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Abstract

Background. The idea has evolved into what is known as the brain—gut-microbiota system—a more comprehensive
framework that reflects the intricate interactions between the central nervous system, the endocrine signaling pathways, the
immune system, gut microbes, metabolic processes, and the barrier functions of both the brain and the gut. The coordinated
function of these systems is essential for maintaining overall health. When this balance is disrupted, it can contribute to a
range of health issues, including mental health disorders such as depression.

Materials and methods. A total of 100 patients were selected. Inclusion and exclusion criteria were defined. The main
group received a probiotic, the comparison group did not receive it. Non-parametric Mann-Whitney U tests were used for
between-group analyses. The qualitative analysis was conducted by groups, anxiety and depression indicators were
assessed in both groups, and frequencies were compared using the Pearson chi-square test.

Results. The results of the study confirm the fact of the influence of gut microbiota on mental health, specifically on the
levels of anxiety and depression. The lack of correlation between the BAI and BDI scales and the GAD-7 and PHQ-9 require
further research, probably the PHQ-9 and GAD-7 scales are more concise and less detailed than the BDI and BAI scales.

Conclusion. Extensive research has highlighted disturbances in intestinal microbiota and metabolites in depression. The
potential benefits of probiotics, prebiotics, and psychobiotics in influencing brain function are indicated by both preclinical and
clinical research.

Keywords: gut microbiome, intestinal microbiota, brain-gut-microbiota axis, probiotics, prebiotics, psychobiotics, gut—
brain interaction, mental health, anxiety, depression, mood disorders, gut dysbiosis.
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Beepenue. KoHuenumusi «MO3r-kuLeYHWK-MUKpOBroTa» npefcTaBnsieT cobOi LENOCTHYI MOLENb, Y4YUTHIBALLYIO
CNOXHble B3aMMOLENCTBUS MEXOY LEHTPanbHOW HEPBHOW CUCTEMOW, SHAOKPUHHOM M UMMYHHOM CUCTEMaMM, KULLIEYHON
MWKpOBMOTON, MeTabonuyeckumm npoueccami N 6apbePHLIMI PYHKUMAMM MO3ra U kuiweyHuka. CormacoBaHHas pabota
3TUX cucTeM Heobxoauma Anst NoAJepKaHus 3[40POBbsi; €€ HapyLLeHWe MOXET CnocobBCTBOBAaTb PasBUTUMIO PasnMYHbIX
COCTOSIHUIA, B TOM YMCIe AENPECCUBHbLIX PACCTPOWNCTB.

Matepuansl n metogbl. B uccnegosaHue Obino BkmtoveHo 100 naumeHToB. Bbinu copmynmpoBaHbl Kputepum
BKIIOYEHUSt M uckmtoveHusi. OCHOBHas rpynna nomyyana npobuoTWK; KOHTPOMbHAs rpynna ero He mpuHuMana. [ns
MEXrpynnoBoro aHanu3a npuMeHaNUcb Henapametpudeckue Tectbl Man-YutHu (Mann—-Whitney U). KauecteeHHbI aHanus
npoBOAWNCS MO rpynnam, WHAMKATOPbI TPEBOMM W Aenpeccin OLeHuBanuChL B 0Beux rpynnax, YactoTbl CPaBHUBANUChL C
nomoLLbto kputepust Mupcona (x?).
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PesynbTtatbl. Pe3ynbtathl vccremoBaHns MOATBEPXAAOT (DAKT BIMSIHUS KULIEYHONW MUKPOOMOTBI Ha MCUXMYECKOe
300pOBbE, B YACTHOCTM Ha YPOBHM TpeBOru u aenpeccum. OTcyTCTBUE KOppensumn mexay Lwkanamv BAI v BDI u wkanamu
GAD-7 n PHQ-9 TpebyeT aanbHeiwmnx nccnenosaHuin. BepostHo, wkanbl PHQ-9 u GAD-7 asnstotcs 6onee nakoHUYHbIMY
1 MeHee [eTanu3upoBaHHbIMK NO cpaBHeHuto ¢ BDI n BA.

