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Summary

The gut microbiota can be regarded as a novel “metabolic organ,” involved in the regulation of metabolism. In the case of gut 
dysbiosis, changes in the concentration of certain bacterial metabolites can act as triggers for the development of metabolic 
and lipid metabolism disorders. For instance, lower levels of bacteria that produce short- chain fatty acids (SCFA), disorders 
of enterohepatic circulation of bile acids, elevated levels of trimethylamine (TMA)-producing gut bacteria play an important 
role in dyslipidemia. Undoubtedly, there are interactions between statin use and changes in the gut microbiota. The paper 
presents a analysis of the literature data and the results of own research concerning the eff ect of statins and probiotics on the 
lipid metabolism and on the microbiota. Considering the positive eff ects of some probiotics on lipid metabolism, their ability 
to counteract low-grade infl ammation, immunomodulatory role and benefi t infl uence on the digestive system, combining 
statins with specifi c probiotic agents appears to be a logical approach. Autoprobiotics (indigenous apathogenic benefi t strains) 
are method of personalized therapy. They demonstrate promising results in the treatment of lipid metabolism disorders. We 
emphasize that autoprobiotics may be preferable over probiotics due to their safety and longer- lasting eff ect in the case of 
personalized therapy of lipid metabolism disorders. However, further research is warranted to gain a deeper understanding 
of the underlying mechanisms interaction of organism their microbiota including during statin, probiotic and autoprobiotic 
therapy patients with metabolic syndrome. in the infl uences and address remaining questions in this fi eld.
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Резюме

Микробиоту кишечника можно рассматривать как новый «метаболический орган», участвующий в регуляции метабо-
лизма. В случае дисбактериоза кишечника изменения концентрации определенных бактериальных метаболитов могут 
выступать в качестве триггеров для развития нарушений метаболизма и липидного обмена. Например, более низкие 
уровни бактерий, продуцирующих короткоцепочечные жирные кислоты (КЦЖК), нарушения энтерогепатической цирку-
ляции желчных кислот, повышенные уровни кишечных бактерий, продуцирующих триметиламин (ТМА), играют важную 
роль в дислипидемии. Несомненно, существуют взаимодействия между использованием статинов и изменениями 
в микробиоте кишечника. В статье представлен анализ литературных данных и результаты собственных исследований 
относительно влияния статинов и пробиотиков на липидный обмен и микробиоту. Учитывая положительное влияние 
некоторых пробиотиков на липидный обмен, их способность противодействовать слабовыраженному воспалению, 
иммуномодулирующую роль и полезное влияние на пищеварительную систему, сочетание статинов со специфическими 
пробиотическими агентами представляется логичным подходом. Аутопробиотики (местные апатогенные полезные 
штаммы) являются методом персонализированной терапии. Они демонстрируют многообещающие результаты в лече-
нии нарушений липидного обмена. Мы подчеркиваем, что аутопробиотики могут быть предпочтительнее пробиотиков 
из-за их безопасности и более длительного эффекта в случае персонализированной терапии нарушений липидного 
обмена. Однако необходимы дальнейшие исследования для более глубокого понимания основных механизмов взаи-
модействия организма и его микробиоты, в том числе во время терапии статинами, пробиотиками и аутопробиотиками 
у пациентов с метаболическим синдромом. в влияниях и решении оставшихся вопросов в этой области.
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1. Introduction
Th e gut microbiota serves as a central regulator of 
host metabolism [1]. Furthermore, it can be regard-
ed as a novel “metabolic organ,” the perturbation of 
which may contribute to the pathogenesis of meta-
bolic disorders, including lipid metabolism disorders 
[2–5]. For instance, individuals with hypercholester-
olemia exhibit reduced bacterial diversity compared 
to those with normal blood lipid levels [6]. Patients 
with metabolic syndrome, as opposed to individuals 
without metabolic disorders, exhibit alterations in gut 
microbiota composition, characterized by elevated 
levels of Roseburia inulinivorans, Ruminococcus spp., 
Prevotella spp., Eubacterium rectale, Bacteroides spp., 
and Streptococcus spp. [7]. Phylums Bacilliota and 
Fusobacteria exhibit a  negative correlation with 
low-density lipoprotein cholesterol levels, whereas 
phylums Cyanobacteria and Lentisphaerae exhibit 
a positive correlation [8]. In the case of gut dysbio-
sis, changes in the concentration of certain bacterial 
metabolites can act as triggers for the development 
of atherosclerosis, arterial hypertension, heart fail-
ure, obesity, and diabetes mellitus [9]. For instance, 
lower levels of bacteria that produce short- chain fatty 

