
Cardiovascular diseases (CVD) remain a leading cause of global mortality, with coronary artery 
disease (CAD) being among the most prevalent conditions. Recent research indicates that probiotics 
play a role in modulating gut microbiota, o�ering potential therapeutic bene�ts in CVD 
management. Probiotics have demonstrated e�cacy in reducing systemic in�ammation, lowering 
cholesterol levels, and improving insulin sensitivity, which are key contributors to cardiovascular 
health. This review draws on peer-reviewed clinical studies focusing on strains such as Lactobacillus 
reuteri and Bi�dobacterium longum to explore their role in improving lipid pro�les, regulating blood 
pressure, and enhancing endothelial function. Studies were selected based on randomized 
controlled trials and observational data that examined the e�ect of probiotic interventions on 
cardiovascular outcomes. Results indicate signi�cant reductions in low-density lipoprotein (LDL) 
cholesterol and improvements in vascular health through modulation of gut dysbiosis and reduction 
in oxidative stress. While probiotics o�er promising bene�ts, safety concerns exist, particularly for 
immunocompromised patients, necessitating careful strain selection and monitoring.  Moreover, 
individual variability in response to probiotics highlights the importance of personalized therapeutic 
approaches. Future research should focus on developing standardized clinical protocols, optimizing 
dosages, and conducting long-term studies to validate sustained bene�ts. In conclusion, probiotics 
represent a complementary strategy for managing CVD by addressing modi�able risk factors. 
However, further research is needed to re�ne personalized probiotic therapies and integrate them 
with pharmacological interventions. With robust clinical validation, probiotics could become an 
integral part of preventive cardiology, contributing to comprehensive cardiovascular care through 
targeted modulation of the gut microbiome.
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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Modulation of gut dysbiosis and endothelial function
Gut dysbiosis, or the imbalance of gut microbial populations, is 
increasingly recognized as a contributor to cardiovascular 
diseases. Dysbiosis impairs the intestinal barrier, allowing 
harmful substances such as LPS to enter the bloodstream. �e 
resulting systemic in�ammation exacerbates endothelial 
dysfunction, a precursor to hypertension and atherosclerosis [16].

 Probiotics restore microbial balance and enhance intestinal 
barrier function, preventing the translocation of in�ammatory 
molecules. �is restoration reduces oxidative stress, preserving 
endothelial function and minimizing vascular damage. 
Improved gut integrity also ensures better regulation of 
metabolic processes, including lipid metabolism and insulin 
sensitivity, both of which are crucial in preventing metabolic 
syndrome and cardiovascular complications [17].

 �e production of short-chain fatty acids (SCFAs) by 
bene�cial gut bacteria further contributes to cardiovascular 
health. SCFAs modulate insulin sensitivity and reduce 
in�ammation, supporting vascular health and reducing the risk 
of type 2 diabetes. Clinical studies demonstrate that probiotic 
interventions enhance endothelial function, as evidenced by 
improved arterial elasticity and reduced vascular resistance. 
�ese �ndings suggest that probiotics can signi�cantly impact 
vascular health by addressing both gut and systemic 
in�ammation, o�ering a promising strategy for cardiovascular 
disease prevention and management (Figure 3) [18].
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Figure 1. Detailed flowchart showing the role of probiotics in the reduction of cholesterol and lipid levels.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.

Disclosure statement
�e authors declare that there are no con�icts of interest that 
could a�ect the results or conclusions of this study.