3akntoyeHune. OBwmpHbIe MCCNEnoBaHNA NOAYEPKMBAIOT HAPYLIEHUS KULLEYHOA MMKPOOMOTHI 1 MeTabonuToB npy
penpeccum. MpumeHeHne NpobUoTMKOB, NPEBNOTUKOB U NMCUXOBMOTUKOB MOTEHLMANBHO MOXKET BAMSATb HA (DyHKLMM MO3ra,
YTO AOKa3aHO KaK JOKMMHNYECKAMM, TaK W KIMHUYECKUMI UCCIIEL0BAHNAMM.

Knioueeble cnoea: KuweyHbili MUKpobuOM, Kuwie4yHas Mukpobuoma, 0Cb «MO32—KUWEYHUK—MUKpOBLUOmay,
npobuomuku, npebuomuku, ncuxobuomuku, e3aumodelicmeue KuwewHUKa U Mo32a, hcuxuyeckoe 390posbe,
mpesoxHocmb, denpeccusi, aghghekmusHble paccmpoticmea, OucbUO3 KULWEYHUKA.

Ansa yumupoeaHus:

Kywyeynosa A.P., bekboceiHosa M.C., Caxuncea A.l., Calnbibaega AWM., Taykenosa A.T. BnusHue KuLIEYHOTO
MUKpoOMOMa Ha CUMNTOMbI TPEBOXHOCTM W Aenpeccun // Hayka u 3gpaBooxpaHenune. 2025. Vol.27 (4), C. 65-71. doi
10.34689/SH.2025.27.4.009
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Kipicne. «Mu—iwek—mukpobnoTay TyxblpbiMaaMacs! OpTarblk, XKyiike Xyneci, SHAOKPUHAIK XoHe UMMYHZbIK, Xynenep,
iluek MukpobuoTacsl, MeTabonukanbik yAEpiCTEP MEH MU KaHE iLleK TOCKAybINgblK (yHKUMANapbl apacbiHaasbl Kypaeni
e3apa bainaHbicTapabl KamTUTBIH TyTac mogenbdi Oingipedi. Byn Xyidenepgi, yineciMii Kbi3MeTi AeHCaynbIKThbl
cakTayda Mawpl3gbl pen aTtkapagbl. OHbiH, Oy3binybl apTypni NATONOrMsANapAblH, COHbIH, ilWiHOE AENPEecCUsbIK,
Oy3binbicTapablH, AamyblHa biKnan eTyi MyMKiH.

Matepuangap meH agictep. 3eptrey 6apnbiebl 100 naLMEHTTi KaMmTbigbl. KOCbINY XaHe anbiHbIM TacTay KpUTepUnepi
aHbikTangbl. Herisri Ton npobuoTuk Kabbingagbl, an 6akbinay T06bl  Kabbingamagel. Tontap  apacbiHAaFbl
anbipMaLLbinbikTapabl 6aranay ywin Mans-YutHu (Mann-Whitney U) napameTtpnik emec TectTepi kongaHbingsl. Cananbix,
Tangay TonTap GoMblHIWA Xyprisingi, Masacbi3dblk NeH Oenpeccus kepceTkiwTepi eki TonTa Aa 6afamaHfbl, Xuiniktep
MupcoH (X?) kpuTepuitiMeH canbiCTbIpPbIILbI.

HaTtuxenepi. 3eptTey HaTuxenepi ilek MUKPOBMOTACBIHBIH, MCUXMKANbIK, LEHCAYNbIKKA, aTan alTkaHaa ypen MeH
penpeccus gewrennepiHe acep eTeTiHiH pacTangbl. BAI xasHe BDI wkananapsl meH GAD-7 xaHe PHQ-9 wkananapel
apacblHaarbl KoppensaunsHbiH, bonmaybl kocbiMwa 3epTTeyai Tanan etedi. PHQ-9 xaHe GAD-7 wkananapel BDI meH BAI-
fa KaparaHOa KbICKA XaHe a3 enkelt-Tenkenni 6onbIn Kenyi MyMKiH.

