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Резюме
Гиперурикемия — это значимый и самостоятельный фактор риска сердечно-сосудистых заболеваний. В последние годы внимание ученых 

привлекает микробиота кишечника и ее влияние на различные процессы в организме человека. На данный момент существуют доказатель-

ства важной роли микробиоты в патогенезе гиперурикемии. Увеличение численности патогенной микрофлоры способствует вялотекущему 

воспалению и повышению уровня мочевой кислоты через механизмы метаболизма пуринов. Цель данного обзора заключается в анали-

зе и систематизации современных данных о влиянии кишечной микробиоты в патогенезе гиперурикемии и сердечно-сосудистого риска. 

В статье обсуждаются перспективные методы коррекции гиперурикемии, такие как модификация образа жизни, трансплантация фекал  ьной 

микробиоты, пробиотики и постбиотики. Обзор подчёркивает необходимость дальнейшего изучения микробиоты как ключевого звена па-

тогенеза гиперурикемии и разработки новых, инновационных терапевтических стратегий.
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Abstract
Hyperuricemia is a significant and independent risk factor for cardiovascular diseases. In recent years, scientists have been paying attention to the 

gut microbiota and its impact on various processes in the human body. Currently, there is evidence of the important role of the microbiota in the 

pathogenesis of hyperuricemia. An increase in the number of pathogenic microflora contributes to chronic inflammation and an increase in uric 
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acid levels through the mechanisms of purine metabolism. The purpose of this review is to analyze and systematize current data on the impact 

of the intestinal microbiota on the pathogenesis of hyperuricemia and cardiovascular risk. The article discusses promising methods for correcting 

hyperuricemia, such as lifestyle modification, fecal microbiota transplantation, probiotics, and postbiotics. The review highlights the need for further 

research on the microbiota as a key factor in the pathogenesis of hyperuricemia and the development of new and innovative therapeutic strategies.
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HU — hyperuricemia, UA — uric acid, NO — nitrogen oxide, EH — essential hypertension, CVD — cardiovascular disease, SCFA — short-chain fatty 

acids,  BP — blood pressure, XDH — xanthine dehydrogenase, LPS — lipopolysaccharides, L. — Lactobacillus, XO — xanthine oxidase, E — Escherichia, 

TMAO — trimethylamine N-oxide, FMT — fecal microbiome transplant.

Introduction

Hyperuricemia (HU) presumes the elevation of 

serum uric acid (UA) levels over 420  μmol/L [1, 2]. 

In  different documents reference UA ranges vary 

based on the gender, with HU confirmed when UA 

levels reach ≥ 416.0 μmol/L (7.0 mg/dL) in males or ≥ 

357.0 μmol/L (6.0 mg/dL) in females [3]. Asymptomatic 

HU can be additionally defined as elevated UA levels 

over 405 μmol/L without clinical manifestations [4].

UA is mainly synthesized in the liver, bowel, and the 

vascular endothelium as a final metabolic product of 

exogenous purines (consumed with food) and endoge-

nous purines (formed in damaged, dying, or dead cells) 

[2, 5, 6].

While extracellular UA acts as an antioxidant, intra-

cellular UA is actually a prooxidant, causing inflamma-

tion in endothelial and smooth muscle cells, as well as 

intracellular oxidative stress, thus leading to endothe-

lial dysfunction [3, 6, 7]. UA affects the renin-angioten-

sin-aldosterone  system via two mechanisms, including 

the stimulation of renin plasma activity and renal renin 

expression. Besides, UA was detected in atherosclerotic 

plaques [3]. It reacts with nitrogen oxide (NO), a very 

important vasodilator, forming 6-aminouracil and thus 

depleting NO levels, promoting essential hypertension 

(EH). UA also prevents NO production by inhibiting 

endothelial NO synthase and decreases arginine avail-

ability, which promotes endothelial dysfunction and 

EH even more [3, 8]. The PAMELA study has demon-

strated that each serum UA level elevation by 1 mg/dL 

is associated with an approximately 30 % increase in EH 

risk [8]. It has been confirmed that asymptomatic HU 

increases the risk of both ischemic and hemorrhagic 

stroke twice within three years, i.e. asymptomatic HU 

may be one of the risk factors for strokes and other 

cardiovascular diseases (CVDs) or complications [7]. 

UA monitoring is required to support the metabolic 

health in the population.

