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Abstract

Introduction. Advances have been made in the treatment and prevention of stroke in recent decades, but its burden remains
high. New targets are needed to improve outcomes. Recent studies highlight the role of the intestinal microbiota in the pathogenesis
of stroke. Changes in the composition of the microbiota, known as dysbiosis, are associated with risk factors for stroke such as
obesity, metabolic disorders and atherosclerosis. In acute cerebral ischemia, the intestinal microbiota affects the interactions
between the intestine and the brain, forming the microbiota- intestine -brain axis. Dysbiosis before a stroke affects its outcomes.
Clinical studies show that in acute ischemic stroke, dysbiosis is associated with metabolism, inflammation, and functional outcomes.
Modulation of the microbiota or its metabolites improves conditions associated with the pathogenesis of stroke, including
inflammation, cardiometabolic diseases, atherosclerosis, and thrombosis.

Aim: to study the characteristics of the intestinal microbiome in patients with stroke and insulin resistance.

Materials and methods: observational, analytical, and cross-sectional methods, taxonomic analysis of the intestinal
microbiota, and NGS sequencing.

Results. A species analysis of the microbiota in patients with stroke and IR revealed a correlation with lactate-producing
bacteria Streptococcus, butyrate- and acetate-producing bacteria Bacteroides (dorei, massiliensis, plebeius, tobetsuensis)
and Dialester invisus, a propionate producer. The presence of such poorly understood predictors of stroke in patients with
insulin resistance suggests a possible influence of the intestinal microbiota in maintaining inflammation, blood pressure
formation, and stroke in patients with insulin resistance. The role of bacteria producing acetate, butyrates, and propionates in
the active fermentation of starches, affecting triglycerides with a subsequent increase in insulin resistance is shown. Host-
microbiota interactions involving inflammatory and metabolic pathways appear to play a role in the occurrence of
cardiovascular diseases. Lactate-, butyrate-, and propionate producing bacteria are of no small importance in the
pathogenesis of hypertension with IR.

Conclusions. The obtained results underscore a potential link between dysbiosis associated with stroke and the balance of
organic acids produced by intestinal bacteria, specifically an inverse relationship between stroke and the levels of acetate and
butyrate. One contributing factor is intestinal inflammation related to dysbiosis, which helps maintain high blood pressure.

Keywords: microbiome, insulin resistance, arterial hypertension, stroke.
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Pestome

Bsepenue. 3a nocnegHue fecaTUneTus LOCTUTHYThI YCNEXM B NEYEHUN 1 NPOPUNAKTIKE MHCYNbTa, OBHAKO ero bpems
OCTaeTcs BbICOKMM. TpebylTcs HOBble MULIEHU ANS YAYYLWEHUS WCXOLOB. HenaBHWe MCCMEAOBaHWs BbIOENANT posib
KMLLEYHON MWKPOOMOTBI B MmaToreHese WMHCynbTa. M3MeHeHWs B cocTaBe MUKpODBWOTLI, M3BECTHbIE Kak AMCOaKTepuos,
CBAA3aHbI C pakTopamu pucka WHCYNbTa — OXMPEHUeM, MeTabonnIeckNMmn HapyLLEHUSIMU 1 aTepocknepo3oM. [pu ocTpon
WLLIEMUM TONOBHOTO MO3ra KuLLeYHash MUKpobroTa BNUSET Ha B3aUMOZENCTBUS MEXY KULLIEYHUKOM M MO3roM, obpasys ocb
MUKpOGMOTa-KMILEYHUK-MO3r.  [ucbakTepno3 [0 MHCyNMbTa BAMSET Ha ero ucxodbl. KnuHuueckue wccnenoBaHus
MoKasbiBaloT, 4TO MpU OCTPOM MIIEMWYECKOM WHCYNMbTE AucOMO3 CBsisaH C  MeTabonmMaMoMm, BOCMANEHWEM U
(yHKUMOHaNbHBIMA  Ucxogamu. Mogynsaums MukpoOuoTbl W €€ MeTabonuTOB YNyyllaeT COCTOSHWS, CBS3aHHbIE C
naToreHe30M WHCyIbTa, BKIoYas BocnaneHue, kapamometabonnyeckue 3abonesaHus, aTepocknepos 1 Tpombos.