KopbITbiHAbL. KenTereH 3epTTeynepae Aenpeccust KediHAe ilek MMKpobuoTachl MeH OHblH, MeTabonuTTepiHiH
Oy3binybl aHblkTanfaH. [pebuoTuktep, NPobMOTUKTEP XaHe NCUXOBMOTUKTEPAIH, MU (DYHKUMACHIHA aCep €Ty XaHe
NCUXUKaNbIK Xaraanabl XXakcapTy MyMKIHAIrM KUHWKaFa JEiHri XoHe KNUHUKarbIK, 3epTTeynepae AanenieHreH.

TyliHOi ce3dep: iwek MUKPOBUOMBI, iWeKk Mukpobuomackl, «Mu—iluek—Mukpobuomay oci, npobuomukmep,
npebuomukmep, ncuxobuomukmep, iWek neH MU apacbiHOarbl e3apa apekemmecy, ncuxukanblyk OeHcaynbik, yped,
denpeccusi, aghghekmuemi by3blibicmap, iek ducbuosb!.

[foaliekce3 ywin:

Kywyeynosa A.P., bekbocbiHoga M.C., Caxunosa A.l"., Calnbibaesa A./., Taykenosa A.T. lluek MUKPOBGUOMBIHBIH, ypeil
XaHe penpeccust 6GenrinepiHe ackpi /| FoinbiM xoHe [eHcaynblk cakray. 2025. Vol.27 (4), b. 65-71. doi
10.34689/SH.2025.27.4.009

Introduction expanded to include the role of the gut microbiome in the
The concept of the gut-brain axis was first introduced in -~ communication between the gut and the brain.
1980, following unexpected research findings that revealed Today, the idea has evolved into what is known as the

how hormones produced by the gastrointestinal endocrine  brain-gut-microbiota system—a more comprehensive
system could influence neurons and brain cells. In the  framework that reflects the intricate interactions between
decades since, this concept has been significantly  the central nervous system (CNS), the endocrine signaling
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pathways, the immune system, gut microbes, metabolic
processes, and the barrier functions of both the brain and
the gut.

The coordinated function of these systems is essential for
maintaining overall health. When this balance is disrupted, it
can contribute to a range of health issues, including mental
health disorders such as depression [1,2,8].

Neural signal networks in the brain-gut-microbiota
system are important and fast response routes, including
the enteric nervous system (ENS), vagus nerves and
spinal nerves. The ENS, which is also known as the “brain
in the gut” or “second brain,” controls the gut's external and
internal environment. The complex regulation of the ENS
serves a multifaceted role in modulating microbial
composition, microbiota-related metabolites,
neurotransmitter and immune signaling, and protection of
the intestinal barrier. Thus, bidirectional communication
between the CNS and ENS, as well as other signals, forms
part of the network for the brain—-gut-microbiota axis. The
vagal pathway has been repeatedly identified as the most
direct link for microflora signals to reach the brain. The
vagus nerve plays a dual role in the body. On one hand, it
helps regulate metabolic homeostasis and feeding
behavior, including controlling gastrointestinal motility and
secretion. On the other hand, it is actively involved in the
body's inflammatory responses, linking the brain, gut, and
other organs. Through its afferent and efferent pathways,
the vagus nerve detects inflammatory cytokines via pattern
recognition receptors such as toll-like receptors. The
afferent signals carry this information to the brain, where it
is processed. In response, the efferent arm of the vagus
nerve regulates immune activity by suppressing the release
of pro-inflammatory cytokines from the gut and other
organs. This bidirectional communication forms the basis of
the inflammatory reflex, a key mechanism in maintaining
immune balance. In addition, acetylcholine
receptors/ligands mediating the cholinergic anti-
inflammatory pathway via the vagus nerve have also been
proposed as an important immune modulator in the gut
microbiota that communicates with the brain [1, 2, 8, 9].

Depression is described as a common mental disorder
state, characterized by a continuous feeling of sadness and
apathy lasting at least two weeks, as a result of interactions
covering social, psychological, and biological factors, for
example, significant changes in life, family matters, chronic
health problems, or addiction. It is also a common cause of
disability and a cause of suicide death. According to WHO,
approximately 280 million people worldwide suffer from
major depressive disorder (MDD) every year, and more
than 700,000 people die from committing suicide. The data
described many factors that link this mental disorder with
the components of the intestinal microbiota, which was
confirmed by Naseribafrouei et al. They have shown that
the level of the Alistipes genus associated with inflammation
and Oscillibacter, which has valeric acid involved in is
associated with depression, was elevated in patients with
MDD [4].

