoprotein E-knock 

ut (ApoE −/ −) mice fed with diet rich in choline and intact gut

ora have high blood levels of TMAO and develop severe aortic

therosclerotic lesions [30] . In contrast, suppression of gut micro-

iota using antibiotic treatment or using germ-free mice (which

ack of resident microorganisms) abolished TMAO production and

educed the atherosclerotic burden. Interestingly, gut microbial
ransplantation from high-TMAO producing mouse strain to low-

MAO producing strain, also transfers the atherosclerotic suscepti-

ility to choline-rich diet [31] . These data demonstrate the oblig-

tory role of gut microbiota in TMAO formation and support the

mportance of TMAO in atherosclerosis development. 

On the clinical scenario, a number of observations have been

ade suggesting the strong association between high TMAO circu-

atory levels and CVDs [32–35] . In the initial investigation, in a co-

ort of subjects undergoing elective coronary angiography, TMAO

evels showed a positive correlation with the size of atheroscle-

otic plaque and cardiovascular events [32] . In another larger study,

lood TMAO levels were shown to predict the risk to incident ma-

or adverse cardio- and cerebro-vascular events (MACCE) over 3

ears of follow up [33] . Plasma TMAO levels have also been found

ncreased in patients with heart failure (HF) and correlate with

 poor prognosis [30,35] . In a recent meta-analysis pooling the

ajority of studies that have established the correlation between

MAO plasmatic levels and cardiovascular risk, we were able to

how that high levels of circulatory TMAO was associated with

ncreased cardiovascular events, cardiovascular mortality and all-

ause mortality in a dose-dependent manner [36] . 

The potential mechanistic link between TMAO and

therothrombotic events has also been suggested by the preclinical

vidence of TMAO-induced prothrombotic effects, mediated by the

ncrease in platelet reactivity [37] as well as TMAO promotion

f vascular inflammation [38] . Inflammation and immune cells

ctivation are known to be the initial trigger of atherosclerosis.

espite the important role of gut microbiota in shaping immune

esponse and inflammatory pathways in many chronic diseases

39] , the interactions between microbiota and inflammatory mech-

nisms in CVDs is still poorly understood. Microbiota alterations

nd, in turn, the modulation of different compartments of immune

ystem (lymphocytes, macrophages etc.), have been shown to in-

uence the atherosclerotic process. TMAO has been recently found

apable to activate the inflammasome multiprotein complex in

ascular cells promoting reactive oxygen species (ROS) production

nd lipid deposition [40] . The influence of host microbial status on

therosclerotic progression is also evident by the fact that immune

ells infiltration in vascular atherosclerotic plaques depends on

he gut microbiota composition. For example, the activation of the

ro-atherogenic natural killer T lymphocytes (NKT) is dumped in

erm-free mice [41] suggesting that gut microbiota affects NKT

unction and, in turn, atherosclerotic progression. 

Although a great body of evidence recognizes a significant role

or TMAO as diagnostic and prognostic biomarker of CVDs, mech-

nist evidence demonstrating how TMAO might directly or indi-

ectly promote CVDs is still lacking. The availability of specific

olecules inhibiting colonic TMA formation and the effects of

hese compounds on atherosclerotic plaque formation and, ulti-

ately, on cardiovascular risk modification will represent an ex-

iting area of research. 

besity, diabetes and dyslipidemia 

Obesity has reached pandemic proportions [42] . The increase in

besity and associated conditions such as T2D and dyslipidemia

ill significantly impact on cardiovascular health management. A

rosstalk between microbiota and body weight as well as fat mass

as been established. Pioneeristic works have shown that germ-

ree mice fed with high fat diet (HFD) exhibit reduced adipos-

ty and weight gain compared to conventional mice exposed to

he same diet. Importantly, fecal transplantation from regular HFD-

xposed mice to germ-free mice restored the ability to gain weight

f the latter group [43–45] . Interestingly, the transmissibility of

etabolic alterations by sharing gut flora has been also demon-

trated by transferring feces from obese subjects into germ-free
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mice replicating the metabolic phenotype observed with HFD [45] .

An increased Firmicutes / Bacteroidetes ratio has been observed in

both animal and human obesity [9,46] . Modifications in gut bac-

terial composition is evident not only at the phylum levels. The

family of hydrogen-producing bacteria Prevotellaceae (belonging to

the Bacteroidetes phylum) has been found much more represented

in obese individuals compared to lean subjects. Another example is

related to the link established between the abundance of Clostrid-

ium ramosum , a member of the class Erysipelotrichi within the phy-

lum Firmicutes , and metabolic syndrome in humans [47] . Collec-

tively, alterations in microbiota compositions in obesity has been

associated with the modifications of polysaccharides fermentative

capacity which will impact on host intestine absorption as well as

on the appetite dysregulation observed in obesity [48] . 

In dietary intervention, such as caloric restriction, weight loss

has been associated with the reduction in the above-mentioned

bacterial phyla ratio [26,44,49,50] , further strengthening the asso-

ciation between changes in microbiota composition and obesity. 

