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O0X 618.146-006.6-084:615.371
Kaxkcpioek E.O., Kakcbioek K. .H., Taeyxan P.T.

«OnTycrik Kazakcran menunmna akagemusicb» AK, llleimkent, Kazakcran

HPV BAKIHUHAIIUACBIHBIH IPKIJIICTIJIIT'T MEH KABBLJITAHYbI
BOMBIHIIA ’KARAHJBIK 3EPTTEY TEHJIEHIUSIAPBHI: 10 ) KBIJIJIBIK
BUBJIUOMETPUSJIBIK TAJIJAY (2015-2024)

Anoamna

Kipicne. Aoam nanunnomasupyceina (HPV) xapcol Bakyunayus scamolp MoiiHbl 06bIpbIHbLY
anovik anyovly ey MmuiMoi cmpamecusiapblHuly 0ipi 6oavin Kana bepedi. Anatioa, 8akyuHayusaa
Kamvlcmvl  eKIYUmolivlK OYKil a7eM  OOUbIHUWA XAAbIKMbL  HCAH-JICAKMbL  KaMmyaa Kedepei
keamipyoe. bByn 3epmmey HPV  saxyunayusaceina xamsicmel ocahanovix 3epmmeynepoin
wewimcizoik meHOeHYUsIapblHa OubIuOMempusiibl maaday scacaovl. Onoa dcemexuii enoep,
UHCIUMYmMmap, JHCYPHaIoap, dasmopiap, bIHMbIMAKMACMbIK JHCIHE 0dUeKCOo3 Mooenboepi
AHBLIKMANObL.

Qoicmep men mamepuanoap. Jlepexmep 2015-2024 ocvinoapoazur \Web of Science (WoS)
oepexkopvinan dcunanovt. "HPV eaxyunayuscel” ocone ("saxyunaza xamoicmol wemimcizoix”
Hemece “‘eaxyunanvt Kabwvioay'") kinm ce30epi Koadawwiovl. beneini 6ip kpumepuiinepoi
KonoaneanHaH Ketiin 443 bacvinivim mandanovl. Byn Haomuoicenep vl catlblHebl HCAPUSIAHBIMOAD
CAHbIHbIH AUMAPALIKMALl 6C)Y MEeHOeHYUACbIH Kopcemeo.

Hoamuoicenep. Opmawa mani scoinoina 11,5 maxananol kypaow: (p < 0,001, R2 = 0,926). byx
ocin Kene dcamkan cau JleHcaynvlk cakmay dcyuieci, aneymMemmix Kbl3Memmep HCoHe YAMmmblk
OeHCaynvblK — CaKkmay — UHCIMUmymmapbl — MAapanvlHaH — MAaKcammul — KAPHCbLIAHObIDY — MeH
cmpame2usnblK bacmamanapoviy Kascemminiein xkepcemedi. HPV eaxyunayuscvina xamwvicmor
wewimMcizoikmi JHcor yulin wapanap Kaovinoay xaxcem. Amepuxka Kypama LlImammaper 6apavix
bacuLibiMOapobiy dHcapmoiculna KHeyvigbin Kypatiovl (49,2%). Ooan ketiin Kvimaii (9,9%), @panyus
(5,6%), Kanaoa (5,2%) oacone Anenus (5,0%) 60n0vi. Fouivimu 3epmmeyiepoe madwvlcobl HcoOapbl
enoep bacvim 601061. Anauda, Lllseyus men Oymycmik Agpuxa xanelx nem dHcaanvl ki 6HIMOI
(KIB) eckepe omuvipvin, nponopyuoraidvl emec yiec Kocmol. bacviibimoapoviy xenwiiniei
mynnycka makanaiap o6onovl (85,6%). Lllony makananapol 6acmanksl 3epmmeynepze Kapaganoa
(meduana = 11,5, ouanazon: 1-279) aiimapivikmaii xen 0atlekco3 andvl (Meouana = 6, OUANA30H.!

1-756) (p = 0,001). XKemexwi scypnaroap Human Vaccines Immunotherapeutics (N = 51), Vaccine
2
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(N = 45), Vaccines (N = 39), BMC Public Health (N = 21) awcone PLOS ONE (n = 13) 601001.
beneini unemumymmapowiy kamapwina Texac ynusepcumeminiy scytieci (N = 28) owcone Unouana
yrusepcumeminiy xcyueci (N = 21) kipeodi. Heeizei Kaporcolianowipy vivimoaper AKIL /lencaynvix
cakmay oicone xanvikka kvizmem kepcemy oenapmamenmi (N = 71) owcone ynmmoix Oencayivik
cakmay uncmumymot (N = 64) 6on0v1. En orcemicmi asmopnap [Jemncu a.¢h. (N = 10), Bepeep n. (N
= 9) owcone 3umem I. (N = 9) 60n0bi. Xarvikapaivik bIHMBIMAKMACMBIK —JHCENLNEPIH
suzyanuzayusnay AKI nen Eypona endepiniy 6acmoul opviHea ue exendicin kepcemmi. Tabvicol
MeMeH JHcaHe opmauia enoep as 6010bl.

Kopvimuinowvt.  bipikmipineen oyn nomuocenep HPV  sakyunayuscoeina  xamoicmeol
WewiMCi30iK apmuin Kejle HCAMKAHBIH HCIHe MabblCbl HCO2apbl eloep KonmezeH 0acvliblMoapobl
YCbIHbIN, ONApMEeH  bIHMbLIMAKMACAMbIHbIH —~ Kopcemeodi. Tabvicbl momen dwcone opmauia
auMaKkmapoagsl bIHMLIMAKMACMbIK NeH 3epmmey  21eyemin Huvleaumy Oykin anemoe HPV
BAKYUHAYUACHIMEH KAMMYObl APMMBIPY HCONbIHOALL MAHbL30bL KAOAM O0NbIN Kana bepeoi.

Tyiiin co30ep: bubnuomempus;, oamvizan enoep; adam nAnuiioMasupycmapsl; Bakyunayus;

BAKYUHAYUARA KAMBICMbL UEeUIMCI30IK;

Kakcpi0ek E.O., Kakcbioek K. H., Taeyxan P.T.

AO «Oxno-Kazaxcranckas meguiHckas akageMus», lIsiMkenT, Kaszaxcran

'IOBAJIBHBIE UCCJIEJOBATEJBCKHUE TEHAEHIIMUU B OTHOLLEHUA
MNPEPBIBUCTOCTHU U MNPUEMJIEMOCTHU BAKIIUHALIUUA ITPOTHUB BIIY: 10-
JETHUW BUBJINOMETPUYECKU AHAJIN3 (2015-2024)

Annomauusn

Beeoenue. Baxyunayus npomus eupyca nanuiniomwvl yenosexa (BIIY) ocmaemcs oonotl u3s
Haubonee dpexmusnvix cmpamezuii  npogunakmuxku  paka —welku mamku. OOHAKO
HepeuumenbHoOCmb 8 OMHOWEHUU BAKYUHAYUU NO-NPENHCHEMY HNPEnsimcmeyem 6cecmopoHHeMy
oxeamy HaceleHusi 80 6cem mupe. B smom ucciredosanuu Ovln npogeder OUOIUOMEMPUUECKUL
aHanusz meHoeHyull 2100aNbHbIX UCCIe008AHUU 8 001ACMU HepeuumerbHoCmu 8 OMHOUEHUU
sakyunayuu npomus BIIY. B nem Ovinu onpedenenvl edywue cmpanvl, UHCIMUMYMbl, HCYPHAb,
asmopwl, a maxace Mooeau COmpyOHU4ecmaa U YumuposaHus.

Memoowvt u mamepuan. /lanusie Ovliu coopansl uz dazvl danuwvix Web of Science (WoS) 3a
2015-2024 200v1. Hcnonvzosanuce Kuouegvle cnoeéa  ‘Baxyuwayus npomus BII4” U

L3 » [z »”
( HepeutumelbHocmb 6 OMHOWEHUU 6AKYUHbL ujin npuHAmMue 6aKyuHbl ) Ilocne NPpUMEHREHUA
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onpeoeneHHbIX Kpumepueg OblIO NPOAHAIU3UPOBaHO 443  nyOnukayuu. Omu  pe3yiomamol
VKA3bI8AI0M HA 3HAYUMETbHYI0 MEHOEHYUIO K YEeIUYEeHUI0 KOIUYeCMEa ence200HbIX nyOIuKayuil.

Pezynomamut. Cpeonee 3nauenue cocmasuno 11,5 cmameii 6 200 (p < 0,001, R2 = 0,926).
Omo  pacmywee uyucio noouepkusaem - HeoOOXOOUMOCMb  UYeneo2o  (DUHAHCUPOBAHUS U
cmpame2udeckux UHUYUAMUE cO CMOPOHbL CUCEeMbl 30PAB00XPAHEHUsl, COUUANbHBIX CIYIHCO U
Hayuonanvnvix uncmumymog 30pagooxpanenus. Heobxooumo npunsms mepvl 01a yCMpaHeHus
HepewumenbHocmu 6 omHoweHuu eakyunayuu npomus BIIY. Ha Coeounennvie [llmameor
npuxooumcs noumu nonosuna ecex nyonuxayutl (49,2%). 3a numu nocneoosanru Kumaii (9,9%),
@panyua (5,6%), Kanaoa (5,2%) u Awnenua (5,0%). B Hayunwix ucciedoganusx npeodiradanu
cmpanvl ¢ 8blCOKUM  ypoehem 0oxoda. Qomaxo Ileeyus u Focnas Agpuxa eneciu
HENnponopYUOHAIbHO OOILULOL 6KIAO C YUEMOM YUCTIeHHOCMU HACEeNeHUs U 84108020 GHYMPEHHE2O
npooykma (BBII). Bonvwuncmgo nyoruxayuii Obliu OpuSUHAIbHLIMU cmambamu  (85,6%).
Ob630pHbie cmamobu NOAYYUIU 3HAYUMENbHO bobue yumam (meduana = 11,5, ouanaszon: 1-279),
yem OpucUHAlbhble UCCLed08aHuss (Meduana = 6, ouanaszon: 1-7156) (p = 0,001). Beoywumu
acyprnanamu cmaau Human Vaccines Immunotherapeutics (n = 51), Vaccine (n = 45), Vaccines (n
= 39), BMC Public Health (n = 21) u PLOS ONE (n = 13). Cpedu uzsecmuuix uncmumymos -
cucmema Texacckoeo ynusepcumema (n = 28) u cucmema yHusepcumema Hnouanvr (n = 21).
Ocnogubimu  Qunancupyrowumu opeanusayusmu oviiu  Munucmepcemeo 30pagooxpaneHus u
coyuanvuvix cayoco CLHIA (n = 71) u Hayuonanonwiti uncmumym 30pagooxpanenus (n = 64).
Camvimu nnodosumsimu agmopamu oviau Jemncu A.@. (n = 10), Bepocep I1. (n = 9) u 3umem I
(n = 9). Buzyanuzayus medxncoynapoouvix cemeti compyoHuuecmea nokaszana, umo CILIA u
egponelickue cmpausl 3aHumarom yeumpaivhoe mecmo. Cmpanvl ¢ HUBKUM U CPEOHUM YPOBHEM
00x00a OblLIU HEOONPEeOCMAaBIeHbL.

3akniouenue. B cogokynHocmu smu pe3yibmamul N0O4YepKUarom, Yymo HepeuumenbHOChb 8
omuoweHuy eakyunayuu npomus BIIY pacmem, u cmpaHvl ¢ 6bICOKUM YPOBHEM 00X00A
npeoocmasnaiom  OONbUWUHCMBO — NYOIUKAYUl U COMPYOHUYAOmM ¢ HUMU. Ykpennenue
COmMpPYOHUYeCmea U UCCIe008amenbcKoe0 NOMEHYUANd 8 PECUOHAX C HUBKUM U CDEOHUM YPOBHEM
00X00a 0CMAemcsl 8ANCHLIM UWA2OM HA NYMU K NOblUeHUI0 oxeama eakyunayuetl npomus BITY 6o
gcem mupe.

Knrwoueswvie cnosa: bubnuomempus; Pazsumovie cmpansl, Bupycer nanuniomsr yenosexa,

BakuuHauuﬂ; HepemumeﬂbHocmb 6 OMHOUleHUU eaKkyuHayuu,

Zhaksybek E. A., Zhaksybek Zh. N., Tleuzhan R. T.
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JSC «South Kazakhstan medical academy», Shymkent, Kazakhstan

GLOBAL RESEARCH TRENDS ON HPV VACCINATION HESITANCY AND
ACCEPTANCE: A 10-YEAR BIBLIOMETRIC ANALYSIS (2015-2024)

Abstract

Introduction. Vaccination against human papillomavirus (HPV) remains one of the most
effective strategies for preventing cervical cancer. However, vaccine hesitancy continues to impede
comprehensive population coverage globally. This study conducted a bibliometric analysis of
global research trends in HPV vaccination hesitancy. It identified the leading countries,
institutions, journals, authors, and patterns of collaboration and citation.

Methods and materials. Data were collected from the Web of Science (WoS) database for
2015-2024. The keywords used were “HPV vaccination” AND (“vaccine hesitancy” OR “vaccine
acceptance”). After applying certain criteria, 443 publications were analyzed. These results
indicate a significant upward trend in the number of annual publications.

Results. The average was 11.5 articles per year (p < 0.001, R2 = 0.926). This growing
number underscores the need for targeted funding and strategic initiatives from the health system,
social services, and the National Institutes of Health. Action is needed to address the hesitancy
regarding HPV vaccination. The United States accounted for nearly half of all publications
(49.2%). China (9.9%), France (5.6%), Canada (5.2%), and England (5.0%) followed. High-
income countries dominated research output. However, Sweden and South Africa made
disproportionately high contributions when adjusted for population and gross domestic product
(GDP). Most publications were original articles (85.6%). Review articles received significantly
more citations (median = 11.5, range: 1-279) than original studies (median = 6, range: 1-756) (p
= 0.001). The leading journals were Human Vaccines Immunotherapeutics (n = 51), Vaccine (n =
45), Vaccines (n = 39), BMC Public Health (n = 21), and PLOS ONE (n = 13). Prominent
institutions included the University of Texas System (n = 28) and Indiana University System (n =
21). The main funding bodies were the US Department of Health and Human Services (n = 71) and
the NIH (n = 64). The most prolific authors were Dempsey AF (n = 10), Verger P (n = 9), and
Zimet G (n = 9). Visualization of international collaboration networks showed the US and
European countries in central positions. Low- and middle-income countries were underrepresented.

Conclusion. Together, these findings underscore that research on HPV vaccine hesitancy is

rising, with high-income countries contributing the majority of publications and collaborations.
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Enhancing collaboration and research capacity in low- and middle-income regions remains a
crucial step toward improving HPV vaccination uptake worldwide.
Keywords: Bibliometrics; Developed Countries; Human Papillomavirus Viruses;

Vaccination; Vaccination Hesitancy;

Introduction

Human papillomavirus (HPV) is one of the most common infections worldwide, with a high
global incidence. Malignancy prevention programs can also be carried out at the primary prevention
level. This has become possible since the recent introduction of vaccines against this virus, which is
estimated to cause 100% of cervical cancer cases [1]. Despite the clinical efficacy and safety of
vaccines, many countries still have low population coverage. This is attributed to factors including a
lack of awareness, misinformation, various cultural and religious barriers, and distrust of the
healthcare system [2]

In 2019, the World Health Organization ranked hesitancy to vaccinate as one of the ten global
threats to public health [3]

Bibliometric analysis offers a quantitative approach for evaluating global research trends and
their impact across various disciplines. It helps identify the main structure of scientific cooperation,
leading authors, top scientific organizations, journals, and general progress in this field. This is done
by examining the citation structure. Bibliometric analysis is useful for evaluating academic results,
analyzing the impact of specific studies, and determining research funding direction. The
information obtained by bibliometric analysis can contribute to evidence-based policy development
by identifying gaps and areas for further research. It also enables scientists and educational
organizations to enhance their planning processes and increase recognition and influence in their
research [4,5]

Previous bibliometric analyses have examined decision-making regarding HPV vaccination,
with the most recent study covering the period from 2013 to 2022.6 The present study extends this
scope by specifically aiming to identify global research trends related to HPV vaccination hesitancy
through an analysis of authorship and citation structures over a longer period. The study seeks to
clarify how research output, collaboration, and influence have evolved in this area.

The specific objectives of this study are to (1) assess the global distribution and impact of
research outputs on HPV vaccination hesitancy, (2) evaluate the influence of countries and journals
in this field, and (3) analyze scientific achievements to inform future research and policy directions.

Material and methods
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Data source and search strategy

Data were collected from the Web of Science (WoS) database, which provides extensive
citation resources and high-quality publications. The bibliometric analysis utilized Medical Subject
Headings (MeSH) terms, specifically the phrase "HPV vaccination™ AND (*vaccine hesitancy” OR
"vaccine acceptance").

The study covered the time period from 2015 to 2024.

As a result of the analysis, 593 publications were found, and the methodology was applied
using predefined inclusion and exclusion criteria. Publications not in English, early access
materials, and other types of publications were excluded from the analysis. The exclusion of early
access materials was based on the need to assess fully peer-reviewed and finalized studies, ensuring
consistency and reliability in the data analysis process. This decision, along with language criteria,
was made to enhance reproducibility and reduce the potential for bias. Recognizing the possibility
of selection bias due to these criteria, efforts were made to ensure a clear and reproducible dataset,
aligning with best practices in scientometric analysis. After applying the criteria, 443 publications
were found suitable for bibliometric analysis. VOSviewer software was used to visualize the data.
Detailed information is shown in Fig.1.

Data analysis

The total number of publications, the year of publication, the country of the journal/publisher,
the number of citations, and the sources of publications were recorded. All publications were
categorized according to the categories of the journal index (SSCI, SCIE, and ESCI) and their
corresponding quartiles (Q1 to Q4). JlanHble 0 YUCIEHHOCTH HACECICHHUS M BHYTPEHHETO BaJIOBOTO
MpPOAYKTa CTpaH ObUIM MOJY4YeHbl W3 OOILIEAOCTYNHBIX JaHHbIX BcemupHoro OaHka
(“https://www.cia.gov/the-world-factbook/field/population/country-
comparison/’and ‘https://www.cia.gov/the-world-factbook/field/real-gdp-purchasing-power-
parity/country-comparison/”’). Based on these data, the top 20 countries were recognized as the most
active countries. The total number of citations in each country and the average number of citations
were calculated. According to the World Bank classification, all countries were divided into four
income levels: low-income, lower-middle-income, upper-middle-income, and high-income
countries  (https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-
and-region.html).

The contribution of the most active countries was calculated based on the ratio of the number

of publications from each country to the total number of publications.
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The five leading journals and the five most active countries were identified. Additionally, the
five leading journals from the five most active countries, the five leading funding organizations, and
the five most prominent authors were identified. Frequently used keywords were extracted from the
Web of Science and analyzed using VOSviewer (version 1.6.20). The graphic image was created
based on data on co-authorship between countries, the number of co-authors among authors, and
keyword matching networks. VOSviewer maps were performed by grouping countries, authors, and
keywords based on the number of publications. The thickness of the line between the elements
reflects the relative strength of the bond. The thicker the line, the stronger the bond. Individual links
were highlighted by marking color schemes.