Zhang et al. [12] showed, using a mouse model, that
microbiota dysbiosis was associated with greater intestinal
permeability and systemic inflammation. As a result of
endogenous melatonin reduction (EMR), the composition of
the mice microbiota changed and consisted of a decrease
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in the relative abundance of Bacteroidetes, an alteration of
the Firmicutes/Bacteroidetes ratio, and growth of the
relative abundance of Lactobacillus. The study also
revealed improved gut permeability (leaky gut) and
systemic inflammation in EMR mice [4,6].

The determination of short chain fatty acids (SCFAs)
content could be helpful in the analysis of the microbiota
composition by patients with MDD. The study concerning
the SCAFs profile conducted by Skonieczna-Zydecka et al.
on a group of 116 women aged 52.0 (+4.7) years, in which
40.52% of them recognized depression, revealed a lower
level of propionic acid and a higher content of isocaproic
acid compared to healthy subjects [12]. However, because
of the small sample size, it is not possible to definitively
conclude that SCAFs contribute to the depressive
phenotype. Research using animal models has
demonstrated a link between the composition of the
intestinal microbiota and behaviors or traits such as anxiety
and depression. Gan et al. showed changes in the behavior
of shy personalities of Mongolian gerbils (Meriones
unguiculates) after transplantation of the gut microbiota of
bold individuals. Shy gerbils often exhibited bold behavior
after “bold fecal microbiota” transplantation, suggesting the
association between the gut microbiota and the host's
personality [4,6].

Communication between the gut and the brain occurs in
both directions and utilizes multiple pathways, including
neural, endocrine, and immune systems. The microbiota
and their metabolites play a crucial role as modulators in
this gut-brain communication, giving rise to the concept of
the microbiota-gut-brain (MGB) axis. The role of the routes
involved in the MGB axis in depression has been well
delineated. The microbial composition and metabolites
change in MDD patients results in a disrupted homeostasis
of the gut microenvironment, affecting the function of the
gut epithelium and causing intestinal barrier dysfunction and
inflammatory  responses. The increased systemic
translocation of gut metabolites, microbial cell components,
or even the microbiota via the damaged intestinal barrier
(the “leaky gut’) heightens systemic inflammatory
responses (e.g., Th17/regulatory T cell (Th17/Treg)
imbalance, interleukin [IL]-6, IL-1B, and tumor necrosis
factor-alpha) that have been implicated in the pathogenesis
of depression. The ENS, referred to as the “second brain”,
has been reported to be involved in the development of
brain disorders. Abnormal ENS activity arising from
intestinal  pathology ~ aggravates  depression-related
pathological changes by altering gut secretion, immune
defenses, motility, and permeability. Besides the ENS, the
vagus nerve also plays an important role in transmitting
microbial signals from the gut to the brain in depression.
Preclinical studies have verified that subdiaphragmatic
vagotomy blocked the development of depression-like
behaviors in rodents after lipopolysaccharide (LPS) injection
or fecal microbiota transplantation from Chrna7 knock-out
mice with depression-like behaviors. In clinical, vagus nerve
stimulation has long been approved for treatment-resistant
depression. The microbial cell components, e.g., LPS
produced by gram-negative bacteria, and peripheral
inflammatory signals reach the brain by crossing the blood-
brain barrier resulting in neuroinflammation, subsequently
induce neuropathological changes through chronic
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activating specific cells, including synaptic defects,
demyelination, abnormal neurogenesis and
neurotransmitters release, that are involved in the
pathogenesis of depression. Microbial signals, pathological
neurobiological changes, and depressive emotions can
activate the hypothalamic-pituitary-adrenal axis, increasing
the synthesis and release of cortisol. As a part of the brain-
gut axis, excessive levels of cortisol promote gut pathology
by modulating intestinal barrier function and inflammatory
responses, resulting in a leaky gut; this process is a key
component of the MGB axis in depression. Beyond these
routes, various signal transduction systems and metabolic
pathways are also implicated in the MGB-based
pathogenesis of depression, such as the endocannabinoid
system, CAMKII-CREB and MAPK signaling, and
glycerophospholipid metabolism. Moreover, mitochondria
are reported to be potential key mediators of the gut
microbiota dysbiosis and depression relationship. The
various pathways involved in gut-brain bidirectional
communication create a complex network of mechanisms,
and their interactions make it challenging to study how gut
microbiota regulate depression [6,7,12].