Intestinal microbiome specifically contributes 

to HU. 80 % UA is formed due to the degradation of 

endogenous purines, while 20 % UA is formed from 

exogenous purines (i.e. food). A high-purine diet (sea-

food, animal by-products, alcohol) is a risk factor for 

HU and an important cause of intestinal microbiome 

imbalance in patients [3, 9, 10, 11]. Purine nucleotides 

are hydrolyzed to adenine and guanine, deaminated 

with the formation of xanthine, and then oxidized to 

UA [9].

The goal of literature review was to systematize the 

information about the effects of dysbiosis as an inde-

pendent CVD risk factor in HU, mediating inflamma-

tion and endothelial dysfunction. Studies of microbi-

ome effects on the human health have been active lately, 

with strategies being developed to affect the microbial 

composition to treat diseases and achieve active lon-

gevity. A  microbiome is not a simple concomitant 

factor, but rather a specific pathogenetic event, acting 

via purine metabolism mechanisms, neurotransmitter 

production, stimulation of proinflammatory cytokines, 

etc. This article discusses the prospective methods of 

HU correction, including postbiotics, fecal microbiome 

transplant, and nutrition.

Materials and Methods

The PubMed database was searched for publications 

devoted to the association of hyperuricemia and car-

diovascular diseases, microbiome effects on these con-

ditions published within the prior 5 years (since 2020) 

using the following search terms: “hyperuricemia and 
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cardiovascular diseases”, “microbiome and hyperurice-

mia”, “microbiome and cardiovascular diseases”. A total 

of 5,397  scientific publications were detected, with 42 

(including 5  Russian) articles corresponding to this 

review topic included into the review.

Results and Discussion

High-performance methods and analytical tools 

developed within the latest 15  years in the sphere of 

microbiome studies have changed our views on its 

importance for the host body. Intestinal microbiome is a 

complex ecological system, a multicellular metabolically 

active “organ” consisting of prokaryotic cells, eukaryotic 

host cells, and bacteriophages, creating a unique intesti-

nal ecosystem.

A suffi  cient number of studies elucidating the asso-

ciation of HU, CVDs, and intestinal microbiome is cur-

rently available. Th ese describe the microbiome eff ects 

on UA levels, endothelial dysfunction, participation in 

atherogenesis; favorable and pathogenic/opportunistic 

fl ora has been defi ned, with alternative treatment meth-

ods proposes for diff erent diseases (Table 1).

Compared to patients with normouricemia, patients 

with HU demonstrated altered microbiome composition 

characterized by the decreased Coprococcus spp. counts 

[11]. Coprococcus spp. form the main genera of the 

Lachnospiraceae Bacillota family which maintain micro-

bial homeostasis and metabolic health, as they promote 

the production of an important metabolite butyrate [12]. 

Butyrate is a short-chain fatty acid (SCFD) which plays 

a key role in maintaining the intestinal health, supplying 

the colonic cells, improving the barrier function, sup-

pressing infl ammation and promoting a balanced micro-

biome [13]. It  also decreases the blood pressure (BP), 

suppresses the production of proinfl ammatory cytokines 

(i.e. tumor necrosis factor α, interleukin 12, interferon 

γ), and enhances the production of an anti-infl ammatory 

interleukin 10  by monocytes [14], while also suppress-

ing xanthine dehydrogenase (XDH) activity [15]. Th us, 

decreased Coprococcus counts in patients with HU lead 

to elevated UA levels, intestinal barrier function worsen-

ing, promoting the low-grade infl ammation in the body 

and worsening the CVD prognosis.

Th e intestinal microbiome in patients with gout was 

characterized by decreased Faecalibacterium prausnitzii 

counts [9].

Faecalibacterium prausnitzii is another microbe pro-

ducing butyrate. Higher microbial counts were reported 

in patients with normal UA levels [11, 16]. Fecal 

microbiome sequencing has demonstrated that people 

with higher Faecalibacterium prausnitzii counts had 

lower coronary artery disease incidence vs. the control 

group. In  murine studies Faecalibacterium prausnitzii 

suppressed infl ammation and had antiatherosclerotic 

eff ects aft er the oral administration. Th is eff ect was 

caused by the decreased lipopolysaccharide (LPS) syn-

thesis in the bowel along with enhanced mechanical and 

mucous barriers, thus leading to decreased plasma LPS 

levels and antiatherosclerotic eff ects [17].

Collinsella aerofaciens is represented in the colon of 

a healthy human, producing the formic and lactic acids.