acids (SCFA) (e. g., Lactobacillus, Propionibacterium, 
Acidaminococcus and Clostridium genera, phylum 
Bacteroidota etc.) may also be associated with in-
creased fat accumulation through the activation of 
G-protein- coupled receptor 43 (GPR43) and subse-
quent insulin- mediated adipocyte aggregation [10]. 
Decreased levels of Lactobacillus, Clostridium, Listeria, 
and Bifi dobacterium genera in the gut can impair the 
deconjugation of primary bile acids, leading to reduced 
formation of secondary bile acids [11]. Consequently, 
primary bile acids may accumulate abnormally, sup-
pressing the FXR-TGR5 pathway, and ultimately result-
ing in elevated cholesterol levels [12, 13]. Elevated levels 
of trimethylamine (TMA)-producing gut bacteria 
belonging to the phyla Bacilliota and Pseudomonadota 
can lead to increased production of trimethylamine 
N-oxide (TMAO), which exhibits an atherogenic ef-
fect [14, 15]. In patients with gut dysbiosis following 
antibiotic administration, the lipid- lowering eff ects of 
simvastatin and lovastatin were diminished [16, 17]. 
Th e development of lipid metabolism disorders in 
individuals with alterations in gut microbiota involves 
several stages (fi gure 1) [13, 18–20].

Changes in gut microbiota 
profile

Disorders of gut motility

Development of chronic low-level inflammation and increased 
permeability of the epithelial intestinal barrier (leaky gut syndrome)

Endotoxinemia
Damage to cells of the reticuloendothelial system of the liver,  

strengthening the pathological effects of toxicants other (non -microbial) 
origin,  hepatocyte dysfunction

Oxidative stress and lipid peroxidation

Dyslipidemia and metabolic disorders

Change the level of metabolites produced 
by the gut microbiota: short - chain fatty 

acids, secondary bile acids and 
trimethylamine

Pro -inflammatory 
bacterially derived 

factor: 
lipopolysaccharide

Figure. 1.

Stages in the development of lipid metabolism disorders in indi-
viduals with gut microbiota changes
As can be seen above, changes in the gut microbiota are closely 
related to lipid metabolism disorders. Consequently, the correction 
of gut dysbiosis can make a signifi cant contribution to the resto-
ration of metabolic processes. For this purpose, various medicines 
can be used, for example, probiotics, prebiotics, metabiotics. For 

assessment of eff ects of statins and probiotics on lipid metabolism 
correction we search randomized controlled trials for the last 10 
years and half (from 2013 to 2024) with keywords: probiotics, lipid 
metabolism, statins, gut microbiota, total cholesterol, lipoproteins 
and triglycerides. In common there are 1214 scientifi c articles with 
these key words, 79 from them were randomized controlled studies 
and clinical trials. These articles were included in our analysis

2. Eff ects of Statin Intake on Gut Microbiota
Subsequent to dyslipidemia and metabolic disorders, 
patients oft en undergo statin therapy. Statins are the 
leading medicines in the treatment of hypercholes-
terolemia and prevention of cardiovascular events. 
Th e precise impact of lipid- lowering drugs, such as 
statins, on the gut microbiota remains uncertain [21]. 

It is known that they infl uence on the gut microbi-
ota by inhibiting HMG-CoA reductase, which is in-
volved in the synthesis of isoprenoids by some of its 
representatives [22]. Multiple studies have indicated 
that statin therapy results in signifi cant remodeling 
of the gut microbiota and disruptions in the regulation 
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of liver gene expression involved in lipid metabolism 
[23]. Th is phenomenon can be attributed to the erro-
neous modulation of liver gene expression associated 
with lipid metabolism and metabolic alterations in 
mice mediated by the nuclear pregnane X receptor 
(PXR) [24]. Also a number of studies have identifi ed 
certain bacteria from atherosclerotic plaques and feces: 
Pseudomonadota, Baciliota and Actinobacteria phy-
lums [25]. During statin administration, the abundance 
of butyrate- producing bacteria (crucial components 
infl uencing lipid metabolism regulation) decreases, and 
overall gut microbial diversity is reduced [24]. Some 
researchers have reported minor alterations in the gut 
microbiome associated with statin usage [26].

In some studies, statins have been shown to have 
antibacterial activity against a wide range of several 
representatives of the gut microbiota (Enterococcus 
faecalis, Enterococcus faecium, Lactobacillus casei and 
methicillin- sensitive Staphylococcus aureus), as well as 
drug-resistant microorganisms (VRE, MRSA, MRSE). 
It has been proven that simvastatin has the most pro-
nounced eff ect, especially against enterococci, strep-
tococci and staphylococci. In the study that directly 

compared all statins with each other, only simvastatin 
also had an antibacterial eff ect against MRSA. In turn, 
atorvastatin was more active than simvastatin against 
Escherichia coli and Acinetobacter baumannii [27].

However, there are also studies indicating that 
statin therapy is associated with a lower incidence 
of gut dysbiosis [28] and has the ability to modulate 
the gut microbiome towards a healthier state [29]. 
Individuals with the enterotype Bac2 tend to exhibit 
higher plasma concentrations of the infl ammatory 
marker C-reactive protein [30]. In obese participants 
who are not typically prescribed statins, the admin-
istration of statin therapy leads to a decreased prev-
alence of the Bact2 enterotype [28]. Moreover, statin 
therapy has a signifi cant impact on reducing plasma 
levels of trimethylamine- N-oxide (TMAO), partly by 
infl uencing the gut microbiota and decreasing the 
abundance of TMA-producing bacteria [31]. Th ese 
fi ndings suggest that the statin- mediated reduction 
in TMAO production may contribute to improve-
ments in lipid profi les, reduced infl ammation, and 
atherosclerosis [32]. Th e impact of various statins on 
gut microbiota composition is presented on table 1.