Statistical analysis

Descriptive statistics were applied. Results were presented as counts (n), percentages (%),
medians, and minimum and maximum values. The Shapiro-Wilk test assessed data normality.
Linear regression analysis was used to evaluate trends in annual publication counts, providing an
overview of research growth. The average number of citations was also recorded.

Results:

Figure 2 illustrates that the number of publications is increasing annually, reaching a peak in
2024. A linear regression analysis was conducted to assess the publication trend over the years. The
results demonstrated a consistent upward trajectory, with an average annual increase of 11.5
publications. The model showed statistical significance (p < 0.001) and explained approximately
92.6% of the variation in publication counts (R? = 0.926).

In total, the publications were published in 80 countries.

The 80 countries were classified into the following income categories according to the World
Bank: 8 lower-income countries, 18 lower-middle-income countries, 15 upper-middle-income

countries, and 38 high-income countries.
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Figure 1 Selection process flowchart
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Figure 2 Publication count by year
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article may be assigned to multiple countries based on author affiliations., While three main active
countries were upper-middle-income, 14 had high-income countries, 2 countries fell into the lower-

middle-income category, and 1 country had a low income (Fig. 3).
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Figure 3 Publication counts of main active countries
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Regarding document types, 379 (85.6%) publications were original articles. The average
number of citations for articles and reviews was 6 (minimum = 1; maximum = 756) and 11,5
(minimum = 1; maximum = 279), respectively. Reviews were cited significantly more often than
original articles (p = 0.001).

The median number of authors was 6 (1-46).

All 166 journals were indexed in SCIE and/or SSCI. Specifically, 51.2% (n = 85) of the
journals were indexed solely in SSCI, 37.3% (n = 62) were indexed in both SSCI and SCIE, 69.9%
(n = 116) were exclusively indexed in SCIE, and 15.7% (n = 26) were indexed in ESCI.

The quartile distribution of journals indexed in SCIE and/or SSCI and ESCI was as follows:
101 Q1 journals (60.8%), 38 Q2 journals (22,3%), 22 Q3 journals (13.3%), and 5 Q4 journals (3%).

The median number of citations for articles indexed in SCIE and/or SSCI was 8 (min = 1;
max = 777), while for articles indexed in ESCI, it was 6 (min = 1; max = 69).

The contribution rate of the five most active countries has varied annually in recent years.
The US share of contributions ranged from 41.0% to 87.7%, China's share ranged from 2.9% to
25%, France's share ranged from 3.0% to 12.5%, and England's share ranged from 2.9% to 28.6%
(Table 1).

Table 1 Contribution rate of top five countries over the years
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Top 5 countries

Year USA China France Canada | England
s (%%) (%%) (%9) (%9) (%%)
2015 (85.7) (14.3) n/a 1(14.3) 2 (28.6)
2016 (50) (25) 1(12.5) n/a n/a
2017 (77.8) n/a 1(11.1) n/a 1(11.1)
2018 (57.1) (4.8) 1(4.8) 2 (9.5) n/a
2019 (58.8) (2.9 4 (11.8) 2(5.9) 1(2.9)
2020 (42.9) (5.7) 3(8.6) 1(2.9) 2 (5.7)
2021 (48.1) 3(5.8) 5(9.6) 2(3.8) 5 (9.6)
2022 (46.5) 6 (7.0) 4 (4.7) 5(5.8) 5(5.8)
2023 (52.7) 9(9.9) 3(3.3) 5(5.5) 3(3.3)
2024 (42) 19 (19.0) 3(3.0) 4 (4.0) 3(3.0)

Notes: ® Row Percentage

A map illustrating international cooperation has been

involved in this effort. Publications with multiple co-authors from more than 25 countries were
excluded, and the minimum number of publications and citations was 3 and 30, respectively. As a

result, 35 countries met these criteria. The analysis was based on the number of publications. The

created to visualize the countries

size of the circles on the index corresponds to the number of publications (Fig. 4).

Figure 4 Corresponding countries
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The United States accounted for 49.2% of the publications, followed by China (9.93%),
France (5.64%), Canada (5.19%), and the United Kingdom (4.96%). The average number of
citations per publication was highest in Canada (87.86), followed by France (36.12), Sweden
(34.73), South Africa (32.76), and Australia (27.21)

The count of publications per million population and GDP was analyzed. Sweden (1.42),
Belgium (0.68), and the USA (0.65) had the highest rates. According to the GDP analysis, the top
three positions were held by Sweden (22.56%), South Africa (13.86%), and Belgium (10.57%),
taking the top three spots (Table 2).

Table 2 Contribution of most active countries

n (%) n n° Total citations Average

citations
us 218 (49.2) 0.65 8.73 4410 20.22
China 44 (9.93) 0.03 1.41 1003 22.79
France 25 (5.64) 0.37 6.6 903 36.12
Canada 23(5.19) 0.57 10.26 2021 87.86

England 22(4.96) 0.32 5.9 1254 57

Japan 17 (3.83) 0.14 2.96 301 17.70
South Africa | 17 (3.83) 0.27 13.86 557 32.76
Sweden 15 (3.38) 1.42 22.56 521 34.73
Australia | 14 (3.16) 0.53 8.82 381 27.21
South Korea | 12 (2.7) 0.23 4.59 152 12.66
Italy 11 (2.48) 0.19 35 263 23.90
Saudi Arabia | 11 (2.48) 0.33 3.01 101 9.18
Germany 9 (2.03) 0.11 1.7 142 15.77
India 9 (2.03) 0.01 0.68 49 5.44

Belgium 8(1.8) 0.68 10.57 158 19.75

Nigeria 8 (1.8) 0.04 6.27 122 15.25
Spain 8(1.8) 0.17 3.51 112 14

Denmark 7 (1.58) 1.18 16.33 174 24.85

Malaysia 7 (1.58) 0.20 6.07 86 12.28
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Ethiopia 6 (1.35) 0.05 16.92 67 11,16

Notes: n® number of articles per million population

n° number of articles per $ 100 billion gross domestic product

The US’s highest contributions were to Human Vaccines Immunotherapeutics (28
publications), Vaccine (26), Vaccines (25), BMC Public Health (10), and PLOS ONE (8). China’s
highest contributions were to Human Vaccines Immunotherapeutics (11 publications) and BMC
Public Health (5). France's contributions were to Vaccine (63 publications), Human Vaccines and
Immunotherapeutics (4), and the European Journal of Health and the Frontiers of Public Health
(each journal with two publications). Canada’s highest contributions were to the Vaccine (each

journal by two publications). England’s contributions were to Human Vaccines

Immunotherapeutics and Vaccine (by 5 publications), BMC Public Health, and Vaccines (2
publications each) (Table 3).

Table 3 Top five journals for the five most active countries

Rank uUs (n) China (n) France (n) Canada (n) England (n)
1 Human Human Vaccines Vaccine Vaccine Human Vaccines
Vaccines Immunotherape (6) 4) Immunotherapeutic
Immunothera utics S
peutics (11) 5)
(28)
2 Vaccine Bmc Public Human Bmc Public Vaccine
(26) Health Vaccines Health (2) (5)
(5) Immunothera
peutics
(4)
3 Vaccines Vaccines European Human Bmc Public Health
(25) (3) Journal Of Vaccines 2
Public Health | Immunotherap
2 eutics (2)
4 Bmc Public | Cancer Control | Frontiers In | Annual Review Vaccines
Health (10) (2) Public Health Of Public @)
(2) Health
1)
5 Plos One Frontiers In  Annual Review | Bmc Family | Acta Psychologica
(8) Public Health Of Public Practice (@8]
(2) Health Q)
(1)
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Notes: n number of articles per million population

The top five journals, ranked by article count, were: Human Vaccines Immunotherapeutics (n
= 51), Vaccine (n = 45), Vaccines (n = 39), BMC Public Health (n = 21), and PLOS ONE (n = 13).
The US-led contributions in Human Vaccines Immunotherapeutics (28 publications). England had
the highest number of publications in Vaccine (5). The top five leading countries and journals are
shown in Table 4. The US published in 87 journals, China in 25, Canada in 19, France in 16, and

England in 12.

Table 4 Top five active countries in the five most active journals

Rank| Vaccines (n) Human Vaccin Vaccine (n)| Bmc Public Heg Plos One (n)
Immunotherapsg (n)
s (n)
1 US (25) US (28) US (26) US (10) US (8)
2 Australia (4) China (11) France (6) China (5) South Korea (2)
3 South Africa (4) | England (5) England (5) Canada (2) Argentina (1)
4 Italy (3) France(4) Canada (4) England (2) Australia (1)
5 China (3) Malaysia (3) | Denmark (4) Sweden (2) Brazil (1)

The institutions with the highest number of publications were the University of Texas System
(n = 28), Indiana University System (n = 21), and the University of California System (n = 19)
(Table 5).

Table 5 Top five institutions in terms of publication

Institution Count
University Of Texas System 28
Indiana University System 21
University Of California System 19
University Of London 18
Institut National De La Sante Et De La Recherche Medicale Inserm 16
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Among the funding organizations, the US Department of Health and Human Services (n =
71), National Institutes of Health (NIH) US (n = 64), and National Cancer Institute NIH (n = 37)
were the leading organizations (Table 6).

Table 6 Top five funding organizations by number of articles

Funding Organization Count
United States Department Of Health Human Services 71
National Institutes Of Health Nih Usa 64
Nih National Cancer Institute Nci 37
Centers For Disease Control Prevention Usa 11
Medical Research Council Uk Mrc 9

Prolific authors in this field included Dempsey AF (n = 10), Verger P (n = 9), and Zimet G (n
=9) (Table 7).

Table 7 Top ten prolific authors in the field

Author Count

[HEN
o

Dempsey AF

Verger P

Zimet G

Zimet GD

Peretti-watel P

Bednarczyk RA

Cooper S

LiJ

Ueda Y

OO OO NN ©| oo

Wiysonge CS

In our research, the most common fields were Immunology (n = 172), Public Environmental
and Occupational Health (n = 126), Research in Experimental Medicine (n = 114), Applied
Microbiology (n = 54), and General Medicine (n = 37) (Fig.5): The co-authorship network and

keyword visualization maps are shown in Figs. 6,7, and 8.
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Figure 5 The top 5 research areas of the journals
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Cluster 1 (9 items): Hungary, Jordan, Kenya, Saudi Arabia, Spain, Sweden, Switzerland,
United Arab Emirates, Scotland. Cluster 2 (5 items): Australia, Canada, Denmark, Italy, Japan.
Cluster 3 (5 items): Belgium, Nigeria, Norway, South Africa, Turkey. Cluster 4 (4 items): Malaysia,
Pakistan, China, Thailand. Cluster 5 (4 items): Brazil, Mexico, South Korea, USA. Cluster 6 (3
items): Ethiopia, Germany, India. Cluster 7 (3 items): France, Mali, Senegal, Cluster 8 (2 items):
England, Ireland
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Figure 7 Co-authorship network visualization map.
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Before visualization, the minimum number of articles and citations for an author was set to 3
and 30, resulting in 53 authors. The visualization was conducted based on the number of articles

produced.

Figure 8 Author keywords co-occurrence network visualization map.
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Cluster 1 (46 items) — red. Cluster 2 (45 items) — blue. Cluster 3 (36 items) — green. Cluster 4
(35 items) — purple. Cluster 5 (30 items) — orange. Cluster 6 (24 items) — turquoise. Cluster 7 (19
items) — pink. Cluster 8 (18 items) — light green. Cluster 9 (16 items) — light purple. Cluster 10 (13
items) — yellow. Cluster 11 (5 items) — dark green

This study has certain limitations. It relied exclusively on the Web of Science database and
covered a limited time period from 2015 to 2024.

This study is based on previous bibliometric analyses and demonstrates global trends at the
intersection of vaccination and human papillomavirus over the past decade.

Discussion

This bibliometric study reveals rising global research activity on HPV vaccination hesitancy
between 2015 and 2024, underscoring its critical importance to health policy and scientific inquiry.
Serious measles outbreaks, such as in US in 2019, serve as warnings about vaccine hesitancy,
highlighting the need for improved public understanding and response [7,8]. The development of
the first HPV vaccine in 2006 marked a key milestone in fighting cervical cancer, yet global deaths
remain high. A major driver of increased scholarly output is the WHO’s systematic attention to the
causes and prevalence of vaccine hesitancy [9]. This international focus has equipped researchers
and policymakers with essential indicators, fostering more research. Comparing spikes in media
coverage with peaks in citation counts further suggests that public health crises directly encourage
academic interest, spotlighting the dynamic relationship between public awareness, media attention,
and research priorities [10].

High-income countries dominate HPV vaccine hesitancy research, with the United States
leading in volume, Sweden excelling in per capita and GDP-adjusted output, and Canada achieving
the highest number of citations per publication. These trends reflect a growing global recognition of
the importance of vaccine hesitancy. However, persistent barriers in low-income regions risk
leaving important perspectives and expertise underrepresented, which could potentially limit the
effectiveness of global responses. Setting a target for at least 20% of new publications to include
co-authorship with LMIC researchers by 2025 strategically addresses imbalances and aims to foster
more equitable and impactful global scientific collaboration [11].

Review articles received the highest number of citations compared to research articles. This
trend correlates with bibliometric observations in various fields of medicine, as review articles often
serve as a reference point for researchers and policymakers due to their comprehensive analysis of
existing facts. Canada, Sweden, and South Africa ranked first in terms of citations per publication,

demonstrating a significant contribution to science despite their low volume of publications. This
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conclusion highlights not only the importance of measuring research productivity but also the
necessity of evaluating its influence and impact [13].

The analysis identified the top five journals publishing on vaccine hesitancy as highly ranked
according to the Journal Citation Reports. Human Vaccines & Immunotherapeutics, Vaccine, and
Vaccines were the most influential, reflecting their specialization in immunization and vaccine
research. These journals play a crucial role in disseminating evidence-based information to counter
misinformation and mitigate the impact of anti-vaccine movements [14].

Healthcare professionals play a crucial role in countering vaccine hesitancy, most effectively
by emphasizing the risks of infection. Evidence supports motivational interviewing as a strategy for
increasing HPV vaccination rates, particularly among hesitant parents.'* Social media’s significant
influence on public opinion and dissemination of misinformation calls for tailored, platform-
specific engagement strategies. A deeper understanding of how TikTok and Facebook amplify or
circulate misinformation enables more precise interventions, supporting the overall goal of reducing
hesitancy and contributing to a unified public health response informed by this research [15, 16].

The University of Texas System and Indiana University System showed the greatest interest,
which may be related to long-standing HPV vaccination programmes and adolescent health
initiatives. Authors Dempsey, Verger, and Zimet contributed regularly to the discussion on the
acceptability of HPV vaccines, highlighting the key role of a small group of experts in promoting
this field. In our study, the most active countries were predominantly from Europe, which correlates
with a study that found more than half of the publications were written by authors from North
America and Europe, with no publications from Latin America or the Middle East [17,18]. This
suggests the need for more inclusive research on geographical imbalances [19].

The results of this study, aligning with prior bibliometric research, further establish the central
argument that global inequities and public trust are both key in shaping vaccine hesitancy research
agendas. Developed countries act as innovation centers, but successes in countries like Sweden and
South Africa indicate that productive engagement can occur beyond traditional hubs. However,
structural barriers and trust issues, such as the Nigerian polio vaccine boycott, threaten progress.
These findings reinforce the argument that sustainable solutions to vaccine hesitancy require both
maintaining scientific momentum and addressing underlying social factors worldwide [20].

There was an important gap in previous studies, as they had insufficient attention to male
vaccination and gender differences, with most studies focusing on female patients. Research shows
that the inclusion of males in HPV vaccination programs significantly reduces HPV transmission,

but there is still little in the existing literature in this area [21].
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Visualization of the countries of origin of the authors showed that the United States and
European countries are central, while low- and middle-income countries are underrepresented. To
address this imbalance, it is recommended that international cooperation and partnerships with low-
and middle-income countries be strengthened. High-income country institutions should lead
initiatives to remove barriers caused by cultural biases, misinformation, and health system
constraints. Additionally, continued support for global initiatives and improvement of
WHO/UNICEF reporting systems are recommended to empower LMICs, where cultural barriers
and misinformation remain key obstacles to HPV vaccination [22].

This study has several limitations. First, the analysis was limited to the Web of Science
database, which may have excluded relevant publications indexed in other sources such as Scopus
or PubMed. An estimate suggests that approximately 15-20% of papers on HPV vaccine hesitancy
indexed in Scopus may not be present in WoS, highlighting potential gaps in our dataset. Second,
only English-language publications were included, which may have introduced language bias and
underrepresented research from non-English-speaking countries. Third, bibliometric indicators such
as citation counts may not fully capture research quality, as they are influenced by factors including
journal visibility and self-citation practices. Despite these limitations, the study provides valuable
insights into the global landscape of HPV vaccine hesitancy research.

Conclusion

In summary, this bibliometric analysis highlights a substantial growth of research on HPV
vaccine hesitancy over the past decade, dominated by high-income countries but with notable
contributions from middle-income regions. While the evidence base continues to expand, it is
crucial that stakeholders intensify their support for research in low-resource settings and proactively
establish equitable international collaborations. Promptly addressing these disparities is essential for
developing effective, globally relevant strategies to overcome vaccine hesitancy and improve HPV
vaccination uptake.
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AO «Oxno-Kazaxcranckas meauinHckas akageMus», [1pimkenT, Kasaxcran

ICEBJIONEPUTOHUT Y MAIIMEHTA C TEPMUHAJIbHOM CTATUEN
XPOHUYECKOM BOJIE3HU NOYEK: KTMHUYECKHUN CAYYAH

Annomauus

Beeoenue. Ocmpuiti nankpeamum eapvupyem om J€2KOU CaAMOOSPAHUYEHHOU GOopmbl 00
MANHCEN020 HEKPOMUSUPYIOWe20 NAHKPeamuma ¢ HOIUOPSaHHOU HedocmamoyHocmoio. Ilpu
MANCENOM — NAHKpeamume peaxmugHoe pasopadcenue OPOWUHBL  MOJCem — UMUMUPOBAMb
KAUHUYECKYIO KAPMUHY NEepUmoHuma, @Gopmupyss maxk Haswvléaemvlii ncegoonepumonum. VY
nayuenmos ¢ MepMUHANbHOU XPOHUYECKOU OO0Ne3HblI0 NOYeK KIUHUYeCKUue CUMNIMOMb,
nabopamopuvie noxKazamenu U UMMYHHbLIIL OMEEm MO2YM USMEHAMbCA NOO GIUSAHUEM YpeMuu U
3amecmumenbHoll NOYEYHOU Mepanuu, 4mo 3ampyoHsen C80e8PEeMeHHYI0 OUACHOCMUKY U 8blOOp
JiedeOHOl MAKMUKU.