Collinsella spp. modulate serum UA levels via four 

mechanisms. Firstly, Collinsella spp. directly produce 

UA. Secondly, Collinsella spp. indirectly inhibit UA 

degradation by other bacteria. Th irdly, metabolites pro-

duced by Collinsella spp. decrease the renal and intes-

tinal UA excretion. Finally, Collinsella spp. contains 

genes of purine metabolism enzymes, e.g. analogues of 

hypoxanthine-guanine phosphoribosyl transferase par-

ticipating in the hypoxanthine reutilization, as well as 

genes of UA precursor synthesis and XDH transforming 

xanthine into UA [18]. Th is bacterium can alter choles-

terol absorption in the bowel, decreasing hepatic glyco-

genesis and enhancing triglyceride synthesis. Collinsella 

spp. directly correlate with the total cholesterol and low-

density lipoprotein levels [19].

Lactobacillus (L.) and Pseudomonas promote UA 

degradation and excretion in the bowel with SCFA pro-

duction [9].

L. gasseri PA-3 is a bacterium detected in the yoghurt 

and other cultured milk products, thus presuming that 

food habits may aff ect UA levels [18]. L. gasseri PA-3 may 

absorb and utilize purines in the bowel, thus decreasing 

intestinal purine absorption and decreasing serum UA 

levels [9, 18]. L. brevis DM9218 may effi  ciently decrease 

serum UA levels in rats with HU due to the inhibition 

of xanthine oxidase (XO) activity [9, 20, 21]. L. reuteri 

TSR332 and L. fermentum TSF331 may control HU via 

cleaving purines [9].

XDH and XO may be secreted by Escherichia (E.) 

bacteria in intestinal epithelial cells, accelerate hypo-

xanthine and xanthine degradation, and transform more 

purines into UA [9].

Th e microbial composition also directly aff ects the 

cardiovascular system. Some bacteria belonging to Strep-

tococcus and E. coli genera may exhibit proinfl amma-

tory eff ects, producing neurotransmitters in the autono-

mous nervous system that alter the vascular tone, leading 

to EH [22], while several L. and Bifi dobacterium strains 

exhibit anti-infl ammatory properties and are considered 

important probiotics [23].

Increased counts of Gram-negative microbes, includ-

ing Klebsiella, Parabacteroides, Desulfovibrio, Pre-

votella, correlated with higher BP values. LPS (or endo-

toxins) form the main component of the outer membrane 

in Gram-negative bacteria and have proinfl ammatory 

properties [14]. Enhanced LPS entering the intestinal 
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lumen aft er the cell lysis may promote the production 

of a large amount of cytokines, enhance the intestinal 

wall permeability, and cause the low-grade infl ammation 

called “metabolic endotoxemia” [9].

Klebsiella pneumoniae belonging to the Klebsiella 

genus of the Enterobacteriaceae family, just like other 

Gram-negative bacteria, may form extracellular vesicles, 

permeate the intestinal barrier, and migrate to various 

tissues if the intestinal barrier integrity is impaired due 

to infl ammation, aging, etc. Extracellular vesicles impair 

the endothelial dysfunction and promote the generation 

of superoxide anion radicals in endothelial cells, causing 

endothelial dysfunction [24].

A recent study evaluating the intestinal microbiome 

alterations in the Chinese population has demonstrated 

that Desulfovibrio spp. is an obligate anaerobe belonging 

to sulfate-reducing microbes that breathes anaerobically 

using sulfate as a fi nal electron acceptor and reducing it 

to hydrogen sulfi de. On the one hand, hydrogen sulfi de 

may become an energy source for mitochondria, while 

on the other hand it becomes a rather toxic compound 

in higher concentrations, impairing the intestinal barrier 

function, elevating the circulating LPS levels, and pro-

ducing the microbial urease [25, 26].

It has been demonstrated that an atherosclerotic 

plaque contains a specifi c microbial medium contain-

ing various microbes, e.g. Streptococcus, Pseudo-

monas, Klebsiella, Veillonella spp., Chlamydia pneu-

moniae. Th e comparative intestinal microbiome studies 

have detected that patients with clinically manifesting 

atherosclerosis had higher counts of Collinsella spp., 

Enterobacteriaceae family representatives, Streptococ-

caceae, along with lower counts of Eubacterium, Rose-

buria, and Ruminococcaceae producing SCFA compared 

to healthy persons [14]. Streptococcus may permeate 

the aortic endothelial cells in humans, stimulating pro-

infl ammatory cytokines associated with atherosclerosis 

[19, 27, 28]. Klebsiella and other representatives of the 

Enterobacteriaceae family are associated with increased 

tumor necrosis factor α or interleukin-1β levels along 

with the production of the bacterial metabolite trimeth-

ylamine N-oxide (TMAO). In its turn, increased TMAO 

levels enhance the platelet sensitivity, promoting throm-

bosis [29].