References
1. Flora GD, Nayak MK. A brief review of cardiovascular diseases, 

associated risk factors and current treatment regimes. Curr Pharm 
Des. 2019;25(38):4063-4084.                        . 
https://doi.org/10.2174/1381612825666190925163827 

2. Ettinger G, MacDonald K, Reid G, Burton JP. �e in�uence of the 
human microbiome and probiotics on cardiovascular health. Gut 
microbes. 2014;5(6):719-728.              .  
https://doi.org/10.4161/19490976.2014.983775 

3. �ushara RM, Gangadaran S, Solati Z, Moghadasian MH. 
Cardiovascular bene�ts of probiotics: a review of experimental and 
clinical studies. Food Funct. 2016;7(2):632-642.              .  
https://doi.org/10.1039/C5FO01190F 

4. Ebel B, Lemetais G, Beney L, Cachon R, Sokol H, Langella P, et al. 
Impact of probiotics on risk factors for cardiovascular diseases. A 
review. Crit Rev Food Sci Nutr. 2014;54(2):175-189.              .  
https://doi.org/10.1080/10408398.2011.579361 

5. Upadrasta A, Madempudi RS. Probiotics and blood pressure: 
current insights. Integr Blood Press Control. 2016;9:33-42. 
https://doi.org/10.2147/IBPC.S73246 

6. Sharma S, Kurpad AV, Puri S. Potential of probiotics in 
hypercholesterolemia: A meta-analysis. Indian J Public Health. 
2016;60(4):280-286. https://doi.org/10.4103/0019-557X.195859 

7. BK B. Hypocholesterolemic potential of probiotics: Concept and 
mechanistic insights. Indian J Exp Biol. 2019;57(2). Available at 
http://nopr.niscpr.res.in/handle/123456789/45758 

8. Ishimwe N, Daliri EB, Lee BH, Fang F, Du G. �e perspective on 
cholesterol‐lowering mechanisms of probiotics. Mol Nutr Food Res. 
2015;59(1):94-105. https://doi.org/10.1002/mnfr.201400548  

9. Fernández-Calderón MC, Sánchez-Moro MD, Rincón EO. In vitro 
cholesterol assimilation by Bi�dobacterium animalis subsp. lactis 
(BPL1) probiotic bacteria under intestinal conditions. Endocr 

Metab Immune Disord Drug Targets. 2022;22(4):433-439. 
https://doi.org/10.2174/1871530321666210908124848 

10.Mahdavi-Roshan M, Salari A, Kheirkhah J, Ghorbani Z. �e e�ects 
of probiotics on in�ammation, endothelial dysfunction, and 
atherosclerosis progression: a mechanistic overview. Heart Lung 
Circ. 2022;31(5):e45-71. https://doi.org/10.1016/j.hlc.2021.09.006  

11.Colletti A, Pellizzato M, Cicero AF. �e Possible Role of Probiotic 
Supplementation in In�ammation: A Narrative Review. 
Microorganisms. 2023;11(9):2160.              .  
https://doi.org/10.3390/microorganisms11092160  

12.Cristofori F, Dargenio VN, Dargenio C, Miniello VL, Barone M, 
Francavilla R. Anti-in�ammatory and immunomodulatory e�ects 
of probiotics in gut in�ammation: a door to the body. Front 
Immunol. 2021;12:578386.                        .  
https://doi.org/10.3389/�mmu.2021.578386 

13.Kang Y, Cai Y. Gut microbiota and hypertension: From 
pathogenesis to new therapeutic strategies. Clin Res Hepatol 
Gastroenterol. 2018;42(2):110-117.                      .  
https://doi.org/10.1016/j.clinre.2017.09.006 

14.Khalesi S, Sun J, Buys N, Jayasinghe R. E�ect of probiotics on blood 
pressure: a systematic review and meta-analysis of randomized, 
controlled trials. Hypertension. 2014;64(4):897-903. 
https://doi.org/10.1161/HYPERTENSIONAHA.114.03469  

15.Grylls A, Seidler K, Neil J. Link between microbiota and 
hypertension: Focus on LPS/TLR4 pathway in endothelial 
dysfunction and vascular in�ammation, and therapeutic 
implication of probiotics. Biomed Pharmacother. 2021;137:111334. 
https://doi.org/10.1016/j.biopha.2021.111334  