Llenb: n3yunTb xapakTepucTuky MMKpOBIUoMa KMLLEYHWKA Y NALMEHTOB C MHCYNBTOM NPU UHCYNUHOPE3UCTEHTHOCTY.

Matepuanbl n metoabl: 06CEPBALMOHHBIN, aHANUTUYECKUA M MEPEKPECTHbIA METOAbl, TAKCOHOMUYECKMA aHanm3
KuieyHon MukpobuoTsl n metog NGS cekBeHMpoBaHUS.

PesynbTatbl. BugoBoii aHanus MuKpoBWOTbI Y MAUMEHTOB C MHCYNbTOM M WP BbISIBUN KOpPEnsuMio ¢ naktar-
npogyumpytowmmu  Baktepusmu - Streptococcus, Oytupat- M auetat-npogyuupytowmx baktepuint  Bacteroides (dorei,
massiliensis, plebeius, tobetsuensis) n Dialester invisus npogyueHT nponuoHaTa. Hanuune Takux Mamnou3y4eHHbIX
NPEAMKTOPOB WHCYNbTa Yy MALMEHTOB C WHCYNMWMHOPE3UCTEHTHOCTHIO, TOBOPST O BO3MOXHOM BANSIHUM MUKPOOMOTHI
KALIEYHWKA B MOAAEPXKAHWM BOCManeHus, (GOPMUPOBAHWS apTEPWanbHOTO [ABMEHUS W MHCYNbTa Y NauWMeHTOB C
WHCYNNHOPE3NCTEHTHOCTbI0. MokasaHa ponb GakTepuu npopyueHTa aueTata, OyTpaToB, MPOMMOHATOB MpW aKTMBHOW
(hepMeHTaLmMn Kpaxmaros, BIMSIOLLAA Ha TPUIMULEPWabl C MNOCneaylowmuM YBEnMYeHNeM WHCYNUHOPE3UCTEHTHOCTH.
B3aumopencTens X03auH-MUKpOOMOTa, BKIIOYAIOLLME BOCMANMTENbHbIE W MeTabonnyeckue nyTu, no-BUAMMOMY, WUrparT
pOMb B BO3HMKHOBEHWN CEPLEYHO-COCYANCTLIX 3aboneBaHnin. HemanoBaxHoe 3HaYeHWe B NaToreHe3e npu BO3HUKHOBEHMM
AT ¢ VP umetoT nakrat-, 6yTupat- 1 nponmoHat — npogyLmpytowimne 6akrepuu.

BbiBoabl. [onyyeHHble pesynbTaThl MOAYEPKHYNIM BO3MOXHYIO CBSA3b AMCOMO3a, aCCOLMMPOBAHHOTO C WHCYNBTOM, C
0anaHcoM OpraHW4ecKuX KWUCTOT, NMPOM3BOAMMBIX KALIEYHbIMKU DakTepusiMu, a MMeHHO — oBpaTHYK CBSA3b MHCYNbTa C
ypoBHEM aueTata u Oytupata. OgHOM M3 NMpUYMH SBNSIETCS KULWIEYHOE BOCMasneHue, CBs3aHHOe C AucOakTepnosoM, 1
cnocobCTBYET NOAAEPKAHNIO BbICOKOrO apTepuarnbHOro JaBneHus.