3. Eff ects of Gut Microbiota on Statin Effi  cacy
Th e microbiome is increasingly recognized as an 
under- explored contributor to variation in drug me-
tabolism and pharmacological effi  cacy. Greater than 

50 drugs display evidence for metabolism by the 
gut microbiome [45]. Gut microbiota can directly 
and indirectly infl uence drug response either by 

Name of statin Types of gut microorganisms Types of gut microorganisms First author, year

Simvastatin

Bacilliota phylum
Bacteroidota phylum, 
Ruminococcaceae family
Lactobacillus spp.

Zhang Q, 2020 [33]
Zhang S, 2020 [34]

Lactobacillus spp. Catry E, 2015 [35]
Bifidobacterium spp. 
Lactobacillus spp. Staphylococcus spp. L’niavina VM, 2009 [36]

Atorvastatin

Clostridium spp.
Lactobacillus, Eubacterium, 
Faecalibacterium 
and Bifidobacterium genera

Sun B, 2018 [37]

Bacteroidota phylum, Butyricimonas 
and Mucispirillum genera Kim J, 2019 [38]

Alfa-diversity of gut microbiome
Bacilliota phylum

Pseudomonadota and
Bacteroidota phylums Khan TJ, 2018 [39]

Bifidobacterium spp., Tyzzerella 
spp., Lactobacillus spp. and other 
members of Lactobacillaceae family

Zhao C, 2020 [40]

Akkermansia muciniphila Cheng T, 2022 [41]

Rosuvastatin

Bacilliota / Bacteroidota ratio Bacteroidota spp. 
and Butyricimonas spp. Kim J, 2019 [38]

Bacilliota, Fusobacteria 
and Pseudomonadota phylums, 
Ruminococcaceae, Lachnospiraceae, 
Clostridiaceae, Coriobacteriaceae, 
Erysipelotrichaceae 
and Akkermansiaceae families

Bacteroidaceae, Lachnospiraceae 
and Erysipelotrichaceae families

Liu Y, 2018 [8]
Nolan JA, 2017 [42]

Fluvastatin SCFA-producing taxa
Escherichia/Shigella, 
Ruminococcaceae UCG 014, 
and Sutterella

Zhao C, 2020 [40]

All statins

Parabacteroides
merdae

Bifidobacterium longum, 
Anaerostipes hadrus, Ruminococcus 
obeum

Hu X, 2021 [29]

SCFA-producing taxa
Community diversity Bacteroidales S24.7 Caparrós- Martín JA, 

2017 [24]
Akkermansia muciniphila 
and Faecalibacterium prausnitzii Khan TJ, 2018 [43]

Ruminococcus Ryan PM, 2017 [44]

Table 1.
The impact of 
various statins on 
gut microbiota 
composition
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interfering with drug pharmacokinetics or pharma-
codynamics [46].

Th e intestine itself is an important drug metaboliz-
ing organ as it also expresses many drug metaboliz-
ing enzymes and drug transporters and contributes to 
pre-systemic metabolism and drug transport from the 
intestinal lumen. Th e gut microbiota also possess the 
genetic machinery necessary to produce enzymes that 
metabolize orally administered drugs which are focused 
on two main reaction types- hydrolysis and reduction 
[47]. Microbial activity can thus result in altered drug 
pharmacokinetics, activation of prodrugs, unwanted for-
mation of toxic metabolites or inactivation of drugs [48].

Th e impact of gut microbiota on statins effi  cacy 
have many mechanisms with direct eff ects (partic-
ipate in drug metabolism by hydrolysis, acetylation, 
etc,) and indirect (modulation of host receptor sig-
naling, infl uence on gastrointestinal permeability and 
role of microbial derived bile acids) eff ects [46]. Th ese 
eff ects of gut microbiota can lead to decreased amount 
of drug reaching target tissues and/or variability 
in FXR receptor signaling [49]. Kaddurah- Daouk 
R. et al (2011) identifi ed three secondary, bacterial- 
derived bile acids that contribute to predicting the 
magnitude of statin- induced LDLC lowering in good 
responders [49].