Veillonella spp. belong to the Bacillota phylum of the 

Negativicutes class; these aff ect the formation of athero-

sclerotic plaques via amino acid fermentation with the 

production of SCFA [28].

Intestinal Roseburia intestinalis spp., just like Faeca-

libacterium prausnitzii, are common bacteria producing 

butyrate due to fi ber fermentation.Roseburia intestinalis 

promotes the metabolic alteration from glycolysis to the 

use of fatty acids and suppression of systemic infl amma-

tion, prevents the formation of atherosclerotic plaques, 

and slows down atherosclerosis [28, 30].

SCFA eff ects on CVDs and HU are ambiguous, 

depending on their type and source. For example, butyr-

ate has cardioprotective properties, while excessive pro-

pionate is hazardous in HU. An optimal SCFA balance is 

important for the body.

Table 1. Th e eff ect of the intestinal microbiota on uric acid levels and cardiovascular risks

Bacterium Role in hyperuricemia Role in cardiovascular diseases

Coprococcus Butyrate production -> inhibits xanthine dehydrokinase 

  activity -> decreases uric acid levels

Butyrate production -> suppresses low-grade infl ammation -> 

reduces blood pressure

Faecalibacterium 

prausnitzii

Butyrate production -> inhibits xanthine dehydrokinase 

activity -> decreases uric acid levels

Decreased synthesis of lipopolysaccharides -> anti-

atherosclerotic eff ect

Collinsella Produce uric acid, inhibit the degradation of uric acid by 

other bacteria, and reduce renal and intestinal excretion 

of uric acid.

Increases triglyceride synthesis, cholesterol and low-density 

lipoprotein levels

Lactobacillus Absorbs and utilizes purine in the intestine -> reduces uric 

acid levels; Inhibits xanthine oxygenase activity

Reduced infl ammation -> lower blood pressure

Escherichia Th ey secrete xanthine dehydrokinase and xanthine 

oxygenase; they convert purines into uric acid

Neurotransmitter production -> increased blood pressure

Klebsiella Production of short-chain fatty acids -> breakdown and 

elimination of uric acid from the body

Impairs endothelial function -> endothelial dysfunction and 

aging; Found in atherosclerotic plaques; Trimethylamine 

N-oxide production -> promotes thrombosis

Desulfovibrio Produces urease Endotoxin production -> intestinal barrier disruption -> high 

lipopolysaccharide levels

Veillonella - Fermentation of amino acids to form short-chain fatty 

acids -> formation of atherosclerotic plaques

Roseburia 

intestinalis

- Use of fatty acids in metabolism, reduction of systemic 

infl ammation -> prevents the for  mation of atherosclerotic 

plaques
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Effects of Drug Products on 
the Microbiome and UA
XO inhibitors are the main pharmacological drugs 

used in the HU treatment. XO inhibitors decrease UA 

levels by suppressing the UA synthesis. Allopurinol is 

a purine XO inhibitor with an active metabolite (oxy-

purinol) acting as a reversible covalent inhibitor that 

is excreted with urine. On  the contrary, febuxostat is 

a potent non-purine non-competitive XO inhibitor 

metabolized in the liver. Th e recent studies have shown 

that these drugs not only relieve HU symptoms, but also 

aff ect the intestinal microbiome positively. Both drugs 

could lead to the increased Bifi dobacterium counts and 

decreased pathogenic and/or opportunistic fl ora counts 

aft er decreasing UA levels [9].

SGLT2  inhibitors decrease UA levels due to its 

enhanced urine excretion and possibly due to the 

decreased amount of reactive oxygen species that pro-

mote UA reabsorption in renal tubules [31].

Alternative Treatment

Th anks to the analyzed mechanisms of microbiome 

eff ects on the serum UA levels, the treatment aff ecting 

the bacterial count as a specifi c pathogenetic element is 

actively searched for (Table 2).

Injecting the Alistipes indistinctus live culture into 

the body led to the 2.5-fold increase in the UA excretion 

with feces due to the enhanced production of a hippuric 

acid metabolite. Hippuric acid may become an alterna-

tive treatment of HU and associated metabolic disorders; 

its biochemical mechanisms are suffi  cient themselves to 

restore normal serum urate levels without aff ecting the 

renal excretion [11].

