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Introduction: Gut microbiota has emerged as a pivotal player in cardiovascular health and disease, extending its influence beyond
the gut through intricate metabolic processes and interactions with the immune system. Accumulating evidence supports a
significant association between gut microbiota and cardiovascular diseases such as atherosclerosis, hypertension, and heart failure.
Dietary patterns have been identified as key factors shaping the composition of the gut microbiota and exerting notable impacts on
cardiovascular health. Probiotics and prebiotics have shown promise in mitigating the risks of cardiovascular disease by modulating
key cardiovascular parameters. Faecal microbiota transplantation (FMT) has recently emerged as a novel and intriguing therapeutic
strategy.
Aim: This review paper aims to explore and elucidate the multifaceted role of gut microbiota in cardiovascular health. It will also
address the prevailing challenges and limitations in gut microbiota studies, emphasizing the importance of future research in
overcoming these obstacles to expand our understanding of the gut-heart axis.
Materials and methods: A comprehensive literature search was conducted using various databases including ClinicalTrials,
Google Scholar, PubMed, ScienceDirect, MEDLINE, and Ovid Resources. The search strategy included utilizing keywords such as
“Gut microbiota,” “Randomized controlled trials (RCTs),” “Gut-heart axis,” “Dysbiosis,” “Diet,” “Probiotics,” “Prebiotics,” “Faecal
Microbiota transplantation,” “cardiovascular disease,” “Meta-analyses,” and other compatible terms thereof. Only articles written in
English were considered, and selection criteria included relevance to the research objectives, reasonable sample sizes, and robust
methodology. In addition to the identified articles, meta-analyses, animal models and studies, and references from the selected
articles were also examined to ensure a comprehensive review of the literature.
Results: Dietary patterns exert a significant influence on the composition of the gut microbiota, and certain diets, such as the
Mediterranean diet, have been associated with a favourable gut microbiota profile and a reduced risk of cardiovascular disease
(CVD). Probiotics and prebiotics have emerged as potential interventions to mitigate CVD risks by modulating blood pressure,
glycemic control, lipid profiles, and gut dysbiosis. Another innovative therapeutic approach is FMT, which involves transferring faecal
material from a healthy donor to restore a balanced gut microbiota. FMT holds promise for improving cardiometabolic parameters in
individuals with CVD, although further research is needed to elucidate its precise mechanisms and assess its effectiveness.
Conclusion: The gut microbiota is emerging as a potential therapeutic target for CVD prevention and management. However,
current research has limitations, including the need for larger and more diverse studies, the challenges of establishing causality, and
concerns regarding the long-term consequences and safety of gut microbiota modulation. Despite these limitations, understanding
the gut-heart axis holds promise for the development of personalized therapies and interventions for cardiovascular health. Further
research is needed to expand our knowledge and address the ethical and safety issues associated with gut microbiota modification.
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Introduction

The gut microbiota, which consists of billions of organisms in the
digestive tract, is a complex colony whose metabolic processes and

interactions with the immune system extend well beyond the gut[1].
These bacteria’s interactions involving inflammatory and metabolic
mechanisms have showcased a role in the development of a variety of
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immune-mediated illnesses and metabolic disorders such as diabetes
and obesity[2]. Cardiovascular diseases (CVDs) cause a substantial
number of fatalities worldwide, killing more women than men.
Atherosclerosis, a frequent cause of CVDdevelopment, is caused by a
series of processes inside the artery wall that lead to necrosis,
ischaemia, thromboembolic infarction, and arterial[3]. Evidence
shows a relationship between gut microbiota and the development of
CVDs because it impacts both direct and indirect risk factors for
atherosclerosis[4]. Recent advances in our understanding of this
connecting link inspired us to study the role of gut microbiota in the
setting of CVD risk factors, extending the scope of research along the
gut-heart axis in search of potential medicinal remedies[5]. Recent
developments in our knowledge of this connecting connection
prompted us to investigate the function of gut microbiota in relation
to CVD risk factors, broadening the field of study along the gut-heart
axis toward possible therapeutic approaches.