16.Lau K, Srivatsav V, Rizwan A, Nashed A, Liu R, Shen R, Akhtar M. 
Bridging the gap between gut microbial dysbiosis and 
cardiovascular diseases. Nutr. 2017;9(8):859.              .  
https://doi.org/10.3390/nu9080859  

17.Miglioranza Scavuzzi B, Miglioranza LH, Henrique FC, Pitelli 
Paroschi T, Lozovoy MA, Simão AN, et al. �e role of probiotics on 
each component of the metabolic syndrome and other 
cardiovascular risks. Expert Opin �er Targets. 2015;19(8): 
1127-1138. https://doi.org/10.1517/14728222.2015.1028361  

18.Chambers ES, Preston T, Frost G, Morrison DJ. Role of gut 
microbiota-generated short-chain fatty acids in metabolic and 
cardiovascular health. Curr Nutr Rep. 2018;7:198-206. 
https://doi.org/10.1007/s13668-018-0248-8 

19.Malik M, Suboc TM, Tyagi S, Salzman N, Wang J, Ying R, et al. 
Lactobacillus plantarum 299v supplementation improves vascular 
endothelial function and reduces in�ammatory biomarkers in men 
with stable coronary artery disease. Circ Res. 2018;123(9): 
1091-1102. https://doi.org/10.1161/CIRCRESAHA.118.313565  

20.Moludi J, Ka�l HS, Qaisar SA, Gholizadeh P, Alizadeh M, Vayghyan 
HJ. E�ect of probiotic supplementation along with calorie 
restriction on metabolic endotoxemia, and in�ammation markers 
in coronary artery disease patients: a double blind placebo 
controlled randomized clinical trial. Nutr J. 2021;20:1-10. 
https://doi.org/10.1186/s12937-021-00703-7  

21.Jones ML, Tomaro-Duchesneau C, Martoni CJ, Prakash S. 
Cholesterol lowering with bile salt hydrolase-active probiotic 
bacteria, mechanism of action, clinical evidence, and future 
direction for heart health applications. Expert Opin Biol �er. 
2013;13(5):631-642. https://doi.org/10.1517/14712598.2013.758706 

22.Zhang S, Jin M, Ren J, Sun X, Zhang Z, Luo Y, et al. New insight into 
gut microbiota and their metabolites in ischemic stroke: a 
promising therapeutic target. Biomed Pharmacother. 
2023;162:114559. https://doi.org/10.1016/j.biopha.2023.114559  

23.Robles‐Vera I, Toral M, de la Visitación N, Sánchez M, 
Gómez‐Guzmán M, Romero M, et al. Probiotics prevent dysbiosis 
and the rise in blood pressure in genetic hypertension: role of 
short‐chain fatty acids. Mol Nutr Food Res. 2020;64(6):1900616. 
https://doi.org/10.1002/mnfr.201900616  

24.Dixon A, Robertson K, Yung A, Que M, Randall H, Wellalagodage 
D, et al. E�cacy of probiotics in patients of cardiovascular disease 
risk: a systematic review and meta-analysis. Curr Hypertens Rep. 

2020;22:1-27. https://doi.org/10.1007/s11906-020-01080-y 
25.Shimizu M, Hashiguchi M, Shiga T, Tamura HO, Mochizuki M. 

Meta-analysis: e�ects of probiotic supplementation on lipid pro�les 
in normal to mildly hypercholesterolemic individuals. PloS one. 2015; 
10(10):e0139795. https://doi.org/10.1371/journal.pone.0139795  

26.Barengolts E. Gut microbiota, prebiotics, probiotics, and synbiotics 
in management of obesity and prediabetes: review of randomized 
controlled trials. Endocr Pract. 2016;22(10):1224-1234.              .  
https://doi.org/10.4158/EP151157.RA  

27.Vasquez EC, Pereira TM, Peotta VA, Baldo MP, Campos-Toimil M. 
Probiotics as bene�cial dietary supplements to prevent and treat 
cardiovascular diseases: uncovering their impact on oxidative 
stress. Oxid Med Cell Longev. 2019;2019(1):3086270.              .  
https://doi.org/10.1155/2019/3086270  