In Kazakhstan, the association between gut microbiota
and heart failure, insulin resistance and cognitive functions,
including the association gut dysbiosis with Alzheimer's
disease, were investigated. However, researches related to
the influence of microbiota on anxiety and depression were
not covered. This issue is relevant throughout the world,
especially in Kazakhstan, because the Republic of
Kazakhstan has great potential for the development of such
investigations, taking into account the characteristics of the
national diet with the consumption of dairy products.

Materials and methods

A total of 100 patients were selected. Inclusion criteria:
Age over 18 years; Diagnosis of heart failure in accordance
with internationally recognized guidelines and class I-IV
according to NYHA, stage A-C according to the ACC/AHA
heart failure classification. Clinically stable condition and
optimally selected; drug therapy for CHF at least 4 weeks
ago in accordance with current recommendations; Consent
to participate in the study. Exclusion criteria: Age under 18
years; Refusal to undergo diagnostic procedures defined by
the study protocol; Terminal stage of CHF (stage D
according to ANA/ACC); Coronary or peripheral
revascularization procedures, valve procedures or any
major surgical procedure within 3 months prior to inclusion
in the study; Use of antibiotics, cytostatic therapy and pro-
or prebiotics less than 1 month before the baseline visit;
Oncological and autoimmune diseases (diseases of

connective tissue, intestines, skin, etc.). Any acute illness or
active infection; Individual intolerance to the nutrients taken
(probiotics); The presence of other anatomical or
concomitant diseases, or other medical, social or
psychological conditions that, in the opinion of the
investigator, may limit the ability of the subject to participate
in the clinical trial or to comply with the requirements of
follow-up, or affect the scientific validity of the results of the
clinical trial. Patients in both groups underwent a complete
ultrasound examination of the heart.

The main group received a probiotic, the comparison
group did not receive it. The multicomponent probiotic
contains strains of live lyophilized bifido- and lactobacilli
identical to human microflora, with high viability: resistant to
gastric juice, digestive enzymes and bile acids. These
strains are characterized by a high ability to adhere and
colonize on the intestinal mucosa, which creates optimal
conditions for the growth of normal microflora. Patients took
the probiotic in a sachet for three months before the survey,
one sachet twice a day before meals. The laboratory tests
were performed but not applicable in this study.

Patients were interviewed on four questionnaires.
Anxiety level was assessed on two tests: Beck Anxiety
Inventory (BAI) — this scale is a self-report measure of
anxiety and General Anxiety Disorder-7 (GAD-7) — this
initial screening tool for generalized anxiety disorder. The
level of depression was also assessed by two tests: Beck
Depression Inventory (BDI) - this self-report rating
inventory that measures characteristic attitudes and
symptoms of depression and Patient Health Questionnaire
(PHQ-9) this depression symptom scale. All
questionnaires are validated and widely used in medicine.

Ethics statement

This study was approved by the Local Ethics Committee
No. 2023/01-009.

Statistical analysis

As almost all were not normally distributed, non-parametric
Mann-Whitney U tests were used for between-group analyses.
The qualitative analysis was conducted by two groups, anxiety
and depression indicators were assessed in both groups, and
frequencies were compared using the chi-square tests:
Pearson chi-square, likelihood ratio, linear-by-linear association
and number of valid cases.

Results

Comparisons of groups were performed in both tables
using the Mann-Whitney test. As we can see in Table 1,
both groups are comparable according to the main criteria:
age, body mass index, ejection fraction, valve sizes.