Chinese scientists modifi ed the E. coli Nissle 1917 

(EcN) probiotic strain for UA cleavage. It demonstrated 

the ability to cleave UA effi  ciently both with the oral and 

intravenous administration. Direct EcN administration 

into the blood is a new idea for the treatment of meta-

bolic disorders. It has been reported that EcN injections 

into blood vessels are safe as these do not contain viru-

lence genes and accommodation factors that promote its 

colonization and survival in the host body [32].

Such microbiome metabolites as polysaccharides 

benefi cially contributed to the UA regulation. During 

studies, a polysaccharide from Ulva lactuca decreased 

UA levels, while a polysaccharide from Enteromorpha 

prolifera signifi cantly decreased serum UA and urea 

nitrogen levels [9].

Lifestyle modifi cation cannot signifi cantly aff ect HU, 

but is a mandatory treatment and metabolic health pre-

requisite. A Mediterranean diet does not aff ect the urate 

level decrease signifi cantly, but is associated with a lower 

CVD incidence and enhanced life expectancy. With a 

low-purine diet, serum urate levels decrease approxi-

mately by 1 mg/dL. Th e studies have demonstrated that 

serum urate levels signifi cantly elevate aft er the con-

sumption of all alcoholic beverageas, except for wine. 

Tea and general caff eine consumption were not associ-

ated with serum urate levels. An enhanced dairy prod-

uct consumption was associated with lower serum urate 

levels [9, 10, 14]. When creating diets for patients with 

HU, main objective include the limitation of exogenous 

(food) purines, which somewhat decreased serum UA 

levels, and the adequate liquid consumption [33].

Sulforaphane, an isothiocyanate obtained from the 

cabbage family vegetables, has an 80 % bioavailability 

due to its small size and lipophilic origin. In rat experi-

ments it enhanced UA excretion by increasing the renal 

transporter protein expression and suppressed UA reab-

sorption decreasing the urate transporter 1 and glucose 

transporter 9 expression in kidneys. It is also promising 

that sulforaphane may act as allopurinol, decreasing the 

XO and adenosine deaminase activity [34].

Table 2. Comparison of hyperuricemia correction methods

Method Mechanism of action Advantages Disadvantages

Medicinal 

products

Direct eff ect on uric acid metabolism 

through inhibition of xanthine oxygenase; 

Increased urinary excretion of uric acid

Fast eff ect, high effi  ciency Side eff ects

Diet Reduction of exogenous purines Security, accessibility, positive impact 

on other systems

Reduction of uric acid by about 1 mg/dl

Physical exercises Increased uric acid excretion aft er 

exercise

Positive eff ect on the whole body During exercise, it temporarily increases 

uric acid

Fecal microbiota 

transplantation

Restoring the balance of the microbiota Long-term eff ect Invasiveness, risk of infection, low 

adherence

Probiotics Increased excretion of uric acid through 

the intestine; Breakdown of uric acid

Naturalness, minimum side eff ects Survival variability, weak colonization

Postbiotics Decreased xanthine oxidase activity; 

decreased uric acid reabsorption, etc.

Stability, dosing, acts immediately More research is needed
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Resveratrol is a fl avonoid contained in grapes, wine, 

and some berries. Th e mechanism via which resveratrol 

improves the condition in persons with HU may pre-

sume the regulation of the intestinal microbiome com-

position and function. It is important to note that unlike 

several animals, humans lack a functional enzyme uri-

case, i.e. direct uric acid cleavage in the body is impos-

sible. However, the microbiome may aff ect the intestinal 

urate excretion, which is one of the methods to decrease 

UA levels in the body [20].

Physical exercises may lead to the temporary increase 

in UA levels due to accelerated metabolism, although UA 

elimination from the serum enhances aft er training [35].

Th e eff ects of probiotics, prebiotics, and fecal micro-

biome transplant on HU is being currently studied [9].

Probiotics are defi ned as “viable microbes that are 

benefi cial for the host health when consumed in ade-

quate amounts” [23]. Lactobacillus and Bifi dobacterium 

spp. representatives have been used successfully as pro-

biotics for many years. Th ese bacteria produce lactic acid 

from carbohydrates, creating an acidic medium that sup-

presses the growth of several pathogenic bacteria [20].

A single complex large-scale crossover study ana-

lyzed the association between the consumption of pre-

biotics/probiotics and HU in adult US citizens. It  has 

been demonstrated that the consumption of probiotics 

may decrease serum UA levels. Probiotics upregulate the 

benefi cial fl ora that has a regulatory role in the metabo-

lism of UA and purines, altering the metabolic balance 

of amino acids, non-saturated fatty acids, etc., and aff ects 

the extrarenal excretion, suppressing the transport of 

urate transporters in the intestine [2].

