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Abstract: Probiotics are gaining recognition as a viable strategy for mitigating cardiovascu-
lar risk factors. Specifically, recent studies highlight their potential benefits in managing
cholesterol levels, blood pressure, and inflammation, which are critical components in
the prevention of cardiovascular diseases (CVD). This comprehensive review aims to
elucidate the impact of probiotic consumption on major cardiovascular risk factors, in-
cluding individuals with hypertension, type II diabetes mellitus, metabolic syndrome,
hypercholesterolemia, and in secondary prevention in coronary artery disease. Scientific
evidence based on human studies suggests that probiotic consumption is associated with
positive effects on anthropometric measures, inflammation markers, blood pressure, glu-
cose metabolism markers, lipid profiles, and endothelial function. However, these findings
should be interpreted pragmatically and acknowledge the significant variability in results.
This variability may be attributed to factors such as probiotic composition (single strain or
multiple strains), the characteristics of the delivery matrix (food, capsules, and sachets),
the duration of the intervention, the dosage regimen, and baseline health profiles of the
participants. Incorporating probiotics as part of a comprehensive and healthy lifestyle
approach can be considered a feasible strategy for both the prevention and management of
CVD. However, further research is needed on factors influencing the effect of probiotics,
such as: (i) optimal probiotic strain(s), (ii) appropriate dosage, (iii) duration of treatment,
(iv) optimal delivery vehicle, and (v) sex-specific differences.

Keywords: inflammation; lipid profile; functional foods; blood pressure

1. Introduction
Since its appearance in 1908 by Metchnikoff [1], the term probiotic has been associated

with host health benefits. In 2001, The World Health Organization (WHO) and the Food and
Agriculture Organization of the United Nations (FAO) considered probiotics as live micro-
organisms, which when administered in adequate amounts confer a health benefit on the
host [2]. In 2014, a consensus panel of the International Scientific Association for Probiotics
and Prebiotics (ISAPP) reaffirmed the definition with one minor change: replacing “which”
with “that”, resulting in “live microorganisms that, when administered in appropriate
amounts, confer a health benefit on the host” [3].
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To date, numerous studies highlight the fact that, in addition to the antipathogenic,
anticancer, antiallergic, and angiogenic activity [4], the probiotic health implications include
protection against cardiovascular diseases (CVDs) [5]. Despite milestones in preventive
measures and treatment, CVD remains associated with a high burden of morbidity and
mortality. There are several established risk factors for CVD that include hypertension,
dyslipidemia, diabetes, obesity, smoking, alcohol, diet, and sedentary lifestyle [6]. The gut
microbiome has been causally linked with cardiometabolic and cardiovascular disorders
and is a potential complementary target to understand and reduce the residual risk of
CVD [7]. In fact, the comprehensive characterization of probiotic benefits on cardiovascular
risk factors has demonstrated the glycemic control in patients with type two diabetes
mellitus (T2DM) [8], improvement in inflammatory markers in coronary artery disease
(CAD) patients [9] and in obesity-related markers in obese people [9], among others. In fact,
probiotic consumption in healthy populations has recently been shown to be associated
with increased protection against atherosclerotic disease [10]. As diet-related risk is the
most important behavioral factor influencing global health, it appears to be the best target
in the challenge against CVD [11].

The gut microbiota has the capability to generate metabolic products from dietary
sources that have the potential to exert an influence on the cardiovascular health of the
host [12]. Simultaneously, the consumption of probiotics is accompanied by significant
alterations in the composition of the intestinal microbiota [13–17]. Furthermore, in tandem
with all of the aforementioned factors, emerging risk factors, such as pro-inflammatory
molecules (e.g., C-reactive protein (CRP), interleukins (IL)), adhesion molecules, apolipopro-
teins, glucose metabolism markers (C-peptide, insulin, hemoglobin A1c (HbA1c)), and
cholesterol fractions, have been analyzed and linked to an increased cardiovascular risk,
prognosis, and complications of CVD [18] and therefore have also been targeted in clinical
interventions trying to ensure the effect of probiotic consumption on these markers.

Although the effect of probiotics on CVD has been summarized in numerous papers,
most of these have focused on a target population such as T2DM [19], CVD risk patients [20],
or in specific markers [21]. Additionally, existing reviews often evaluate not only the effects
of probiotics but also include prebiotics and symbiotics, resulting in a broader and less
focused analysis [22,23]. In this comprehensive review, we examine the impact of probiotic
consumption on vulnerable populations, including individuals with hypertension, T2DM,
metabolic syndrome (MetS), hypercholesterolemia, and in secondary prevention in CAD.
For this purpose, only studies conducted in humans since 2015 to date and in the English
language were included. Scopus, Pubmed, and Google Scholar were used to search for
clinical trials testing the effect of probiotics in individuals with hypertension, T2DM,
MetS, hypercholesterolemia, and CAD. The search initially identified a total of 186 studies.
However, after applying the inclusion criteria—human studies, English language, and
probiotics administered alone (not co-administered)—only 44 articles met the criteria and
were included in this review.

2. Probiotics
Probiotics are essential functional foods that play a crucial role in maintaining and

improving overall health and well-being. Oral probiotics face several challenges on their
journey through the mouth, stomach, intestine, and colon. In specific, many microbial
species are adversely affected by harsh gastrointestinal conditions characterized by low pH
in the stomach and the presence of bile salts in the small intestine [24,25]. Therefore, one of
the most important requirements for probiotics is to survive the environmental conditions
in the location where they must be active. Successful colonization of the gastrointestinal
tract is key to ensuring that probiotics can interact with the host to achieve the desired
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health benefits [26]. To date, numerous studies have highlighted all those factors that
benefit or limit the effect of probiotics. Food matrix [27,28], probiotic design [29], and
doses [30], among others, have a recognized effect (Figure 1).
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Figure 1. Main probiotic forms.

Probiotic design (monostrain, multistrain, and multispecies probiotics) is raised as an
important consideration that can affect the functionality and efficacy of a probiotic [29].
Studies using animal models have shown that multistrain probiotics are more efficient in
obesity management [31]. However, to date, very little is known about which preparation
has the greatest effect on preventing CVD.

A systematic review and meta-analysis of clinical trials evidenced that the effective-
ness of the probiotic is conditioned by the dosage [32]. Regulatory agencies around the
world recommend minimum dosages. For example, Health Canada has accepted bacterial
species when delivered in food at a level of 1 × 109 colony-forming unit (CFU) per serv-
ing, and the Italian Ministry of Health confirmed the use of the word probiotic for food
and food supplements under certain conditions, including a minimum number of viable
cells (1 × 109 CFU) administered per day [33,34]. However, recent reports have indicated
that the dose required for most strains to survive and persist is higher (1 × 1010 CFU)
(1 × 1010 CFU) than the doses recommended for probiotics by regulatory agencies [35].
Similarly, in obese postmenopausal women, multispecies probiotic supplementation fa-
vorably affects vascular function and reduces arterial stiffness when given at the dose of
1 × 1010 CFU per day [36].