Onucanue cnyuasa. B pabome npedocmasnen Knunuueckuti ciyuau 49-nemneeo nayuenma c
XpoHuyeckou 601e3HbI0 NoueK 5 cmaouu, noxyHaroue2o NPoPamMMmHbLL 2eMOOUANU3, KOMOPblU Obl
20CNUMANU3UPOBAH C KIUHUKOU OCMPO20 JiCUeoma. Y nayuenma ommeyanucs UHMeHCUGHAs
oughghysnas 6onv 6 sncusome, HanpsdceHue Mblidy nepeoHell OPIOUHOU CMEHKU, NON0HCUMENbHbI
cumnmom  Ll{emxuna—Bniombepea, omcymcmeue KUWEUHOU NEPUCMANLIMUKY, d  MAKdice
8bIpAdCEHHAas cucmemHas eocnaiumenvras peaxkyus. OCHOGHble KIUHUYECKUE NPOAGIEHUS,
8bISIGNIEHHbIE NPU NOCMYNAeHUY, npeocmasienvl Ha pucyhke 1. Ha ocnosanuu cosoxynmocmu
KIUHUYECKUX, AA00OpPAMOPHbIX U  UHCPYMEHMANbHbIX OAHHLIX Obll  3aN0003PeH  MsANCeblil
namkpeamum ¢  NCEBOONEPUMOHEANbHLIM — CUHOPOMOM U BEPOAMHLIM — UHDUYUPOBAHHBIM
BHYMPUOPIOWIHBIM  NpOYeccoM. B axcmpennom nopsioke Ovlia 6bINOIHEHA JANAPOMOMUA  C
8CKpblmMuem U OPeHUpPOSaHUueM CAlbHUKOBOU CYMKU, Mapcynuaiuzayuell u canayuet OprowHOU
nonocmu. B nocneonepayuonnom nepuooe npogoounuch UHMeEHCUSHAS Mepanus, npocpamMHbL
2eMo0uanu3, KoOppexkyus KoazyJlonamuu, HympUmueHas noooepicKd, mpaHc@y3us KOMHOHEHMO8
Kposu U anmuOAKmepuaibHas mepanus C Y4emom pe3yrbmamos MUKpOOUOL02UUECKO20
uccneoosanus. Ha one neuenus OocmucHyma noioNCUmenbHas KIUHUYECKAas OUHAMUKA, U

nayuerm Obl1 8bINUCAH 8y008ﬂ€m€0pum€ﬂbHOM COCMOAHUU.
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3aknrwuenue. IlcesOonepumonum npu msaNHCeIOM NAHKpeamume Modlcem NOJHOCMBIO
UMUMUPOBAMb XUPYP2UYECKULL NEPUMOHUM, OCODEHHO Y NAYUEHMO8 ¢ MEPMUHANLHOU XPOHUYECKO
oonesnwvlo  nowex.  Ilpedcmaenennviii  cuyuai  noouepkugaem — HeOOXOOUMOCMb  paHHell
MENHCOUCYUNTUHAPHOU OYEHKU, CBOEBPEMEHHO20 PeUuleHUsl 60NPOCa O XUPYpeUuieckol canayuu npu
NO003PEeHUU HA UHPEKYUOHHBII NPOYECC U a0anmayuu mepanuy K pejicumy 2emoouanusd.

Knrwouesvie cnoea: ncesdonepumonum, naHKpeOHeKpO3; NEPUMOHUM, XPOHUYECKds 0O0e3Hb

novex, eeMoc)uanu3,' Pseudomonas aeruginosa.

Kymapos MLK., Ixxoanacos O.K.,’Kanoapxaun T.)K., Aradek A.T., Om3exaHoB
M.K., AanemieB A.A.

«Onrycrik Kazakcran mequmuaa akanemusice» AK, lllemvkenT, Kazakcran

BYWUPEKTIH COHFbI CATBIJIAFBI CO3BIJIMAJIbI AYPYBI AP
HAYKACTAFBI IICEBJONEPUTOHUT: KJINHUKAJBIK KAFJIAW

Anoamna

Kipicne. Keden nankpeamum dcenin, o30iciHeH uiekmenemin mypoeH 6acman, Konagsavlk
HCEMKINIKCI30IKNEH JHCypemin ayblp HeKpo30ayulbl NnaHKpeamumre Oetiin apmypii aebimMoa KepiHyi
MYMKIH. Ayvlp nankpeamum Ke3iHOe [wnepoeHiy peakmusmi MmMimipkeHyi nepumoHummiy
KAUHUKATILIK, KOPIHICIHe YKCaNn, NCe80ONepumonum 0en amanamoli Hca0atiovl Kaniblnmacmlpybl
MYMKiH. Bytpexmiy mepmunans0i camvloazel co3vlimansl aypysbl bap nayuenmmepoe ypemus MeH
Oytipek OpHBIH Oacyuibl Mepanusnbly ICepiHeH KIUHUKALIK CUMNMOMOAp, 3epmXAHANbIK
KOpcemKiumep HcoHe UMMYHOBIK HCayan e32epyi MyMKIH, OYn 0ep Ke3inoe OUacHO3 KOObl JHCIHE
eM MaKmuKacvlH mayoayovl KUbIHOAMAowl.

Kazoani cunammamacel. Maxanaoa 6a20apramanvl — 2emMooudnu3 — Kabwvli0aumolH,
co3vlIManbl OyUpex aypyvinvly 5 camvicbl 6ap 49 scacmagel nayueHmmiy KIUHUKALbIK JHca0ativl
yewinvinean. Haykac orceden iw knunukacvimen aypyxanaza scamywizviiean. llayuenmme iwmin
ougpysovt Kammul ayvipysl, ai0biybl KYpCax Kabvipeacvl Oyaubikemmepiniy kepHeyi, [l]lemxun—
Bnombepe cumnmomvl oy 60mybl, iwlek nepucmanbmMuKaculHbly 00aMaybl, COHOAU-AK AUKbIH
JACylieniK KabblHy peakyuscsl aHblKmanovl. Kadviioay xkesinoe2i He2izei KIUHUKAILIK KopiHicmep -
cypemme KepcemineeH. KiuHukanvlk, 3epmxanansik JHcoHe Acnanmolk 0epeKmepoily HCUbIHMblebl
He2i3iHOe NceBOOnepumoneanb0i CUHOPOMMEH XHCIHe bIKMUMAL UH@UYUPIeHeeH KYPCAKIUINIK
ypoicnen Kamap sdcypemin ayvlp naHKkpeamumke Kyoik myouvipuliovl. [llyevin mypoe ranapomomus

cacanseln, I/Ltap6bl KAanuiblevl auibljibln ()péHClOdeClﬂabl, MapCynuaiuzayusl dHcone Kypcax KyvblCblHa
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canayus oicypeizindi. Onepayusoan Kellinel Kezeyoe KaApKbIHObL mepanus, 0a20apiamanvly
2emMoouanu3,  KOa2ylonamusiHel — mysemy, HYMPUmMuemix Koaoay, KaH KOMNOHeHmmepiH
Mpanchysusanay — Hcome — MUKPOOUONIOGUANBIK — 3epmmey  HIMUdiCelepin  eckepe — OMblIpbin
aHmubakxmepusivl  mepanusi  JAHcypeizinoi. Em  ascvlHOa oW KIUHUKATGLIK OUHAMUKAEA KOJ
JHCEMKI3ZINin, nayuenm KaHazammanapislk Hca20auod webleapuliob.

Kopvimuinovt. Ayvip nanxpeamum Ke3iHOeei ncegdonepumonum, acipece OyupeKkmin
MEPMUHATLOI camvlOagbl CO3bLIMAILL AYpYbl 6ap nayuenmmepoe, Xupypusivlk NepumoHummi
MONBIK UMUMAYUALAYbl MYMKIH. YCOIHbLIZAH KIUHUKATILIK HCAROAll epme NaHAPAiblK 6a2anayovlH,
uUHGhexyuanblK yoepic KyoiciHoe Xupypeusiivlk CAHayus Maceaecin oep Ke3inoe uleulyoiy dcane emoi
2eMOOUANU3 pedHCUMIHe belliMOe)Oiy MaHbI30bLIbIZbIH KOPCEmeOL.

Tyitin ce30ep: ncegdonepumonum, NAHKPEOHEKPO3, NEPUMOHUM, CO3bIIMAIbL OYUPEK aypybl;

eemoouanus, Pseudomonas aeruginosa.

Kumarov M.K., Dzholdasov O.K., Zhapbarhan T.Zh., Agabek A.T., Amzekhanov M.K.,
Aldeshev A.A.
JSC «South Kazakhstan medical academy», Shymkent, Kazakhstan

PSEUDOPERITONITIS IN APATIENT WITH END-STAGE CHRONIC KIDNEY
DISEASE: A CLINICAL CASE

Abstract

Introduction: Acute pancreatitis ranges from mild self-limited form to severe necrotizing
pancreatitis with multiple organ failure. In severe pancreatitis, reactive irritation of the peritoneum
can mimic the clinical picture of peritonitis, forming the so-called pseudoperitonitis. In patients
with terminal chronic kidney disease, clinical symptoms, laboratory parameters, and immune
response may be altered due to uremia and renal replacement therapy, which makes timely
diagnosis and choice of treatment tactics difficult.

Description of the case. The paper presents a clinical case of a 49-year-old patient with stage
5 chronic kidney disease undergoing programmed hemodialysis, who was hospitalized with an
acute abdominal clinic. The patient had intense diffuse abdominal pain, muscle tension of the
anterior abdominal wall, positive Shchetkin—Blumberg symptom, absence of intestinal motility, as
well as a pronounced systemic inflammatory reaction. The main clinical manifestation observed at
admission are presented in Figure 1. According to the combination of clinical, laboratory and

instrumental data, severe pancreatitis with pseudoperitoneal syndrome and a probable infected
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intra-abdominal process is suspected. Laparotomy with opening and drainage of the omentum,
marsupialization and sanitation of the abdominal cavity was urgently performed. In the
postoperative period, intensive therapy, programmed hemodialysis, correction of coagulopathy,
nutritional support, transfusion of blood components and antibacterial therapy were performed,
taking into account the results of microbiological examination. Positive clinical dynamics was
achieved during the treatment, and the patient was discharged in a satisfactory condition.

Conclusion. Pseudoperitonitis in severe pancreatitis can completely mimic surgical
peritonitis, especially in patients with terminal chronic kidney disease. The presented case
highlights the need for an early interdisciplinary assessment, timely resolution of the issue of
surgical rehabilitation in case of suspected infection, and adaptation of therapy to the hemodialysis
regimen.

Key words: pseudoperitonitis; pancreatic necrosis; peritonitis; chronic kidney disease;

hemodialysis; Pseudomonas aeruginosa.

Introduction

Acute pancreatitis is one of the most clinically variable acute diseases of the abdominal
cavity. Its course may be limited to a mild interstitial form, but in some cases a severe necrotic
process develops with a pronounced systemic inflammatory reaction, multiple organ failure and
high mortality. The current stratification of severity and complications of acute pancreatitis is based
on the revised 2012 Atlanta Classification, which is crucial for choosing optimal treatment tactics
[1-3].

In severe pancreatitis, reactive irritation of the peritoneum often occurs, clinically mimicking
the picture of common peritonitis. In such situations, pseudoperitonitis may form, when the severity
of peritoneal symptoms does not always reflect the presence of true surgical peritonitis, but requires
urgent differential diagnosis [4, 5]. Additional difficulties arise in patients with terminal chronic
kidney disease, since uremia, anuria, hemostasis disorders, chronic inflammation, and programmed
hemodialysis can distort both the clinical and laboratory picture of the acute disease [6, 7].

The purpose of this work is to present a clinical case of pseudoperitonitis in a patient with
total pancreatic necrosis and end—stage chronic kidney disease, as well as to analyze the diagnostic
difficulties, surgical tactics and features of antimicrobial treatment in this clinical situation.

Patient Information

Patient R., 49 years old, was hospitalized on an emergency basis with complaints of sudden

intense abdominal pain, mainly in the epigastric region, with rapid spread throughout the abdomen,
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nausea, repeated vomiting and progressive deterioration of the general condition. According to the
medical history, the onset of the disease was noted approximately 12 hours before admission to the
hospital.

It is known from the concomitant pathology that the patient had been suffering from stage 5
chronic kidney disease for a long time and had been receiving programmed hemodialysis since
11/08/2012. He also had a history of stage Ill hypertension. The basic therapy included treatment
related to programmed hemodialysis and blood pressure control. According to available data, the
medical history and ongoing drug therapy are not reflected in detail in the presented materials. The
allergological history did not contain any clinically significant features. Information about bad
habits, family history, and other social risk factors in medical records was limited.

Clinical data

Upon admission on 02/18/2025, the patient's condition was assessed as severe. There were
signs of pronounced endogenous intoxication. Consciousness was preserved, the situation was
forced. The skin is pale. The blood pressure was 120/70 mmHg, the heart rate was about 100 beats
per minute, and the body temperature was 36.9 °C.

Examination of the abdomen revealed moderate bloating, severe pain on palpation in all parts,
pronounced tension of the muscles of the anterior abdominal wall and a positive Shchetkin—
Blumberg symptom throughout the abdomen. Peristalsis was not listened to, stool and gas retention
were noted, and clinical signs of intestinal paresis were noted. There was no diuresis, which
corresponded to a combination of an acute process with the initial terminal stage of CKD and
anuria.

Thus, already at the stage of the initial examination, the clinical picture corresponded to acute
abdominal syndrome with pronounced peritoneal symptoms and a systemic inflammatory reaction.

Chronology of the clinical case

11/08/2012 — the beginning of programmed hemodialysis for stage 5 chronic kidney disease.

12 hours before hospitalization — sudden onset of intense abdominal pain, nausea, vomiting,
deterioration of general condition.

02/18/2025 — admission to the hospital, examination, detection of peritoneal syndrome and
signs of severe acute abdominal disease.

On the night of 02/19/2025— an emergency laparotomy was performed with opening and

drainage of the omentum, marsupialization and sanitation of the abdominal cavity.
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The postoperative period includes treatment in the Department of anesthesiology, intensive
care and intensive care, hemodialysis, correction of coagulopathy, electrolyte disorders,
antibacterial and nutritional therapy.

03/12/2025 — the patient is discharged in a satisfactory condition with recommendations for
outpatient follow-up and continued dialysis.

Diagnostic assessment

According to the laboratory study, the patient showed pronounced signs of an inflammatory
process and metabolic disorders. Leukocytosis reached 19.5x109/1, the level of C-reactive protein
increased to 206.8 mg/l. Hypoalbuminemia was detected in the range of 21-27 g/l. The activity of
amylase varied and reached about 160 U/I. The indicators of nitrogen metabolism were significantly
increased: creatinine on different days increased to about 1002 mmol / |, urea — to about 35 mmol/
I, which was interpreted taking into account the initial terminal stage of chronic kidney disease. A
sharp increase in the D-dimer to about 39,586 ng/ml was also detected. The coagulogram showed
an increase in INR to 2.4 and an increase in fibrinogen to 4.5-6.17 g/l. Anemia and the need for
transfusion therapy were observed.

Instrumental diagnostics included ultrasound examination of the abdominal organs, which
revealed diffuse changes in the pancreatic parenchyma and signs of fluid accumulations. Ultrasound
examination of the kidneys showed signs of secondary wrinkling and the presence of cysts. Chest
X-ray revealed focal changes corresponding to pneumonia of the lower lobe of the right lung, as
well as fractures of the ribs on the right.

From a clinical point of view, the most difficult was the differential diagnosis between true
surgical peritonitis and pseudoperitonitis on the background of severe pancreatitis. The patient had
typical signs of peritoneal syndrome: diffuse intense abdominal pain, abdominal muscle tension,
positive Shchetkin—-Blumberg symptom, lack of peristalsis, intestinal paresis and flatulence.
However, the presence of ultrasound changes in the pancreas, a moderate increase in amylase, and a
pronounced systemic inflammatory reaction indicated severe pancreatitis. At the same time, the
patient had a focus of intra-abdominal infection, described as an abscess of the omentum sac, which
actually combined the features of reactive pseudoperitonitis and a true infected intra-abdominal
process.

An additional diagnostic problem was caused by the presence of terminal CKD and
hemodialysis, since uremia, anuria, chronic hemostasis disorders and features of the immune

response could mask or distort the severity of the acute process. In the presented situation, the
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diagnosis was based on a comprehensive assessment of the clinical picture, laboratory parameters,

instrumental examination data and intraoperative findings.

Severe abdominal distension

e — —— - B—

N

N R .

Diabetic ulcers on the leg No free air, but pronounced intestinal paresis

® Diabetes mellitus e Acute abdominal pain e Severe metabolic acidosis e Hypokalemia

On the night of 02/19/2025, the patient underwent emergency surgery — laparotomy with opening
and drainage of the omentum, marsupialization and sanitation of the abdominal cavity. The choice
of open surgical tactics was determined by the severity of the condition, expressed by the clinic of
peritoneal syndrome, increasing intoxication and a high probability of an infected intra-abdominal
process.

After the operation, the patient was transferred to the Department of Anesthesiology,
intensive care and intensive care. In conditions of acute respiratory viral infection, complex
treatment was carried out, including intensive infusion therapy taking into account the water
balance, programmed hemodialysis, correction of electrolyte disorders, parenteral nutrition,
transfusion of blood components according to indications and round-the-clock monitoring of vital
functions. This made it possible to monitor the patient's condition, prevent the development of

multiple organ failure and maintain the functions of vital organs in the critical postoperative period.
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Taking into account the severity of the condition and the risk of infectious complications,
broad-spectrum antibacterial therapy was performed, followed by correction based on the results of
a microbiological study. After Pseudomonas aeruginosa was isolated, the treatment regimen was
adapted according to the sensitivity of the pathogen and the pharmacokinetic characteristics of the
hemodialysis patient. Special attention was paid to the correction of doses and intervals of
administration of antibacterial drugs against the background of severe renal insufficiency and
dialysis dependence.

Observation and outcomes

In the postoperative period, comprehensive management in the ICAR played a key role in
stabilizing the condition. Hemodialysis, maintenance of water and electrolyte balance, correction of
coagulopathy, nutritional support, antibacterial therapy and dynamic monitoring of the functions of
the cardiovascular and respiratory systems were performed. During treatment, there was a positive
clinical trend with a decrease in the severity of the inflammatory response and an improvement in
the general condition.

By the time of her discharge on 12.03.2025, the patient's condition was considered
satisfactory. Intestinal motility was restored, pain decreased, the temperature profile returned to
normal, the postoperative wound was clean, without signs of active inflammation. The patient was
given recommendations for further outpatient follow-up and continuation of programmed
hemodialysis according to the established schedule.

Discussion

The presented case demonstrates the high complexity of the diagnosis of pseudoperitonitis in
a patient with severe pancreatitis on the background of terminal chronic kidney disease. The clinical
picture of an acute abdomen with pronounced symptoms of peritoneal irritation in such cases may
be due to both sterile reactive inflammation and an infected intra-abdominal process requiring
emergency surgery [8].

As rightly noted in the source material, when the patient's condition is stabilized, computed
tomography of the abdominal organs with contrast is the optimal imaging method, which allows
detecting necrosis, fluid accumulations, abscesses and signs of infection. However, in conditions of
decompensation, severe intoxication and suspicion of a progressive intra-abdominal process,
surgical intervention remains a justified and sometimes life-saving solution [9]. In this case, the
presence of an abscess of the omentum sac, severe peritoneal syndrome and severe general

condition led to the choice of emergency laparotomy [10].
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Modern approaches to the treatment of infected pancreatic necrosis are often focused on a
minimally invasive step-up strategy. Nevertheless, open surgical rehabilitation remains important in
the case of widespread fibrinous-purulent process, severe intoxication and the inability to postpone
the intervention. The presented clinical case confirms that an individualized approach, taking into
account the real clinical status of the patient, is of fundamental importance [11].