4. Probiotic strains and statins
A number of studies demonstrate the role of the gut 
microbiota in changing the eff ectiveness of drugs, in-
cluding statins. Some authors even call this eff ect an 

“individual reaction to drugs”, when individual probi-
otic strains aff ect their eff ectiveness due to changes in 
the metabolism of medicinal products. For example, 
in the work of Chen S. et al (2021) studied in vitro the 
eff ect of 83 strains of Lactiplantibacillus plantarum 
and strain Lacticaseibacillus paracasei Shirota on the 
eff ect of lovastatin it has been found that probiotics can 
destroy lovastatin to varying degrees [50]. Lactiplanti- 
bacillus plantarum A5 (16.87%) and Lacticaseibacillus 
paracasei Shirota (17.6%) had the greatest ability to de-
compose lovastatin, and Lactiplantibacillus plantarum 
C3 (4.61%) had the least [50]. However, when repeating 
this experiment in vivo on golden hamsters with mixed 
hyperlipidemia, it was found that taking probiotics 
did not aff ect the eff ectiveness of lovastatin, but could 
slow down the infl ammatory reaction of the liver [50]. 
Consequently, the positive eff ects of probiotics in the 
correction of lipid metabolism disorders may be asso-
ciated with improved liver function.

Another study evaluated the hypolipidemic eff ect 
of probiotic strains of Limosilactibacillus fermen-
tum FM6, L. fermentum FM16, L. fermentum FM12, 
Lacticaseibacillus rhamnosus FM9, L. fermentum Y55, 
L. fermentum Y57, L. rhamnosus Y59 and L. fermentum 
Y63. To do this, for a month male Wistar rats were fed 
probiotic strains diluted in water at 2 × 108 CFU/ml 
per rat per day in addition to a diet high in fat and 
cholesterol, the control group of rats received statins. 
Th e best eff ect in the correction of lipid metabolism was 
demonstrated by L. rhamnosus FM9, L. fermentum Y55, 
L. fermentum Y57, taking their action was as eff ective 
as statins in male Wistar rats [51]. It was noteworthy 
that in the groups of rats receiving probiotic strains, 
an additional decrease in body weight was observed, 
which is an additional positive factor [51].

It is well known that the mechanism of action of 
statins is based on the active suppression of the enzyme 
HMG-CoA reductase. On the other hand, a number 
of studies have found that strains of bifi dobacteria in 
the presence of bile acid salts secrete deconjugases that 

convert taurine- and glycine- containing amides of bile 
acids into insoluble precipitates that bind thick choles-
terol and ensure its excretion with feces. De-conjugase 
also inhibits the activity of HMG-CoA reductase, which 
leads to a decrease in the excretion of cholesterol by he-
patocytes, and has an eff ect on the number of receptors 
for low-density lipoproteins on the surface of the formed 
blood elements, and can also be regarded as a statin-like 
eff ect [52]. Similar properties are observed in lactoba-
cilli and some other intestinal microorganisms [53]. 
Comparative analysis of the eff ectiveness of the use of 
L. plantarum N-1 and simvastatin showed that their 
hypolipidemic eff ect was comparable, but with the use 
of simvastatin, the greater eff ect was in reducing cho-
lesterol and TG, and against the background of taking 
L. plantarum N-1 – a decrease in LDLC, an increase in 
HDLC and short- chain fatty acids (SCFA) [54]. Th e use 
of probiotics from a mixture of Lactobacillus plantarum 
strains CECT7527, CET7528 and CECT7529, a mixture 
of Lactobacillus acidophilus La-5, Bifi dobacterium lactis 
BB-12, Bifi dobacterium animalis lactis BB-12 strains, 
helps to reduce the level of LDLC, total cholesterol, 
triglycerides, which allows them to be used as adjuvant 
therapy in combination with hypolipidemic drugs in 
dyslipidemia and multifocal atherosclerosis [55]. In 
patients with metabolic syndrome, non-alcoholic fatty 
liver disease and dyslipidemia, the use of combination 
therapy (statins in combination with a probiotic) was 
more eff ective in achieving target lipid levels compared 
with statin monotherapy [52]. THis may indicate the 
synergistic eff ect of these groups of drugs.

In addition, you should be aware of the possible side 
eff ects of statins, including from the gastrointestinal 
tract. For example, the instructions for atorvastatin in 
the section “side eff ects” indicate the possible develop-
ment of nausea, heartburn, constipation or diarrhea, 
fl atulence, etc. All these side eff ects can be reduced or 
eliminated through the use of probiotics, which not 
only restore the balance of the intestinal microbiota, but 
also stop the concomitant manifestations of dyspepsia 
as a result of reducing chronic low-level infl ammation, 
restoring the permeability of the digestive tube, and 
a positive eff ect on liver function.

5. Probiotics and lipid metabolism
Th e idea of the benefi ts of fermented milk products 
for human health dates back to the early 20th century, 
when Mechnikov I.I. suggested that lactic acid bacteria 

“prevents intestinal putrefaction” and “helped maintain 
the forces of the body” [56].

There is promising evidence that the correction 
and restoration of gut microbiota disorders can lead 
to improvements in lipid metabolism [57, 58]. Th e 
most common used strains are diff erent strains of 
bifidobacteria and lactobacillii: Bifidobacterium 
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animalis, Bifi dobacterium longum, Lactobacillus aci-
dophilus, Lactobacillus reuteri, Lactobacillus bulgaricus, 
Lactobacillus sporogenes, etc. [59]. Also in a random-
ized, double- blind, placebo- controlled clinical trial, it 
was demonstrated that Enterococcus faecium probiotic 
strain reduced cholesterol levels by 12% [59].