The effect of the probiotics is also conditioned by the time of the intervention [37].
Regarding patients with risk factors for CVD, there is no trend as to whether short- or
long-term interventions are more advisable [38].

Foods

Foods are vehicles for delivery of probiotics to the human body and help to buffer the
probiotics through the gastrointestinal tract, regulate their colonization, and contain other
functional ingredients, such as bioactive components, that can interact with probiotics to
alter their functionality and efficacy [28]. In foods, probiotics may be present in fermented
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dairy products (e.g., yogurt, cheese, and fermented milk), which represent the main vehicle
for probiotic delivery (Figure 1). Additionally, many other nondairy probiotic products
(both fermented and nonfermented) are gaining popularity among consumers. Currently,
a wide range of nondairy probiotic foods on the market, such as soy products, cereal-
based products, fruit and vegetable juices, and fermented meat and fish products, are also
offered [39,40]. To date, cheese, yogurt, milk (soy, probiotic, or fermented), kefir, and light
Yakult are by far the main food vehicles used for the delivery of probiotics.

However, it is important to note that the delivery of probiotics to the host can also
be accomplished through other alternatives. In specific, capsules are also a growing
trend to use probiotics as nutraceuticals [41]. However, it is important to emphasize that
this changing trend in probiotic delivery may result in reduced functional efficacy by
eliminating the potential synergistic effect of the food. Probiotics in sachets or capsules are
commonly used in studies evaluating their effect in patients at risk of CVD.

3. The Health-Promoting Properties of Probiotics in the Management and
Prevention of CVD

There are several established risk factors for CVD that include hypertension, hyperc-
holesterolemia, T2DM, overweight and obesity, smoking, and a sedentary lifestyle [42,43].
Among these risk factors, high blood pressure is associated with the strongest evidence of
causality and has a high prevalence of exposure [44]. In recent decades, a growing number
of emerging risk factors, such as proinflammatory molecules including CRP, interleukins
(IL), adhesion molecules, apolipoproteins, and cholesterol fractions, among others, have
been analyzed and associated with increased cardiovascular risk, CVD prognosis, and
complications [18].

The relationship between diet and CVD has been the focus of attention for some time.
From this perspective, there is growing evidence that functional dietary intervention with
probiotics, which maintains or restores the beneficial bacteria of the digestive tract, is a
promising therapeutic strategy for intervention in CVD and also reduces the risk of its oc-
currence [45]. Recently, it was demonstrated that the intervention with L. plantarum strains
induces beneficial effects on bile acid signature and lipoprotein profile. It reduces ApoB
and small LDL levels and LDL susceptibility to oxidation and increases HDL antioxidant
capacity in healthy individuals [10].

The following sections summarize the evidence for the effect of probiotic consump-
tion on risk factors for CVD. Figure 2 highlights the key metabolites that act as potential
messengers in the molecular and functional processes mediating these beneficial effects.
These include short-chain fatty acids (SCFAs) such as acetic, propionic, and butyric acids;
bacteriocins with antimicrobial properties; vitamins and essential nutrients (e.g., vitamin
K, B vitamins, and aromatic amino acids); organic acids; and cell wall components with
immunomodulatory effects [46]. SCFAs play vital roles in regulating the immune system,
maintaining gut barrier integrity, improving endothelial function, and modulating choles-
terol and glucose metabolism [47]. Although bile acids (BAs) are not directly microbiota-
derived, the gut microbiota significantly influences their transformation, playing a key role
in cholesterol catabolism [48].
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3.1. Hypertension

Hypertension is a leading risk factor for mortality worldwide, accounting for
10.8 million deaths in 2019. Hypertension or high blood pressure, defined as systolic
blood pressure (SBP) above 140 mmHg and diastolic blood pressure (DBP) above 90 mmHg
in young people, is one of the most important risk factors that predispose an individual to
many diseases, including coronary heart disease, cerebral hemorrhage, renal and cardiac
failure [49]. Blood pressure is controlled by several complex biochemical pathways. The
renin-angiotensin system (RAS) is identified as one of the major controllers of blood pres-
sure and sodium metabolism. In addition, the kinin-nitric oxide, the neutral endopeptidase,
and the endothelin-converting enzyme systems have been shown to produce additional
vasoregulatory peptides [50].

Probiotics and their fermented products reduce blood pressure by suppressing nitro-
gen oxide production in the microphages, reducing reactive oxygen species, and improving
the absorption of calcium from the diet [51]. More specifically, probiotics enhance endothe-
lial nitric oxide synthase (eNOS) activity, increasing NO bioavailability and promoting
vasodilation, which reduces vascular resistance and blood pressure [52,53]. Probiotics also
lower oxidative stress and inflammation, protecting NO from degradation and preventing
endothelial dysfunction [54]. Additionally, they improve L-arginine availability [55], a key
substrate for NO synthesis. Through these mechanisms, probiotics help regulate vascular
tone, reduce arterial stiffness, and maintain healthy blood pressure levels, highlighting
their therapeutic potential in hypertension management.

A cross-sectional study demonstrated that the exposure to probiotics resulted in a 21%
reduction in the odds of hypertension that was evidenced by a significant reduction in SBP
and DBP [56]. The rest of the evidence is based on systematic review and meta-analysis
focused on human studies [37,57–60]. Despite the enormous concern about the CVD
problems associated with hypertension, only five human interventional studies testing the
probiotic effects [60–64]. The characteristics of these clinical studies, as well as their main
findings, are summarized in Table 1. Of these five studies analyzed, the beneficial effect
of probiotic intake on SBP and DBP was evidenced in only two studies of four [61] and
eight weeks [60] after regular consumption of cheese with L. casei 01 or multistrain capsule.
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On the other hand, both SBP and DBP remained unchanged in six- [64], eight- [62], and
twelve- [63] week studies.

Table 1. Effect of probiotics supplementation on inflammation markers in patients with hypertension.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

L. casei 01
(Cheese)

Non-specified
(4 weeks)

Randomized double-blind
pilot trial: Probiotic cheese (15)
and conventional cheese (15)

↓ SBP and DBP
↓ TC and TG
↑ HDLc

LDLc [61]

(1) L. paracasei LPC-37
(2) L. rhamnosus N001
(3) L. acidophilus NCFM
(4) B.lactis HN019
(Sachet)

(1) 109 CFU/day
(2) 109 CFU/day
(3) 109 CFU/day
(4) 109 CFU/day
(8 weeks)

Randomized,
triple-blind, placebo-controlled
trial: Probiotic (19) and
placebo (17)

↓ FBG
↓ TC
↑ HDLc

SBP, DBP, TG,
VLDLc, LDLc,
and hs–CRP,

[62]

L. plantarum DSM 5313
(Sachet)

1 × 109 CFU/day
(3 months)

Double-blind, placebo-RCT:
Probiotic (44) and placebo (46) SBP and DBP [63]

(1) L.acidophilus LA-5
(2) B. Bifidobacterium
B-12
(3) S.thermophilus STY-31
(4) L. bulgaricus LBY-27
(Capsules)

>4 × 109 CFU/day
(8 weeks)

Double-blind, placebo-RCT:
Probiotic (32) and placebo (32)

↓ SBP
↓ DBP [60]

(1) L. acidophilus LA-5
(2) B. lactis BB-12
(Yogurt and/or capsules)

3 × 109 CFU/day
or 6 × 109 CFU/day
(6 weeks)

Double-blinded, factorial,
parallel study: Yogurt + ProC
(40), Yogurt + PlaC (37), CM +
ProC (39) and CM + PlaC (40)

SBP, DBP, TC, TG,
HDLc and LDLc [64]

CM: control milk; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDLc: high-density lipoprotein
cholesterol; PlaC: placebo capsules; ProC: probiotic capsules; RCT: randomized clinical trial; SBP: systolic blood
pressure; TC: total cholesterol; TG: triglycerides; VLDLc: very low-density lipoprotein cholesterol. Downward
arrows indicate decreased values. Upward arrows indicate increased values.