Of particular interest is the combination of severe pancreatitis with terminal CKD. Patients in
this category have an increased risk of severe acute pancreatitis, infectious complications, and
nosocomial mortality. In addition, the initial uremia, anuria, tendency to coagulopathy, and features
of the immune response make it difficult to interpret laboratory data and clinical dynamics. This
requires the participation of a multidisciplinary team, including surgeons, intensive care physicians,
nephrologists, and antimicrobial therapists [12].

The isolation of Pseudomonas aeruginosa in this case highlights the problem of hospital flora
in severe patients, especially in intensive care and invasive interventions. In patients on
hemodialysis, the choice of antibacterial therapy should take into account not only the sensitivity
profile of the pathogen, but also the dialyzability of drugs, the need for dose adjustment and
administration intervals, as well as the risk of accumulation of toxic metabolites. Therefore, targeted
antibacterial therapy with further de-escalation is an important component of successful treatment
[13].

Thus, the clinical case reflects not only the diagnostic dilemma between pseudoperitonitis and
true peritonitis, but also the need to adapt standard approaches to the management of acute
pancreatitis in a patient with severe concomitant nephrological pathology [14, 15].

The patient’s perspective

According to the patient, the disease started suddenly and was accompanied by severe
abdominal pain, pronounced weakness and a feeling of fear due to the severity of the condition.
After the surgical treatment and intensive therapy, she noted a gradual decrease in pain and
improved well-being. By the time of discharge, the patient reported significant improvement in her
condition and readiness to continue further treatment and hemodialysis under the supervision of
specialists.

Conclusion

Pseudoperitonitis is an important option for differential diagnosis in severe pancreatitis, since
the clinical picture can completely mimic surgical peritonitis. In patients with end-stage chronic

kidney disease, the diagnostic search is particularly difficult due to uremia, anuria, hemostasis
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disorders and the effect of programmed hemodialysis on laboratory parameters and clinical
reactivity of the body.

The presented case shows that timely clinical assessment, early decision-making on surgical
rehabilitation in case of suspected infection, intensive therapy and adaptation of antibacterial
treatment to the hemodialysis regimen can ensure a favorable outcome even in extremely severe
patients.
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NEW-ONSET DIABETES AFTER COVID-19: EMERGING CONCEPTS AND OPEN
QUESTIONS

Abstract

Following the COVID-19 pandemic, accumulating evidence has demonstrated the
development of disturbances in glucose metabolism among individuals without a prior diagnosis of
diabetes. The term ‘“new-onset diabetes after COVID-19" has been introduced to describe this
phenomenon. Despite the growing body of literature, substantial inconsistencies remain regarding
the incidence, underlying mechanisms, and clinical significance of new-onset diabetes after
COVID-19. The objective of this review was to synthesize current evidence on the epidemiology,
risk factors, pathogenesis, and diagnostic challenges of this condition, and to identify unresolved
issues and clinical implications. A narrative review of the literature was conducted, focusing on
studies investigating glucose metabolism disturbances following SARS-CoV-2 infection. The
incidence of new-onset diabetes after COVID-19 is estimated at approximately 1.3-1.5% among
individuals with prior COVID-19. The risk of developing diabetes after infection is increased by
1.4-1.7 times compared with non-infected populations. Major risk factors include severe COVID-
19, older age, male sex, obesity, and prediabetes. Evidence suggests that, in many cases, new-onset
diabetes after COVID-19 represents an accelerated manifestation of previously subclinical
metabolic dysfunction. The pathogenesis is multifactorial and involves systemic inflammation and

insulin resistance, as well as potential g-cell dysfunction and autoimmune processes. Significant
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diagnostic challenges arise from the lack of a unified definition, variability in diagnostic criteria,
and the difficulty in distinguishing true diabetes from stress-induced hyperglycemia. Identification
of high-risk groups and longitudinal monitoring of glycemic parameters in patients after COVID-19
are essential. Further research is needed to standardize diagnostic criteria and to clarify long-term
outcomes.

Keywords: COVID-19; SARS-CoV-2; Diabetes Mellitus, Type 2; Hyperglycemia; Insulin
Resistance; Prediabetic State; Risk Factors; Disease Progression
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BIEPBBIE BOSHUKIIWNA JUABET ITOCJIE COVID-19: HOBBIE KOHIIEITIIUH
N OTKPBITBIE BOITPOCHI

Annomauus

Ilocne nanoemuu COVID-19 naxonunuce OauHvle 0 pazeumuu HApYUIEHUll Y21e800H020
obmeHa y nayuenmos 06e3 panee OUACHOCMUPOBAHHO20 Ouabema. [{na onucamusi OAHHOZO
henomena ucnonvzyemcest mepmun «enepgole oznuxuwiuil ouabem nocie COVID-19». Hecmomps na
pacmywee 4ucio Uccred08aHull, OCmaromcs 3Hadumenbhvle NPOMUBOPeYUs 68 OYeHKe 4acmomsl,
MEXAHUIMO8 U KIUHUYECKO20 3HAYEHUs 2M020 cocmoanus. Llenvio nacmoawezo 00630pa a6isanochy
0000Wenue COBPEMEHHbIX OAHHLIX 00 3INUOEeMUONIO2UY, GAaKmopax pucka, namozeHese U
OUazHOCMu4ecKux mpyoOHOCmAX OAHHO20 COCMOSIHUSA, A MAKMCe 8blA8NeHUe HePeUEHHBIX 80NPOCO8
u npakmuyeckux umniuxkayuu. Ilposeden Happamuenvill 0030p nNyOAUKAYUU, NOCEAUJEHHBIX

passumuto HapyuieHuu yeneeo0noz2o oomena nocie ungpexyuu SARS-CoV-2. Yacmoma enepgvie
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so3Hukwezo ouabema nocie COVID-19 cocmasisem okono 1,3-1,5% cpeou nepenécuiux
ungexyuro. Puck pazeumusi ouabema nocie ungexyuu nogviwiern 6 1,4-1,7 paza no cpaguenuio ¢
HeuHguyuposannou nonyriayueu. Haubonee sHavyumvlmu hpaxmopamu pucka A6IAI0MCA MANCENLOe
meuenue COVID-19, nooxcunoil 6o3pacm, MyHCCKOU NOJ, OdNCUpeHUe U Haluyue npeouabema.
Tloxazano, umo 60 mMHO2ux ciyyasx enepevie gosnuxuiuil ouabem nocie COVID-19 ompascaem
VCKOPEHHYI0 MaHugecmayuio paHee cYOKIUHUYECKUX memadonudeckux Hapyuienuil. Ilamozcenes
HOCUM — MYIbMupaKxmopHulli  Xapakmep U  GKIIOYAem  CUCMeMHOe  B0ChaleHue U
UHCYIUHOPE3UCTEHMHOCMb, A MAK}Ce NOMEHYUANbHOe NOopajiceHue [-Kiemox u aymoummyHHble
npoyeccol. CyujecmseeHuvle OUASHOCMUYECKUE CIONCHOCMU CEA3AHbl C OMCYMCmEuUem eouHo20
onpeoenenusl, 8apuaderbHOCMbio Kpumepues u mpyoHocmvio oupgepenyuayuu mexncoy ucmunHbIM
ouabemom u cmpecc-uHOYYUpOBAHHOU 2unepeiukemueu. BaoicHoe 3nauenue umeem 6vloenenue
2PYNN 8bICOKO20 PUCKA U NpoGedeHUe OUHAMU4ecko2o Habarooenus nayuenmos nocie COVID-19 ¢
KOHmMponem 2auKkemuweckux noxazameneu. Heobxooumvl Oanvheviwue ucciedosanus O
cmanoapmu3ayuu OUASHOCMUYECKUX KpUmepues u YmoyHeHus: 00J120CPOUYHBIX UCXOO008.

Kntouesvie cnosa: COVID-19; SARS-CoV-2; caxapuwiii ouabem 2 muna, eunepeiuxemusl,

UHCYIUHOPE3UCTEHMHOCMb, npeduabem, hakxmopbl pucka.
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TYKBIPBIMJAMAJIAP )KOHE AIIIBIK CYPAKTAP

Anoamna
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COVID-19 naunoemusicoinan Keuin OYpviH Kaum oOuabemi OUAcHO3bl  KOULLIMAZAH
nayuenmmepoe  KOMIPCY — AIMACYbIHbIH — OY3bLILICMAPLIHLIY — 0aMybl — Mypaivl — OepeKxmep
arcunakmanowvl. byn kyovinvicmor cunammay ywin « COVID-19-0an ketiin anzaw pem naiioa 6o12an
ouabemy» mepmuHi eHei3inoi. 3epmmeynep CAHbIHLIY APMYbIHA KAPAMACMAH, OYI HCa20atloblH
JHcuiniel, namocenesi JHcoHe KIUHUKALbIK MAHbI30bLIbIebl OOUbIHWA aUmMAapIblKmai KatubliblKmap
cakmanyoa. Ocbl wWoOnYObly MaKcamovl - aMaiaH HcAOAUObIY INUOEMUOTIOSUACHL,  KAYin
Gaxmopnapei, namozenesi Jdcane OUASHOCMUKATLIK, KUbIHObIKMAPbl HCOHIHOe2l Ka3ipel depekmepoi
Jcytieney, COHOAU-aK ulewiime2eH Macenenep MeH KIUHUKALbIK MAHbI3bIH aHblkmay. Ooebuemie
Happamuemi wony Jucypeizinoi, onoa SARS-CoOV-2 ungexyuscvinan keiiinei Komipcy aimacyblHulH
oy3vLibicmapuina apuanzan sepmmeynep manoanovi. COVID-19-0an ketiin anzaw pem natioa
bonzan Ouabemmiy dcuiniei uHgekyusnvl emrepeen aoamoap apacvinoa wamamern 1,3-1,5%
Kypauovl. HHuexyusoan reuin Ouabemmiy Oamy Kayni JHCYKMuIpMAAH NONYIAYUAMEH
canvicmoipzanoa 1,4-1,7 ece ocozapuvl. Heeizei kayin gaxkmoprapvina COVID-19-0viy ayuip
aA2bIMbl, e20e JHCaC, ep IHCLIHBICHL, CeMi30iK dcane npeouabem odcamaovl. Konoa 6ap oepexmep
Kenmezen ocazoaunapoa Oyn ouabem OYpviH OAUKAIMARAH (CYOKIUHUKANLIK) MemadOoIUKAIbIK
Oy3vLILICMApPOblY dHcedell Kepinic bepyin Kopcememinin auzakmauovl. Ilamozcenesi kongaxmopivl
cunamka ue JHcaHe HCyueniK KaOblHy MeH UHCYIUHee MO3IMOLIIKMI, COHOAU-axK [-icacyuanapovly
BIKMUMATL  3AKbIMOAHYbIH — JCOHE — AYMOUMMYHOBIK — yOepicmepli — kammuovl.  Manbiz0wvl
OUACHOCMUKATILIK,  KULIHOLIKMAP — OIpblHeall  anblKMamaHuoly — 00AMaybiMeH, OUa2HOCMUKATIbIK
KpumepuiiiepOiy — apmypiiiciMen — JcoHe — wblHalbl  duabemmi  cmpecc-UHOYYUPIEeH2eH
UnepeIuKemMusoan — axcolpamyovly — Kypoeninicimen — oaunanvicmol.  COVID-19-0an  xetiin
nayuenmmepoi OUHAMUKANBLIK OAKbLIAY HCIHE 2NUKEMUSIbIK KOPCemKiulmepoi MOHUMOpUHemey,
acipece Kayin mooOvbiHA HCAMAMblH A0amoapod, aca Mauvi3ovl. JuacHocmukanvlk Kpumepuinepoi
cmaHoapmmay JicoHe Y3aK Mep3imMoi Hamuodicenepldi HAKMuLIAY YWIH KOCbIMUia 3epmmeyiep
Kaosicem.

Tyiin ce3oep:. COVID-19; SARS-CoV-2; 2 munmi xamm Ouabemi; eunepeiuxemus,

UHCYTIUHEE Me3iMOLNIK, npeouabem; Kayin ¢axmopnap
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Beenenune

[Mannemuss COVID-19, Be3Bannas BupycoM SARS-CoV-2, crana ogHUM U3 KpyMHEHIINX
rJ100aMbHBIX BBI30BOB JJISi CHUCTEMBI 3/paBooxpaHeHuss 21-ro Beka W oOkazajga 3HAYUTEIHHOE
BIIMSHUE HE TOJBKO HAa PECIUPATOPHYIO, HO M Ha SHIOKPHHHYIO cHucTeMmy uenoBeka [1,2]. B
MOCJIeJHNE T'OJbl BHUMaHUE KIMHUILKMCTOB M HCCIIeJoBaTeseil BCE Yallle IMpUBIIEKAET POCT YHUCIA
cllyyaeB BIIEpBbIE BO3HHUKIIEro auabera y mamuentoB nocie COVID-19 (NODAC). CornacHo
JaHHBIM CHCTEMAaTH4ecKoro o63opa u MeraaHamusza Lai et al. (2022), sxmoumBmero 11
PETPOCIEKTUBHBIX KOTOPTHBIX HCCIEIOBaHUI ¢ 00Iel YMCIeHHOCThI0 Ooisee 47,1 MJIH YenoBek,
pucKk pa3BuTusi nuadera mocne nepeHecEHHOW uHGexkuuun COVID-19 Obu1 Ha 64 % Bblme 1O
CPaBHEHHUIO ¢ JIMI[aMu 0e3 1aHHO# nHpekuuu [3].

HakonuieHHble JaHHbBIE CBUAETENLCTBYIOT O TOM, uTo COVID-19 MoxeT conmpoBOXIaThCs
HApYUICHUSMH YTJIEBOJHOTO OOMEHa, BKJIIOYas THMEPIIIMKEMUIO, YXYIUICHHE TJIMKEeMHYECKOTO
KOHTPOJISE U PAa3BUTHE OCTPHIX META0OIMYECKUX OocioxHeHuit [4]. [Ipu 3TOM y 4acTH MalMeHTOB
0e3 paHee IUArHOCTHPOBAHHBIX HAPYIICHWA YIJICBOJHOTO OOMEHa HAOMIOMAeTCsl CTOMKAs
THIEPIIIMKeMHUsT U MaHudecTanus auadera rmociie nepeHecéHHoW MH(EKIUH, 9TO  (POPMHPYET
ocHoBy konueniuu NODAC. Baxno otmetuts, yto TepMuH NODAC ucnomns3yercs kak padouee
MOHATHE W HE OTpaXaeT eIWHOT0 IAaTOTeHEeTHYECKOr0 MEXaHHW3Ma: B €ro paMKax MOryT
COCYILIECTBOBATh pa3jMuHble KIMHUYECKHUE COCTOSHHUSA, BKIIOYas paHee HEAMArHOCTHPOBAHHBIN
caxapHbli  1uabeT, CTpecC-MHAYLUUPOBAHHYIO  THUIEPIVIMKEMHIO, IIOCIEACTBUS  TEepanmuu
TJIFOKOKOPTUKOW/IAMH, & TaKKe MOTCHIHATIbHbIE ayTOMMMYHHBIE Imporecchl [5]. B cBsizu ¢ aTum
NODAC cneayer paccMaTpuBaTh KakK Te€TEpPOr€HHOE COCTOSHUE, TpeOyrollee OCTOPOKHON
KJIIMHUYECKOW MHTEPIIPETALINH.

Cpemu mpemnoxkeHHbIX MexaHu3MoB pa3Butus NODAC, oOBsicHAIOMMX HaOII01aeMble
HapyleHusl YIJeBOJHOro oOMeHa, 0co00e BHHMaHHE YAEISIeTCS BO3MOXKHOMY HOpakeHHIo [3-
KJICTOK TO/IKEITyJOUYHON Kele3bl. DKCIIepUMEHTaIbHbIE U KIMHUYECKUE JaHHbIE CBUJIETEICTBYIOT
o cnocobHoctn SARS-CoOV-2 wuHUIIMpOBaTH KIETKH MAaHKPEATHYECKOH TKaHU, YTO MOXKET
COIPOBOXKIATHCSI HAPYIICHUEM CEKPELMU MHCYJIMHA W pa3BUTHEM rumepriukemuu [6,7]. Omanako,
HECMOTpsl Ha POCT 4ucla myOnaukaiuii, Mmexanusmsl GopmupoBanuss NODAC, ero kKimHUYECKHe
0COOEHHOCTH M (PAKTOpPBHI PUCKA OCTAIOTCS JI0 KOHIIA HE W3YUYEHHBIMH. DTO OINpeNeNsieT BbICOKYIO
aKTyaJIbHOCTh CHUCTEMAaTH3allMi HMMEIOIIMXCS JaHHBIX M JajdbHEeHIIero yriyoJ€HHOro HM3y4eHHs

NODAC, kax CII0’)KHOTO U TeTepOTeHHOTO KIIMHUYECKOTo (heHOMeHa
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Lenpro HacTOAIIETO 0030pa ABISETCS CUCTEMATU3AIUSA M KPUTUUECKUN aHAJIN3 COBPEMEHHBIX
nanabix 0 NODAC, Bxiouasi €ro 3MueMHOJIOTHIO, (aKTOphl pUCKa 3a00JieBaHUS, MEXaHH3MbI
MaToreHe3a u IMarHoCTU4YEeCKHe TPYTHOCTH.

MeToabl 1 MaTepHUAJIbI

Hacrosmee wuccnenoBanue npeacTaBiseT coOOW HappaTUBHBIM 0030p JUTEpaTyphl C
AJIEMEHTAMU CTPYKTYPHUPOBAHHOTO MOMCKA. [IOMCK HayyHBIX MyOJIMKalUi OCYIIECTBIISIICS B 06a3ax
narablx PubMed (n = 317), Web of Science (n = 1486) u Scopus (n = 2432). JIoMOTHUTENBHO IS
paciidpeHus] MOMCKAa W BBISIBICHUS IMOTEHIIMAIBHO PEJIEBAHTHBIX MYOIHKAUN HCIOIb30BAINUCH
Google Scholar, eLibrary um ResearchGate. Yka3aHHble HCTOYHHKH pPacCMaTPUBAIIUCh Kak
BCIIOMOTaTeIbHbIE, TOTJa KaK OCHOBHBIE BBIBOJBI 0030pa 0a3MpOBaIMCh NPEUMYILECTBEHHO Ha
peIeH3UPYEMBIX MyOMKanusx, nHaekcupyembix B PubMed, Scopus u Web of Science.