Gut microbiota and cardiovascular disease

Extensive study has indicated that the gut microbiota is crucial in
CVD. CVD encompasses heart and blood vessel ailments such as
coronary artery disease (CAD), heart failure, stroke, and other
issues.[6]. It includes a variety of risk factors such as dyslipidemia,
inflammation, and hypertension, the majority of which can harm
the vascular structure and eventually lead to more direct pro-
cesses such as atherosclerosis and thromboembolic events[7].
Aside from these physiological considerations, dietary nutrients
have been identified as one of the keymodifiable components that
may interact with the gut microbiota, signalling a diet-micro-
biota-dependent route for CVD development[4].

More than 1000 bacterial species have been found in the
human gut using high-throughput metagenomics sequencing
methods, with around 160 species being shared by people[8].
Firmicutes and bacteroidetes are the two major phyla of bacteria,
accounting for the majority of total bacteria, and their ratio is
typically regarded as a crucial indicator of health conditions, but
this is still debatable[9]. The phyla actinobacteria, proteobacteria,
and verrucomicrobia are gut microbiota components, but in
considerably lower numbers[10].

On the other hand, early research revealed that antibiotic
therapy depleted gut microbiota, which elevated blood pressure in
rats. These findings were verified in rats, indicating the important
involvement of gut microbiota in the control of blood pressure[11].
Furthermore, as compared to regular diets, the lack of microbiota
in ApoE/ mice models hastened the formation of atherosclerotic
plaques in the aorta and the onset of heart disease. Surprisingly,
animals injected with Angiotensin II showed the reverse impact of
microbiota, with the lack of gut bacteria reducing arterial HT and
vascular dysfunction[12]. Furthermore, the term dysbiosis has
been revealed to have a connection with the incidence of CVD risk
and to alter the development of CVD. A significant dysbiosis was
identified in hypertensive animals, for example, with lower
microbial richness and diversity, as well as an increased firmi-
cutes/bacteroidetes (F/B) ratio[13]. Several metaorganism path-
ways (involving both microbes and the host) promote
cardiovascular disease in animal models and show significant
clinical associations in human studies. Trimethylamine N-oxide
and, more recently, phenylacetylglutamine are gut microbiota-
dependent metabolites whose blood levels have been associated
with cardiovascular disease in large-scale clinical trials[14].

Role of diet in shaping gut microbiota and its
influence on cardiovascular health

Emerging evidence highlights the intricate interplay between
dietary patterns and the gut microbiota’s composition and
diversity, with dysregulation of gut microbiota implicated in the
pathogenesis and progression of CVD. Increasing dietary fibre
intake enhances short-chain fatty acids (SCFAs) production by
the gut microbiota, which has a positive influence on host
metabolism, through its anti-inflammatory, anti-obesity, and
anti-diabetic effects[15,16]. Mediterranean diets promote the
growth of beneficial bacteria known for preserving gut barrier
function and their anti-inflammatory properties[17,18]. Higher
fibre intake is robustly associatedwith reduced risks of CVD, type
2 diabetes mellitus (T2DM), and obesity[19]. Conversely,Western
diets rich in saturated fats and added sugars are linked to
diminished microbial diversity and gut dysbiosis[20], increasing
vulnerability to obesity, hypertension, and CVD[21–23].
Additionally, these diets contribute to atherosclerosis develop-
ment through their impact on the integrity of the gut barrier[24,25].
Meanwhile, redmeat overconsumption generates trimethylamine
N-oxide (TMAO), a microbial metabolite emerging as a potential
CVD biomarker, as it facilitates atherosclerosis progression
through impairing cholesterol metabolism, inducing endothelial
dysfunction and platelet hyperactivity[26,27].