3.2. Type 2 Diabetes Mellitus (T2DM)

T2DM is a chronic, non-communicable, multisystem disease that has reached epi-
demic proportions [65]. T2DM is characterized by dysfunction in pancreatic β-cells, chronic
low-grade inflammation, oxidative stress, insulin resistance, and dysregulation of lipid and
glucose metabolism [66]. Oxidative stress significantly impacts β-cell health and function
in T2DM through mechanisms involving ROS production, antioxidant deficiency, and in-
teractions with metabolic dysregulations, such as insulin resistance and lipotoxicity [67,68].
Addressing these pathways may offer new avenues for diabetes treatment aimed at pre-
serving β-cell function and improving glycemic control.

Multiple molecular mechanisms of gut microbiota contribution to T2DM have recently
been summarized, including: (i) modulation of inflammation, (ii) interaction with dietary
components, (iii) involvement of intestinal permeability, and (iv) involvement of glucose
and lipid metabolism, insulin sensitivity, and overall energy homeostasis in the mammalian
host [69,70]. In view of the high incidence of T2DM and its serious consequences, from
2015 to date, a series of human trials have been conducted to evaluate the efficacy of
probiotic consumption in patients with this pathology. Specifically, these studies have
focused on assessing the effect of probiotic soya milk [71–73], fermented milk [74], or
through sachets [75–78] or capsules [38,79–82] on several biomarkers, as is shown in Table 2.

As for anthropometric measures, 50% of the 14 studies included in this review as-
sessed these parameters (Table 2). In a study testing soy milk fortified with L. plantarum
A7, eight weeks of sustained intake led to a decrease in weight, BMI, and waist−hip ra-
tio [73]. In another study, eight weeks of multiprobiotic “Symbiter” (concentrated biomass
of 14 probiotic bacteria genera Bifidobacterium, Lactobacillus, Lactococcus, Propionibacterium)
administered as a sachet formulation led to a decrease in weight, BMI, and waist circum-
ference [77]. In addition, another study showed that the dose (low vs. high) affects the
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anthropometric measurements differently, in particular, an increase in weight and BMI was
observed in the low group [76]. The remaining studies found no evidence that probiotic
consumption induced changes in anthropometric measures in T2DM populations.

Table 2. Effect of probiotics supplementation on metabolic endotoxemia and inflammation markers
in patients with T2DM.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing Unchanging Parameters Ref.

4 × 109 CFU/day
(8 weeks)

Parallel, RCT: Probiotic (24),
Control (24) MDA [71]

L. plantarum A7
(Soy milk)

Parallel, RCT: Probiotic (20) and
control (20)

↓ LDLc
↑ HDLc

FBG, TNF−α, hs−CRP,
adiponectin and TG [72]

Parallel, RCT: Probiotic (24) and
control (24)

↓ Weight
↓ WHR
↓ BMI

[73]

(1) B. bifidum W23
(2) B. lactis W52
(3) L. acidophilus W37
(4) L. brevis W63
(5) L. casei W56
(6) L. salivarius W24
(7) L. lactis W19
(8) L. lactis W58
(Sachets)

1010 CFU/day
(12 weeks)

Single-center, double-blind,
placebo-RCT: Probiotic (48) and
placebo (46)

↓ FBG, insulin,
↓ C−peptide
↓ HOMA−IR
↓ SBP, DBP
↓ TG, TC, LDLc

Weight, BMI, WHR, HDLc
and TC/HDLc [75]

L. casei
(Fermented milk)

4 × 1010 CFU/day
(16 weeks) RCT: Probiotic (34) and control (34) ↑ HbA1c

↑ hs−CRP

BMI, FBG, C−peptide,
TNF−α, IL−6,
adiponectin, TC, TG
and HDLc

[74]

L. reuteri DSM 17938
(Tablets)

108 CFU/day
or 1010 CFU/day
(12 weeks)

Double-blind,
placebo-RCT: Placebo (>12),
low (>12) and high (>12)

↑ Weight (low group)
↑ BMI (low group)

WC, FBG, insulin, HbA1c,
hs−CRP, adiponectin,
leptin, SBP, DPB, TC, TG,
HDLc, LDLc

[76]

L. reuteri
(Capsules)

ADR-1:
4 × 109 CFU/day
ADR-3:
2 × 1010 cells/day
(6 months)

Double-blind,
placebo-RCT: ADR-1 (22),
ADR-3 (24) and placebo (24)

↓ HbA1c
↓ TC
↓ SBP

FBG, insulin, HOMA−IR,
C−peptide, hs−CRP,
IL−6, IL−10, IL−17,
TNF−α, IL−1β, LDLc,
HDLc, TG, DBP

[38]

Concentrated of 14 probiotic
bacteria genera
(1) Bifidobacterium
(2) Lactobacillus
(3) Lactococcus
(4) Propionibacterium
(5) Acetobacter
(Sachets)

(1) 1011 CFU/day
(2) (3) 6 × 1011 CFU/day
(4) 3 × 1011 CFU/day
(5) 107 CFU/day
(8 weeks)

Single-center double blind, placebo,
parallel, RCT: Probiotic (31) and
placebo (22)

↓ Weight, WC, BMI
↓ HOMA−IR
↓ TNF−α
↓ IL−6, IL−8, IL−17,
IL−1β

FBG, insulin, HbA1c [77]

(1) B. bifidum W23
(2) B. lactis W52
(3) L. acidophilus W37
(4) L. brevis W63
(5) L. casei W56
(6) L. salivarius W24
(7) L.lactis W19
(8) L. lactis W58
(Sachets)

1010 CFU
(6 months)

Double-blind,
placebo-RCT: Probiotic (31) and
placebo (30)

↓ FBG
↓ Insulin
↓ HOMA−IR
↓ hs−CRP,
↓ TNF−α, IL−6
↑ Adiponectin
↓ TG and TC

BMI, WHR, C-peptide,
SBP, DBP [78]

(1) L.acidophilus
(2) L.casei
(3) L. rhamnosus
(4) L. bulgaricus
(5) B. breve
(6) B. longum
(7) S. thermophilus
(Capsules)