Knroyeebie cosa: MUKPOOUOM, UHCYTUHOPE3UCMEHMHOCMb, apmepuarnbHas 2UNepmoHUsi, UHCYTbM.
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Kipicne. CoHfbl OHXbINAbIKTapAa MHCYNbTTI eMAeyae XoHe anfblH anyfa KeTiCTKTepre Kon xeTkisingi, 6ipak OHbIH,
aybIpTnanbIFbl xoFapbl 6onbin Kana bepegi. HoTkenepmi xakcapTy YLUH XaHa MakcaTTap KaxeT. COHFbl 3epTTeynep MHCYNbT
naToreHesiHaeri iLuex MUKpoBbroTachiHbIH, peniH kepceTedi. Ancbros aen atanatbiH MUKPOOMOTaHbIH, KypaMblHaaFbl e3repictep
WHCYNbTTIH, Kayin bakTopnapbiMeH 6ainaHbiCTbl — cemisgik, MeTabornukanblk Oyabinyrnap xeHe atepockrnepos. »Kefen Mu
MLEeMUSChIHAA ilLeK MUKpOBMOTach! ilLek NeH MudblH e3apa SpekeTTecyiHe acep eTin, MUKPOBMOTa-iLek-M1 OCIH Kypamapl.
VHcynbTke feminri ancbro3 oHblH HaTXenepiHe acep eTeqi. KnuHukarblk 3epTTeynep xefen UemmusrblK UHCYMbT KesiHae
ancbino3 metabonuaMmeH, KabblHyMeH xaHe (PYHKLMOHanbIK HOTKenepMeH GailnaHbICTbl ekeHiH kepceTesi. MukpobuoTaHbl
Hemece OHbIH MeTabonUTTEpPIH MOAYNALMANAY MHCYNbT natoreHesiHe GannaHbICTbl XarFfannapabl XakcapTagbl, COHbIH, illiHae
KabblHy, kaparomeTabonukarnblk aypynap, aTepocknepos xaHe TpomMbo3.

Makcatbl: uHCynuHre TesiMainiri 6ap MHCYNbTNEH ayblpaTbiH HayKacTapAa iek MUKPOOMOMAChIHbIH, cunaTTaMmackiH
3epTTey.

Matepuangap MeH opictepi: 0Oakbinay, aHanuTUkanblk kxoHe Kpocc-opicTep, iWeK MMKPOBMOTACHIHBIH
TakCoOHOMUANbIK Tanaaybl xaHe NGS cekBeHvpney agici.
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Hatuxenep. VHcynbTneH xaHe WT-MeH ayblpaTbiH HayKacTapaarbl MAKPOOMOTaHbIH, TYPAK Tanaaybl naktaT Ty3eTiH
Streptococcus GakTepusinapeimeH, byTupar xeHe auetar TyseTiH GaktepusnapmeH Bacteroides (dorei, massiliensis,
plebeius, tobetsuensis) xoHe dialester invisus nponuoHaT eHgipywici. WHcynuure Tesimginiri bap empenywinepae
WHCYNbTTIH, MyHAan 3epTTenmereH GomkamaapbiHbiH, 6onybl MHCYynuHre Tesimainiri 6ap empenywinepae kabbiHyabl, KaH
KbICbIMbIH XOHE WHCYMbTTi cakrayda ek MukpobuoTachbiHbiH bIKTUMan ocepi Typanbl antagsl. Auetat, OyTtupar,
NpOMMOHAT eHAipyLuici 6akTepuaChIHbIH, Kpaxmanabl BenceHi awWbITy kesiHaeri peni KepceTinreH, on TpurnuuepuaTepre
acep eTefli, CofaH KeriH MHCYNuHre TesiMainik xorapbinangbl. KabblHy xaHe Metabonuam XonaapblH KaMTUTbIH XOCT-
MWKPOBMOTaHbIH, ©3apa SPEKeTTECYi KypPeK-KaH TaMmblpnapbl aypynapbiHbiH nainga bonybiHoa MaHpI3abl pen atkapagbl.
lMaToreHeane nakrat, GyTupat xaHe NponuoHaT eHaipeTiH bakTepusnap Al-meH nainga 6onfaH ke3ae MaHbI3AbI.

KopbITbIHAbINAP. HaTxenep WHCynbTneH bainaHbiCTbl AncbnosdeH ek GakTepusnaps! WblFapaTbiH OpraHUKanblk
KbILKbINAapablH Tene-TeHAir apacbiHaarbl bIKTUMan BannaHbICTbl, aTan alMTkaHda WHCYMbTTiH auetat neH OyTupar
AeHrennepiMeH kepi GainaHbicblH kepceTeni. CebentepaiH 6Gipi oucbuosdbeH GainaHbICTbl ileKkTiH KabblHybl Bonbin
Tabbinagbl XoHe XKoFapbl KaH KbICbIMbIH CaKTayFa biKnan eTei.