An effect of gut microbiota on whole body metabolic homeosta-

sis is also evident in T2D. The inflammatory and immunity com-

ponents participating in T2D pathogenesis are influenced by gut

dysbiosis. Altered microbial flora might affect the intestinal ep-

ithelial barrier permeability altering glucose sensitivity and absorp-

tion, promoting insulin resistance [51] . Similarly to what has been

found in atherosclerosis, a reduction in the abundance of some

butyrate-producing bacteria has been observed in T2D [49] . Re-

duction in SCFAs (particularly butyrate) in the gut is associated

with higher pro-inflammatory state and reduced insulin sensitiv-

ity as demonstrated by the treatment with vancomycin in subjects

with metabolic syndrome [52] . Accordingly, transplantation of fe-

ces from lean subjects to individuals with insulin resistance and

metabolic syndrome has been shown to improve insulin sensitiv-

ity and increase the number of butyrate-producing bacteria. SCFAs

might have a number of effects in regulating metabolic response

either locally, via entero-endocrine regulation, or remotely, on adi-

pose tissue, pancreas and skeletal muscle [27,53–55] . 

Similar to what is observed in physiologic conditions, dietary

habits influence gut microbiota composition also in diseases. For

example, non-caloric artificial sweeteners (NAS) consumption has

been linked with metabolic syndrome [56] and type II diabetes

[57] . Recently, a role for microbiota in the determinism of glucose

intolerance induced by NAS has been proposed. Despite consump-

tion of NAS, NAS has been shown to induce gut dysbiosis in exper-

imental animals and human subjects [58] . The specific molecular

mechanisms by which gut flora composition influences glycemic

homeostasis are not yet completely understood. Despite the fact

that specific microbial composition predisposing to NAS-induced

metabolic detrimental effects can be identified, the microbial bio-

products (e.g. SCFAs) potentially mediating the interaction between

host and microbiota in NAS-induced susceptibility to insulin resis-

tance and T2D are lacking and warrant further investigation. 

Another important metabolic regulatory pathway modulated by

intestinal flora involves bile acids (BAs). BAs facilitate the absorp-

tion of nutrient-derived fat and are metabolized by gut micro-

biota [59] . However, BAs also act as ligands for nuclear receptors

that have a powerful effect on metabolic regulation [60] . Farne-

soid X receptor (FXR) is a nuclear receptor involved in metabolic

inflexibility, which is negatively regulated by the BA tauro- β-

muricholic acid. Microorganisms present in the gut metabolize

tauro- β-muricholic acid, increasing FXR signaling [61] . The effects

of microbiota on lipid metabolism is also evident by the associa-

tion between circulating lipid levels (triglycerides and high density

lipoprotein cholesterol) and gut microbial species [62] , and by the

fact that some of the proatherogenic effects of TMAO are related

to the alterations in cholesterol transport and changes in BAs pool

[63] . In addition, modulation of hepatic FMO3, which produces
MAO from microbial TMA, has been shown to regulate blood lipid

evels and hepatic lipid metabolism [64,65] . 

Considering the available evidence, it is possible to conclude

hat alterations in gut microbiota might affect lipid and glucose

etabolism at multiple levels. 

herapeutic modulation of gut microbiota in cardiometabolic 

isorders 

Given the emerging critical importance of gut microbiota func-

ions in cardiometabolic health and the number of alterations in

icrobiota composition and in its metabolic activity, the possibility

f intervention on gut microbiome has been proposed as a poten-

ial therapeutic strategy ( Fig. 1 ). Dietary modifications, treatment

ith pro-, pre- and antibiotics and, more recently, inhibitors of

icrobial enzymes, are currently tested as interventions aiming to

odulate gut microbiota composition and activity in diseases. 

ietary and lifestyle changing interventions 

As mentioned previously, changes in dietary habits represent

he most powerful stimulus able to modify gut microbial com-

unities. At the same time, nutritional interventions have been

roven to significantly reduce cardiovascular risk [66,67] . There-

ore, it can be speculated that, at least in part, some of the ben-

ficial effects observed with high-fibers diet might be attributable

o a favorable shift of intestinal flora towards a “healthier” com-

osition. One study has demonstrated that a strict vegetarian diet

nriched in fibers induced weight loss and improved insulin pro-

le in patients with T2D in association with changes in micro-

iota phyla composition and modulation in SCFAs production [68] .

xperimentally, hypertensive mice fed with high-fibers diet have

hown reduced gut dysbiosis and increased microbial production

f acetate with amelioration of BP and pathological cardiac remod-

ling [69] . Therefore, modulation of microbiota composition by di-

tary intervention might represent a promising therapeutic strat-

gy for a variety of cardiometabolic diseases although the precise

olecular mechanisms by which this protection occurs are not yet

ompletely elucidated. 