(1) 4 × 109 CFU/day
(2) 14 × 109 CFU/day
(3) 3 × 109 CFU/day
(4) 4 × 108 CFU/day
(5) 6 × 1010 CFU/day
(6) 14 × 109 CFU/day
(7) 3 × 109 CFU/day
(6 weeks)

Double-blind,
placebo-RCT: Probiotic (30) and
placebo (30)

↓ FBG
↑ HDLc

Weight, WC, BMI, insulin,
HOMA−IR, TC, TG
and LDLc

[79]

L. casei
(Capsules)

1 × 108 CFU/day
(6 weeks)

Parallel,
RCT: Probiotic (20) and placebo (20)

↓ FBG
↓ Insulin
↓ HOMA−IR
↓ TC

HbA1c [80]

(1) L. salivarius BLS22
(2) L. casei UBLC42
(3) L. plantarum BLP40
(4) L. acidophilus UBLA34
(5) B. breve UBBr01
(6) B. coagulans Unique IS2
(Capsules)

6 × 1010 CFU/day
(12 weeks)

Parallel,
RCT: Probiotic (40) and placebo (40)

↓ FBG
↓ HbAIc

Weight, insulin,
HOMA−IR, TC, TG, LDLc
and HDLc

[81]
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Table 2. Cont.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing Unchanging Parameters Ref.

(1) L.acidophilus
(2) L.plantarum
(3) L.fermentum
(4) L.Gasseri
(Capsules)

(1) 5 × 1010 CFU/day
(2) 1.5 × 1010 CFU/day
(3) 7 × 109 CFU/day
(4) 2 × 1010 CFU/day
(8 weeks)

Double-blind,
placebo-RCT: Probiotic (34) and
placebo (34)

↓ SBP
↓ DBP

TC/HDLc and
LDLc/HDLc [82]

BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDLc: high-density lipoprotein
cholesterol; HbA1c: glycated hemoglobin; hs-CRP: high-sensitivity C-reactive protein; HOMA-IR: homeostatic
model assessment of insulin resistance; IL: interleukin; LDLc: low-density lipoprotein cholesterol; MDA: malondi-
aldehyde; TC: total cholesterol; TG: triglycerides; SBP: systolic blood pressure; TNF−α: tumor necrosis factor−α;
WC: waist circumference; WHR: waist-hip ratio. Downward arrows indicate decreased values. Upward arrows
indicate increased values.

Regarding changes in the glycemic profile, the following findings were reported.
Importantly, a decrease in FBG levels was observed when the probiotic was administered
in capsule or sachet forms [75,78–81]. A similar behavior was observed for HOMA-IR,
where a decrease was observed when the probiotic was administered mainly in the sachets,
regardless of the duration of the study (Table 2). These findings may be directly related
to the fact that probiotics administered in capsule or sachet form are usually multistrain
compared to foods that are mostly monostrain. Both monostrain and multistrain probiotics
have their unique advantages and limitations. However, in the glycemic control of patients
with T2DM, evidence would suggest that the multistrain probiotics provide a broader range
of benefits through synergistic effects. The level of HbA1c in T2DM patients can accurately
reflect the patient’s glycemic control [83]. However, there is no pattern of response to
probiotic use, with one study showing an increase, three showing a decrease, and three
showing no change (Table 2). Another key feature of T2DM is circulating insulin, but
in most of the studies evaluating this biomarker, no changes in its concentration were
observed. The same trend was observed for C-peptide.

The pathophysiology of T2DM reveals that oxidative stress is one of the factors that
play a role in the pathogenesis of insulin resistance, impaired insulin secretion and glu-
cose utilization, and impaired hepatic glucose metabolism, together with the activation of
pro-inflammatory cytokines, culminating in T2DM [84]. It is well known that oxidative
stress in pancreatic β-cells is induced by high glucose, hyperlipidemia, and inflammatory
responses [85]. An established state of oxidative stress leads to increased production of
proinflammatory cytokines, such as tumor necrosis factor (TNF) [86]. Given the above,
probiotic therapies have been proposed as an alternative therapeutic strategy in the treat-
ment and management of diabetes, specifically for key mediators of insulin resistance,
such as TNF−α. Interestingly, a decrease in this proinflammatory marker was observed
in two studies [77,78], whereas no changes were observed in three other studies [38,72,74].
It is noteworthy that in those studies where a change was observed, multistrain probi-
otics were used [77,78], which may suggest that they are more effective compared to
mono-strain probiotics.

On the other hand, there is no clear trend between the intake of probiotics and
the concentration of hs−CRP and interleukins. hs−CRP remained unchanged after
eight weeks [72], twelve weeks [76], and six months [38] of monostrain probiotic intake.
However, an increase in this biomarker was observed after four months of monostrain probi-
otic intake [74] and a reduction with a multistrain probiotic during six months [78]. Similar
behavior was observed with interleukins, with multistrain probiotics being more effective.

Regarding the adipocytokines, adiponectin is the most abundant and is known to
have a regulatory effect on glucose and lipid metabolism [87]. As shown in Table 2, in most
studies there is no association between probiotic consumption and this biomarker. On the
other hand, only one study using a multistrain probiotic and lasting six months showed an
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increase in adiponectin levels [78]. Although leptin, an adipokine whose primary function
is to regulate energy balance, has been found to mediate insulin secretion and sensitivity in
peripheral tissues [88], only one study evaluated this biomarker and found no change after
probiotic supplementation [76].

Patients with T2DM often have comorbidities, including dyslipidemia and hyperten-
sion. Diabetes-related changes in plasma lipid levels are among the key factors that are
amenable to intervention [89]. Based on the included articles, the lipid profile of patients
with T2DM is modestly changed by probiotic supplementation. The most modifiable
parameter was total cholesterol, which was reduced in four of the interventional studies.
On the other hand, triglycerides and lipoprotein cholesterol (HDLc and LDLc) seemed to be
more resistant to change with probiotic supplementation in T2DM patients. TG reduction
was only observed in studies using multistrain probiotics [75,78]. On the other hand, no
relationship was observed for HDLc and LDLc. Monostrain soy milk lowers LDL and
raises HDL [72], and multistrain capsules raise HDL [79].

3.3. Metabolic Syndrome

MetS is a cluster of interrelated risk factors that increase the likelihood of devel-
oping CVDs, T2DM, and other health complications [90]. A recent study revealed that
MetS and its related cardiometabolic components are highly prevalent worldwide [91].
According to ATP III classification, diagnosis of MetS is established if three out of the
following five parameters are pathologically altered: waist circumference (>102 cm for
men and >88 cm for women), blood pressure (>135/85 mm/Hg), fasting blood glucose
(>6.1 mmol/L), triglyceride (>1.7 mmol/L), and HDLc (<1.03 mmol/L for men and
<1.29 mmol/L for women) [92].

Lifestyle modifications, particularly dietary habits, are the main strategy for the
prevention and management of MetS [93]. Changes in dietary habits can ameliorate obe-
sity and insulin resistance, which play a key role in these pathological conditions [94].
While probiotics show potential, their effects on MetS markers remain insufficiently un-
derstood, limiting their application in the prevention and treatment of MetS in clinical
practice [95]. From 2015 to date, the effect of probiotic yogurt [96,97], kefir [96–100],
Yakult [101], milk [102,103], and capsules and/or sachets containing strains [16,104] has
been studied in MetS patients (Table 3).