28.Vlasova AN, Kandasamy S, Chattha KS, Rajashekara G, Saif LJ. 
Comparison of probiotic lactobacilli and bi�dobacteria e�ects, 
immune responses and rotavirus vaccines and infection in di�erent 
host species. Vet Immunol Immunopathol. 2016;172:72-84. 
https://doi.org/10.1016/j.vetimm.2016.01.003  

29.Shi B, Li H, He X. Advancing lifelong precision medicine for 
cardiovascular diseases through gut microbiota modulation. Gut 
Microbes. 2024;16(1):2323237.              .  
https://doi.org/10.1080/19490976.2024.2323237 

30.Pavlidou E, Fasoulas A, Mantzorou M, Giaginis C. Clinical evidence 
on the potential bene�cial e�ects of probiotics and prebiotics in 

Modulation of gut dysbiosis and endothelial function
Gut dysbiosis, or the imbalance of gut microbial populations, is 
increasingly recognized as a contributor to cardiovascular 
diseases. Dysbiosis impairs the intestinal barrier, allowing 
harmful substances such as LPS to enter the bloodstream. �e 
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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Lactobacillus rhamnosus Enhances anti-in�ammatory responses 109 - 10¹0 CFU/day Tablets, yoghurt

Streptococcus thermophilus Supports gut-heart axis, reduces hypertension 109 CFU/day Yoghurt
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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Cardiovascular diseases (CVDs) are a leading cause of death 
globally, posing a signi�cant public health burden. Among 
these, coronary artery disease (CAD) stands out due to its high 
prevalence and association with atherosclerotic plaque growth 
in arterial walls, which impairs blood �ow and can lead to severe 
complications. Despite advancements in medical treatments, 
the global burden of CVDs continues to rise, necessitating novel 
strategies for prevention and treatment [1].

 In recent years, the role of the gut microbiome in 
cardiovascular health has gained increasing attention. Research 
indicates that imbalances in gut microbial populations can 
in�uence the development of CVDs through mechanisms such 
as systemic in�ammation, oxidative stress, and metabolic 
dysfunction. Probiotics, live bene�cial microorganisms that 
help restore gut microbial balance, are being explored as 
promising interventions for improving cardiovascular health 
[2]. Probiotic strains such as Lactobacillus and Bi�dobacterium 
have demonstrated the potential to lower cholesterol levels, 
reduce hypertension, and improve insulin sensitivity, all of 
which are critical risk factors for cardiovascular diseases.

 Clinical evidence supports the use of probiotics in reducing 
low-density lipoprotein (LDL) cholesterol and managing blood 

Mechanisms of Cardioprotective Effects of Probiotics
Reduction of cholesterol and lipid levels
Probiotic supplementation has demonstrated signi�cant 
potential in lowering low-density lipoprotein (LDL) cholesterol 
and improving the high-density lipoprotein (HDL) to LDL ratio. 
�ese improvements reduce the formation of atherosclerotic 
plaques, which are critical risk factors for coronary artery 
disease (CAD) [6]. Probiotics achieve this e�ect by regulating 
cholesterol metabolism through the action of bile salt hydrolase 
(BSH) enzymes. �ese enzymes deconjugate bile salts, reducing 
their reabsorption and enhancing cholesterol excretion through 
faeces. Consequently, the overall cholesterol pool in circulation 
is diminished, promoting cardiovascular health [7].

 Strains such as Lactobacillus and Bi�dobacterium have 
shown e�ciency in lipid modulation. Clinical studies and 

animal models report signi�cant reductions in LDL cholesterol, 
triglycerides, and total cholesterol levels following probiotic 
administration. In hyperlipidemic subjects, probiotic 
supplementation improved lipid pro�les, demonstrating its 
utility as an adjunct to conventional lipid-lowering therapies. 
Fermented foods enriched with Lactobacillus reuteri and 
Bi�dobacterium longum have further con�rmed these 
cholesterol-lowering bene�ts, making them a viable dietary 
intervention for at-risk individuals [8].