Th e results of a randomized trial demonstrated that 
the intake of Lactobacillus casei strain Shirota for 60 
days resulted in a signifi cant reduction in serum tri-
glyceride and low-density lipoprotein cholesterol levels 
by 26.56% and 23.83%, respectively, compared to the 
control group (P < 0.05) [60]. In patients with type 2 
diabetes mellitus, the use of a multi- strain probiotic 
containing seven viable strains of Lactobacillus spp., 
Bifi dobacterium spp. and Streptococcus sp. showed 
a signifi cant decrease in low-density lipoprotein cho-
lesterol (LDLC) levels compared to the placebo group 
(P = 0.002) [61].

A meta-analysis of 11 smaller clinical trials re-
vealed that probiotic supplementation has benefi cial 
eff ects on serum lipid profi les, leading to a decrease 
in total serum cholesterol (TC) and LDLC levels. 
However, there were no signifi cant diff erences in 
high-density lipoprotein cholesterol (HDLC) and 
triglyceride (TG) levels between the probiotic and 
control groups. Among the diff erent bacterial strains, 
Gaio and Lactobacillus acidophilus strains demon-
strated a greater impact [62]. Another meta-analysis 
focused on studies utilizing Lactobacillus formula-
tions, which showed improvements in total serum 
cholesterol and LDLC levels, but no signifi cant chang-
es in triglycerides or HDLC levels [63]. Additionally, 
a separate study reported reductions in total choles-
terol, LDLC, and TG levels, as well as an increase in 
HDLC levels, with the use of a Bifi dobacterium/yeast 
extract [64].

Other meta-analysis of Wang L. of 32 randomized 
controlled trials including 1971 patients revealed that 
serum TC was signifi cantly reduced in probiotics group 
compared with the control group. Th ese results were 
with the following probiotic strains: Lactobacillus aci-
dophilus, Lactobacillus plantarum and Bifi dobacterium 
lactis. Also longer duration of treatment and usage of 
probiotics in capsules form might contribute to a better 
curative eff ect [65].

In meta-analysis Mo R. and co-authors (19 ran-
domized controlled trials including 967) al shown 
next data: probiotic interventions reduced TC and 
LDLC compared to controls (placebo or no treatment) 
by –0.25mmol/L and –0.17mmol/L, respectively. No 
signifi cant eff ects of probiotics on TG and HDLC levels 
were found. Th e eff ects of probiotics on decreasing TC 
and LDLC levels were greater for longer intervention 
times, certain probiotic strains, and in younger mildly 
hypercholesterolaemic subjects [66].

A number of studies suggest that probiotics con-
taining microorganisms producing SCFA, including 
bifi dobacteria, enterococci and lactobacilli, have many 
advantages, including anti-infl ammatory and ben-
efi cial metabolic eff ects. [67]. Th e usage of various 
probiotics, such as Lactobacillus plantarum, can re-
duce the production of TMAO and the development 
of atherosclerosis in mouse ApoE – / – [68].

In a number of studies, positive eff ects of probiotics 
have been observed only when probiotics are combined 
with other types of therapy. Soy isofl avones and 23 pro-
biotics supplements showed a signifi cant synergistic 
eff ect, which was not observed in the groups receiving 
only supplements. [69]. In addition, exercises combined 
with taking probiotics stimulated an increase in HDLC 
cholesterol [70]. In the DiRienzo D.B. study, a signif-
icant decrease in LDLC was observed with the use of 

Probiotic strain Eff ect on lipid metabolism First author, year
L. rhamnosus FM9, L. fermentum Y55, L. fermentum Y57 Simular than statins Zafar H., 2022 [51]

L. plantarum N-1 HDLC
LDLC Tian L., 2022 [54]

Combination of L. plantarum CECT7527, CET7528 
и CECT7529 TC, TG, LDLC Oynotkinova O.S., 2020 [55]

Combination of L. acidophilus La-5, 
Bifi dobacterium lactis ВВ-12, B. animalis lactis ВВ-12 TC, TG, LDLC Oynotkinova O.S., 2020 [55]

L. casei strain Shirota TG, LDLC Li X., 2021 [60]
Combination of seven strains of Lactobacillus spp., 
Bifidobacterium spp. and Streptococcus spp. LDLC Razmpoosh E., 2019 [61]

L. reuteri NCIMB 30242 LDLC DiRienzo D.B., 2014 [71]
Combinations of L. acidophilus and B. lactis LDLC DiRienzo D.B., 2014 [71]

Combination of L. acidophilus and B. bifidum
TC, LDLC
HDLC
No eff ect on TG

Rerksuppaphol S., 2015 [72]