Table 3. Effect of probiotics supplementation on metabolic endotoxemia and inflammation markers
in patients with metabolic syndrome.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

(1) L. lactis ssp. lactis
(2) L. lactis ssp. cremoris
(3) L. lactis ssp. diacetylactis,
(4) L. mesenteroides ssp.
cremoris
(5) L. kefir
(6) K.marxianus
(7) S. unisporus
(Kefir)

180 mL of kefir/day
(CFU non-specified)
(12 weeks)

Parallel-group, RCT:
Kefir (12) and control (10)

↓ Insulin
↓ HOMA–IR
↓ TNF–α
↓ SBP and DBP

BMI, WC, TC, HDLc,
LDLc, TG,
homocysteine,
hs–CRP, IL–6,
IL–10, glucose

[99]

Non-specified
(Kefir)

Men: 1.6 mL of kefir/kg
body weight/day
Women: 1.9 mL of
kefir/kg body
weight/day
(CFU non-specified)
(12 weeks)

Double-blind
placebo-RCT: Kefir (24)
and control (24)

↓ SBP and DBP
↓ FBG
↓ LDLc
↓ Non-HDLc,
↓ TG
↓ oxLDL
↑ HDLc (Women)

TC, HDLc (men)
and hs-CRP [98]
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Table 3. Cont.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

(1) L. bulgaricus
(2) S. thermophilus
(3) B. lactis Bb12
(4) L. acidophilus La5
(Yakult)

First Day of Production:
(3) 1.5 × 109 CFU/day
(4)1.9 × 109 CFU/day
(2 months)

Double-blind
placebo-RCT: Yogurt (22)
and control (22)

↓ FBG, CAM-1
↑ Insulin
↑ HOMA–IR

HOMA-β and
ICAM-1 [96]

L. casei Shirota
(Milk)

1.95 × 1010 CFU/day
(12 weeks)

Single-center, prospective,
RCT: Probiotic (13) and
Control (15)

SBP, DBP, TC, TG,
HDLc, LDLc, VLDLc,
hs-CRP, sVCAM-1,
sICAM-1 and TMAO

[101]

B. lactis HN019
(Milk)

2.72 × 1010 CFU/day
(45 days)

Randomized
Trial: Probiotic (26) and
control (25)

↓ BMI
↓ TC and LDLc
↓ TNF–α and IL–6

WC, SBP, DBP, TG,
HDLc, glucose,
insulin and
HOMA–IR

[102]

2.72 × 1010 CFU/day
(90 days)

Double-blind
placebo-RCT:
NoMetS (14) and
MetS (19)

↓ IL–6
↓ Homocysteine
↑ Adiponectin
↑ NO

WC, SBP, DBP,
hs-CRP and leptin [103]

(1) L. bulgaricus
(2) S. thermophilus
(3) B. lactis Bb12
(4) L. acidophilus La5
(Yogurt)

First Day of Production:
(3) 1.5×109 CFU/day
(4) 1.9×109 CFU/day
(8 weeks)

Double-blind
placebo-RCT:
Probiotic (22) and
control (22)

↓ Uric acid MDA and oxLDL [97]

L. reuteri V3401
(Capsule)

5 × 109 CFU/day
(12 weeks)

Randomized, crossover,
placebo-controlled,
single-center trial:
Group 1 (28) and
group 2 (25)

BMI, SBP, DBP,
glucose, insulin,
HOMA–IR, TC, TG,
LDLc, HDLc, hs-CRP,
IL–6, IL-8, TNF–α,
adiponectin, leptin
and sVCAM-1

[16]

(1) L. helveticus R0052
(2) B. longum R0175
(Sachets)

1 × 1010 CFU/day
(8 weeks)

Double-blind,
placebo-RCT:
Probiotic (27) and
placebo (22)

TNF–α, IL–1β, IL–6
and IL–10 [104]

(1) L. lactis subsp. lactis
(2) L. lactis subsp. cremoris
(3) Ls. lactis subsp.
diacetylactis
(4) L. mesenteroides subsp.
cremoris
(5) L. kefyr
(6) K. marxianus
(7) S.unisporus
(Kefir)

(1), (2), (3), (4), (5)
Minimum
106 UFC/g/day
(6), (7)
Minimum
105 UFC/g/day
(12 weeks)

Randomized controlled
clinical trial: Kefir (31)
and milk (31)

↓ Homocysteine
↓ TNF–α
↓ IL–6
↓ IL-10

BMI, WC. SBP, DBP,
glucose, insulin,
HOMA–IR, TC, TG,
HDLc, LDLc, ApoA1,
ApoB, Lp(a), hs-CRP

[100]

Bifidobacterium adolescentis
CCFM8630 and Lactobacillus
reuteri CCFM8631

1 × 1010 CFU
(11 weks)

Randomized,
placebo-controlled
clinical trial:
Probiotic (21) and
placebo (19)

↓ FBG
↓ Insuline
↓ TG
↓ LDLc

TC [105]

BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDLc: high-density lipopro-
tein cholesterol; HbA1c: glycated hemoglobin; hs-CRP: high-sensitivity C-reactive protein; HOMA-IR: home-
ostatic model assessment of insulin resistance; ICAM, intercellular adhesion molecule cell; IL: interleukin;
LDLc: low-density lipoprotein cholesterol; MDA: malondialdehyde; TC: total cholesterol; TG: triglycerides;
sICAM-1: soluble intercellular adhesion molecule 1; SBP: systolic blood pressure; sVCAM-1: soluble vascular cell
adhesion molecule 1; TNF−α: tumor necrosis factor−α; VCAM: vascular cell adhesion molecule cell; WC: waist
circumference; WHR: waist-hip ratio. Downward arrows indicate decreased values. Upward arrows indicate
increased values.

Based on the findings of the articles included in this review, probiotic consumption
leads to only modest changes in the anthropometric characteristics of patients. Only
one study found a significant decrease in BMI [102], and no changes in waist circumference
were observed. Strain-specific responses could explain these minor changes because
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different probiotic strains may have variable effects on gut metabolism and microbiota,
which could lead to heterogeneous results.

Regarding blood pressure, 50% of the studies found no significant changes following
probiotic consumption [16,100–103]. Meanwhile, other studies observed a reduction in
both SBP and DBP after three months of daily kefir intake [98,99].

With regard to glucose, three studies showed a clear decrease in its concentration
after kefir [98], yogurt [96], and probiotic powder [105] intake (Table 3), while four studies
did not show any relationship between glucose levels and probiotic intake [16,99,100,102].
On the other hand, probiotic intake was specifically associated with varying effects on
insulin levels and insulin resistance, including reductions [99,105], increases [96], and no
significant changes [16,100,102].

Furthermore, even though uric acid is known to correlate with MetS [106], this
biomarker has only been measured in one study and was found to decrease after 2 months
of daily yogurt intake [97].