 Probiotic-mediated lipid control also extends to cellular 
function, where cholesterol is assimilated into plasma 
membranes, further preventing its growth in circulation. �ese 
�ndings underscore the role of probiotics in addressing 
dyslipidemia, a major contributor to cardiovascular diseases, 
and suggest their potential to reduce dependence on 
pharmacological agents (Figure 1) [9].

pressure in individuals with hypercholesterolemia and 
hypertension. Additionally, probiotics have demonstrated 
bene�cial e�ects in modulating gut dysbiosis and enhancing 
vascular function [3]. �ese �ndings highlight the potential 
role of probiotics in mitigating cardiovascular risk factors 
through non-invasive means. Despite promising �ndings, 
standardization of probiotic interventions remains a 
challenge due to variations in strain selection, individual 
response, and optimal dosage. Furthermore, the long-term 
cardiovascular bene�ts of probiotics require further 
investigation, emphasizing the need for more rigorous 
studies [4].

 Current research suggests that probiotics could 
complement conventional cardiovascular therapies by 
reducing in�ammation, improving metabolic function, and 
modulating blood pressure. Further research into the 
mechanisms of probiotic e�cacy is needed to design targeted 
interventions [5]. �is review aims to explore the 
cardioprotective potential of probiotics by analysing their 
mechanisms of action, evaluating clinical evidence, 
addressing challenges, and identifying future research 
directions to establish their role in cardiovascular health 
management.

Anti-inflammatory and immunomodulatory effects
Chronic low-grade in�ammation plays a central role in the 
pathogenesis of cardiovascular diseases. Elevated levels of 
pro-in�ammatory cytokines such as tumour necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) contribute to 
endothelial dysfunction and plaque formation. Probiotics 
mitigate these e�ects by modulating cytokine production and 
promoting immune homeostasis, creating a favourable 
environment for cardiovascular health [10]. 

 Experimental evidence supports the use of speci�c probiotic 
strains, including Bi�dobacterium longum and Lactobacillus 
helveticus, to reduce in�ammatory markers. �ese strains 
enhance the function of regulatory T-cells (Tregs) and decrease 
the activity of pro-in�ammatory cells, contributing to a 
balanced immune response. �e modulation of gut microbiota 
by probiotics also enhances intestinal barrier integrity, 
preventing the translocation of lipopolysaccharides (LPS) into 
the bloodstream, a process linked to systemic in�ammation and 
cardiovascular disease progression [11].

 Probiotics indirectly in�uence endothelial function through 
their immunomodulatory e�ects. By reducing in�ammatory 

markers, they help preserve endothelial integrity, maintaining 
optimal vascular function. �is connection between gut health 
and systemic in�ammation highlights the therapeutic potential 
of probiotics in managing cardiovascular risks beyond the 
gastrointestinal tract [12].

Blood pressure regulation and anti-hypertensive 
effects
Hypertension is a key modi�able risk factor for cardiovascular 
diseases, including stroke and myocardial infarction. Probiotics 
have shown promise in managing hypertension by inhibiting 
angiotensin-converting enzyme (ACE) activity. �is inhibition 
limits the conversion of angiotensin I to angiotensin II, a potent 
vasoconstrictor, thus promoting vasodilation and reducing 
blood pressure [13].

 Clinical studies indicate signi�cant reductions in both 
systolic and diastolic blood pressure among hypertensive 
patients following probiotic supplementation. Multi-strain 
probiotics have proven particularly e�ective, with evidence 
suggesting that their ability to enhance nitric oxide (NO) 
availability plays a critical role in improving vascular function. 
NO, a potent vasodilator, relaxes vascular smooth muscles, 
reducing arterial sti�ness and improving blood �ow [14].