Another potent health-promoting intervention is exercise train-

ng (ET). ET has been shown to reduce cardiovascular risk and

meliorate the prognosis of patients with HF and a variety of CVDs

70] . Interestingly, although studies in animals and human subjects

ave shown that ET potently affects gut microbiota composition

71–73] , a mechanist link between exercise-induced modification

n microbiota and CVDs has not been established to date. 

odulation of gut microbiota by prebiotics, probiotics and antibiotics 

Direct intervention to modify gut microbiota composition us-

ng substances that selectively stimulate the growth of specific mi-

roorganisms (prebiotics), introducing live bacteria (probiotics) or

liminating part of resident bacteria (antibiotics), have been tested

s therapeutic strategies in cardiometabolic diseases. 

Prebiotics are food-derived indigestible molecules (such as com-

lex sugars) that will provide a beneficial impact on gut micro-

iota composition. Favorable effects with the use of prebiotics have

een observed in animal studies. Obese mice treated with prebi-

tics have shown improved metabolic profile, with reduction of fat

ass and better glycemic control [74–76] . Despite the encouraging

ata observed in preclinical studies, prebiotics treatment failed to

chieve similar results when tested in obese human subjects, rais-

ng questions regarding the real applicability of this type of inter-

ention in humans [77] . Probably more robust evidence in amelio-

ation of human metabolic phenotype has been reached with the

se of probiotics. The introduction of live commensal bacteria in
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Fig. 1. Interactions between microbiota and environment in human health and disease. 
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Fig. 2. Simplified flow-chart depicting the relationship between patients’ phenotyp- 

ing and microbiota-directed interventions. 
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he gut of the host, such as Lactobacillus species, has been shown

o promote insulin release in obese subjects [78] . The use of probi-

tics was also associated with reduced dysbiosis, modulation of SC-

As production and less release of toxins in small intestine of sub-

ects with renal disease [79] and atherosclerosis [80] . Finally, al-

hough intuitive, the use of antibiotics to selectively eliminate po-

entially harmful microbial species has not paid off so far. In both

nimal and human studies, treatment with broad, non-specific an-

ibiotics has been associated with increased fat deposition and a

orse metabolic profile [81–83] . 

These observations point out, once again, the critical role

f gut microbiota in metabolic homeostasis and highlight the

eed for more microbe-personalized therapeutic strategies in car-

iometabolic diseases. 

nhibitors of microbial enzymes 

Given the recently acquired notion that metabolites produced

y gut microbiota exert detrimental cardiometabolic effects on

he host increasing the risk of CVDs (e.g. TMA/TMAO pathway),

ne of the most recent lines of research is focus on the discov-

ry of small molecules capable to selectively target microbial en-

ymes involved in the production of those metabolites. Therefore,

iven the microbial source of TMA, the possibility of targeting TMA

yases without influencing microbial composition has emerged as

 potentially exciting therapeutic strategy. Recently, an analog of

holine, 3,3-dimethyl-1-butanol (DMB), has been used to induced

on-lethally inhibition of TMA formation, reducing TMAO circula-

ory levels and ultimately ameliorating atherosclerotic plaques for-

ation in ApoE −/ − mice fed with high choline diet [84] . This study

as provided the proof of concept for a strategy – the selective

nhibition of microbial functions – that could inform the future re-

earch in the field. 

onclusive remarks and future perspective 

During the course of CVDs and cardiometabolic disorders, the

ut microbiota contributes in the pathophysiology on these con-

itions. The association observed between alterations in gut mi-

robiota composition and in its metabolism has been reported in

everal preclinical and clinical studies. Although the understand-

ng of the molecular mechanisms governing microbiota-host inter-
ctions is far from being exhaustive, the improvement of genetics

nd omics technologies has provided the platform to achieve more

echanistic data. A careful phenotypic assessment of patients with

VDs, including dietary and lifestyle habits, coupled with metage-

omic sequencing and metabolomic profiling, is warranted to iden-

ify new microbiome-related therapeutic strategies ( Fig. 2 ). Further

nvestigations are required to define what a “healthy” microbiota

ooks like and which – if present – specific alterations in micro-

iota composition might represent a specific signature in CVDs.

oteworthy, the potential association between alterations in mi-

robiota composition and cardiovascular risk goes beyond just the

ntestine location and involves the entire digestive tract. For exam-
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ple, alterations in oral microbiota participate in the chronic inflam-

mation status established in periodontitis contributing to the on-

set and progression of cardiovascular and metabolic disease [85] .

Therefore, challenges and limitations of assessing exclusively gut

microbiota status in connection with CVDs exist. In fact, recent

evidence has shown how alterations in oral microbiota can affect

gut microbiota composition [86] potentially shifting the entire di-

gestive tract microbiota flora towards a pro-inflammatory, disease-

prone status. 

The discovery of microbial metabolites capable of having an im-

pact on cardiovascular health have also opened a new scenario

in biomarkers research. The fact that millions of cells residing in

our gut produce specific molecules the levels of which seem to be

modulated in diseases, raises the possibility to track those metabo-

lites to assess the natural history of these conditions and evaluate

the prognostic impact of specific therapeutic strategies. Since the

ultimate goal of therapeutic research is to provide a personalized

strategy (precision medicine), a more in depth knowledge of gut

metagenomics and pharmacometagenomics might significantly im-

pact on host cardiovascular health. 
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