Homocysteine has been recognized as a potential marker for atherosclerosis progres-
sion [107]. However, very few studies evaluate this marker after sustained probiotic intake.
To our knowledge, only three studies followed up on this biomarker, and two of them
showed a reduction in its levels [100,103].

Concerning the relationship between probiotic consumption and lipid profile (see Table 3),
the circulating levels of both total cholesterol and triglycerides remain unchanged in most
of the studies. A decrease in total cholesterol [102] and triglycerides [105] was observed.
As for lipoprotein-cholesterol, a positive relationship between probiotic consumption and a
reduction in LDLc was observed in three studies using kefir [98], probiotic yogurt [102],
and probiotic powder [105], though in other studies the levels remained significantly
unchanged [16,99–101]. However, HDLc levels appear to be less responsive to probiotic
consumption in patients with MetS [16,98–102].

It is important to note that in the 12-week intervention study with kefir carried out
by da Silva Ghizi et al. [98], differences in HDLc levels were observed only in women.
Likewise, daily intake of Yakult for 12 weeks did not induce changes in VLDLc levels [101].

Many of the adipokines exert multiple actions in a variety of cellular processes, leading
to a complex array of abnormal characteristics in MetS [108]. For this reason, adipokines
are target markers for assessing the effects of probiotic consumption in MetS patients.

Regarding TNF–α, the daily intake of kefir [99,100] and probiotic milk [102] leads to
its decrease. However, consumption of a probiotic freeze-dried L. helveticus R0052 and
B. longum R0175 (CNCM strain I-3470) bacteria does not affect the content of this marker
after two months [104], and L. reuteri V3401 does not do so after three months [16].

With respect to IL–6, as presented in Table 3, three studies reported a significant
reduction in this biomarker following the daily intake of probiotic milk [102,103] and
kefir [100]. However, no changes in plasma levels of IL–1β and IL–8 were observed in
the evaluated interventional studies. In addition, a reduction in plasma levels of IL-10
was found only in one 12-week study [100]. Circulating leptin levels showed no change,
whereas adiponectin levels tended to increase after a daily intake of 80 mL of probiotic
milk over 45 days [103], though no changes were detected in another study [16].

Levels of hs-CRP remain unchanged, regardless of probiotic type, dose, time of in-
tervention, and sex in patients with MetS. A similar trend was observed for ICAM-1,
sVCAM-1, and sICAM-1 (Table 3).

Although there is evidence of a positive association between circulating levels of
TMAO and MetS [109], only one study evaluated this biomarker, showing that probiotic
intake did not produce changes in its levels after 12 weeks [101].
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3.4. Hypercholesterolemia

Hypercholesterolemia is one of the most important risk factors of atherosclerosis.
Hypercholesterolemia is mostly defined by levels of total cholesterol > 200 mg/dL and LDLc
≥ 130 mg/dL (≥3.4 mmol/L) and/or non-HDLc ≥ 160 mg/dL (≥4.1 mmol/L) [110,111].
Hypercholesterolemia is also characterized by elevated levels of triglycerides and/or low
HDLc levels. Due to the benefits of LDLc lowering in cardiovascular risk reduction, the
principal’s goals of CVD prevention for LDLc are <1.8 mmol/L (<70 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.0 mmol/L (<116 mg/dL) in high, moderate and low cardiovascular
risk [110,112–114], respectively.

The first steps for achieving a cholesterol-lowering effect involve lifestyle and nutri-
tional modifications. Thus, the use of supplements and functional foods for the treatment
of dyslipidemias is rising as a good option in individuals considered to be at low car-
diovascular risk who are in a stage prior to requiring drug treatment or even in patients
treated with pharmacological drugs who have not reached guideline-recommended LDLc
levels [115]. In this sense, probiotics have been raised as a non-pharmacological tool for the
management of dyslipidemia [116,117].

To the best of our knowledge, only six clinical trials conducted from 2015 to
date [118–123] have evaluated the efficacy of probiotics on subjects defined as hyperc-
holesterolemic but without other CVD risk factors or clinical conditions (Table 4). In these
clinical trials, the administered probiotic bacteria belonged to lactic acid species known
for their cholesterol-lowering capacity [116], except for one study that used the probiotic
bacteria S. boulardii [121].

Table 4. Studies evaluating the effect of probiotic supplementation in hypercholesterolemic patients.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

(1) L. acidophilus La5
(2) L. casei TMC
(3) B. lactis Bb12
(Skimmed milk drink)

(1) 1.2 × 108 CFU/day
(2) 1.2 × 108 CFU/day
(3) 1.2 × 108 CFU/day
(10 weeks)

Double-blind,
placebo-RCT:
Probiotic (20) and
placebo (20)

↑ LDL-OXI lag time
↓ TC and LDLc

BMI, body
weight, HDLc [118]

L. plantarum
ECGC 13110402
(Capsules)

4 × 109 CFU/day
(12 weeks)

Single-center, prospective,
randomized, placebo-
controlled, parallel-group:
Probiotic (23) and
placebo (23)

↓ LDLc
↓ TC
↓ TG
↑ HDLc
↓ SBP

Body weight, BMI,
waist, DBP, IL-6,
TNF-α, CRP
and IL-10.

[119]

L. Paracasei TISTR 2593
(Capsules)

3.675 × 109 CFU/day
(90 days)

Single-center, prospective,
randomized,
double-blind,
placebo-controlled,
parallel-group trial:
Probiotic (21) and
placebo (21)

↓ LDLc
↓ MDA
↓ TNF-α
↑ Adiponectin
↑ ApoE

BMI, SBP, DBP, FBG,
TC, TG, HDLc,
IL-10, IL-6

[120]

S. boulardii
(Capsules)

1.12 × 1011 CFU/day
(8 weeks)

Single-arm, open-label
pilot study: (11)

↓ VLDLp
↓ ILDp

BMI, TC, LDLc,
HDLc, TG, VLDLp,
LDLp, HDLp,
non-HDLp,
ApoB-100, Lp(a),
hs-CRP, insulin,
homocysteine

[121]

L. reuteri
(Capsules)

Week 1 and 2:
3 × 109 CFU/day
Week 3:
6 × 109 CFU/day
Week 4:
9 × 109 CFU/day

Pilot, randomized,
dose-escalation design:
Standard capsules-SC (5)
and delayed release
capsules-DC (5)

↓ LDLc with DC TC, HDLc, TG [122]
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Table 4. Cont.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

S. thermophilus YIT 2001
(Fermented milk)

1 × 1011 CFU/day
(12 weeks)

Randomized,
double-blind,
placebo-controlled:
Probiotic (29) and
placebo (30)

↓ MDA-LDL,
↓ MDA-LDL/LDLc
↓ SBP and DBP

TC, LDLc, HDLc
and TG [123]

Apo: apolipoprotein; BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting blood glucose;
HDLc: high-density lipoprotein cholesterol; HbA1c: glycated hemoglobin; hs-CRP: high-sensitivity C-reactive pro-
tein; HOMA-IR: homeostatic model assessment of insulin resistance; ICAM, intercellular adhesion molecule cell;
IL: interleukin; LDLc: low-density lipoprotein cholesterol; MDA: malondialdehyde; OXI: oxidation; P: particles.
TC: total cholesterol; TG: triglycerides; sICAM-1: soluble intercellular adhesion molecule 1; SBP: systolic blood
pressure; sVCAM-1: soluble vascular cell adhesion molecule 1; TNF−α: tumor necrosis factor−α; VCAM: vas-
cular cell adhesion molecule cell; WC: waist circumference; WHR: waist-hip ratio. Downward arrows indicate
decreased values. Upward arrows indicate increased values.