TytiH ce3dep: MUKpobUOM, UHCYIUHae mO3imOinik, apmepusifbIK 2UNePMEH3UST, UHCYIbM.
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Introduction prevention of obesity and type 2 diabetes [7]. The intestinal

Dysbiosis, as changes in the composition and function ~ microbiota includes microorganisms living in the
of the intestinal microbiota (IM), is associated with stroke  gastrointestinal tract. The intestinal microbiota of an adult
risk factors such as obesity, metabolic disorders, and  consists of 10'3-10" microorganisms/ml of the contents of
atherosclerosis. In acute cerebral ischemia, IM plays a key  the lumen, their total weight is estimated at 1.5 kg [19, 28].
role in the two-way interaction between the intestine andthe ~ The human gut microbiota consists of bacteria, archaea,
brain, known as the microbiota-intestine-brain axis. The  fungi, protozoa, and viruses, among which bacteria
dysbiosis that exists before a stroke affects its outcomes,  dominate. The human microbiota genome includes 100
and during acute brain damage, the brain has a reverse  times more genes than the human genome and 10 times
effect on IM, which also affects the prognosis. These  more cells than the human body [14]. The human
interactions are mediated by bacterial components (for ~ microbiota is characterized by three groups of bacteria:
example, lipopolysaccharides), IM metabolites (such as  symbionts, commensals, and pathobionts, which coexist in
short-chain fatty acids and trimethylamine N-oxide), as well  stable equilibrium in a healthy person. Symbionts have a
as through the immune and nervous systems. IM is affected ~ healing effect, commensals demonstrate a neutral effect,
by both genetic and environmental factors. i.e., they have neither a positive nor a negative effect,

In general, IM is considered a stable system [6, 3],  whereas pathobionts have the potential to cause pathology
however, various factors, such as dietary and climatic  [13].
changes, can influence it. Changes in the quantitative and The human intestine is home to many microbes that
qualitative composition of IM, leading to an increase in  form a complex microbial community, which is considered a
bacterial lipopolysaccharides, can also affect the expression  vital organ. The intestinal microbiota forms a multidirectional
of pro-inflammatory cytokines, causing the development of  connecting axis with other organs, interacting through
chronic sluggish inflammation [1, 8]. There is also evidence  nervous, endocrine, humoral, immunological, and metabolic
that food affects the composition of IM. For example, when ~ pathways. Most intestinal microorganisms (mostly non-
switching from a diet enriched in fats and carbohydrates to  pathogenic) are in a symbiotic relationship with the human
a diet low in fat and rich in plant polysaccharides [25] and  body, participating in immune defense against pathogens.
from a diet enriched in fats to a diet with a low glycemic Dysbiosis of the intestinal microbiota is associated with
index, noticeable changes in IM occur within 1 day [10, 26].  a number of diseases, including anxiety and depressive
Currently, the problem of the cause-and-effect relationship  disorders, hypertension, cardiovascular diseases, obesity,
between IM changes and obesity remains unresolved.  diabetes, inflammatory bowel diseases and cancer. The
Thus, understanding the mechanisms by which IM affects  development of these diseases is associated with the
various signaling pathways and the phenotype of a  microbiota, the products of its metabolism and the immune
microorganism can reveal new possible aspects of the  response of the organism. Although the mechanisms of the
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positive and negative effects of microbiota on health remain
poorly understood, recent clinical studies reveal a link
between specific types of microorganisms, the state of
eubiosis and the development of diseases. Understanding
the interactions of the microbiota with the organism, its role
in maintaining health and the pathogenesis of diseases, as
well as relevant data on this topic are key aspects of the
current analysis. Important tasks that need to be solved to
maintain health and effective treatment are also highlighted.
Intestinal dysbiosis is often observed in patients with acute
ischemic stroke, which is associated with metabolism and
inflammation in the host body, as well as with functional
outcomes. Modulation of the intestinal microbiota or its
metabolites improves conditions associated with the
pathogenesis  of  stroke, including inflammation,
cardiometabolic diseases, atherosclerosis, and thrombosis.
Ischemic stroke is associated with an increase in the
number of Afopobium and Lactobacillus ruminis cluster
bacteria and a decrease in the number of Lactobacillus
sakei subgroup [11, 20]. Arterial hypertension has an
obvious induction effect on ischemic stroke, and the
frequency and prognosis of ischemic stroke are closely
related to the severity and duration of hypertension.
Therefore, blood pressure is positively associated with the
incidence of stroke [15]. There are studies confirming that
arterial hypertension is one of the most independent risk
factors for the development of ischemic stroke [5, 18]. The
intestinal microbiota can produce substances that affect
blood pressure levels that cannot be produced by other
organs. Butyric acid and propionic acid can cause
vasodilation of the colon and caudal arteries. Acetic acid is
widely used in hemodialysis and is associated with the
development of hypotension and vasodilation. A study by
Pleznick J.J. showed that blood pressure in mice is
regulated by SCFA (propionate) produced by the intestinal
microbiota in response to antibiotic treatment. Thus,
demonstrating how the abundance and diversity of the
intestinal microbiota in rats with arterial hypertension and
humans decreased significantly, and the proportion of
Firmicutes/Bacteroidetes in rats with arterial hypertension
increased [18]. Another study in mice with spontaneous
hypertension demonstrated an increase in intestinal wall
permeability, a decrease in the content of dense compound
protein in the intestine, an increase in the number of
intestinal Streptococcus spp. and a significant decrease in
the number of Bifidobacterium spp. (SFCA, metabolites of
the intestinal microbiota, can regulate blood pressure by
activating receptors on the cell surface such as GPR41 and
the olfactory receptor [17].