L. paracasei TISTR 2593 No changes in TC, HDLC, TG Khongrum J., 2023 [78]
B. lactis HN019 TG, LDLC Bernini L.J, 2016 [73]
Combination of B. animalis subspecies lactis MB 2409, 
B. bifi dum MB 109B, and B. longum subspecies longum BL04 TG, LDLC Guardamagna O., 2014 [74]

Enterococcus faecium 132,
Lactobacillus paracasei 201 TC, TG, LDLC Yang L., 2021 [79]

E. faecium GEFA01 HDLC
TC, LDLC, TG Xu W., 2022 [80]

Streptococcus thermophilus TC, LDLC Bertolami M.C, 1999 [75]

Bacillus subtilis HDLC
TC, LDLC L’niavina V.M., 2023 [76]

Table 2.
The impact of var-
ious probiotics on 
lipid metabolism
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the following probiotic strains: Lactobacillus reuteri 
NCIMB 30242, Enterococcus faecium and combinations 
of Lactobacillus acidophilus and Bifi dobacterium lactis 
[71]. Intake of combination of Lactobacillus acidophilus 
and Bifi dobacterium bifi dum during six weeks decreased 
serum TC, LDLC and increased HDLC levels in hyper-
cholesterolemic patients. Th ere was no eff ect on TG [72]. 
In Bernini LJ et al work was demonstrated that daily 
ingestion of 80 mL fermented milk with 2.72 × 10(10) 
colony- forming units of Bifi dobacterium lactis HN019 
showed signifi cant reduction in TG and LDLC compared 
with baseline and control group values. Furthermore, in 
this study signifi cant decrease in tumor necrosis factor-α 
and interleukin-6 was observed [73]. It can be explained 
by anti-infl ammatory effi  cacy of probiotic.

In children with dyslipidemia usage of multi- strain 
probiotic (B. animalis subspecies lactis MB 2409, B. bifi -
dum MB 109B, and B. longum subspecies longum BL04) 
during 3 months demonstrated a signifi cantly decrease 
of TC and LDLC compared with placebo group [74].

Usage of probiotic contains Enterococcus faecium 
and 2 strains of Streptococcus thermophilus helps to 
TC decrease on 5.3% (P = 0.004), and LDLC decrease 
on 6.15% (P = 0.012) [75].

Th e infl uence of probiotic Bacillus subtilis on lipid 
metabolism were presented in the study by L’niavina et 
al., 2023 [76]. Th e investigators demonstrated that the 
use of probiotics as part of a comprehensive therapy 
regimen exhibited a signifi cant hypolipidemic eff ect, 
comparable to the eff ect of statins.

6. Own research probiotic eff ects in metabolic syndrome therapy
Th e important fi ndings regarding the infl uence of probi-
otic bacilli and enterococci on the restoration of microbi-
ota of patients with metabolic syndrome were presented 
in the our previous study [76].

For evaluation the possibilities of Enterococcus faecium 
L-3 and Bacillus subtilis 3 and in the correction of meta-
bolic disorders we decided to estimate of the clinical effi  -
cacy of probiotics, including in combination with statins.

Materials and methods

We included in study 100 patients with ischemic 
heart disease (CHD) with functional class II angina 
pectoris, dyslipidaemia and concomitant disorders 
of the gut microbiota. Th e ratio of men and women 
was 1:1.7 (35:65 people, respectively). Th e average age 
of the patients was 58.5±I.2 years. For all patients 
a lipidogram was performed twice: before and 30–45 
days aft er treatment. Depending on the therapy, four 
groups of patients were formed. All patients signed 
informed consent before starting the study proce-
dures. Th e work was approved by the Local Ethics 
Committee at the Institute of Experimental Medicine 
(№ 7/19, 24.10.2019). Depending on the therapy, four 
groups of patients were formed. All patients signed 
informed consent before starting the study proce-
dures (table 3).

Study group 1 included 23 patients who underwent 
complex treatment, including a standard treatment reg-
imen for coronary heart disease (nitrates, angiotensin 

converting enzyme inhibitors, beta-blockers or calci-
um channel blockers, antiplatelet agents), as well as 
a Enterococcus faecium L-3 in the amount of 106–7 CFU/
ml) at a dose of 5 g 3 times a day during 3–4 weeks.

Study group 2 included 26 patients, who received 
complex treatment, including a standard treatment 
regimen for coronary heart disease (nitrates, angio-
tensin converting enzyme inhibitors, beta-blockers 
or calcium channel blockers, antiplatelet agents) and 
a Bacillus subtilis 3 two capsules at a dose of 2 capsules 
2 times a day during 3–4 weeks.

Study group 3 included 25 patients who, along with 
the standard treatment regimen, received a culture 
liquid of Bacillus subtilis 3 at a dose of 2 capsules 2 
times a day during 3–4 weeks and simvastatin at a dose 
of 10 mg 1 time a day (in the evening) for 3–4 weeks.

Th e group 4 (comparison group) consisted of 26 
patients receiving complex treatment and simvastatin 
at a dose of 20 mg once a day (in the evening).