The lipid profile was thoroughly analyzed in the six clinical trials. Daily intake of
multistrain milk (Lactobacillus and Bifidobacterium strains) for ten weeks reduced total
cholesterol by 8.1% [118] as did the consumption of L. plantarum ECGC 13110402 [119].
However, the other four probiotic bacteria showed no impact on plasmatic cholesterol
levels [120–123]. Regarding LDLc levels, a critical target for reducing cardiovascular risk,
probiotic intake appears to be an effective strategy. Significant reductions were reported in
four clinical trials [118–120,122], with reductions reaching up to 10.4% when a mix of three
acid lactic bacteria was administered [118]. However, Streptococcus thermophilus YIT 2001
and S. boulardii failed to reduce LDLc levels [121,123]. In contrast, HDLc and triglyceride
levels proved more challenging to modify through probiotic intervention. Only the study
that used L. plantarum ECGC 13110402 strain achieved an increase in HDLc levels [119].
Triglyceride levels, on the other hand, were elevated after probiotic intervention in the
single clinical trial that used a probiotic multistrain [118] but reduced after administration
of L. plantarum ECGC 13110402 [119]. Additionally, probiotic intake was associated with a
reduction in the concentration of VLDL and intermediate density lipoprotein (IDLc) parti-
cles [121]. As shown in Table 4, probiotics generally show a greater effect on LDLc reduction
than HDLc elevation due to more defined mechanisms like bile acid metabolism, cholesterol
assimilation, and SCFA production. Bile salt hydrolase (BSH) activity reduces cholesterol
absorption by deconjugating BAs and promoting their excretion [124]. A decrease in BAs
triggers an increase in de novo BA synthesis from cholesterol to restore balance. The con-
version of cholesterol into BAs represents a major pathway for reducing serum cholesterol
levels. Certain probiotics can also directly assimilate cholesterol into their cell membranes,
limiting intestinal absorption. Additionally, some strains can convert cholesterol into co-
prostanol, a compound that is poorly absorbed and readily excreted in feces [125,126]. In
contrast to the LDLc, HDLc modulation relies more on anti-inflammatory pathways and
metabolic signaling, which are less direct and strain dependent [127]. The variability in
outcomes underscores the importance of strain specificity, individual health status, and
baseline cholesterol levels in determining the lipid-modulating effects of probiotics.

It is well known that hypercholesterolemic patients exhibit elevated levels of inflamma-
tory markers [128]. Probiotics reduce inflammatory markers by modulating gut microbiota,
strengthening gut barrier integrity, and decreasing systemic endotoxins. They lower levels
of pro-inflammatory cytokines (e.g., TNF-α, IL-6, IL-1β) while increasing anti-inflammatory
cytokines (e.g., IL-10) [129]. However, the effects remain inconsistent and are closely related
to the probiotic strain and the health or disease status of the individual. Thus, in the
included clinical trials, probiotic intake did not affect IL-10, IL-6 [119,120], CRP [119–121],
and Lp(a) [121] levels. Nonetheless, TNFα levels were reduced with prolonged intake of
L. paracasei TISTR 2593 [120], though no reduction was observed with L. plantarum ECGC
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13110402 [119]. Regarding oxidation markers, probiotic intake was associated with reduc-
tions in malondialdehyde (MDA) [120] and MDA-LDL levels [123], as well as an increase
in resistance to LDL oxidation [118].

3.5. Secondary Prevention in Coronary Artery Disease

CAD, also termed as coronary heart disease or ischemic heart disease, is one of
the major CVDs affecting the world’s population and has atherosclerosis as the primary
underlying cause [130]. CAD is the leading single cause of mortality and disability-adjusted
life years worldwide. Much of this burden falls on low- and middle-income countries,
accounting for nearly 7 million deaths and 129 million DALYs annually [131,132]. Since
2015, numerous human studies have been conducted to evaluate the effects of probiotic
consumption on inflammation, glucometabolic parameters, and lipid markers in patients
with established CAD [133–138]. The characteristics of the studies as well as the main
findings are summarized in Table 5.

Table 5. Studies evaluating the effect of probiotic supplementation in CAD patients.

Probiotic Strain
(Product)

Dose
(Intervention Time) Study Characteristics (n) Parameters

Changing
Unchanging
Parameters Ref.

L. rhamnosus
(Capsules)

1.6 × 109 CFU/day
(12 weeks)

Double-blind,
placebo-RCT: LGG (22),
Placebo (22)

↓ IL–1β
↓ LPS IL–10 [133]

L. rhamnosus
(Capsules)

1.6 × 109 CFU/day
(2 months)

Double-blind,
placebo-RCT in end-stage
renal disease patients:
Probiotic (24),
Placebo (24)

↓ SBP
↓ TC
↓ LPS
↓ TNF–α

DBP, LDLc, HDLc,
TG, IL–10 and
hs–CRP

[138]

L. rhamnosus
(Sachet)

3 × 1010 CFU/day
(6 months)

Double-blind,
placebo-RCT:
Probiotic (36),
Placebo (24)

↓ IL–6
↓ LDLc Creatinine [134]

(1) B. bifidum
(2) L. casei
(3) L. acidophilus
(Capsules)

(1), (2), (3)
2 × 109 CFU/day
(12 weeks)

Double-blind,
placebo-RCT in patients
with 2- and 3-vessel CHD:
Probiotic (30),
Placebo (30)

↓ FBG, insulin
↓ HOMA-IR
↓ TC/HDLc ratio
↓ hs–CRP
↓ NO
↑ HDLc

VLDLc, LDLc, TC,
TG, SBP and DBP [135]

L. plantarum 299v
(Juice drink)

2 × 1010 CFU/day
(6 weeks)

Non-randomized
intervention in coronary
angiography patients:
Lp299v (20)

↓ SBP
↓ IL–8 and IL–12
↓ Leptin

DBP, TC, TG, LDLc
and HDLc [136]

L. plantarum 299v
(Juice drink)

2 × 1010 CFU/day
(6 weeks)

Non-randomized
intervention in coronary
angiography patients:
Lp299v (15)

↓ Leptin
↓ IL–8 and IL–12

DBP, SBP, FBG, TC,
TG, HDLc and LDLc [137]

BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting blood glucose; HDLc: high-density lipoprotein
cholesterol; HbA1c: glycated hemoglobin; hs-CRP: high-sensitivity C-reactive protein; HOMA-IR: homeostatic
model assessment of insulin resistance; IL: interleukin; LDLc: low-density lipoprotein cholesterol; LPS: lipopolysac-
charide; MDA: malondialdehyde, NO: nitric oxide; TC: total cholesterol; TG: triglycerides; SBP: systolic blood
pressure; TNF−α: tumor necrosis factor−α; WC: waist circumference; WHR: waist-hip ratio. Downward arrows
indicate decreased values. Upward arrows indicate increased values.