Probiotics and their potential effects on
cardiovascular disease prevention and management

Probiotics have displayed promising potential in mitigating car-
diovascular disease risks, including improving blood pressure,
glycemic and lipid profiles. Recent studies have provided support
for these findings, with improved glycemic control seen in both
obese and T2DM patients who were on probiotic supplementa-
tion, compared to diet-alone measures[28,29]. Another recent
meta-analysis also demonstrated a significant decrease in total
cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C)

HIGHLIGHTS

• Probiotics and prebiotics have shown promise in mitigat-
ing the risks of cardiovascular disease (CVD) by modulat-
ing key cardiovascular parameters. Faecal microbiota
transplantation has recently emerged as a novel and
intriguing therapeutic strategy.

• Faecal microbiota transplantation holds promise for
improving cardiometabolic parameters in individuals with
CVD, although further research is needed to elucidate its
precise mechanisms and assess its effectiveness.

• Cardiovascular risk factors and the development of ather-
osclerotic lesions have been linked tometabolites generated
from the gut microbiota, such as trimethylamine N-oxide.
Additionally, the development of atherosclerosis may be
influenced by gut bacteria and mouth bacteria.

• The gut microbiota is emerging as a potential therapeutic
target for CVD prevention and management. However,
current research has limitations, including the need for
larger and more diverse studies, the challenges of establish-
ing causality, and concerns regarding the long-term con-
sequences and safety of gut microbiota modulation.
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levels among hypercholesterolemic adults who consumed
probiotics[30]. Recent studies have also highlighted the potential
of probiotics as adjuncts to traditional weight loss interventions,
yielding reductions in weight and BMI[31,32]. Furthermore,
through their anti-hypertensive effects by modulating gut
microbiota and balancing various factors that regulate the renin-
angiotensin system[33], probiotic supplementations have led to
significant blood pressure reduction in healthy, obese, diabetic,
and even hypertensive patients[34,35]. Gut dysbiosis is linked to
microbial translocation and the development of chronic inflam-
mation in CAD through multiple mechanisms, one of them being
metabolic endotoxemia which exacerbates the formation of
atherosclerotic plaques[36]. Probiotics can have a protective role
against CAD as selected strains have been shown to reduce
inflammation and oxidative stress, enhance lipid profiles[37], and
mitigate the effects of metabolic endotoxemia in individuals with
CAD[38]. However, further research is still needed to explore the
precise impact of probiotics on TMAO levels, which indirectly
promote CVD[39]. (Fig. 1).

Prebiotics and their impact on gut microbiota
composition and cardiovascular health

Prebiotics play a crucial role in promoting a healthy gut micro-
biome, with the majority of research focusing on its two specific
types: inulin and fructooligosaccharides. Prebiotics stimulate the
growth of beneficial bacteria and generate SCFAs, which main-
tain intestinal integrity, regulate glycemic levels, and manage
body weight[40,41]. Prebiotics have demonstrated potential in
ameliorating CVD symptoms through multiple mechanisms,
including exerting anti-inflammation effects, rectifying intestinal
dysbiosis and endotoxemia, as well as enhancing antioxidant
capacities, and improving lipid profiles in CAD patients[42–44].
Moreover, they were found to have anti-obesogenic effects and

contribute to lower serum cholesterol levels[45,46]. Prebiotic
interventions have been found to significantly improve fasting
blood glucose levels in patients with T2DM, contributing to
cardiovascular disease prevention[47].

Faecalmicrobiota transplantation and its therapeutic
potential in cardiovascular disease