 �e antihypertensive e�ects of probiotics are further 
supported by improvements in endothelial function and 
reductions in oxidative stress. �is dual action of enhancing 

vasodilation and reducing oxidative damage makes probiotics a 
valuable adjunct to pharmacological therapies for hypertension, 
potentially lowering the burden of medication use in long-term 
management (Figure 2) [15]. 

Clinical Evidences
Impact on coronary artery disease (CAD)
Probiotic supplementation has demonstrated signi�cant bene�ts 
in managing coronary artery disease (CAD) by improving 
vascular health and modulating in�ammation. Studies show that 
Lactobacillus plantarum 299v improves endothelial function 
through enhanced �ow-mediated dilation and suppresses 
systemic in�ammation by reducing levels of interleukin-6 (IL-6) 
and tumour necrosis factor-alpha (TNF-α). �is indicates the 
potential of probiotics to restore vascular integrity, which is 
crucial in preventing the progression of CAD [19].

 Additionally, Lactobacillus rhamnosus GG e�ectively 
reduces metabolic endotoxemia, a condition marked by 
endotoxins in circulation that drive chronic in�ammation and 
impair vascular health. �e administration of these probiotics 
improves the balance of gut microbiota, leading to reduced 
in�ammatory markers and improved cardiovascular outcomes 
by targeting lipid metabolism and immune regulation [20].

 Animal studies further reinforce these �ndings, revealing 
that Bi�dobacterium longum and Lactobacillus helveticus exert 
anti-in�ammatory e�ects by lowering the production of 
pro-in�ammatory cytokines. �ese probiotics also promote bile 
salt hydrolase activity, reducing cholesterol absorption and 
lowering low-density lipoprotein (LDL) cholesterol levels. 
Clinical interventions using a combination of probiotics and 
prebiotics have shown additional bene�ts, such as alleviating 
anxiety and depression symptoms in CAD patients by reducing 
oxidative stress [21].

Benefits in stroke and hypertension management
Probiotic use has shown promise in stroke recovery by 
addressing gut dysbiosis, a condition that exacerbates systemic 
in�ammation and worsens stroke outcomes. Restoring 
microbial diversity through probiotic supplementation 
enhances gut barrier integrity, preventing the translocation of 
harmful bacteria and reducing the severity of systemic 
in�ammatory response syndrome (SIRS). In elderly patients 
recovering from ischemic stroke, the restoration of gut 
microbiota has been associated with cognitive improvements 
and enhanced vascular health, underscoring the role of the 
gut-brain axis in stroke management [22].

 In hypertension management, probiotics act as adjunct 
therapies by modulating the renin-angiotensin system. Strains 
such as Lactobacillus fermentum and Bi�dobacterium breve 
inhibit angiotensin-converting enzyme (ACE) activity, leading 
to vasodilation and reduced blood pressure. �ese probiotics 
have also been found to prevent endothelial dysfunction by 
decreasing oxidative stress and restoring the balance between 
T-helper 17 (�17) cells and regulatory T (Treg) cells, thereby 
improving immune homeostasis [23].

 Clinical studies indicate that long-term probiotic use results 
in signi�cant reductions in both systolic and diastolic blood 
pressure, contributing to better vascular health. �ese �ndings 
are especially relevant for individuals with conditions like 
systemic lupus erythematosus, where vascular in�ammation 
plays a critical role in hypertension development [24].

Effects on hypercholesterolemia and obesity
Probiotics have been extensively studied for their impact on 
lipid metabolism, with positive outcomes in 
hypercholesterolemia management. Speci�c strains, including 
Enterococcus faecium and Lactobacillus paracasei, reduce total 
and LDL cholesterol levels by modulating cholesterol 
metabolism-related genes. �ese probiotics also promote the 
production of short-chain fatty acids (SCFAs), such as acetic 
and propionic acid, which improve insulin sensitivity and 
decrease liver fat accumulation [25].