Group 1 group 2 group 3 group 4 group

Simvastatin + – – –

E. faecium L-3 +

Bacillus subtilis 3 +

Bacillus subtilis 
3+sumvastatin +

Gut Microbiota [76] Dysbiosis Dysbiosis 
correction

Dybiosis partially 
correction Dysbiosis

Table3. Characteristics of the groups

Results

Aft er treatment course all patients showed a tendency 
to decrease total cholesterol (TC), triglycerides (TG), 
low-density lipoprotein cholesterol (LDL), however, 
a signifi cant increase in high-density lipoprotein cho-
lesterol (HDL) was recorded only in those patients who 
received probiotic therapy (group 1 – from 1.33 to 1.98, 

group 2 – from 1.42 to 2.09, group 3 – from 1.53 to 1.53, 
group 4 – from 1.28 to 1.31 mmol/l) (fi g. 2, 3, 4).

We also saw that aft er use of probiotics, there is 
a decrease in the processes of lipid peroxidation, and 
aft er use of statins, on the contrary, an increase (fi g. 5).

Th e main results of the study are presented in table 4.
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Figure 5.

Notes: 

The level of lipid peroxidation in 
the blood serum in CHD patients 
with gut dysbiosis before and 
after treatment

The norm is 2.6–3.6 m/Ml. Along 
the axis of the abscissa are the 
groups of patients, along the 
ordinate axis is the level of lipid 
peroxidation in blood serum (m/
Ml), *- p<0.05
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Notes: 

The level of TC in the blood 
serum in CHD patients with 
gut dysbiosis before and after 
treatment

The norm – 3.6–5.2 mmol/l. 
Along the axis of the abscissa 
group of patients, along the or-
dinate axis – the level of TC in the 
blood serum (mmol/l), *- p<0.05
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Notes: 

The level of LDL in the blood 
serum in CHD patients with 
gut dysbiosis before and after 
treatment.

The norm <3.4 mmol/L. Along 
the axis of the abscissa group of 
patients, on the ordinate axis is 
the level of LDL in blood serum 
(mmol/l), * – p<0.05
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Notes: 

The level of HDL in the blood 
serum in CHD patients with 
gut dysbiosis before and after 
treatment.

The norm is not less than 
0.9 mmol/l. Along the axis of the 
abscissa group of patients, along 
the ordinate axis is the level of 
HDL in blood serum (mmol/l), 

* – p<0.05



169

клиническая гастроэнтерология | clinical gastroenterology

Conclusion

Th e investigators demonstrated that the use of probiotics 
as part of a comprehensive therapy regimen exhibited 
a signifi cant hypolipidemic eff ect, comparable to the 
eff ect of simvastatin, in reducing TC and LDLC levels. 
Furthermore, the probiotic E. faecium L-3 intervention 
resulted in an increase in the levels of antiatherogenic 
HDLC and fat burning (lipid peroxidation). We can 
hypothesize that probiotics represent eff ective thera-
peutic agents for restoring gut microbiota disorders and 

correcting lipid metabolism. However, their eff ective-
ness may be limited by the phenomenon of colonization 
resistance and the challenges associated with transit 
through the small intestine and colon. Also probiotic- 
mediated gut dysbiosis and infections have been report-
ed [77]. Currently, the selection of a suitable probiotic 
for individual patients with lipid metabolism correction 
remains unclear. At the same time, the most eff ective 
of them can be recommended fi rst for most patients.

7. Autoprobiotics and lipid metabolism
Th e use of probiotics, despite their high safety, also has 
its disadvantages, such as necessarily of a long course 
of treatment (1 month or more). Th e use of probiotic 
strains may not have a pronounced positive eff ect on 
the gastrointestinal microbiota, because they transit 
through the small intestine and colon. Moreover, it 
remains unclear how to choose a suitable probiotic for 
each individual for the best eff ect. So the personalized 
symbiotic therapy technology with “personifi ed func-
tional food products (PFFP) usage was suggested. Th is 
technology bases on usage of autoprobiotics – benefi cial 
indigenous microbes of the human’s own microbiota 
in the form of PFFP, which are used for the prevention 
and treatment of various diseases.

One innovative approach to restore gut microbiota is 
through the use of autoprobiotics. Currently, Suvorov 
et al., demonstrated a strategy for treating dysbiosis 
using genetically tested bacteria obtained from patients, 
grown in laboratory conditions and provided by the 
patient in the form of fermented milk products [81].

Autoprobiotics are strains of normal microbiota, that 
are isolated from an individual and designed to address 
their unique microecology. Autoprobiotics derived 
from indigenous lactobacilli, bifi dobacteria, or entero-
cocci could be considered the preferred therapeutic 

options, as they establish immunological tolerance 
early in life and do not confl ict with other resident 
microbiota in the human body [82]. Autoprobiotics 
have an extended residence time in the colon, which 
allows for shorter treatment durations. Th is becomes 
possible due to the presence of immunological toler-
ance to representatives of their own microbiota and the 
high adaptation of indigenous microorganisms in the 
intestinal microbiocenosis to inhabiting conditions.