Aim of research: to study the characteristics of the
intestinal microbiome in patients with stroke and insulin
resistance.

Materials and Methods

The study is observational, analytical, and cross-
sectional in nature with elements of taxonomic analysis of
the intestinal microbiota and the NGS sequencing method
for determining bacterial metagenomes based on 16sRNA
data. The design of the study is "case-control".

The study was conducted on the basis of the the
Laboratory for Personalized Genomic Diagnostics, Medical
Center Hospital of the President's affairs Administration of
the Republic of Kazakhstan during the implementation of
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the grant project "Study of the species structure of the
intestinal microbiota in insulin resistance in the Kazakh
population” (grant No. AR 14871581).

A cross-sectional case/control study was conducted
with the participation of individuals from the Kazakh
population assigned to the polyclinic in Astana. The study
participants were selected by random sampling from people
who visited the clinic for preventive purposes, the coverage
period is January 2021 — March 2023.

Inclusion criteria: age 30-59 years, Kazakh nationality,
voluntary consent to participate in the study. Exclusion
criteria: persons of a different ethnic group, a history of
chronic cardiometabolic and autoimmune diseases,
antibiotic treatment during the last 3 months, pregnancy. Al
participants in the study signed an informed consent to
participate in the study. The study was conducted in
accordance with the principles of the Helsinki Declaration of
the World Medical Association (1964). The project was
approved by the Local Ethics Commission of the Medical
Center Hospital of the President’s affairs Administration of
the RK, Protocol No.9 dated 09/19/2021.

The study participants were divided between the main
(IR+) and control groups (IR-). Insulin resistance was
determined using the triglyceride-glucose index (TyG), in which
TyG = Ln [fasting glucose (mg/dl) x fasting friglycerides
(mg/dI))/2. The TyG index between 4.49 and 4.59 was defined
as "moderate IR", the TyG index > 4.59 was assessed as
“severe IR". The main group (IR+) included individuals with a
TyG index of 4.5 and more. The number of participants in the
main group was 199 people. The control group included
individuals with a TyG index of 4.49 and less. There were only
17 participants in the control group. Thus, a group of 216
participants was formed for the study.

The material for the study was the fecal samples of the
participants collected for microbiota analysis, as well as data
from clinical and biochemical diagnostics. The samples were
collected by the research participants. Each person was
provided with a stool sampling kit, cotton swabs, and sterile
paper towels, and the samples were frozen.