Faecal microbiota transplantation (FMT) is a novel therapeutic
strategy used primarily for treating Clostridium difficile infection,
involving the infusion of a faecal suspension from a healthy donor
to restore a balanced gut microbiota and alter microbial
composition[48,49]. There is growing interest in exploring its
potential benefits in improving cardiometabolic parameters and
mitigating CVD. While short-term improvements in insulin sen-
sitivity in patients with obesity and metabolic syndrome have
been observed, the overall impact on other metabolic parameters
was uncertain[50,51]. A recent paper highlighted FMT’s potential
in improving BMI, blood glucose, HbA1c, and insulin resistance
in T2DM patients[52]. Another recent trial found that repeated
FMTs when combined with lifestyle interventions, led to
increased microbiota engraftment, improved microbiota profile,
and reduced LDL-C levels in obese and diabetic patients[53]. FMT
holds potential as a therapy formetabolic syndrome and diabetes,
but further research is needed to understand the underlying
mechanisms and assess its effectiveness in CVD prevention and
management. A study by Sayols-Baixeras and colleagues, gives
proof of the relationship of the stomach microbiota organization
portrayed by expanded wealth of Streptococcus spp and different
species generally tracked down in the oral cavity with coronary
atherosclerosis and fundamental irritation markers. Further
longitudinal and trial studies are justified to investigate the
expected ramifications of a bacterial part in atherogenesis[54].

Gut-heart axis in clinical settings

Various studies have investigated the connection between gut
microbiota and several cardiovascular diseases, such as type 2
diabetes, hypertension, atherosclerosis, heart failure, and
arrhythmia. Enrichment of some gut bacterial populations was
seen in atherosclerotic cardiovascular disease patients compared
to control people in a case-control study[55].

Numerous studies have shown a link between certain gut
bacterial populations and atherosclerotic cardiovascular
disease[56]. Cardiovascular risk factors and the development of
atherosclerotic lesions have been linked to metabolites generated
from the gut microbiota, such as TMAO[57]. Additionally, the
development of atherosclerosis may be influenced by gut bacteria
and mouth bacteria[58]. Pathways involving immunological
control, host energy metabolism, oxidative stress, and pro-
grammed cell death, the makeup of the gut microbiota and
metabolites, such as TMAO, SCFAs, and secondary bile acids
(BA), are implicated in cardiovascular disorders. Targeting the
gut microbiota and related metabolic pathways could offer
potential treatment approaches for various cardiovascular
diseases[59–61]. The development of hypertension may be influ-
enced by gut microbial dysbiosis, according to research that links
the gut microbiota with hypertension[62–64]. Attention has been
drawn to the gut-brain-microbiota axis in the study of the
aetiology of hypertension. Overall, coronary artery disease and

Figure 1. The potential benefits of probiotics for cardiovascular disease pre-
vention and management.
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alterations in plasma metabolites in obese people are caused by
the gut microbiota’s production of bioactive metabolites and
interaction with the immune system[65]. (Figure 2).

Growing evidence points to the gut microbiota as a possible
therapeutic target for several illnesses, including cancer and
inflammatory bowel disease. The gut microbiota can be modified
by several therapies, including nutrition, probiotics, faecal
microbiota transplant, and phage therapy, according to a study
by McCarville et al.[66] from 2016. Prebiotics, dietary approa-
ches, and dietary limits are examples of nutritional interventions
that suggest opportunities to modify gut microbiota, which can
have an immediate influence on cardiovascular health[67]. In
2020, Markey et al.[68] talked about the technical and clinical
difficulties of developing and putting into practice methods to
rebuild gut flora. These studies collectively imply that a variety of
therapeutic approaches, including dietary changes, probiotics,
antibiotics, and anti-inflammatory drugs, target the gut micro-
biota, but additional study is required to completely understand
the mechanisms and make specific therapeutic recommendations.

The therapeutic importance of the gut-heart axis is being
increasingly supported by studies, which reveal that imbalances in
gut microbiota may be a factor in cardiac dysfunction and other
diseases in patients with heart failure[69]. In their evaluation of the
various processes, Forkosh et al.[70] identified the gut microbiome
and bacterial translocation as prospective targets for novel treat-
ment approaches to treat cardiac disorders. In 2013, Buglioni
et al.[71] discovered a connection between the production of the
gut hormone glucagon-like peptide-1 (GLP-1) and the heart
hormone atrial natriuretic peptide, indicating the function of
GLP-1 receptor agonists in overall cardiovascular homoeostasis.