B ananu3 ObUIM BKIIIOUEHBI CTAaThbU, ONMyOnMKOBaHHBIE B mepuoi ¢ sHBaps 2020 mo HosOpb
2025 rona, TpENCTaBICHHbIE B PEIECH3UPYEMBIX MEIUIIMHCKUX JKypHajiaX M TOCBALIEHHBIE
U3YYEHHUIO KIMHUYECKHUX, NATOTEHETHMYECKUX U snuaeMmuonorudeckux acnekroB NODAC.
JIOMIOJIHUTENBHO  YUYMTHIBAIUCHh CHUCTEMAaTUYECKHME 0030pbl, METAaaHaJIU3bl, KOTOPTHbIE U
PETPOCIEKTUBHBIE KIMHUYECKHE HCCIENOBaHMUS, a Takke MyOJUKaluW, OMUCHIBAIOIINE
MOJIEKYJISIPHBIE MEXaHU3MBI MTOPAXKEHUS B-KIETOK MOHKETyJOUHOM xene3bl mpu uHpeknuu SARS-
CoV-2. KpurepussMu HCKITIOYEHUS SIBISUIMCH: HEPEIIEH3UPOBAHHBIE MCTOYHHKH, JYOIHPYIOIIUECS
MyOJIMKAluK, CTaThU C HETIOJHBIMH JaHHBIMH WM TIOCBSIIEHHBIE YKCIIEPUMEHTATBHBIM MOJIEIISIM
Ha ’KMBOTHBIX 0€3 KIMHUYECKOro MOATBepKIeHHs. VIcronb30Bannch KOMOMHAIIMU KITFOYEBBIX CIIOB
u MeSH-tepmunoB, cBsa3anHbix ¢ COVID-19 u  HapymieHusMH — YriieBOJHOrOo oOOMEHa,
00BbeTMHEHHBIE C TOMOIIBIO Jornueckux oneparopoB AND/OR.

JleranpHas cTpaTerus MOWCKA, BKIIOYAs UCIIOJIb3yEeMble MOMCKOBBIE 3alpOChl, KOMOWHAIIUU
KIIIOYEBBIX CJIOB W JIOTHYECKHE OMepaTopbl JUId Kaxaoh O0a3bl JaHHBIX, IpEJICTaBleHa B
[Tpunoxenun 1, uto obecrieunBaeT NPO3paYHOCTh U BOCTIPOU3BOAMMOCTD IPOBEIEHHOIO TIOUCKA.

Pe3yabTaTsl

B pesynbpraTe mowmcka Obl1o BhIABICHO 4235 myOnmkanumid. [locne ymanenust myOoaukaToB
octasioch 2760 3amuceil. Ha sTame ckpuHUHra 3arojloBKOB M aHHOTAlMi OblI0 McKiItodeHo 2480
nyoJIMKaui 1O CJIEAYIOIUM TPUYMHAM: OTCYTCTBHE CBsi3M ¢ aumaberom uimu COVID-19,
MyOJIMKAIIMU Ha KUBOTHBIX MOJIENSIX, a TaKKe 0030pHBIE CTaTh 0€3 pesieBaHTHOTO aHanm3a. J1Jis
MOJIHOTEKCTOBOIO aHaju3a Obu10 oTobpano 280 crarei. [1o pe3ynpTaTam OLEHKHU MOJHOTEKCTOBBIX

nyOiMKanui ObIJI0 MCKITIOYEHO 243 CTaThu B CBSI3U C OTCYTCTBHEM UYETKOM CBSI3U ¢ (PEHOMEHOM
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NODAC, HepocTaTOYHOW METOA0JOIMYECKON CTPOrOCThIO0, OTCYTCTBHEM KIMHUYECKUX JJAHHBIX,
WM HECOOTBETCTBUEM 11eJIM 0030pa. B UTOTOBBINM aHanu3 BKItOUEHO 37 myOiauKauil.
dnuaemuoJiorus v pakropsl pucka pazsutusa NODAC

HakomneHHble SMUAEMUOJIOTMYECKUE JIaHHBbIE CBHUJETENIBCTBYIOT O TOM, YTO Da3BUTHE
NODAC npencraBisieT co00i KIMHUYECKH 3HAYMMOE U pacnpocTpaHEHHoe siBieHue. [lo maHHBIM
MeTaaHAIIUTHYECKUX HcciaenoBannii, mois nanueHToB ¢ NODAC cocraBiager okono 1,3-1,5%
cpenu nepenécmmx uHdekuuio [8]. [Ipu 3TOM mpu BKIOYEHUH BCEX CIIyYacB THUIECPTIMKEMUH,
BKJIIOYAsl TPAaH3UTOPHBIE HAPYIIEHUS YIIIEBOAHOTO OOMEHA, COBOKYIIHAS YACTOTa MOXKET JOCTUIaTh
okouo 5% [9].

OTHOcHTENbHBINA PUCK Pa3BUTHS nuadera y mauueHtoB, nepeHécmux COVID-19, ocraércs
3HAYUTEIHHO TOBBIIIEHHBIM [0 CpaBHEHHIO C HewH(puumpoBaHHOH nomymsinueil. CormacHo
JaHHBIM Pa3JIMYHBIX METaaHAIM30B, PUCK yBenuuuBaercs B 1,4-1,7 pasza [3,9,10], a B oTaenbHbIX
HCCIIEIOBAaHUSIX IIOKa3aHO, YTO OH NpHUMEpPHO B 1,5 pa3a BbIlIe IO CPaBHEHMIO C MALlMEHTAMHU,
HNEePEHECIIMMHE IPYTHUE PECIIUPAaTOPHBbIC BUPYCHBIC MH(eKunu, Britovas rpumnn [11,12]. B rpynmax
BBICOKOI'O PHCKA, B YAaCTHOCTH CpEAM TOCHUTAIM3UPOBAHHBIX NAIMEHTOB, 4acTOTa pPa3BUTHUS
NODAC moxer gocturats 20-25% [13,14].

Puck paszButus NODAC wumeer BBIpaKEHHYI0 BpPEMEHHYIO JIMHAMUKY: HauOoJbIIas
BEPOATHOCTh €r0 BO3HUKHOBEHMs HaOIIOJaeTcs B IEpBble 3 Mecsla IOcie IepeHeCEHHON
MH()EKIMH, YTO COOTBETCTBYET MOCTOCTPOHl (aze 3aboineBaHus. B nanbHelieM pUCK CHUXKaeTcs,
OJTHAKO OCTA&TCs TMOBBIIICHHBIM B T€YEHHE Kak MHHUMYyM 6—12 MecsieB HabOmomenus [15,16].
OTmMmeveHa Takke BapuaOelIbHOCTh pHCKa B 3aBUCHUMOCTH OT LMPKYJIMPYIOIUX BapuaHToB SARS-
CoV-2: Oosnee BBICOKHE ITOKa3aTeNd HAOIIOJANCh B TEPUOIBI JOMHHHPOBAHUS HMCXOIHOTO
mramMMa 1 Bapuanra Delta o cpaBHenuto ¢ Omicron [11].

CyliecTBeHHOE 3HAYeHME HMEIOT JAeMorpaduyeckue M KIMHUYECKHE (aKTOpbl pPHCKA.
BoisiBnena uérkas TpaaMEeHTHas 3aBUCUMOCTb MexAy TsbkecTbto TedeHuss COVID-19 n
BepoATHOCTBIO pa3BuTHs NODAC: Haubonbmuii puck HaOM0aeTcs y MalMeHTOB, MEPEeHECIINX
TsDKENOe TedyeHue 3abosieBaHMsl M TPeOOBABIIMX TOCMUTAIM3ALMKM WM JICYEHHUS B YCIOBHSIX
OT/IeNeHus] MHTeHCHBHOU Tepanuu [12,15,16]. ¥V nun ¢ nérkuM TedeHrneM WHPEKIUU W30BITOYHBIN
PHCK BBIP@)KEH 3HAUUTEIBHO CI1abee M MOXKET OTCYTCTBOBATh [17].

Cpenu nemorpadpuueckux paxtopos 6oiee Beicokas yactora NODAC oTMmeuaercs y My>KUnUH
Wy JIMI[ CTAapIIMX BO3PACTHBIX TPy, ocobeHHo crapmie 65 mer [9,12,15]. B To ke Bpems,
HECMOTps Ha 0oJiee HU3KYIO a0COMIOTHYIO YacTOTy Y JeTel U MOJPOCTKOB, OTHOCUTEIbHBIN PUCK Y

HUX TaKXe MOBBIIICH MO0 CPaBHEHHIO ¢ HeMH(uuumpoBaHHON mnonymsiiuen [3,15]. BeipaxeHHbIe
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pa3nuyMsl BBISIBICHBI U B 3aBHCHMOCTH OT PacOBO-3THUYECKON MPUHAIICKHOCTH: O0Jiee BBICOKHMA
pHUCK HAOMIONAETCS Cpeau MpejacTaBUTENe adpoaMepuKaHCKUX, JTATHHOAMEPUKAHCKUX, a TaKKe
a3WaTCKUX MOMYJISIIHM, 4YTO, BEPOATHO, OTPaKaeT COYETaHWE TIEHETHMUYECKUX U COLHUAIbHO-
sKOHOMHYECKUX (hakropos [8,16,18].

KitoueByto ponb Taxke urparoT meradonudeckue ¢akTtopbl pucka. Hamuume oxxupeHus,
apTepUANbHON THIEPTEH3UH, TUCIUIUAEMUN U NIpearnadeTa 3HAYUTEIbHO IMOBBIIIAECT BEPOSTHOCTD
passutsi NODAC [19,20]. Oxupenue paccMaTpuBaeTCs KakK OJWH U3 ICHTPAJIbHBIX (DAaKTOPOB,
onpeAessifomKUX Kak TsokecTh TedeHuss COVID-19, Ttak u mocneAyrouuid puUCK HapylIeHUs
yraeBoaHoro oomena. IlokasaHo, 4yTo y manueHTOB C MHAEKCOM Macchl Tena >30 pUcCK pa3BUTUA
nuadeTa 1mocie MHPEKIUU MOXKET YBEIMYMBATHCS OoJiee ueM B 3 pasza, 4TO MOXKET OBbITh CBSI3aHO C
0COOCHHOCTSIMH ~ JKMPOBOM  TKaHM M  XPOHHYECKHM  BOCHAJICHHEM,  YCHJIMBAIOIIUM
UHCyIHHOpe3ucTeHTHOCTh [12,16,21]. Ha stoM dore COVID-19 moxer BBICTYHaTth B POJIH
TPUITEPA, YCKOPSIOMIETO MaHU(ECTAIUI0 paHee CYOKIMHHUYECKUX METa0ONMYEeCKHUX HapyIIeHUN
[22,23].

C Touku 3peHHs KIMHUYECKUX (heHOTUIOoB, OoabpmMHCTBO ciiydaeB NODAC cooTBeTcTBYET
caxapHomy auabery 2 tuma [11]. B To ke BpeMsi ommcaHbl Cly4ad ayTOMMMYHHOTO auabera,
Bkimouass LADA-nogoOHble cocTosiHMST U Ae0I0T ¢ JMa0eTHMYecKOro KEeTOaluj03a, 4YTo
MOJTBEPIKIAET TeTEPOreHHOCTh JaHHOTO (eHomeHa [24—26]. Taxke BaKHBIM acCIEKTOM SIBJISCTCS
ecrectBeHHOe TeueHMe NODAC. V 3HauuTenbHON 4YacTH MAalMeHTOB HApYIIEHMs YIJIEBOJIHOTO
oOMeHa HOCST TPAH3UTOPHBIA XapakTep M PETrpecCUpYIOT 10 HOPMOTIMKEMUU WM mpeanadera
MOClie BOCCTAaHOBIIEHHUS, YTO TMPEAINOoJaraeT BKIAJ TPAH3UTOPHOW CTpecc-MHAYIIMPOBAHHOM
THIEPTITMKEMHUH, 00yCIIOBJICHHOM CHCTEMHBIM BOCTIQJICHUEM WA IPUMEHEHUEM
TIIIOKOKOpTUKOHMI0B [15,26,27]. B TO ke Bpemst y 3HAYUTEIBHOW OJM TAIIMEHTOB HAPYIICHUS
COXPaHSIOTCS B TEUEHHE JJIUTENBHOTO BpPEMEHH, UTO YKa3blBaeT Ha HEOOXOAMMOCTh
JMHAMHYECKOTO MOHUTOPHHTA TaKUX TarueHToB [27,28].

Takum o6pazom, pazsutne NODAC BeposiTHO SBISIETCS PE3yJAbTaTOM  CIIO0XXHOTO
B3aMMOJICHCTBHSI MCXOIHBIX METa0ONMYECKUX HApYIICHWH M (PaKTOPOB, CBS3aHHBIX C TSKECTHIO
uHpekuu. VMEHHO coueTaHHe JTHX MEXaHM3MOB MOXET OMNpEIeNsTh TeTepOreHHOCTh U
KIIMHUYECKYIO0 BapUaOeNbHOCTh JAHHOTO COCTOSHUSI.

IHarorenes NODAC: myJabTH(PaKTOPHAS M reTeporeHHasi MoJeJlb

C yuérom npencraBieHHor rereporeHHoct NODAC, pa3BuTHe HapylIeHUH YIIIE€BOIHOTO
obmeHa mocie nepeHecéHHoi uHpekuun SARS-CoV-2 crenyer paccMaTpuBaTh Kak pe3ysbTar

B3aMMOJICHCTBUS HECKOJBbKHX B3aHMOCBS3aHHBIX ITaTOIM€HETHYECKHX IpoHeCCoOB. B otiauume ot
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Kiaccuaeckux ¢opM caxaproro auadeta, npu NODAC mpenmosaraercs, 4To JaHHBIC MEXaHU3MBbI
MOTYT pEaJIM30BBIBATHCS MMApaUICIbHO M TOTCHIHMAIBHO YCHJIHMBATh APYr Ipyra, (opMmupys
IIMPOKUHA CHEKTp KIMHUYECKUX (eHoTunoB. Cieayer OTMETUTb, YTO CTENEHb JOKAa3aHHOCTU
yYKa3aHHBIX MEXaHM3MOB pa3jIMyaeTrcsi: B TO BpeMs Kak CHUCTEMHOE BOCHAJCHHE U
MHCYJIMHOPE3UCTEHTHOCTh XOPOIIO IOATBEPKIACHbl KIMHUYECKHMHU U 3MUIEMHUOJIOTHYECKUMU
JaHHBIMH, TPSMOE MOpPAKEHUE P-KIETOK M ayTOMMMYHHBIE IPOIECCHl B 3HAYMTEIBHON CTENCHU
OCHOBAHBI Ha SKCIIEPUMEHTAJIbHBIX U OTPAaHUUYEHHBIX KIMHUYECKUX HAOIIOJCHUSIX.

Ilpamoe nopasxcenue f-knemox u Hapyuwienue ux yHKyuu

OmauM W3 TpeArnojaraeMblXx M akTUBHO oOcyxkmaembix Mexann3MoB NODAC sBnsercs
HapymeHne (QyHKOUM  [-KIETOK  MOUKEeTyJO4YHOM  kene3pl. [lokasaHo, dro P-KieTku
IKCIIPECCUPYIOT PEIENTOpbl W KO(aKTOphl, oOecrneunBaromue nporunkHoBeHne SARS-CoV-2,
Biirouas ACE2 [1,14], TMPRSS2 [24,29] u ueitponunun-1[1,23], uto nemaet ux NOTCHIIUATBHOM
MullleHbl0 ais Bupyca . Ilocne mHunmpoBaHus B-kjIeTOK HAOMIOJAETCS CHUXKEHHME TIIIIOKO030-
CTUMYJIMpPOBaHHOW cekperuu uHcyinnHa (GSIS), yMmeHblleHHWE uucia CEeKpeTOpPHBIX TpPaHyl u
pa3BUTHE SHAOIIA3MaTHYECKOIO CTpecca, 4YTO OTpa)kaeT HapylIeHUe BHYTPUKIETOYHOTO
MmeTaboausma [6].

Taxxe BaKHYIO pOJib, MO-BUJIUMOMY, UIPaeT HapylleHHe PadOThl PEeHUH-aHIMOTEH3MHOBON
cucteMbl: cHkeHue skcrpeccun ACE2 MokeT NpuBOAWTH K HAKOIUJIEHMIO aHTruoTeH3uHa Il
aKTUBALlMM OKCHUJIATUBHOT'O CTpecca M YCWJIEHHIO BOCHAJIEHUS, YTO MOTEHLHAIBHO CHOCOOCTBYET
YyIHETEHHI0 cekpeTopHoi ¢yHkumu f-kietok [8,12]. Kpome Toro, omwmcan ¢eHOMEH
nenupGepeHIUpPOBKU B-KJIETOK - COCTOSIHUS, HNPU KOTOPOM KJIETKH YTPauMBalOT CIIOCOOHOCTH
HOPMAJIBHO BhIPa0aThIBATh MHCYJIMH U (YHKIIMOHUPYIOT MeHee 3 dektuBHO [30].

Hucynunopezucmenmunocms Kak 4eHmpanabHolil CUCIEMH LI KOMNOHEHM

Cpemn npemnoxeHHblx MexaHu3mMoB NODAC cucreMHas HMHCYJIMHOPE3UCTEHTHOCTh
ABIISICTCA OAHMM M3 HanOojee XOpOILIO MOATBEPKAEHHBIX M, BEPOSTHO, KIMHUYECKH 3HAYMMBIX
KOMITOHCHTOB. BocnamurenbHas peaknus, wHayiupoBanHas SARS-CoV-2, compoBoxmaercs
MOBBIIICHUEM YPOBHE# MpoBocnanuTe bHbIX IUTOKUHOB (IL-6, IL-1B, TNF-0), KoTOpbie CrIOCOOHBI
aKTUBHUPOBATh CTPECC-aCCOLIMMPOBAHHBIE CUTHAIbHBIE ITyTH, BKItouas JNK u MAPK, tem cambim
Hapylmas HHCYJIMHOBYIO CHUTHAJIM3ALMI0O M CIOCOOCTBYS Pa3BUTHIO WHCYJIMHOPE3UCTEHTHOCTH
[22,31,32]. JlomonHUTeNbHBIA  BKIAX BHOCHUT  OKCHIATHBHBIA  CTpECC,  yCHIIMBAIOIIUIT
BOCHAJINTENbHBINA OTBET yepe3 aktuBanuio NF-kB u dopmupyromuii 3aMKHYTBIN “BOCHAIUTEIBHO-

MeTaboauueckuii” nuki [22].
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XKuposas TkaHb UTpaeT 0coOyr0 poib B NOAAEPKAHUU ITUX IIPOLIECCOB: BBICOKAsA SKCIIPECCHUS
ACE2 nenaer e€ noTeHIMAIBHBIM PE3€pBYapoOM BUpPYCA, a MPOAYKLUS aJUIOKHHOB U XEMOKHHOB
(Brmouass CXCL10) crmocoOCTByeT pa3BUTHIO XPOHHYECKOTO METa-BOCIAJICHUS M yCYTyOJEHHUIO
uHCynuHOpe3ucTeHTHoctd [22,33]. Takum oOpasom, (GopMUpyEeTCS COCTOSHHE BBIPAKEHHOM
MeTaboIMUeCcKOil Harpy3Ku, Mpu KOTOPOM JaKe YMEPEHHOE CHIKEHUE (PYHKIHMU [-KIETOK MOXKET
MPUBOANUTH K KIIMHUYECKU 3HAUUMOM THIIEPIIIMKEMHUH.