The species composition of the fecal microbiota of the
research participants was studied by targeted semiconductor
sequencing of the 16S rRNA gene of microorganisms using
next-generation  sequencing technology (NGS) using
lonReporter software. A combination of two pools of primers
was used, which made it possible to identify a wider range of
bacteria based on the base sequence. Total DNA was
extracted from a 250.0 mg homogenized wet fecal sample
using the PureLink™ Microbiome DNA Purification Kit
(TermoFisher  Scientific, USA) in accordance with the
manufacturer's instructions.  The 16S rRNA gene was
sequenced using a new generation semiconductor sequencer
lon Gene Studio S5 Plus (TermoFisher Scientific, USA) in the
laboratory for personalized genomic diagnostics, Medical
Center Hospital of the President’s affairs Administration of the
RK. DNA libraries (a set of nucleotide sequences of the
genomic DNA of the studied samples) were prepared in
accordance with the lon 16S™ Metagenomics Kit protocol
(Termofisher Scientific, USA). The library was prepared in
several stages:

1. Obtaining a PCR product by amplification of the
hypervariable 16S region, followed by purification and
measurement of the concentration of the PCR product
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2. Directly preparing the library by ligation with
barcoding, purification of the adapter-ligated library

3. The sequence of amplified fragments was performed
in the lon PGM™ system, bioinformatic analysis of the
results was carried out using the lon Reporter ™ software,
the lon 16S ™ Metagenomics Kit analysis module.

4. Using a combination of two pools of primers makes it
possible to identify a wide range of bacteria in a mixed
population by base sequence.

Phylum Class Order Family Genus

Actncbacteria
Actnobacieria
Bifidobactenales
Bifidobacteriacess

Bifidobacterium

Cediobacterisies
Coriobacteracese
{family level 1D only)
{#ash calls)

Colinsella

Further measurement of the concentration of the
obtained library was determined on the "QuantStudio™ 12K
Flex" system using the lon Library TagMan® Quantitation
Kit (Termofisher Scientific, USA). Figure 1 shows an
example of measuring library concentration.

Sequencing of the amplified fragments was performed
in the lon PGM ™ system, bioinformatic analysis of the
results was carried out using the lon Reporter ™ software,
the lon 16S ™ Metagenomics Kit analysis module.

% of % of % of

i DB F:R 5 % of mapped
Species %ID  Count - " total wvalid mapped d i
counters reads per primer
reads reads reads il
8761 :
32474 22.32 43.27 100 100
22712
335 218: 119 o022 045 1.02 1.0
5 216:35 oar 3 o 0.
a7 81:18 ooT 013 o 0.
a7 81:18 oor 013 o 0.
a7 81:18 ooT 3 e} 0.
(genus level ID
18 0:18 o ooz 005 005
only)
{siash calls) 12 12:0 om 002 004 004
w55 o
eatenulatuem 50 50:0 0.03 0.07 0.5 0.5
29.55 100
100 - 0:
ruminantium 19 w:o o 003 ooe 008
100 100
154 135:19 on 021 047 047
154 135: 1% on 021 0.47 0.47
1w Q1@ om 003 008 0.08
a3 30 ooz 0.04 o1 o1
102 102:0 oo 4 on on
€935 100:
aerofaciens . 102 102:0 - oo 0.14 0.31 0.31

Picture 1. An example of bioinformatic ari-slysis in tabular“form
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Picture 2. An example of bioinformatic analysis (Krohn diagram).

Figure 2 shows examples of
bioinformatic analysis and a Crohn

diagram.

Results

12 (6%) of the 199 patients with
insulin  resistance suffered a

stroke, including 8 (66%) females
and 4 (44%) males, with an
average age of 52.2=7.0 years. 33
(16.6%) patients had type 2
diabetes mellitus, and 33 (16.6%)
had coronary heart disease.
Malignant neoplasms were noted
in 115 (58%) patients, and 66
(33.3%) people were smokers. A
taxonomic analysis was performed
to identify predictors of stroke in
patients with insulin resistance.
The results are presented in table
1.

As can be seen from the
materials in table 1, in stroke with
insulin  resistance, there is a
decrease in bacterial diversity,
predictors are represented in
small numbers by a number of
representatives of the Bacteroides
family.
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Tabnuya 1.
Stroke-associated bacteria in insulin resistance.
Type Genus p
Bacteroides dorei p<0,05
massiliensis p<0,0005
plebeius p<0,01
Streptococcus p<0,05
Bacteroides | tobetsuensis p<0,0008
Dialester invisus p<0,02

A species analysis of the microbiota in patients with
stroke and insulin resistance revealed a correlation with
lactate-producing  bacteria  Streptococcus  (p<0,05),
butyrate- and acetate-producing bacteria Bacteroides
(dorei, massiliensis, plebeius, tobetsuensis) (p<0,05) u
Dialester invisus (p<0,02), which is a producer of
propionate. The results highlighted a possible link between
stroke-related dysbiosis and the balance of organic acids
produced by intestinal bacteria, namely, the inverse
relationship of stroke with levels of acetate and butyrate.