Table 1.
Comparability of groups, comparisons of groups using the Mann-Whitney test.
Control group M+SD n=44 Study group M+SD n=97 p

age 57,48+14,76 58,24+12,09 0,815
BMI (kg/m2) 28,7645,24 30,4245,43 0,124
EF, % 54,17+8,61 46,62+11,06 0,001
MV 0,90+0,84 1,03+0,96 0,553
TV 1,19£0,94 0,81+0,91 0,012
Vmax TR 2,3540,21 1,92+0,79 0,315
PASP (mm.Hg) 33,51+15,34 29,17+8,40 0,353
AV 0,27+0,40 0,25+0,50 0,317
PV 0,13+0,27 0,05+0,22 0,021
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BMI - Body Mass Index, EF - ejection fraction, MV-
mitral valve, TV- tricuspid valve, Vmax TR - maximum
velocity of the blood flow during tricuspid regurgitation,
PASP-pulmonary artery systolic pressure, AV - aortic valve,
PV- pulmonary valve.

In table 2 comparisons of groups using the Mann-
Whitney test, with median-quartiles, the distribution differs
from the normal one due to the asymmetry, especially at the
expense of the last columns.

Table 2.
Comparisons of groups using the Mann-Whitney test, with median-quartiles.
Control group Me(Q1-Q3) n=44 Study group Me(Q1-Q3) n=97 p
EDV (ml) 81,00 (66,50-96,08) 116,00 (87,00-152,00) <0,001
Index. EDV (ml) 46,44 (39,64-51,60) 59,64 (46,51-78,89) <0,001
ESV (ml) 35,65 (25,70-43,35) 63,00 (36,30-94,10) <0,001
Index. ESV (ml) 20,25 (14,42-23,29) 34,75 (19,96-47,82) <0,001
EDD (cm) 4,50 (4,03-4,98) 5,20 (4,60-5,70) <0,001
Index. EDD (cm) | 2,54 (2,19-2,82) 2,69 (2,41-3,02) 0,024
ESD (cm) 3,15 (2,60-3,50) 4,10 (3,30-4,70) <0,001
Index. ESD (cm) | 1,75 (1,42-1,99) 2,06 (1,74-2,46) 0,001
LAV (ml) 55,55 (43,25-75,48) 74,00 (58,00-102,00) <0,001
Index. LAV (ml) 31,22 (25,00-39,43) 38,08 (29,87-53,62) 0,003
BAI 11,00 (6,00-22,00) 7,00 (3,00-12,00) 0,001
BDI 8,00 (4,00-13,50) 2,50 (0,00-8,00) <0,001
GAD-7 4,00 (0,00-6,00) 3,00 (0,00-6,00) 0,481
PHQ-9 6,00 (4,00-8,75) 6,00 (4,00-8,00) 0,869
Table 3. EDV - end-diastolic volume, Index. EDV - index end-
Qualitative analysis of the results of the BAI. diastolic volume, ESV - end-systolic volume, Index. ESV -
Control group Study group index end-systolic volume, EDD - end-diastolic diameter,
A6C. % A6C. % Index. EDD - index End-diastolic diameter, ESD - end
BAI | ,0 6 6% systolic diameter, Index. ESD — index end systolic diameter,
1,0 1 2% 3 3% LA V - left atrial volume, Index. LA V - index left atrial
2,0 1 20, 8 8% vqume,. BAI - Beck Anxiety Inventory, _BDI - Bgck
3.0 3 7% 14 14% Depression Inventory, GAD-7 - Generalized Anxiety
40 2 5% 5 5% Disorder and PHQ-9 Patient Health Questionnaire-9.
50 2 5% 5 5% As a result of statistical analysis, we obtained a statistical
6.0 3 7% 7 7% difference in the following parameters: end-diastolic volume,
70 3 7% 7 % mdex.end-dlastohc vqu_me, .end-.systollc \(olume, |nde?( enq-
8.0 3 9% systollc volume, enq-dlgstollc d@meter, index End-@astohc
9’0 2 5% 8 8% diameter, end systolic diameter, index end systolic diameter,
1’0 0 ] 2 5 29 left atrial volume, index left atrial volume, BAI, BDI. There was
1 1’ 0 1 90/“ 3 30/" no statistical difference between the studied groups on the
12’0 1 20/" 3 30/" PHQ-9 and GAD-7 scales.
’ 0 0 A qualitative analysis was conducted, where the results
13,0 2 5% 3 3% of depression and anxiety tests were selected as the
14,0 1 2% 1 1% analyzed features. Tables 3,5,7,9 provide a qualitative
15,0 1 2% 3 3% analysis of the analyzed features. The tables 4,6,8,10 show
16,0 1 2% 2 2% several chi-square tests of the analyzed features
17,0 2 5% 3 3% respectively.
18,0 1 2% 3 3% Table 4.
19,0 1 1% Chi-Square tests for BAI.
20,0 1 1% Value | df | Asymp. Sig.
21,0 1 2% (2-sided)
22,0 2 5% Pearson Chi-Square | 352212 | 31 0,275
23,0 4 9% 2 2% Likelihood Ratio 40,321 | 31 0,122
26,0 2 2% Linear-by-Linear 13,160 | 1 0,000
27,0 1 1% Association
29,0 1 2% N of Valid Cases 140
30,0 1 2% df - Degrees of Freedom, Asymp. Sig. (2-sided) -
32,0 1 2% Asymptotic Significance (2-sided). a - in this table have
33,0 1 2% expected count less than 5, and the minimum expected
35,0 1 1% countis 0,31.
51,0 1 2% There is a statistical difference between the studied