 In obesity management, probiotics contribute by altering gut 
microbiota composition, reducing systemic in�ammation, and 
preventing insulin resistance. Clinical trials have shown that 
consuming probiotic-rich soy milk containing Lactobacillus 
plantarum signi�cantly reduces systolic and diastolic blood 
pressure in prediabetic patients, suggesting a dual bene�t in 
managing hypertension and obesity. �ese �ndings highlight 
the comprehensive role of probiotics in reducing cardiovascular 
risks associated with obesity and metabolic disorders [26].

 Probiotic interventions, therefore, o�er a multi-faceted 
approach to cardiovascular health by regulating in�ammation, 
improving lipid pro�les, and restoring microbial balance. With 
further research, these strategies could become integral 
components of non-invasive cardiovascular disease 
management. Table 1 brie�y describes the types of probiotics 
used in cardiovascular research [27].

Challenges and Limitations
Variability in strain-specific effects
�e therapeutic bene�ts of probiotics vary considerably 
between strains, complicating their use in cardiovascular 
therapies. For example, some strains, such as Lactobacillus 
fermentum and Bi�dobacterium breve, demonstrate 
cholesterol-lowering properties, while others exhibit 
immunomodulatory e�ects. However, clinical studies in 
humans have yielded inconsistent outcomes compared to 
animal models, re�ecting challenges in translating these e�ects 
across diverse populations [28]. Variability arises due to 
di�erences in gut microbiota composition, health conditions, 
and individual responses, complicating the standardization of 
probiotic treatments. Furthermore, there is limited data on 
optimal combinations of strains and the appropriate dosages 
required to achieve consistent therapeutic outcomes.

 Addressing these inconsistencies requires targeted research 
into strain-speci�c mechanisms and developing personalized 
treatment approaches tailored to individual gut pro�les. 
Personalized therapies can leverage advancements in microbiome 
pro�ling, potentially optimizing probiotic use to meet speci�c 
cardiovascular health needs. Clear clinical guidelines for 
healthcare providers are essential to ensure e�ective probiotic 
interventions that re�ect these complexities [29].

Lack of long-term data and uncertainty in 
mechanisms
Most research on probiotics focuses on short-term clinical 
outcomes, limiting the understanding of their long-term e�ects 
on cardiovascular health. While several short-term studies have 
documented bene�ts—such as improved lipid pro�les, better 
blood pressure regulation, and reductions in in�ammatory 
markers—questions remain about the sustainability of these 
outcomes over time. �e absence of long-term data restricts the 
ability to determine whether probiotics can o�er durable 
protection against cardiovascular events, such as myocardial 
infarction or stroke [30].

 �e underlying mechanisms through which probiotics exert 
their cardioprotective e�ects are also not fully understood. 
Although probiotics are believed to regulate gut dysbiosis and 
in�uence immune pathways, de�nitive conclusions about these 
mechanisms are still pending. Further research is needed to 
explore how probiotics interact with the cardiovascular system, 
including the modulation of endothelial function and immune 
responses. Expanding mechanistic studies will enhance 
con�dence in probiotics as a long-term adjunctive therapy for 
cardiovascular diseases [31].

Potential risks in immunocompromised individuals
Although probiotics are generally considered safe, their use in 
immunocompromised individuals presents potential risks. In 
rare cases, certain strains, such as Lactobacillus, have been 
associated with systemic infections, including bacteraemia. 
Vulnerable populations—such as patients undergoing 
chemotherapy, organ transplant recipients, and those with 
chronic conditions—are particularly susceptible to infections 
from probiotic use. �ese cases underscore the importance of 
carefully evaluating patient suitability before recommending 
probiotics.

 To mitigate risks, healthcare providers must consider 
screening and monitoring protocols when prescribing 
probiotics to immunocompromised individuals. Developing 
guidelines that specify safe strains, dosages, and administration 
practices for high-risk populations is essential. �ese safety 
measures will enable clinicians to maximize the bene�ts of 
probiotics while minimizing potential risks [32].