Discussion

The presence of intestinal dysbiosis or a change in the
composition of metabolites can lead to a more active
synthesis of activity-dependent microorganisms, as well as
to the induction of inflammatory reactions with systemic
effects, which is known to underlie the pathogenesis of
many chronic non-infectious diseases. One of the reasons
is intestinal inflammation associated with dysbiosis and
contributes to maintaining high blood pressure [12].

It is worth noting that the types of streptococcus found
in the intestinal microbiota during stroke are associated with
a number of pathologies based on inflammation [21]. In
addition, Streptococcus bacteria contribute to the formation
of lactate, which is directly related to the development of
hypertension and stroke [12, 21]. In our study, a correlation
was obtained (p<0,05).

It is also impossible to exclude the effects of
endotoxins. It has been proven that it is an excess of
endotoxin that leads to a number of intercellular interactions
and  biochemical transformations, stimulating the
development of systemic inflammatory response syndrome,
endothelial dysfunction, dyslipidemia, hyperinsulinism, and
atherogenesis, which are the basis for the progression of
metabolic disorders, the development of systemic arterial
hypertension and its dangerous complication stroke [22].

Ischemic stroke is associated with an increase in the
number of Atopobium and Lactobacillus ruminis cluster
bacteria and a decrease in the number of the Lactobacillus
sakei subgroup [11]. Arterial hypertension has an obvious
induction effect on ischemic stroke, and the frequency and
prognosis of ischemic stroke are closely related to the
severity and duration of hypertension. Therefore, blood
pressure is positively associated with the incidence of
stroke [15].

Of no small importance in the pathogenesis of stroke is
insulin resistance [9], the degree of severity of which
correlates with the accumulation of fats inside cells (liver,
muscles, heart, vascular wall and other organs,
concentrating in the peritoneum) in visceral obesity [24].
Evolutionarily, every human has the IR gene, which was
originally an adaptation mechanism when periods of
satiation alternated with periods of hunger. At the same
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time, the mechanisms of IR development are not completely
known. The study of genetic factors has shown its polygenic
nature.

Conclusions

In stroke complicated by insulin resistance, there is a
decrease in intestinal microbial diversity and changes in the
composition of the microbiota. A correlation was found with
an increase in the number of lactate-producing bacteria
(Streptococcus), as well as butyrate- and acetate-producing

bacteria  (Bacteroides dorei, massiliensis, plebeius,
fobetsuensis) and the propionate-producing Dialister
invisus.

The balance of organic acids (acetate, butyrate,
propionate) produced by the intestinal microbiota is important in
the pathogenesis of stroke. Disruption of this balance is
associated with the activation of inflammatory reactions that
support  systemic inflammation and contribute to the
development of chronic non-infectious diseases, including
hypertension and stroke.

The excess of endotoxins produced by microorganisms
contributes to the induction of a systemic inflammatory
response,  endothelial  dysfunction,  dyslipidemia,
hyperinsulinism, and atherogenesis. These processes play
a key role in the progression of metabolic disorders and the
development of stroke.

An increase in the number of bacteria of the Atopobium
and Lactobacillus ruminis, as well as a decrease in the
Lactobacillus sakei subgroup, is associated with ischemic
stroke. Arterial hypertension, in turn, has an inductive effect
on stroke, and its frequency and prognosis depend on the
severity and duration of hypertension.

Insulin resistance associated with visceral obesity and
fat accumulation in organs is a significant risk factor for
stroke.

Thus, the results highlighted a possible link between
stroke-related dysbiosis and the balance of organic acids
produced by intestinal bacteria, namely, the inverse relationship
of stroke with the levels of acetate and butyrate. One of the
reasons is intestinal inflammation associated with dysbiosis
and contributes to maintaining high blood pressure.
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