Ponv cmpecca u mpanumopmoii 2unepziukemuu

OcTtpas uHQEeKus COMpOBOXKIACTCS aKTUBAMEH KOHTPUHCYISPHBIX MEXaHU3MOB, BKIIIOYAs
MOBBILICHUE YPOBHS KOPTHU30Jla M KAaTE€XOJAMUHOB, YTO YCHJIMBACT IIIOKOHEOT€HE3 M CHUXKAET
nepuepuyecKylo YTHIM3AUUI0 TIIOKO3bl. Ha 3TOM (oHe y dYacTh NaIlMeHTOB pPa3BHUBAETCS
TPaH3UTOpHAsl TUIEPIJIMKEMHUs, HE OTpa)karollasi CTOMKOrO HapyIIeHWs YIJIEBOAHOIO OOMEHa
[16,21]. DTo mO3BOMAET MPEAIONOKUTH, YTO 3HAYUTEIbHAS YaCTh HAOJIOMaeMbIX CIIyYacs
MPEJICTaBIsIeT COO0OW CTpecc-WHIAYLUMPOBAHHYIO TUIEPTIIMKEMHIO, OOYCIOBJICHHYIO CHUCTEMHBIM
BOCIIAJICHHEM WJIM TPUMEHEHHEM TJIIOKOKOPTHKOUIOB. VIMEHHO JaHHBIA MEXaHU3M MOXKET
OOBSICHATh 3HAUUTENbHYI0 a0mo obOparuMbeix Gopm NODAC, HaOnromaeMblx B KIMHHYECKHX
UCCIIETOBAHMSIX.

Ampozennvie hakmopul: 6Kn1a0d 2110KOKOPMUKOUOHOU mepanuu

Taxoke BaxkHbIM KOMIOHEHTOM matoreHe3a NODAC siBnsieTcs BIMSHUE TE€panuu, B MEPBYIO
ouepeqb TIIOKOKOPTUKOMAOB. VX IpHMeHeHue CONpOBOXKAAECTCS CHUKEHHUEM YYBCTBUTEIBHOCTU
TKaHell K MWHCYIMHY, YCHJIEHHEeM TIJloKoHeoreHesa u HapymeHueM GLUT-4-3aBucumoro
TpaHcnopra rioko3bl [13] . B kIMHUYECKOM KOHTEKCTE 3TO c031aéT 3()(DEeKT “HOMOTHUTEIHHOTO
ynapa”, Mpu KOTOPOM BHUPYC-UHAYLIMPOBAaHHbIE H3MEHEHUS COYETAIOTCS C MEIUKaMEHTO3HO
00yCIIOBJIEHHON HMHCYJIMHOPE3UCTEHTHOCTHIO. [Ipr 3TOM IIIOKOKOPTHUKOUIBI HEPENKO BBICTYMAIOT
HE Kak eJUHCTBEHHAs MPHUYMHA TUIMEPTIMKEMHUHU, a KaK (PaKkTop, YCKOPSIOMIHMA MaHHU(pecTaIlo
paHee CYIIECTBYIOIINX METaboINuecKuX HapymeHuit [16].

AymoummyHnnsle mexanusmol Kaxk omoenvhwlii penomun NODAC

V¥ yactn nanueHToB NODAC MOXET pealn30BbIBAaThCA Y€pe3 ayTOMMMYHHBIE MEXAHU3MBI,
9TO TOATBEP)KIACTCS BBISIBICHHEM aHTHTEN K OCTPOBKOBbIM aHTureHam (GADG6S5, 1A-2) mocne
nepenecénnoil uHpekmn [25,34]. IIpennomnaraercs, uro SARS-CoOV-2 MoxeT WHUIUHPOBATH
ayTOMMMYHHBIE PEaKIMU 4Yepe3 MEXaHU3MBbl MOJEKYISIPHOW MHUMHKPUH WM HeCTeU(UIECKOM
aKTHBAI[MM MMMYHHBIX KeToK (bystander activation) B YCIIOBHSX BBIpaXEHHOTO BocmayieHus [23].
JIaHHBIN MyTh, BEPOSATHO, JEKUT B OCHOBE pa3BUTU LADA-1onoOHBIX COCTOSSHUN W HEKOTOPBIX

ciyyaeB aebrota auabera 1 tuma nmocne COVID-19, xoTs umeronyecs JaHHbIE OTpaHUYEHBI U
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OCHOBaHbl  NPEHMYLICCTBEHHO Ha  OTICIbHBIX  KIMHUYECKMX  HaOmojeHusix  [24,25].
[IpennonaraemMple UMMYHHBIE MEXAaHHU3MbI MOBPEKICHUS [-KIETOK NpencTaBieHbl Ha Pucynke 1
(BocmpomsBeneHo u3 [35]).

Humezpamuenan modenv namozeneza NODAC

IIpencraBneHHble MEXaHU3Mbl HE SBISIOTCS AIbTEPHATUBHBIMH U, MO-BUJUMOMY, MOTYT
pealn30BbIBATHCSl OJJHOBPEMEHHO M B3aUMHO NOTEHLMPOBATh Apyr apyra. B pesynpsrate NODAC
MOXeET (POPMHUPOBATHCS KAK CIECICTBHE COUCTAHUS:

® YMEPEHHOTO WJIM BBIPAXKEHHOTO HApYIIECHUS (PYHKIIUH -KIETOK

® CICTEMHOW MHCYJIMHOPE3UCTEHTHOCTH

® CTpecc- U TepaneBTU4YeCKU 00yCIOBICHHBIX META00IMUECKUX CABUIOB

® UH/IMBU/yaJIbHOM MPEapacioI0kKEHHOCTH.

O6006ménnas cxema npeanonaraemoro naroreieza NODAC npexacrasiena Ha Pucynke 2
(amanTupoBano u3 [12]).

BaxHbIM siBIsieTcs TO, YTO B 3HaUMTeNNbHOM vacTH ciydaeB NODAC orpaxaeT He MCTUHHOE
BO3HUKHOBEHHUE JHMa0eTa, a YCKOPEHHYI MaHHU(ECTalUI0 paHee CYOKIMHUYECKUX HapYIIEHUH
yraeBogHoro obmena. Takum oOpasom, NODAC crnemyer paccMarpuBaTh Kak JUHAMHYECKHNA
CIIEKTP COCTOSHUM C pPa3NUYHBIMA MEXaHHM3MaMH W HMCXOJaMH, YTO WMEET HPUHIUIHAIHHOE
3Ha4YeHHUe JIUIsl KIIMHUYECKOW MHTEpIpeTalliy U MOCIeIyIOIero Ha0ItoIeHHs MAl[eHTOB.

JAnarnocTuyeckue 0COOEHHOCTH U CJ10:KHOCTH BbIsiBJeHnst NODAC

[TockonbKy Ha CErofHANIHUN JIeHb HE CYIIECTBYET CHeHU(PUUYECKUX IUarHOCTUYECKUX
kputepueB st NODAC, ero BbISBIEHHE OCHOBBIBAETCS Ha OOIIEHPHUHSATHIX KPUTEPHSIX
JTUArHOCTUKHU caxapHoro auabera. B xnmHuueckoit nmpaktuke NODAC o0bl9HO paccMaTpuBaeTcs
KaK COCTOSIHUE, IPU KOTOPOM y MalMeHTa 0e3 paHee W3BeCTHOro auabera mocjie MoATBep KIEHHON
uHopexn SARS-CoV-2 BrnepBbie BBISBIISIOTCS TOKA3aTeIN, COOTBETCTBYIOIIME TUArHOCTUYECKUM
noporaM juabera. B kauectBe onHOro u3 HauOoJsiee HCHOJB3YEMBIX pabodMX ONpeaeseHUui
MpeJUIaraeTcsl CoYeTaHWe TPEX KPUTEPHEB: IOATBEPKACHHBIA JWAarHo3 aumadera, OTCYTCTBHE
MPU3HAKOB TPEAIIECTBYIOIIEr0 HapyIIEHUs YIIeBOJHOIO oOMeHa U JIOKyMEHTHpPOBAaHHAs
undekius COVID-19 B Tedenue npemiiectTByonmx 6 Mecsies [15].

CormacHo craHgapTaM AMEpPUKAHCKOW AMaOETHYeCKOW acCOIMaIlid, JMAarHO3 CaxapHOTo
nrabeTa yCTaHaBJIMBACTCS MPU HAJTMYUU OJHOTO U3 CIEAYIOUIMX MOKa3aTelel: YPOBEHb TIIFOKO3bI
Hatomak > 126 mr/mn (7.0 mMonb/n); ciydaiiHas tiatoko3a > 200 mr/mn (11.1 mMmonb/n) mpu

HIMYUKU cuMOToMOB runepriaukemun; HbAlc > 6,5%, unu ypoBeHb TITIOKO3bI uepe3 2 yaca mpu
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II'TT > 200 mr/mn. Ilpu 3TOM TpeOOBaHME MOBTOPHOTO IMOATBEP)KIAIOIIEIO TECTa OCTAETCS
o0s3arenbHbIM [36].

Onnako B koHTekcte COVID-19 mHorme uccinenoBaHus Hapyllajld 3TH CTAHIAPTHI, HE
MIPOBOSI TOBTOPHOE TECTUPOBAHUE, YTO CHIKAET TOUYHOCTh AMATHOCTUKH M MOXKET MPUBOAMUTH K
rUnepAuarHocTuke. Psa crannoHapHbIX pabOT HMCHOJB30BAaIU AlbTEPHATUBHBIC, YIMPOIIEHHBIE
KPUTEPHH, aJalTHPOBAHHBIC MO OCTPYIO a3y Ooyie3HHU: TIFOKO03a HaTomiak > 140 mr/mn [31];
ciydaiiHas Tiroko3a > 200 Mr/an Ha mpoTsbkeHMHM JBYX cyTok [15], wim HeoOXomumocTh
HHCYJIMHOTEpANuK B TeueHue > 48 yacoB y paHee Heauaberuueckux manueHtoB [15]. Takue
MOAXOJbI TMO3BOJIIIOT BBIABJISATH MALIMEHTOB C HapyIIGHUSMU TIUKEMHUH B OCTpod asze
3a00JIeBaHUs, OJJHAKO OHU TAKXKE yBEIWYMBAIOT BEPOSITHOCTH BKJIFOUEHUS CIy4acB TPAH3UTOPHOU
CTpeCC-MHAYIIMPOBAHHOW THUIIEPTIMKEMUHU, HE OTPAXKAMOIICH CTOMKOE HApYIICHHWE YTIIECBOJIHOTO
obmena [16,23,37].

[TontBepxknenue (akra nepeHecéunor unpexnuu SARS-CoOV-2 Taxke sBiIsieTcs BaKHBIM
KOMITOHCHTOM JIHarHOCTHKHA WM B KCCIEIOBAHUSAX MOXKET OCHOBBIBATBHCS HA ITOJIOKHTEIbHBIX
pesynbratax [I[P wauM aHTUTCHHBIX TECTOB, HAJIMYMU COOTBETCTBYyrOmuX komoB MKB-10
(manpumep, U07.1), a Takxke Ha JOKyMEHTAllMU creruduieckoi Tepanuu (Hampumep, IpuMeHeHue
MIPOTUBOBUPYCHBIX TMpenaparoB). B To ke Bpemsi OTCYyTCTBHE IOKYMEHTHPOBAHHBIX IaHHBIX O
nepeHecéHHON WH(GEKIuH, O0COOCHHO MpH OeccMMNTOMHOM wWiH JérkoM tedeHuun COVID-19,
MOXKET 3aTPYAHSATH YCTAaHOBIICHUE BPEMEHHOW CBSI3W MEXKIYy HWHQPEKIUEH W IMOCIeTyIOIUM
paszBuTHeM runeprimkemuu [15,18].

OnHOM U3 KJIIOYEBBIX MPOOJIEM SBISETCS HEBO3ZMOKHOCTh JIOCTOBEPHOTO MCKITIOUYCHHS paHee
CYIIECTBOBABIIIETO, HO HEpacmo3HaHHOTO auabera. [lo JaHHBIM JOMAHIEMHUYECKOTO IEPUOJIA,
3HAUMUTENIbHAS JIOJIA MalueHToB ¢ auadberoM (10 23-50%) ocrtaBanach HeAMArHOCTUPOBaHHOU. B
ycnoBusix COVID-19, conpoBoxnaroniuxcs Oojiee 4acThIMH MEIUIMHCKUMU OOCIEIOBaHUSMU,
MIPOMCXOJUT TaK HA3bIBAEMOE “‘pacKphITHE” paHee CKPHITOro quadera, YTO MOXKET MPUBOJUTH K €ro
ommbouHoi Kinaccudukarmu kak NODAC [15,37].

CI0O)KHOCTH BO3HHMKAIOT W TIpH Kiaccudukarmu auadeta. Bo MHOTMX HCCIEIOBAaHUSX OHA
ocHOoBbIBaeTcs Ha kojmax MKB-10 6e3 yuéra QyHkuuum [-KIETOK HIM HWMMYHOJIOTHYECKHX
MapKepoB, YTO MOXKET MPUBOJUTH K CMEHICHUIO Pa3IMYHBIX KIMHUYECKUX (PEHOTUIOB, BKIIIOUAs
caxapHbiii tuabet 1 Tuma, caxapueiii quadet 2 Tuna, LADA u crepona-uHAyIIMpOBaHHBIN TrUa0eT.
Kpome Toro, moBBINIEHHAS 9aCTOTa KOHTAKTOB IMAIIMEHTOB C CUCTEMOH 3JIpaBOOXPAHEHUS B IIEPHO]T
COVID-19 cozmaér sddext nabmomarenbHoro cmemeHus (surveillance bias), yBenuumBas

BEPOSITHOCTH BBISIBIICHHUSI a0eTa 10 CpaBHEHHIO ¢ HeMH(PHUIIMPOBaHHO! nomyssiuueit [17,18].
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Taxkum obpazom, nuarnoctuka NODAC ocTaércsi ClIoXHOM MEXAUCHUIUIMHAPHON 3a/1aueH,
TpeOyIoLe  OCTOPOXKHOM  MHTEepIpeTali  KIMHHUYECKUX W JIAOOpaTOpHBIX  JTaHHBIX.
I'eTeporeHHOCTh KJIMHUYECKUX CLEHAPUEB, OTCYTCTBUE YHU(DPULIMPOBAHHBIX KPUTEPUEB U HAIMYME
MHOXECTBAa IOTEHUMAIbHBIX CMELIMBAIOIIUX (AKTOPOB  MOMYEPKUBAIOT  HEOOXOAUMOCTh
CTaHJApTH3allMM TMOAXOJOB U IPOBEACHUS IPOCHEKTHBHBIX MCCIEIOBAHUH €  UYETKUM
OTMpeIeJICHUEM HCXOJIHOTO METabOoJMMYecKoro craryca mnamueHtoB. B stom kontexcre NODAC
CIIEIyeT pacCMaTpUBaTh HE KaK CAMOCTOSATEIbHYIO HO30JIOTHYECKYIO €JMHHUILY, & KaK TeTepOTreHHBIN
KIMHUYECKUH (EeHOMEH, 4TO HMEeT NPUHIUNUAIBHOE 3HAa4eHUEe [UId €ro JUAarHOCTHUKU U
UHTEpIpPETaLHH.

OO0cy:x1eHne pe3y1bTaTOB

Hacrosmuii 0630p 0600111a€T COBPEMEHHBIE JAaHHBIE O BIIEPBBIE BBIIBIECHHOM AualeTe mocie
nepenecénnoil uHpexnuun SARS-CoV-2 (NODAC) u monarBepikIaeT, YTO AAHHOE COCTOSHUE
IpEJCTaBIseT COOOM KIMHUYECKH 3HAUYMMOE, HO rereporeHHoe spieHue. llonydyeHHble naHHBbIE
CBHJICTEIILCTBYIOT O CTAaTUCTUYECKH 3HAYMMOM YBEIMYEHUHM PHUCKA pa3BHTUs AuadeTa Iocie
COVID-19, opHako WHTEpHmpeTamusi O3TOTO pHCKa TpeOyeT OCTOPOXKHOCTH C  y4ETOM
METOA0JIOTMYECKUX OIPaHUYEHHUH JOCTYIHBIX UCCIIEIOBAHUI.

[Tonmy4yeHnHsle pe3ynbTaThl yKasblBatroT Ha To, 4To NODAC He cienyer paccMarpuBaTh Kak
CaMOCTOSITENTbHYIO HO30JIOTHYECKYIO €IMHUILYy C €IMHBIM TaTtoreHe3oM. Hampotus, ero pasBurue,
BEPOSITHO, OTpa)kaeT B3aWMOJCHCTBHE HECKOIBKMX B3aWMOCBS3aHHBIX IIPOILIECCOB, BKIIFOYAs
CHCTEMHYIO MHCYJIMHOPE3UCTEHTHOCTh, HapylIeHHe (YHKIHUU B-KJIETOK, BOCIIAIUTENIbHBIH OTBET U
BIMsIHME TepaneBTHUecKuX (akrtopoB. Ilpu sTOoM HamOonee yOenuTeNlbHBIE OKa3aTeIbCTBA
HAKOTUICHBI B OTHOIIEHHH POJM BOCIAICHUS W WHCYJIWHOPE3UCTEHTHOCTH, TOTJAa KaK THIIOTE3BI
MPSIMOTO TTOBPEXKACHUS [3-KIETOK M AyTOMMMYHHBIX MEXaHU3MOB OCTAIOTCS MEHEE ONpeIeIEHHBIMU
U TpeOyIOT JalbHEHIIero U3y4eHusl.

Ocoboe 3HayeHHe UMeeT BbIsABICHHAs 3aBUCUMOCTb pucka NODAC oT TsKecTH TedeHus
COVID-19. bonee BbICOKasi yacToTa HapyIIEHUH YTIEBOJHOTO OOMEHA y TOCIHTAIM3HPOBAHHBIX
MAIeHTOB, OCOOCHHO B YCJOBHSAX HHTEHCHBHOH Tepalvu, BEPOATHO, OTPAKAET COBOKYITHOE
BJIMSIHUE THUIOKCUH, BBIPAKEHHOTO BOCTAJIMTEIHHOIO OTBETA U NMPUMEHEHHS TIIOKOKOPTHKOUIOB.
OTO MO3BOJIAET NPEANONOXKUTh, 4To MHPekuus SARS-CoOV-2 B psane ciyyaeB BBICTYNAaeT He
CTOJIBKO Kak TIepBUYHAs NMPHUYMHA JraldeTa, CKOJIBKO KakK (HaKTop, YCKOPSIIOMNN KIMHUYECKYIO
MaHHU(ECTAINIO paHee CyOKIIMHMYECKUX METa00IMUYEeCKIUX HAPYIIICHHH.