Two studies have evidenced that SBP responds more readily than DBP, with reductions
observed after six [136] and eight weeks [138] of probiotic consumption in patients with
coronary angiography and end-stage renal disease, respectively. In contrast, other studies
lasting six and sixteen weeks found no changes in blood pressure following daily probiotic
intake [135,137].

Dyslipidemia, a predominant cause and modifiable risk factor for CAD, is particularly
significant, with 56% of CAD related to abnormal cholesterol levels [139]. As shown in
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Table 5, only in one study in patients with end-stage renal disease reported a decrease in
total cholesterol after two months of probiotic intervention with one capsule containing
1.9 × 109 CFU of L. rhamnosus per day [138]. In contrast, six [136,137], eight [133,138],
and sixteen [135] weeks of probiotic supplementation do not seem to be sufficient to
improve LDLc levels. However, a longer intervention time (6 months) led to a significant
reduction in LDLc [134]. A similar trend was observed for HDLc. No changes were
observed after six [136,137] and eight [138] weeks, but an increase was observed when
the probiotic intervention was prolonged in time to six months [134]. In the four studies
assessing triglyceride levels, no changes were observed at six [136,137], eight [138], or
sixteen weeks [135].

Although leptin is essential for the maintenance of homeostasis in the cardiovascular
system, only two of the five analyzed studies included this marker. The results showed
that after daily intake of 80 mL of a probiotic with L. plantarum 299v for six weeks, leptin
levels significantly decreased in participants with CAD [136,137]. Regarding the inter-
leukins (IL-1β, IL–6, IL–8 and IL–12), these markers appear to be more easily modified,
as a decrease in their content was observed (Table 5). In contrast, the anti-inflammatory
IL-10 showed no change in its concentration in clinical trials lasting two months [133,138].
The immunomodulatory effects of probiotics on pro-inflammatory and anti-inflammatory
pathways have been widely studied, as extensively reviewed by Cristofori et al. [129].
However, whether probiotics primarily target pro-inflammatory cytokines while leaving
anti-inflammatory pathways largely unaffected remains a topic of debate. Probiotics pre-
dominantly reduce pro-inflammatory cytokines (e.g., TNF-α, IL-6, IL-1β) by modulating
immune pathways such as NF-κB and MAPK, thereby decreasing systemic inflammation.
They also produce SCFAs and other metabolites that further suppress inflammatory re-
sponses. While some strains (Lactobacillus reuteri, Bifidobacterium bifidum) can upregulate
anti-inflammatory cytokines like IL-10, evidence for this effect remains less consistent and
highly strain-dependent.

4. Final Remarks/Conclusions
This review, for the first time, compiles existing evidence from human studies on the

effects of probiotic intake in vulnerable populations, including individuals with hyperten-
sion, T2DM, MetS, and hypercholesterolemia, and in secondary prevention in CAD. With
the existing evidence, it could be suggested that, in populations at risk of CVD, probiotics
may serve as a potential intervention tool in the prevention of CVD. Improvements have
been observed in anthropometric measures, inflammation, blood pressure, markers of
glucose metabolism, lipid profiles, and endothelial function. Nevertheless, it is crucial to
adopt a pragmatic approach, given the heterogeneity of findings. These divergences may
be attributed to factors such as probiotic composition (mono- or multistrain), characteristics
of the delivery matrix (food, capsules, and sachets), intervention duration, dosage regimen,
and the baseline health profiles of participants.

Further research is warranted to comprehensively elucidate the precise mechanisms
by which probiotics exert their beneficial effects in the context of CVD. In addition, the
evaluation of other factors that have an impact on the effect of probiotics needs further
investigation, such as: (i) determining the optimal probiotic strain or strains, (ii) appropriate
dosage, (iii) treatment duration, and (iv) optimal delivery vehicle. Moreover, exploring
sex-specific differences is crucial, as current evidence in populations with cardiovascular
risk factors remains limited in this area.
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26. Alp, D.; Kuleaşan, H. Adhesion Mechanisms of Lactic Acid Bacteria: Conventional and Novel Approaches for Testing. World J.
Microbiol. Biotechnol. 2019, 35, 156. [CrossRef] [PubMed]

27. Flach, J.; van der Waal, M.B.; van den Nieuwboer, M.; Claassen, E.; Larsen, O.F.A. The Underexposed Role of Food Matrices in
Probiotic Products: Reviewing the Relationship between Carrier Matrices and Product Parameters. Crit. Rev. Food Sci. Nutr. 2018,
58, 2570–2584. [CrossRef]

28. Ranadheera, R.D.C.S.; Baines, S.K.; Adams, M.C. Importance of Food in Probiotic Efficacy. Food Res. Int. 2010, 43, 1–7. [CrossRef]
29. Timmerman, H.M.; Koning, C.J.M.; Mulder, L.; Rombouts, F.M.; Beynen, A.C. Monostrain, Multistrain and Multispecies

Probiotics—A Comparison of Functionality and Efficacy. Int. J. Food Microbiol. 2004, 96, 219–233. [CrossRef]
30. Wu, L.; Sun, D. Consumption of Yogurt and the Incident Risk of Cardiovascular Disease: A Meta-Analysis of Nine Cohort Studies.

Nutrients 2017, 9, 315. [CrossRef]
31. Alard, J.; Lehrter, V.; Rhimi, M.; Mangin, I.; Peucelle, V.; Abraham, A.L.; Mariadassou, M.; Maguin, E.; Waligora-Dupriet, A.J.;

Pot, B.; et al. Beneficial Metabolic Effects of Selected Probiotics on Diet-Induced Obesity and Insulin Resistance in Mice Are
Associated with Improvement of Dysbiotic Gut Microbiota. Environ. Microbiol. 2016, 18, 1484–1497. [CrossRef]

32. Kazemi, A.; Soltani, S.; Ghorabi, S.; Keshtkar, A.; Daneshzad, E.; Nasri, F.; Mazloomi, S.M. Effect of Probiotic and Synbiotic
Supplementation on Inflammatory Markers in Health and Disease Status: A Systematic Review and Meta-Analysis of Clinical
Trials. Clin. Nutr. 2020, 39, 789–819. [CrossRef]

33. Government of Canada. Natural Health Products Ingredients Database. Available online: https://webprod.hc-sc.gc.ca/nhpid-
bdipsn/ (accessed on 22 December 2024).

34. Ministero della Salute. Guidelines on Probiotics and Prebiotics; Ministero della Salute: Rome, Italy, 2018; pp. 1–4.
35. Morelli, L.; Pellegrino, P. A Critical Evaluation of the Factors Affecting the Survival and Persistence of Beneficial Bacteria in

Healthy Adults. Benef. Microbes 2021, 12, 321–331. [CrossRef] [PubMed]
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