Studies have already demonstrated the eff ective-
ness of autoprobiotics based on indigenous strains of 
Lactobacillus spp. in restoring and stabilizing the levels 
of key representatives of normal gut microbiota (such as 
Bifi dobacterium spp., Lactobacillus spp., and E. coli) in 
the management of dysbiotic disorders resulting from 
antibacterial drug usage [83]. Additionally, indigenous 
strains of Enterococcus spp. have shown promise in the 
treatment of intestinal pathology, neurological diseases 
[72, 74], and metabolic disorders [84].

Th e usage of indigenous enterococci (were obtained 
as described in Russian Patent No. 2546253 [85]) in 
patients with metabolic syndrome (MS) lead to statis-
tically signifi cant improving of lipid profi le parameters: 
lowering of TC, LDLC, TG and higher level of HDLC 
[7, 86].

8. Discussion
Recent studies have established a clear association 
between the gut microbiome, metabolic disorders, and 
the use of statins [21, 87, 88]. Considering the impact 
of statins on the microbiota, which is likely to dis-
rupt its stability [89], and the fact that dysregulation 
of lipid metabolism can lead to complications, it is 
crucial to carefully examine the consequences of sta-
tin usage. Statins have been found to modulate the 
composition of the gut microbiota and alter certain 
microbiota- derived metabolites, thereby infl uencing 
the cholesterol- lowering eff ects of these drugs [90]. 
Moreover, the response to statins diff ers among patients 
with diff erent enterotypes: a gut microbiome enriched 
with Bacteroides spp. (Bac.2 enterotype) and reduced 
in diversity showed a more robust response to statins, 
while Bac.1, Ruminococcus spp. family (Rum.), and 
Prevotella spp. (Prev.) enterotypes exhibited a lower 

response [26, 91]. Patients with a favorable statin re-
sponse demonstrated higher levels of microorganisms 
belonging to the Bacilliota phylum, increased propor-
tions of the genera Lactobacillus and Bifi dobacterium, 
and greater gut microbiome diversity [8, 37]. Th ese 
fi ndings suggest a potential role of the gut microbiota 
in the effi  cacy of statins.

Considering the positive eff ects of some probiotics 
on lipid metabolism, their ability to counteract low-
grade infl ammation, and their immunomodulatory 
role in the digestive system, endocrine and nervous sys-
tems, combining statins with probiotic agents appears 
to be a logical approach. In case of the minor changes in 
the lipid profi le, it is even more appropriate to consider 
probiotic therapy. Probiotics have shown promising 
hypocholesterolemic eff ects [92]. However, the effi  cacy 
of probiotics varies depending on the specifi c strains 

Group 1 group 2 group 3 group 4 group

TC *   *

LDL *   *

HDL * * – –

lipid peroxidation * * – –

Table 4.

Notes:

Summary results

* – p<0.05
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used, the physiological characteristics of the host, and 
the type of diet to which the probiotics are introduced.

Positive eff ects of autoprobiotics are similar to pro-
biotics. Th ese eff ects include: normalization of the 
composition of the gut microbiota, including inhibition 
of the growth of pathogenic and opportunistic microor-
ganisms due to microbial antagonism, increased local 
immunity, improved absorption of nutrients, reduced 
frequency of allergic reactions, restoration of the pro-
duction of a number of vitamins, optimization of lipid 
metabolism, etc. At the same time, the autoprobiotic 
has a number of advantages such as individual compo-
sition and personalization therapy; high survival rate in 
gut; safety (the indigenous bacteria from autoprobiotic 
do not enter into confl ict relations with other resident 
representatives of the human microbiota).

Undoubtedly, there are interactions between statin 
use and changes in the gut microbiota. To optimize 
the treatment of patients with metabolic syndrome 
and lipid metabolism disorders, it can be proposed 
to use a highly eff ective and safe integrated approach: 
a combination of statins with a probiotic/autoprobiotic. 

Th is is due to the complex positive eff ects of statins and 
probiotics/autoprobiotics on lipid metabolism, includ-
ing through positive modulation of the gut microbiota 
and positive changes in the ratio of SCFA, bile acid 
concentration, TMAO and lipopolysaccharide. Also 
probiotics have shown positive vascular benefi cial ef-
fects: a decrease in oxidative stress and restoration of 
the nitric oxide pathway [93]. When using probiotics 
and combined use of probiotics with statins decreased 
the level of endotoxin, peroxidation products and nitric 
oxide in the blood, and also increases the level of super-
oxide dismutase and catalase. Th is has a signifi cant im-
pact on the pathogenesis of metabolic disorders [94, 95].

However, further research is warranted to gain 
a deeper understanding of the underlying mechanisms 
and address remaining questions in this fi eld. It can-
not be excluded that the use of autoprobiotics and the 
prescription of targeted probiotics according to the 
optimal treatment regimen will avoid the introduction 
of statins or, as an element of complex therapy, or at 
least will neutralize the complications associated with 
their use.
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