Novel treatment strategies may result from a better under-
standing of the gut-heart axis’s possible underlying mechanisms.
There are difficulties in putting gut-heart axis research into
therapeutic use, though. Although medicines that target the gut
microbiota and some compounds, such as TMAO, are promising,
there are still no clear-cut answers for how to deal with these
problems[72]. To bridge the gap between gut-heart axis research
and its practical use in the diagnosis and treatment of heart failure
and other cardiac illnesses, including coeliac disease, more study
is required.

Challenges and limitations in gut microbiota and
cardiovascular health studies

Gut microbiota research has gotten a lot of interest recently
because of the possible implications for cardiovascular health.
Current research, however, has significant limitations that restrict
our knowledge of the complicated link between gut microbiota
and cardiovascular disease. The limits of existing studies, the
variety in gut microbiota composition, and the ethical and safety
problems associated with gut microbiota modification are all
discussed in this article.

Limitations of current studies on gut microbiota and
cardiovascular health

Observational nature: Although many observational studies
have been established regarding the correlation between gut
microbiota and cardiovascular health, they cannot prove a
definite cause-and-effect link. Intervention studies are critical
for determining the influence of gut microbiota modification on
cardiovascular outcomes[73].

Sample size and diversity: Most gut microbiota studies have
limited sample numbers, which limits their generalizability[74].
Furthermore, there is a lack of variety in research groups since
most participants are frequently from a certain geographic place
or have a specific health condition. To address these limitations
and give more credible data, large-scale and diversified cohort
studies are required.

Longitudinal studies and follow-up: Long-term longitudinal
studies are required to better understand the dynamics and
evolution of gut microbiota through time. Such studies, however,
are challenging to conduct due to the need for extensive follow-
up intervals, participant continuation, and the dynamic nature of
gut microbiota composition.

Variability in gut microbiota composition and
challenges in establishing causality

Interindividual variation: The makeup of the gut microbiota
differs widely between people due to variables such as genetics,

Figure 2. Organizes the different testing modalities available for gut microbiome composition.
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food, lifestyle, and environmental exposures. Due to the con-
siderable interindividual variability, identifying biomarkers
related to cardiovascular health is difficult. Furthermore, the
composition of the gut microbiota might vary rapidly in response
to dietary or environmental changes, confounding the determi-
nation of causality[75].

Bidirectional relationship: There is a bidirectional relationship
between gut microbiota and cardiovascular health. While gut
microbiota can have an impact on cardiovascular health, cardi-
ovascular illnesses, and related risk factors (e.g. obesity, hyper-
tension) can also have an impact on gut microbiota composition.
It is difficult to disentangle these intricate relationships and
determine the main direct cause[76].

Concerns about the ethics and safety of gut
microbiota modulation

Long-term consequences and unknown risks: The usage of some
therapies and interventions like probiotics and prebiotics might
have long-term impacts on cardiovascular health. But the long-
term safety and possible dangers connected with these therapies
are not completely established. Before gut microbiota modifica-
tion techniques can be widely used, rigorous safety studies and
monitoring are required.

Individualized methods and equity: Gut microbiota modifica-
tion strategies need to be customized to an individual’s particular
microbial composition for optimal success. This personalized
method increases ethical concerns about fair access to such
therapies and the possibility of aggravating existing health
inequities.[77].

Conclusion

This review emphasizes the importance of gut microbiota in
cardiovascular health. The impact of dysbiosis on cardiovascular
disease, the processes connecting gut microbiota to cardiovas-
cular health, and the possibility of gut microbiota manipulation
in improving cardiovascular outcomes are among the key dis-
coveries. Current research challenges and limitations, such as
limited sample numbers and ethical problems, have been recog-
nized. Understanding the gut-heart axis has implications for the
prevention and treatment of cardiovascular disease. To expand
our understanding and provide individualized therapies for car-
diovascular health, future research should focus on larger and
more varied trials, demonstrating causation, and resolving safety
issues.
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