BAI - Beck Anxiety Inventory.
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Table 5. Qualitative analysis of the results of the BDI.

Table 8. Chi-Square tests for GAD-7.

Control group Study group Asymp. Sig.
A6e. | % | A6c.| % Value | df |75 sided)
BDI 0 2 5% 29 30% Pearson Chi-Square  [1,5442 |5 713
1,0 2 5% 7 % Likelihood Ratio 2600 5 ,633
2,0 2 5% 12 13% Linear-by-Linear
3,0 2 5% 8 8% Association 871 ;351
4,0 5 12% 3 3% N of Valid Cases 41
5,0 3 7% 3 3% df - Degrees of Freedom, Asymp. Sig. (2-sided) -
6,0 3 3% Asymptotic Significance (2-sided). a - in this table have
7,0 2 5% 5 5% expected count less than 5, and the minimum expected count
8,0 3 7% 6 6% is 0,31.
9,0 1 2% 3 3% According to the results of the calculations of the GAD-7
10,0 1 2% 3 3% scale, there is no statistical difference in the groups.
11,0 3 72/" 1 12/" Table 9. Qualitative analysis of the results of the PHQ-9.
12,0 2 5% 1 1% Control group Study group
130 | 3 | Th AGe. | % | Abc. | %
14,0 1 2% 2 2% PHQ-9 0 2 2%
15,0 2 5% 3 3% 1 K 2% | 2 2%
16,0 1 2% 2 2% 2’0 3 7% 19 9%
70 | 1 | 2% | 1 1% 30 |5 1% [ 4 | 4%
9 ,
18,0 1 1% 40 |7 16% | 8 8%
190 | 2 | S |1 1% 50 |4 9% |14 | 15%
ggg 1 102 60 |8 18% | 15 16%
24’0 7 2% 70 |2 5% | 16 17%
26,0 1 2% 80 |3 % | 1 1%
2910 1 2% 90 |5 1% | 8 8%
BDI - Beck Depression Inventory. 100 | 2 5:/" 2 2%
Table 6. Chi-Square tests for BDI. 1,0 | 2 5%
Value | df | Asymp. Sig. (2-sided) 12,0 1 1%
Pearson Chi-Square | 40,8612 | 24 0,017 130 | 1 2% | 1 1%
Likelihood Ratio 44,339 | 24 0,007 1‘;8 1 1;0
Linear-by-Linear ) °
Associatiyon 15,703 | 1 0,000 17,0 | 1 2%
N of Valid Cases 137 18,0 1 1%
df - Degrees of Freedom, Asymp. Sig. (2-sided) - Asymptotic ~ PHQ-9 — Patient Health Questionnaire-9.
Significance (2-sided). a — in this table have expected count Table 10. Chi-Square tests for PHQ-9.
less than 5, and the minimum expected count is 0,30. Asymp. Sig.
There is a statistical difference between the studied groups Value | df (2-sided)
on the scale BDI. - a
Table 7. Qualitative analysis of the results of the GAD - 7. Eitli?erlisr? (T Oghl:l{;?; are ;g;g? 1; 8?%
Control group Study group Linear-by-Linear : :
Abc. % Abc. % Association 0,020 [1 10,888
GAD-T | 0 L 12 | 27% | 26 | 27% N of Valid Cases 140
0, 0,
;8 2 ;02 173 173& df - Degrees of Freedom, Asymp. Sig. (2-sided) - Asymptotic
3’ 0 1 2% 5 % Significance (2-sided).. a- in this table have 'expected count
4’ 0 3 7 10 10% less than 5, and the minimum expected count is 0,31.
=0 1 5 1 4°°/ 7 70/° According to the results of the calculations of the PHQ-9
6, 0 3 T 0/0 1 1 0; scale, there is no statistical difference in the groups.
d = = From the tables above we can judge the statistically
7,0 2 5 0/° / / o/° significant difference between the anxiety and depression levels
8,0 1 2% 2 2% in the probiotic groups and the control group. The p-value is less
9,0 3 1% 2 2% than 0,05 when comparing the groups between themselves on
10,0 1 2% 2 2% the scales: BAI, BDI, GAD-7. The result of comparison on the
0] 1 2% 1 1% PHQ-9 scale is very different, because there is no statistical
12,0 2 2% difference.
13,0 2% Discussion
160 | 1 2% In this research, both groups were studied, selected
18,0 1 1% according to the inclusion and exclusion criteria, which were