Future Directions
Multi-centre trials are essential to validate the e�cacy of 
speci�c probiotic strains and determine optimal dosages. 
Although probiotics have shown promise in reducing 
cardiovascular risks such as hypertension, 
hypercholesterolemia, and systemic in�ammation, the 
variability in study outcomes—likely due to di�erences in 
strains, dosages, and patient pro�les—emphasizes the need for 
standardized research protocols. Long-term studies are critical 
to assess the sustainability of these e�ects, ensuring that bene�ts 
persist across diverse patient populations [33].

 Advancing personalized probiotic therapies represents a 
pivotal step in optimizing cardiovascular care. Given that 
interactions between gut microbiota and cardiovascular 
systems are in�uenced by individual microbiome compositions 
and genetic predispositions, tailored interventions are likely to 
yield better outcomes. High-throughput sequencing can map an 
individual’s microbiome in detail, allowing healthcare providers 
to design speci�c probiotic treatments based on personal health 
pro�les and cardiovascular risks. Personalized therapies could 
therefore enhance the therapeutic impact of probiotics, 
ensuring more precise management of cardiovascular 
conditions [34].

 �e integration of probiotics with existing pharmacological 
treatments also o�ers signi�cant potential. Conventional 
therapies, such as statins and antihypertensive medications, 
have demonstrated e�cacy but are o�en associated with side 
e�ects and, in some cases, resistance. Combining probiotics 
with these treatments could address underlying issues like 
in�ammation, oxidative stress, and endothelial dysfunction, 
enhancing patient outcomes. Initial evidence suggests that 
probiotic supplementation might reduce the required dosage of 
these medications, potentially minimizing side e�ects, though 
further clinical validation is necessary [35].

 �e role of probiotics in modulating the 
gut-brain-cardiovascular axis presents another promising area 
for research. Evidence indicates that probiotics may in�uence 
not only cardiovascular health but also metabolic and mental 
health, o�ering a more integrated approach to disease 
management. Understanding the complexities of host-microbe 
interactions will be essential to develop comprehensive 
therapies. With a more robust scienti�c foundation, probiotics 
could become a key component in both preventive care and 
adjunctive treatments for cardiovascular diseases [36].

Conclusions
Probiotics o�er a promising approach to managing 
cardiovascular diseases (CVD) by modulating key physiological 
pathways. Research demonstrates their ability to reduce 
hypertension, lower cholesterol, and mitigate systemic 
in�ammation, improving endothelial function and metabolic 
regulation. Speci�c strains like Lactobacillus reuteri and 

Bi�dobacterium longum have shown e�cacy in lowering 
low-density lipoprotein (LDL) cholesterol, reducing the risk of 
atherosclerosis and coronary artery disease (CAD).

 In addition to their lipid-lowering e�ects, probiotics 
promote blood pressure regulation through short-chain fatty 
acids (SCFAs) that inhibit angiotensin-converting enzyme 
(ACE), enhancing vascular health and reducing oxidative stress. 
�ese �ndings highlight the potential of probiotics to prevent 
vascular dysfunction and hypertension. However, safety 
concerns arise for immunocompromised individuals, where 
rare cases of infections have been reported. Careful strain 
selection and monitoring are essential to minimize such risks. 
Moreover, most studies focus on short-term outcomes, with 
limited data on the long-term impact of probiotics on 
cardiovascular health, necessitating further research.

 �e gut microbiome’s complexity also presents challenges, as 
individual responses to probiotics vary. Personalized probiotic 
therapies tailored to individual microbiome pro�les could 
optimize cardiovascular outcomes, emphasizing the need for 
future research into targeted interventions. In conclusion, 
probiotics represent a valuable adjunct to traditional 
cardiovascular treatments by addressing modi�able risk factors 
through non-invasive means. With further validation and 
careful consideration of safety, probiotics may become an 
integral part of personalized and preventive cardiology, 
complementing pharmacological therapies and lifestyle 
interventions to reduce the burden of cardiovascular diseases.
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