BaxabiM HaOmo/1eHNeM SBIISIETCS TAaKKe HAJMYUE TPAH3UTOPHBIX (OPM TUIEPIIIMKEMUH. Y

YaCTH IMAallUCHTOB HOpMaJU3allugd TJIMKEMHU TIOCJIC BBI3BAOPOBJICHUSA CBUIACTCIILCTBYET O
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3HAUUTEJIIBHOM  BKJAJ€  CTPECC-MHIYLMPOBAaHHBIX  MEXaHU3MOB, BKJIOYas  aKTUBALUIO
KOHTPHUHCYJIIPHBIX TOPMOHOB M CHCTEMHOE BOCHAJIEHUE. JTO MOJYEPKUBAET, YTO HE BCE CIIy4YaH,
nuarHoctupyembie B octpoit ¢aze COVID-19, orpaxkaroT UCTUHHBIN ne00T auadbera, U Tpedyer
MOATBEPK/ICHUSI CTOUKOCTU HapyIIEHUH YrIIeBOJHOIO 0OMEHa B AMHAMMUKE.

Cyl1ecTBeHHBIM OrpaHUYEHHEM COBPEMEHHOH J0Ka3aTeNbHO 0asbl SBJISETCS OTCYTCTBUE
€IMHBIX JIMAarHOCTUYECKUX MOAX010B. Mcrnonp3oBaHUE pas3IMYHBIX TIMKEMUYECKUX KPUTEPUEB,
OTCYTCTBHE IOBTOPHOI'O IOJATBEP)KIEHUS MAarHo3a U OrpaHUYEHHbIE BO3MOXKHOCTH HCKIIIOUEHUS
paHee HEIMAarHOCTUPOBAHHOIO JMabeTa CHMIKAIOT COMOCTaBHUMOCThH PE3YJIbTaTOB HCCIEIOBAaHUM.
JlomoyHUTEeIbHOE BIUSHUE OKAa3bIBAET UCIIOJIb30BAaHNE aIMUHUCTPATUBHBIX AaHHBIX U kojgoB MKb-
10 Ge3 yTrouHEHHS KIMHMYECKOTO (PEHOTHIIA, YTO MOXKET NPUBOJIUTH K THUNEPAHMATHOCTHKE M
CMENICHUIO pa3IuyHbIX (hopm nuadera.

[TonydyeHHble  pe3ynabTaThl TaKKe TO3BOJSAIOT  BBIICIUTH DPSI  METOAOJIOTHYECKHX
OTpaHMYEHUH, XapaKTepHBIX JUIs OONBUIMHCTBA HCCIEAOBaHWN B naHHOW o6nactu. K HuM
OTHOCATCS] aHAJIN3 YK€ UMEIOLINXCS JAaHHBIX, OTCYTCTBUE MH(POPMALIUU O COCTOSIHUH YTJIEBOJTHOTO
oomena g0 COVID-19, paznuuust Mexay TPYyNIIaMH MMAllUEHTOB, a TAKXKE BO3MOKHBIC OIIHOKH,
CBSI3aHHBIE C OCOOCHHOCTSIMH HaONIO/IeHUs. B COBOKYNMHOCTH 3TO HE MO3BOJSIET OJIHO3HAYHO
yCTaHOBUTH, BbI3bIBaeT in COVID-19 pasButue nuadera.

IIpakTnyeckune KIMHUYECKHE BHIBO/ABI

C nmpakTHYecKON TOYKH 3pEHHUs pe3yibTaThl 0030pa MOAUYEPKUBAIOT HEOOXOIUMOCTh OoJiee
CTPYKTYpPUPOBAaHHOIO ToOAXoAa K HaOmoneHuto mnanueHtoB mnocie COVID-19. HaubGonee
00OCHOBAHHBIM MPEJCTABISAETCS MPOBEACHUE CKPUHUHIA HapyIIeHWH YIJIeBOJHOro oOMeHa Yy
TPy MOBBIIIEHHOTO PUCKA, K KOTOPBIM OTHOCSTCSI:

* marueHThl C¢ TsokEnbiM  TedeHueM COVID-19, tpeGoBaBiime TOCNUTATU3ANNN WM
WHTEHCUBHOW TEPAINN;

* JIMIa C O)KUPEHHUEM, NTpeInabeToM U IpYTMMH KOMIIOHEHTaMU MEeTab0JInYeCKOT0 CUHIPOMA;

* MTalMEHTBI, OJYyYaBIINE CUCTEMHYIO MTIOKOKOPTUKOUTHYIO TE€PAIHIO.

B KkadecTBe OCHOBHBIX IIOKazaTelel Leaecoo0pa3HO UCIOIb30BaTh YPOBEHb TIIIOKO3BI
Hatomak U HbAlc ¢ moBTopHOW ouLeHKOW B aAuHamuke. ONTHUMaibHBIE CPOKH HAOIIOICHUS
BKJIIOYAIOT PAaHHUM MOCTOCTPbIM mepuon (10 3 MecsleB), a TaKkKe MOCIeAYIOIHUNA KOHTPOJIb B
teyeHue 6—12 Mmecsues 11 quddepeHanuy TpaH3UTOPHON TUIIEPTIMKEMUH U CTOMKOTO 1uadeTa.

Takum 00pa3oM, pe3ynbTaThl HacTosiero od3zopa noxareepxknaart, uro NODAC cnenyer
paccMaTpuBaTh KakK TeTEPOreHHbIM KIMHUYECKHH (EHOMEH, BO3HHMKAIOIIMKA Ha TMepeceyeHuu

I/IH(I)GKI_II/IOHHBIX U METa0OJIMUYECKUX MponecCcoB. I[aﬂbHefII.HPIe UCCICA0OBaHUsA JOJIXKHBI OBITH
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HaIpaBJIEHbl HAa CTAaHAAPTU3ALMI0 JUAarHOCTUYECKUX KpPUTEPHUEB, YTOUHEHHE MATOr€HETUYECKUX
MEXaHU3MOB U Pa3pabOTKy KIMHMYECKUX AITOPHUTMOB BEICHHS MAIIEHTOB. DTO UMEET KIIFOYEBOE
3HAYEHHUE JJIS MOBBIIIEHUS TOYHOCTH JUATrHOCTUKU U ONTHUMH3AIUH JOJITOCPOYHOTO HAOIIOICHUS
MalKUeHToB 1oce nepenecénnor nudexnuu COVID-19.

HcTouynuku puHAHCUPOBAHUS

Pabota BbINOIHEHA 0 HHULIMATHBE aBTOPOB O€3 MPHUBJICUCHUsT (PUHAHCUPOBAHHMSL.

KoH(uuKT HHTEpecoB

ABTOpBI JIEKJIApPUPYIOT OTCYTCTBUE SBHBIX U TOTEHIUAIbHBIX KOH(IMKTOB HHTEPECOB,
CBA3aHHBIX C COJICPKAHUEM HACTOSIIEH CTAThH.
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* Cytokine Storm and m6A RNA alterations
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Pucynoxk 1. [loTeHuumanbHble HMMMYHHBIE MEXaHH3MBbl  TOBPEXIEHHUS  [-KJIETOK
NOJKETY0YHOM sxene3bl nocie nHpexkmu SARS-CoV-2.

Ilpumeuanue: B-KIETKH MOTYT TOBPEXKIATHCS ayTroarpecCuBHIMA T- n B-mumdonmramu
BCJIEJICTBHE MOJIEKYJISIpHOH MUMHKpUH. [lepekpécTHas UMMyHHasi peaKTUBHOCTh MEXIY OelKaMu
SARS-C0oV-2 1 0JHUM WM HECKOJIBKUMH OeJIKaMu 4eJIOBEKa BOSHHUKAET, KOT/1a UMMYHHbBIE KIETKU
pacro3HaloT KaK BHUPYCHBIM aHTUIEeH, TaK M AayTOAHTMIEH BCJIEJACTBHE CXOJCTBA MX
aAMUHOKHCIIOTHOH TIOcenoBaTeIbHOCTH. AHTUTEeNa npotuB SARS-CoV-2 wmoryr o6manath
MepeKpECTHON pPEeaKTUBHOCTHIO € TpaHcmoprepoMm muHKa 8 (ZnT8), rimyramarnexkapOokcuiaazoit
(GAD), antureHom uHCynHHOMBI-2 (IA-2) WIM IPYyrHMHU BBICOKO IKCIIPECCUPYEMBIMH OElIKaMu
noJuKenyno4Hoi kene3pl. T-numdouutel (CD8+) pacmosHaioT, mocpeacTBoM T-KJI€TOYHOTO
perienitopa (TCR), menTuabl, nmpousBoanbie 0enkoB SARS-CoV-2, koTopble MpeicTaBIICHB Ha
MTOBEPXHOCTH WHQHUIMPOBAHHBIX B-kmeTok MOJICKYyJIaMH TJIaBHOTO KOMILIIEKCa
rucrocoBmectumoct | kmacca (MHC-I). P-kierkn Takke MOTYT pa3pyliatbesi KIETKaMu
BPOXJIEHHOIO HMMYHHUTETa, TaKMMU KaK JIEHAPHUTHbIE KIETKH, Makpodarn M HaTypajbHbIE

KWJJICPBI, 4YEpe€3 Ppas3IMIHbBIC MCXAHHM3MbI, BKIIOYAKOIIMWEC ITPOBOCHAIUTCIIBHBEIC IUTOKWHBI.

Bocnpouseeneno u3 [35] (CC BY 4.0).
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Pucynok 2. [IpeamnonaraemMpie MEXaHU3MbI Pa3BUTHS THIIEPIIIMKeMHN Tipy nHPeKkn SARS-

CoV-2.

Ipumeuanue: ATID2, anrnoTeH3uHIpeBpaaomii pepment 2. Agantuposano u3 [12] (CC

BY 4.0).
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THE MICROBIOTA-GUT-BRAIN AXIS: AN UP-TO-DATE REVIEW OF
MECHANISTIC PATHWAYS AND CLINICAL SIGNIFICANCE

Abstract

The microbiota—gut-brain axis (MGBA) is a complex, bidirectional communication network
connecting the intestinal microbiota with the central nervous system and playing an essential role
in maintaining physiological homeostasis and coordinating key functions of the human body. This
review summarizes current knowledge on the main mechanisms involved in MGBA signaling and
highlights its growing clinical relevance.

The gut microbiota is composed of trillions of microorganisms that together form a highly
dynamic ecosystem. It is actively involved in regulating immune responses, metabolic processes,
and neurophysiological functions. Microbiota development begins early in life and is shaped by
multiple factors, including the environment, diet, and mode of birth. In adulthood, it becomes a
relatively stable yet highly active system with significant metabolic and genetic capabilities that
influence host physiology on many levels.

Communication between the gut and the brain occurs through several interconnected
pathways. These include neural routes, primarily the enteric nervous system and the vagus nerve,
immune signaling mediated by cytokines and immune cells, endocrine pathways involving the
hypothalamic—pituitary—adrenal axis and gut hormones, as well as metabolic communication
through microbial metabolites such as short-chain fatty acids and other neuroactive compounds.
Together, these systems enable continuous two-way signaling that affects mood, cognition, stress
regulation, and energy balance.

Disruption of this system, known as dysbiosis, has been associated with increased intestinal
and blood-brain barrier permeability, chronic low-grade inflammation, and alterations in
neurotransmitter systems. These changes are increasingly linked to a range of conditions, including
depression, anxiety disorders, neurodevelopmental abnormalities, and neurodegenerative diseases.

Although research in this field has advanced significantly in recent years, many questions
remain, particularly regarding causal relationships and inter-individual variability. The MGBA is
now widely considered a promising target for therapeutic intervention, and microbiota-based
strategies such as dietary modulation, probiotics, and related approaches are gaining attention.
Future studies integrating multi-omics technologies and systems biology will be essential for
translating these findings into personalized clinical applications.

Keywords: gut-brain axis, gut, microbiota, brain, dysbiosis
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bekapbicoBa /lana
OTtzaen KOOpAMHALIMY U Pa3BUTHSI HAyUHBIX XKypHaloB, FOxxHo-Ka3axcranckas Meauunnckas

Axangemus, IlIeimxenT, Kazaxcran

OCb «sMUKPOBUOTA-KUIIEYHUK-MO3I'>: COBPEMEHHDBIE
IPEJICTABJIEHUSI O MEXAHU3MAX B3AMMOJEVCTBHS U KJIMHUYECKOM
3HAYUMOCTHU

Annomauus

Ocv  «mukpoouoma—xuweuynuxk—mosze»  (MGBA)  npedocmasnsiem — coboll  CLONCHYIO
O0BYHANPABNEHHYIO  KOMMYHUKAYUOHHYIO ~ Cemb, COCOUHAIOWYIO  KUWMEYHYIO  MUKpoouomy ¢
YEHMPANbHOU — HEPBHOU  CUCMEeMOU U  USparowylo  Kuouyegylo  poib 6  NO00epHCaAHUU
Qusuonocuueckoeo comeocmasza u KOOpOUHAYUU OCHOBHLIX QYHKYULL opeanusma. B oannom o63ope
0000 eHbl cospemenHble OaHHble O KII04esblX MexaHuzmax nepeoadu cuenanos 6 pamkax MGBA, a
maxoice NOOYEPKHYMa e€ 803pacmaronias KIUHU4ecKds 3Ha4uMoCcno.

Kuweunasa mukpodbuoma cocmoum u3 mpuiiuoHO8 MUKPOOP2AHUIMOS, DOPMUPYIOUUX
8b1COKOOUHAMUYHYIO dKocucmemy. OHa aKmueHO yuacmeyem 6 pe2yiayuu UMMYHHbIX peaKyull,
Memabonuueckux npoyeccosg u Helpogusuonocuveckux @ynxyuu. Popmuposarue MUKpooOUomol
HAYUHAEeMCcsl HA PAHHUX 2MAnax MHCU3HU U ONpeoessiemcss MHOMICeCmeom (Qakmopos, 6KI0UYds
OKpyJHCcaowyio cpedy, numamue u cnocod poodopaspewenus. Bo e3pociom eospacme oHa
CMAHOBUMCSl OMHOCUMENbHO CMAOUNBHOU, HO NPU SMOM OCMAEMCsL BbICOKOAKMUBHOU CUCMEMOTL C
BbIPANCEHHLIMU ~ MemAadOIUYeCKUMU U  2eHeMUYeCKUMU BO3MONCHOCMAMY, — GIUSIOWUMU HA
Quszuonocuio op2aHu3zMa Ha pasitUyHLIX YPOBHSIX.

KommyHnukayus mexncoy KueyHUKOM U 20108HbIM MO320M OCYWECMEIAEMC s Yepe3 HeCKOIbKO
83aUMOCBA3aHHbIX nymell. K Hum omuocamcs HelupoHanlvbHble MeXamusmvl, 8 Nepsylo ouepeodb
IHMEPANbHASA HEPBHAsL cucmema U OyHcOarowull Heps, UMMYHHAS CUSHATU3AYUSL, ONOCPEO00BAHHAs
YUMOKUHAMU U UMMYHHbIMU KI€MKAMU, SHOOKPUHHbIE NYMU, 6KIoYalowue Unomandamo-
2UNOQPU3APHO-HAONOUEUHUKOBYIO OCb U KUUeYHble 2OPMOHMblL, d MAKH#Ce MemadonudecKkas
KOMMYHUKAYUs yepe3 MUKPOOHble Memaboaumsl, makue Kak KOpPOMKOYeNOYeyHbvle HCUPHbIe
Kuciomul u opyaue Heupoaxkmuguvie coeOuHenus. B cosoxynnocmu smu cucmemwvl obecneyusaiom
HenpepvleHyl0 08YCMOPOHHIOI Nepeoady CUSHAN08, GIUAIOWYI0O HA HACMpOoeHue, KOSHUMUBHbLE
@yHKyuu, pe2ynayuio cmpecca u SHepeemudeckull 6ananc.

Hapywenue ¢ynxkyuonupoeanus 0aHnol cucmemsl, uzgecmuoe Kak oucouos, accoyuupo8amo

C NOBbIUEHHOU NPOHUUAEMOCMbIO KUWMEYHO20 U 2€Mam03Hl4€¢aﬂull€CK020 6apbep06, XPOHUYECKUM
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HU3KOUHMEHCUBHBIM BOCNANICHUEM U UBMEHEHUAMU 6 HeUpoMeOUuamopHulx cucmemax. Omu
UBMEHeHUsl 8CE Hauje CBA3bl8aAlOm C pPA36UMUEM DA3TUYHBIX COCMOSHULL, 6KII04dsl 0enpeccuio,
MPeBodICHble PACCMPOUCMEA, HAPYULEHUsL HEUPOPA3sUmMuUs U Helupoode2eHepamuehvle 3a00/1e6aHUSL.

Hecmomps na 3nauumenvuwiii npocpecc 6 0anHou obracmu 8 nociedHue 200bl, 0CMaémcs
MHOICECMBO HEePEUEHHBIX 80NPOCO8, 0COOEHHO 8 OMHOUEHUU NPUHUHHO-CIeOCMBEHHbIX C853ell U
MeNCUHOUBUOYANbHOU 6apuabenvHocmu. B nacmoswee epemss MGBA paccmampusaemcs kak
NepCneKmueHas MUueHsb 0Jis Mmepanesmuyeckux eMeuamenbcms, a cmpamecuu, HanpagieHHvle Ha
MOOUDUKAYUIO MUKPOOUOMBL, BKAIOUASL OuemuyecKue nooxooul, NPOOUOMUKU U CMeEHCHbIE MemoObl,
npusnexkarom 6cé boavuiee suumanue. byoywue uccnedosanus ¢ ucnoab308anuem MyabmMuOMHbIX
MEeXHON02UNl U CUCMEMHOU Ouono2uu O6y0ym umemsv KIOYe80e 3HAYeHUe O MPAHCAAYUU IMUX
OAHHBIX 8 NEPCOHANUSUPOBAHHBIE KIUHUYECKUE NHOOXO0O0b.

Knroueevle cnosa: ocv «KUWEUHUK—MO32», KUMMEUHUK, MUKpOOUoma, mose, oucouos

BekapbicoBa /lana
Frutbivu sxypHanmapas! yiisaectipy sxoHe nambiTy 6emimi, OHTycTik Kazakctan MeaunuHa

Axanemusicel, llIsiMkenT, Kazakcran

«MUKPOBUOTA-IIINEK-MW» OCI: ©3APA OPEKETTECY MEXAHU3M/JEPI
MEH KJIIMHUKAJIBIK MAHBI3/JIBIJIBIF bl TYPAJIbI 3AMAHAYU TYCIHIKTEP
Anoamna
«Muxpoouoma—iwex—wu» oci (MGBA) — iwex Mmukpobuomacvin opmanvlk HicyuKe
Jcyiecimer OAUIAHBICMBIPAMBIH  HCIHE (DUUONOSUANBIK 20MeO0CmA30bl CaKmayod, COHOAuU-ax
ag3amvly Heeizei (YHKYUAIApelH yilecmipyoe MAanbl30bl POl aAmKApamvlH Kypoeui eKidcakmuvl
KOMMYHUKAYUANLIK dicytie 6onvin maobvinaovi. Ocvl wonyoa MGBA asaceinoazer cuenan oOepy
MeXanuzmMoepiniy Hezizeli Oazvlmmapsl OOUbIHWA 3aAMAHAYU OepeKmep JHCYUeNleHin, OHbIH
KAUHUKATILIK, MAHBI30bLIbIZLIHBIY APMbIN Kele HCAMKAHbI KOPCEMINI2eH.

lTwex mukpobuomacvl MpuiIUOHOAAH MUKPOOP2AHUSMOEPOEeH MYPaobl JHCIHE IHCORAPLL
OUHAMUKANLL  IKOoJICYlle Kanvinmacmulpadsvl. On UMMYHOBIK HcaAyanmapovl, MemaboIuKalblk
npoyecmepoi JicaHe HelpoPU3UOI0UATLIK (DYHKYUALApObl pemmeyee 0OenceHOi Kamuvlcaobl.
Muxpobuomanviy Kanvlnmacyvl Omipoiy epme Ke3eHOepiHOe Oacmanvin, Kopuiazaw opma,
MAMAKMAHY HCoHe MYy MICILL CUAKMbL KONMe2eH (hakmopiapovly acepimeH alkvinoanaovl. Epecex

arcacma MUKpoouoma canbiCmulpmaivl mypoe mypakmul OONAHbIMEH, HCO2apbl OenceHOl Jicylie
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peminoe cakmanvin, aukblH MemaOOIUKAIbIK HCIHE eHEMUKATILIK MYMKIHOIKMepi apKblibl a23aHbIH
Gusuonocuscoina apmypii Oeyeetioe bIKnai emeoi.

