GUT MICROBIOTA AND CARDIOVASCULAR DISEASES
ABSTRACT: Gut microbiota is an important component of healthy physiological ecosystem in humans and is involved in numerous important functions. Gut dysbiosis refers to changes in the composition of gut microbiota and metabolites, which has been linked to the development of cardiovascular diseases. Although various interventions have been tried to restore normal gut microbiota in gut dysbiosis, majority of these have been tried in animal models and are still in early experimental stages. 
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INTRODUCTION: Gut microbiota (about 100 trillion in number) encompasses the communities of bacteria, fungi, viruses and protozoa which are a component of healthy physiological ecosystem in humans. It is involved in multiple functions namely maintenance of gut barrier integrity, metabolism of dietary nutrients and regulation of host immune responses.1 Hence, it is rightly referred to as a multifunctional organ or “superorgan”.1
	The gut microbiota throughout life is influenced by numerous internal and external factors. These include mode of delivery and feeding, environmental exposures, diet, smoking, medications, exercise, weight gain, pregnancy and genetic influences.2
POSSIBILITY OF A GUT MICROBIOTA-HEART LINKAGE: The presence of bacterial DNA in atherosclerotic plaques first raised the possibility of gut microbiota-heart linkage. Bacteria from phyla Firmicutes, Proteobacteria and Actinobacteria, which are abundant in the gut and oral cavity were demonstrated in atherosclerotic plaques which suggested a host-microorganism interaction and the occurrence of cardiovascular diseases in humans.3
	Gut dysbiosis refers to the changes in the composition of gut microbiota and its metabolites, which can be transient or persistent, might be a possible mechanism for the development of cardiovascular diseases (CVD).4 Colonisation and overabundance of opportunistic pathogens and facultative anaerobes with a relative decrease in the naturally occurring beneficial microbiota has been demonstrated.2,4 Weakened gut barrier function secondary to bowel hypoperfusion and ischemia also facilitates translocation of microbes and their metabolites.2
	Short chain fatty acids, bile acids and indole-3-proprionate, which are microbial metabolites are beneficial to the host as they have anti-inflammatory and anti-microbial properties and also maintain gut barrier integrity.2 The pathogenic microbial metabolites namely trimethylamine N-oxide (TMAO), phenacetylglutamine, indoxyl sulfate and lipopolysaccharide (LPS) have been found to be pro-inflammatory and pro-atherogenic.2,5
GUT DYSBIOSIS & CVD: Gut dysbiosis has been linked to atherosclerosis, coronary artery disease, hypertension, heart failure and atrial fibrillation.4,5 Plasma TMAO levels have been found to be elevated in these conditions.5 Plasma TMAO levels have also been used to predict MACCE in established atherosclerotic cardiovascular diseases (ASCVD), and mortality in the absence of clinical ASCVD.5,6,7 In patients with heart failure, TMAO levels correlated with functional class, diastolic dysfunction as well as mortality.1,2  
THERAPEUTIC INTERVENTIONS:
1. DIETARY MODIFICATIONS: A diet rich in fruits, vegetables, whole grains, fibre and lean proteins has shown to promote the growth of beneficial commensals and prevent the growth of opportunistic pathogens, thereby reducing the risk of developing CVDs.5 
2. MICROBIOME-BASED: Probiotics (strains of live microorganisms), prebiotics (non-digestible fibres), synbiotics (combination of prebiotics and probiotics) have all demonstrated to facilitate the growth of beneficial gut bacteria. Postbiotics (short chain fatty acids) have also shown to reduce blood pressure.5
3. PHARMACOLOGIC: Antibiotics, antibiotic-like substances (eg. Garlic) and statin therapy have also been tried in various animal models.5
4. FECAL MICROBIOTA TRANSPLANTATION: is a promising tool to help restore the gut microbiota.5


CHALLENGES: 
1. High interindividual variability of gut microbiota
2. Lack of standardised diagnostic tests & validated cut offs
3. Need for personalised therapeutics
4. Studies mostly carried out in animal models
FUTURE PERSPECTIVES:
1. Need for multicentric randomised controlled trials (with profiling of every participant’s gut microbiota)
2. Development of personalised therapeutics

CONCLUSION: Gut microbiota is a modifiable cardiovascular risk factor. Individualized microbiota-based treatment programs can provide new therapeutic options for cardiovascular diseases. TMAO and short chain fatty acids can serve as valuable diagnostic and therapeutic options for CVDs.
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