Probiotic drugs are considered suitable for modu-

lating the NLRP3  infl ammasome signaling pathway to 

improve HU [9]. Infl ammasomes are multimeric pro-

tein intracellular platforms that activate in response 

to infections or tissue injury [36]. HU activates the 

NLRP3 infl ammasome-mediated pyroptosis. Pyroptosis 

is a form of cellular death characterized by the plasma 

membrane rupture, cytoplasm swelling, osmotic lysis, 

DNA cleavage, and a release of a large amount of pro-

infl ammatory cytokines [37]. Bifi dobacterium spp. may 

have probiotic eff ects, suppressing the NLRP3 signaling 

pathway and NLRP3 mRNA expression. Bifi dobacterium 

spp. are the most important probiotics in the human 

body, playing a leading role in the prevention of patho-

gen invasion, mucosal homeostasis, intestinal integrity 

maintenance, and host immunity regulation [38].

Fecal microbiome transplant (FMT) has recently 

become a new strategy in HU treatment. FMT presumes 

transplanting a functional healthy human fl ora to the 

patient’s gastrointestinal tract in order to form a new 

intestinal microbiome to treat intestinal and extraint-

estinal diseases. Th e mechanism of decreased UA levels 

in FMT may presume two pathways: accelerated UA 

decomposition and excretion; eff ects on UA metabolism 

with UA transporter regulation in the intestinal epithe-

lium [21].

Treatment Perspectives

Th e modern medicine is aimed at achieving active 

longevity of the population. Intestinal microbiome 

modulation is one of the prospective options to achieve 

this target, as its composition signifi cantly aff ects the 

metabolic health. Th anks to probiotics or other drugs 

and microbiome eff ects, it may be possible to decrease 

the risk of several diseases, decrease polypharmacy, and 

enhance the treatment effi  cacy.

A postbiotic (a drug containing non-viable microbes 

and/or their components that is benefi cial for the host 

health) is one of the promising options. Th is may be rep-

resented by a heterogenous mixture of cellular structures 

and metabolites, e.g. teichoic acids, exopolysaccharides, 

peptidoglycans, bacteriocins, etc. [39].

Th us, a G1PB postbiotic was obtained by constant 

heating of Pediococcus acidilactici GQ01  at 65 °C for 

30 minutes. G1PB suppressed the XO activity leading to 

decreased serum UA, creatinine, and urea nitrogen levels 

in mice with HU. Th e drug also regulated the expression 

of genes and proteins associated with the renal UA reab-

sorption and excretion [15]. Hippuric acid (see above) is 

also a postbiotic.

Traditional probiotics demonstrate their potential in 

decreasing UA levels, although their use is limited due 

to variable strain survival in the gastrointestinal tract 

and eff ects dependent on the colonizing ability [40]. 

Due to colonization resistance, the majority of probiotics 

are excreted from the intestine with feces aft er the oral 

administration soon aft er their consumption stops [41]. 

Postbiotics are a prospective alternative without similar 

limitations. Th is can be explained by the larger stability 

of postbiotics during storage, shipping, consumption, 

along with a high safety level [42]. Postbiotics may prob-

ably form a pathway towards the standardized, safe, and 

target therapy.

Conclusion

An intestinal microbiome plays a specifi cally impor-

tant role in the pathogenesis of HU, which (along with 

dysbiosis) leads to worse CVD outcomes. Decreased 

counts of such benefi cial bacteria as Coprococcus and 

Faecalibacterium prausnitzii, as well as the increased 

counts of pathogenic and/or opportunistic bacteria (e.g., 

Collinsella, Klebsiella) promote the chronic low-grade 

infl ammation, endothelial dysfunction, and elevated UA 

levels which worsen cardiometabolic risks.
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Prospective correction methods in clude probiot-

ics modulating purine metabolism and decreasing UA 

levels; postbiotics that have benefi ts in stability, effi  cacy, 

and suppressed XO activity; FMT restoring the fl ora bal-

ance and thus improving UA excretion; lifestyle modifi -

cation supplementing the main treatment methods.

Further studies should be aimed at developing inno-

vative personalized therapeutic strategies. Th e integra-

tion of new approaches into clinical practice may pro-

mote the improved cardiometabolic health with the 

decreased polypharmacy rate.
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