GAD-7 - General Anxiety Disorder Questionnaire — 7.
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comparable in terms of the main indicators. A survey was
conducted on anxiety and depression scales, ultrasound
examination of the heart. According to the results of the
study, a statistically significant difference was revealed in
some indicators of ultrasound examination of the heart and
the results of the BAI and BDI. An unexpected result was
the absence of a statistical difference in the GAD-7 and
PHQ-9 scales. The results of statistical analysis according
to the Mann-Whitney and chi-square criteria were correlated
with each other.

The results of the study confirm the fact of the influence
of gut microbiota on mental health, specifically on the levels
of anxiety and depression. The lack of correlation between
the BAI and BDI scales and the GAD-7 and PHQ-9 require
further research, probably the PHQ-9 and GAD-7 scales are
more concise and less detailed than the BDI and BAI
scales. The identified difference in some indicators of
ultrasound of the heart also requires further research in the
direction of the influence of gut microbiota on heart failure.
In general, the study conducted on the Kazakhstani
population is quite ambiguous in its results and deserves
the attention of the scientific community.

Extensive research has highlighted disturbances in
intestinal microbiota and metabolites in depression [3,11].
Traditional treatments targeting neurotransmitter reuptake have
demonstrated limited efficacy, prompting the exploration of
novel mechanisms focusing on the gut-brain axis. One study
provides compelling evidence for a mechanism of depression
involving altered gut microbiota leading to depleted
catecholamine neurotransmitter metabolites. The substrates of
HVA were tyrosinecontaining compounds, and tyrosine-rich
foods such as lean meat, fish, dairy products, and nuts had the
mood-regulating effects [12].

The purpose of this work was to enhance our
understanding of the role of microbiota and nutrition in the
communication between the intestine and the brain. The
vast array of microbes residing in and on the human body
appears to influence mental health and disease by affecting
this communication pathway [5,10]. Clinical studies suggest
that the diversity and richness of microbiota contribute to
resilience, helping to maintain a balanced microbial
composition that may facilitate effective interactions
between the gut and the brain. Additionally, the potential
benefits of probiotics, prebiotics, and psychobiotics in
influencing brain function are indicated by both preclinical
and clinical research. Nutrition may play a role in supporting
microbial balance and influencing the gut-brain axis as it
relates to mood and cognition. However, establishing direct
correlations  between these observations remains
challenging due to the complex nature of psychiatric
disorders and the variability of individual microbial profiles.
Future extensive clinical trials in humans could provide
valuable insights into the potential for microbiota-based
approaches in the treatment and prevention of psychiatric
disorders, possibly offering alternatives to traditional
pharmacological methods [3].

Dietary interventions targeting the gut microbiota to
alleviate depression and improve mental health offer
promising therapeutic avenues. Further clinical studies are
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needed to confirm the therapeutic effect of dietary
interventions targeting the gut microbiota. And the
development of reliable, individualized treatment strategies
for mental disorders is also needed [3].
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