Twex nen mu apacvinoagvl batiiansic DipHeule 63apa OAIAHBICIbL HCONOAP APKLLILL JdCY3e2e
acaovl. Onapea HeupoHObIK MeXaHumMoep, ey al0biMeH IHMEPUKANLIK JCYUKe JHCyleci MeH Ke30e
JHCyliKe, YUMOKUHOEP MeH UMMYHObIK JHCACYUWANap apKblibl Jcy3e2e dcamvli  UMMYHObIK
CUCHAIU3aYUs, 2UNOMANAMyCc—eunouz—oyupexycmi 0e3i  OCiH JcoHe iweK 20pMOHOAPLIH
KaMmMUumvlH 3HOOKPUHOIK HCONOAP, COHOAU-AK KblCKA mMiz0exmi Mai KbluKblioapsbl MeH 6acka oa
HeUupoaKxmuemi KOCbIIbICMAp CUSIKMbl MUKPOOMbBIK Memaboiummep apKblibl dcy3e2e dcamvit
Memaboaukanvlx 6auianvlc dcamaovl. Byn scyiienep HCublHmvlebiH0a KOHLL Kylee, KOSHUMUBMIK
@yHKyuaiapea, cmpecc pemmenyine JHCoHe DHEPeMUKANbIK MeHeepimee acep ememin Y30IiKCi3
eKIHCaAKMbl CUSHAT ATIMACYObl KAMMAMACHI3 emeo.

Byn orcytieniy 6y3vinyst, oucouo3 oen amanamvii Hca20ail, iUeK HCIHe 2eMamoIHYePaIObIK
MOCKAaybL10apObly OMKI3IUMICIHIY apmyblMeH, CO3bLIMAIbLL MOMeH OeH2elili KaObIHYMeH JiCoHe
HeupomMeouamop.ivlK Jcytienepoei o3eepicmepmer bauianvicmol. Amangan e3eepicmep oenpeccus,
ypeunix Oy3vlivlcmap, Heupooamy OY3blIblCMApPbl HCIHE HEUpOoOeceHepamusmi aypyiap CUusKmol
Mypai NAMOJIO2UANBIK HCAROAUNAPObIY OAMYbIMEH HCUL OAUNAHBICMBIPBLIYOA.

CoHevl  orcvindapvl Oy canada aumapiavikmai Jicemicmikmepee Kol JCemKizisieeHine
Kapamacmau, acipece ceben-canoapivlk OQUIAHLICMAP MeH JiceKe  aublpMAlUbLIbIKIMApaa
KamvlCmbl KOnmezeH cypakmap ani o0e aulblk Kyuinoe kanwvin omulp. Kazipei mayoa MGBA
mepanusnivlk acep emy YWiH NepCcnekmusdnvl HblCaHa pemiHoe  Kapacmulpwbliyod, — ail
MUKPOOUOMAHB MOOUPUKAYUANAY2A OARBIMMANZAH CMPAMe2usnap, COHblY [WiH0e OUuemanvly
macinoep, NpPoOOUOMUKMED JHCIHe COAH YKcac aodicmep, ViaKeH Kbl3bl2YWbLIbIK MYyoblpyod.
bonawaxma mynemuomovly mexnonocusnap men HCyuenik OUOI02UAHbL KOIOAHAMbBIH 3epmmeyiep
anviHean Hamudicenepoi OepbecmeHOipiieer KIUHUKANLIK madcipubeze eH2izyde weuwyuli pei
amxapaokwi.

Tyiiin ce30ep: «iwek—mu» oci, iulex, MUKpoouoma, mu, oucouos

Introduction

The human gastrointestinal tract is home to trillions of microorganisms, including bacteria,
viruses, and fungi, which together form the gut microbiota and exist in a symbiotic relationship with
the host organism. The stability of this delicate balance is maintained, in part, by a tolerant
intestinal immune system enriched with regulatory cells [1]. The gut is not only a central organ for

digestion and immune regulation but also a highly complex and dynamic microbial ecosystem. The
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gut microbiota closely interacts with the host and influences the development and function of the
immune, metabolic, and nervous systems [2]. In a broader sense, it represents the community of
microorganisms inhabiting the gastrointestinal tract and plays a fundamental role in supporting the
physiological functions of multiple body systems [3, 4].

In recent years, increasing attention has been given to the microbiota—gut-brain axis, a
bidirectional communication network between intestinal microorganisms and the central nervous
system [5, 6]. This axis is actively studied both under physiological conditions and in various
disease states, where the gut microbiota acts as a key mediator of signaling between distant organs
and systems [7, 8]. Functionally, gut-brain communication involves both peripheral and central
regulatory mechanisms. Signals generated in the gut in response to food intake are transmitted to
the central nervous system and contribute to the regulation of energy balance, food intake, and
glucose homeostasis, with the hypothalamus playing a central integrative role [9].

Alterations in the composition and metabolic activity of the gut microbiota (dysbiosis) disrupt
regulatory mechanisms and increase the permeability of both the intestinal and blood—brain barriers,
thereby contributing to the development of neurological as well as gastrointestinal disorders.
Importantly, this regulation is bidirectional: the central nervous system, through the autonomic
nervous system and the hypothalamic—pituitary—adrenal (HPA) axis, influences gut function,
including motility, secretion, permeability, and microbial composition [10]. In turn, the gut
microbiota affects the central nervous system via microbial metabolites, neuroactive compounds,
and gut-derived hormones, which can reach the brain through the vagus nerve, systemic circulation,
the enteric nervous system, and immune pathways [11]. Moreover, stress-related signals originating
from the brain, including activation of the HPA axis and the release of norepinephrine, can alter the
composition of the microbiota and promote the growth of pathogenic microorganisms.

In recent years, interest in the gut microbiota and the microbiota—gut—brain axis has grown
substantially, as reflected in the increasing number of studies in this field [12]. Despite significant
progress, further large-scale research is still needed to deepen our understanding of the bidirectional
gut-brain interaction. Such efforts may not only expand current knowledge of the microbiota—gut—
brain axis but also help identify novel therapeutic targets for neurological and psychiatric disorders
[13]. The aim of this review is to systematize current data on the mechanisms underlying the
microbiota—gut—brain axis and to analyze its role in physiological processes as well as in the
development of neurological and gastrointestinal diseases.

Search strategy
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A comprehensive and structured literature search was conducted to identify relevant studies
on the microbiota—gut—brain axis. The search was performed across major biomedical databases,
including PubMed/MEDLINE, Scopus, and Web of Science, to ensure broad coverage of both
experimental and clinical research. The search strategy combined Medical Subject Headings

29 <¢

(MeSH) terms and free-text keywords, including “gut microbiota,” “microbiota—gut-—brain axis,”
“gut-brain communication,” ‘“neuroinflammation,” “intestinal permeability,” “vagus nerve,”
“enteric nervous system,” and “microbial metabolites.” Boolean operators (AND, OR) were applied
to optimize and refine the search process.

Inclusion criteria comprised peer-reviewed articles published in English between 2014 and
2025, including original research articles, systematic reviews, meta-analyses, and high-quality
narrative reviews. Both human and animal studies were included to ensure a comprehensive
understanding of mechanistic and translational aspects of the field.

Exclusion criteria included studies with insufficient methodological detail, non-peer-reviewed
publications, conference abstracts without full-text availability, and articles not directly addressing
microbiota—gut—brain axis mechanisms. Studies focusing exclusively on unrelated gastrointestinal
or neurological conditions without MGBA relevance were also excluded. The selected literature
was systematically analyzed and synthesized to summarize current knowledge on gut microbiota
composition, communication pathways within the microbiota—gut—brain axis, and its role in both
physiological processes and disease development.

Historical Development and Current Understanding of the Microbiota—Gut-Brain Axis

The concept of a bidirectional interaction between the gastrointestinal tract and the brain, now
known as the gut-brain axis, began to take shape as early as the 19th century. One of the first
researchers to highlight this connection was Beaumont, who in the 1840s demonstrated that
emotional states could directly influence digestive processes [14]. These early observations laid the
foundation for the idea that a functional link exists between the central nervous system and the
gastrointestinal tract.

In the following decades, scientific interest in this relationship gradually increased. However,
it was not until the 1980s that the gut-brain axis gained more solid experimental support. In
particular, studies showed that hormonal signals produced by the intestinal endocrine system could
influence neuronal structures in the brain, thereby confirming the existence of complex
neuroendocrine regulation [15]. At this stage, however, the role of the microbiota had not yet been

considered, despite its later recognition as a key component of this system.
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A more complete understanding of the gut—brain axis as a multi-layered integrative system
emerged only by the late 20th and early 21st centuries [16]. During this period, it became clear that
communication between the gut and the central nervous system is mediated by a complex network
of neural, immune, and endocrine pathways. Moreover, accumulating evidence led to a shift in how
the gut was viewed—not merely as a digestive organ, but also as an important center of
neuroimmune regulation.

Modern research has significantly expanded this concept by incorporating the gut microbiota
as an active participant in inter-system communication. Today, the microbiota is regarded as a
dynamic and responsive system capable of modulating central nervous system functions under both
physiological and pathological conditions [17]. Thus, the evolution of scientific understanding has
led to the development of the microbiota—gut—brain axis concept, which reflects a highly integrated
regulatory network essential for maintaining overall physiological homeostasis.

Composition, Development, and Functional Characteristics of the Gut Microbiota

The human gut represents a unique and highly organized ecosystem inhabited by trillions of
microorganisms, with bacteria being the dominant group, forming a complex and dynamic
community [18]. These microorganisms exist in a close symbiotic relationship with the host,
performing a wide range of essential functions, including participation in metabolism, immune
regulation, and the maintenance of intestinal barrier integrity.

The development of the gut microbiota begins even before birth, as suggested by the detection
of microorganisms in placental tissues. In early postnatal life, its composition is shaped by multiple
factors, such as the mode of delivery, feeding practices, and environmental exposures [19]. As an
individual matures, the microbiota undergoes continuous and substantial changes, gradually
stabilizing into a more resilient and relatively stable adult-like configuration.

In adults, more than 90% of gut microorganisms reside in the large intestine, where they
function almost as a “metabolic organ” in their own right. They actively contribute to metabolic
regulation, vitamin synthesis, and modulation of immune responses [20]. The total microbial mass
can reach up to 1 kg, while its composition varies considerably depending on age, lifestyle,
geographic location, and environmental conditions [21]. The gut microbiome comprises
approximately 2,000 microbial species, and its collective genetic potential far exceeds that of the
human genome, highlighting its profound functional importance [22].

From a taxonomic perspective, the dominant phyla are Bacteroidetes and Firmicutes, which
together account for approximately 75-80% of the gut microbiota [23]. At the same time, less

abundant groups such as Proteobacteria, Actinobacteria, Verrucomicrobia, and Cyanobacteria,
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although present in smaller proportions, play a crucial role in maintaining microbial balance and
ecosystem stability [24]. Interactions between these microbial communities and the host are
governed by processes of mutual selection, ensuring both stability and adaptability of the
microbiota.

Diet represents one of the most influential factors shaping the composition of the gut
microbiota. Dietary habits not only alter the structure of microbial communities but also modulate
the functional activity of the microbiota—gut—brain axis [25]. For instance, a high-calorie diet may
impair intestinal barrier integrity, increase gut permeability, and activate pro-inflammatory
signaling pathways, leading to elevated levels of cytokines such as TNF-a, IL-1p, and IL-6 [26]. In
contrast, moderate shifts in microbiota composition are increasingly viewed as a physiological
adaptive response, reflecting the organism’s ability to maintain homeostasis under changing internal
and external conditions [27].

Mechanisms of Interaction within the Microbiota—Gut-Brain Axis

Communication between the gut and the central nervous system occurs through a complex
and highly interconnected network of mechanisms, including neural, immune, and endocrine
components. These systems function in close coordination, enabling the integration of signals at
multiple levels and ensuring efficient bidirectional communication across the body [28]. Rather
than operating independently, these pathways complement one another and together form a unified
regulatory network that allows the organism to adapt to both internal and external changes.

The gut microbiota plays a central role in regulating neurodevelopment and central nervous
system function through three main pathways: immune, neural, and endocrine signaling [29]. Each
of these routes contributes in a distinct yet interconnected way to gut-brain communication,
influencing both physiological processes and systemic homeostasis.

To provide a structured overview of these mechanisms and the key mediators involved in
bidirectional gut-brain communication, Table 1 summarizes the main signaling pathways within the
microbiota—gut—brain axis. It includes neural, immune, and endocrine components, as well as their
associated functional effects.

Table 1. Key components, mechanisms, and clinical implications of the microbiota—gut-

brain axis
Key Components / Mechanisms of Clinical
Category . ..
Factors Action Implications
Enteric nervous Transmission of Regulation of mood,
Neural pathways system (ENS), vagus | afferent and efferent cognition, stress
nerve signals; modulation of | response; involvement
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neurotransmission

in depression and
anxiety

Immune system

Cytokines (IL-6,
TNF-a), immune cells

Immune activation,
neuroinflammation,
systemic
inflammation

Contribution to
neurodegenerative
diseases, psychiatric
disorders

HPA axis, cortisol,

Stress response,

Impact on stress-

Endocrine L related disorders,
gut hormones hormonal signaling, . .
pathways i i i . obesity, metabolic
(ghrelin, leptin) metabolic regulation
syndrome
SCFAs (butyrate, Modulation of brain .
. . . Role in
Microbial acetate), function, neuroprotection
metabolites neurotransmitters inflammation, blood- P ’

(GABA, serotonin)

brain barrier integrity

epilepsy, depression

Intestinal barrier

Tight junction
proteins, mucosal
layer

Regulation of
permeability (“leaky

gut”)

Increased
inflammation, risk of
CNS disorders

Blood-brain BBB integrity, Control of molecule Neuroinflammation,
barrier endothelial function transport to CNS neurodegeneration
) ) Dysbiosis, . .
) Alzheimer’s disease, y ) . Cognitive decline,
Neurological . , 1 neuroinflammation, :
. Parkinson’s disease, . motor dysfunction,
disorders . neurotransmitter .
epilepsy . seizures
imbalance
. . Altered microbiota, .
. Depression, anxiety, | . o Behavioral and
Psychiatric . immune activation, :
. autism spectrum . emotional
disorders neurotransmitter

disorders

dysregulation

disturbances

Obesity, type 2

Altered energy

Insulin resistance,

Metabolic diseases . metabolism, metabolic
diabetes . . .
inflammation dysregulation
. Probiotics, Restoration of Potential treatment
Therapeutic . . . . .
. prebiotics, synbiotics, | microbiota balance, for GI, metabolic, and
strategies

diet

modulation of MGBA

mental disorders

Key Mechanisms of the Microbiota—Gut—Brain Axis

One of the central components of this system is the enteric nervous system (ENS), an
autonomous neural network composed of hundreds of millions of neurons that is capable of
functioning independently of the central nervous system [30]. Due to its anatomical location within
the gut wall, it is among the first to detect signals originating from the gut microbiota, including
microbial metabolites [31].
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The microbiota can modulate the expression of various receptors within the ENS, including
serotonergic receptors, thereby contributing to the activation of the vagus nerve—one of the
principal communication pathways between the gut and the brain [32]. In turn, the vagus nerve is
involved in regulating a wide range of physiological processes, including feeding behavior, energy
metabolism, and emotional responses [33]. Signal transmission occurs both through direct neural
pathways and via circulating blood-borne molecules, enabling multi-channel communication
between the gut and distant organs [34].

A particularly important role in this system is played by gut microbial metabolites, including
short-chain fatty acids, neurotransmitters, and hormone-like compounds. These molecules can
influence the central nervous system either directly, by crossing the blood-brain barrier, or
indirectly, by modulating immune and endocrine signaling pathways [35-37]. Cholinergic signaling
mechanisms further coordinate interactions between the enteric and central nervous systems,
enhancing the integration and fine-tuning of gut-brain communication [38].

Overall, the microbiota—gut—brain axis represents a multi-level and highly dynamic system in
which diverse mechanisms continuously interact to maintain physiological balance and support the
organism’s adaptation to changing internal and external environments.

Role of Dysbiosis and the Clinical Significance of the Gut-Brain Axis

Disruption of the composition and functional activity of the gut microbiota, known as
dysbiosis, is increasingly recognized as an important risk factor for a wide range of diseases. These
include not only gastrointestinal disorders but also systemic conditions such as cardiovascular,
metabolic, and oncological diseases, as well as neurological and psychiatric disorders. This broad
spectrum of associations highlights the systemic influence of the gut microbiota on human health.
Several key factors contribute to the development of dysbiosis, including excessive use of
antibiotics, chronic stress, and exposure to various environmental and medical influences, such as
chemotherapy [39]. These factors can reduce microbial diversity, impair functional stability of the
microbiota, and increase host susceptibility to disease [40]. Moreover, stress-related conditions may
promote the overgrowth of pathogenic microorganisms, further intensifying inflammatory
processes.

Both clinical and experimental evidence suggests a close relationship between dysbiosis and
the development of psychiatric disorders, including depression, anxiety disorders, and autism
spectrum disorders [41, 42]. In individuals with autism, characteristic alterations in gut microbiota
composition have been observed, indicating a potential role of microbial factors in shaping

behavioral and cognitive outcomes [43]. Microbial metabolites, particularly short-chain fatty acids,
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play a key role in regulating neuroimmune processes by influencing microglial activity,
inflammatory responses, and neurotransmitter balance [44]. Disruptions in their production have
been associated with depression and other psychiatric conditions [45]. In addition, alterations in the
gut microbiota may contribute to the development of neurodegenerative diseases, including
Alzheimer’s disease and Parkinson’s disease [46].

The immune component is of particular importance, as a large proportion of immune cells is
located within gut-associated lymphoid tissue. This makes the gut microbiota a major regulator of
immune responses and inflammatory activity [47]. Through T-cell activation and cytokine
production, the microbiota indirectly influences the central nervous system, contributing to complex
neuroimmune interactions [48].

Furthermore, imbalances in key neurotransmitters, including GABA, glutamate, dopamine,
and serotonin, have been linked to dysbiotic changes and may play a role in conditions such as
schizophrenia and epilepsy [49, 50]. Collectively, these findings indicate that the microbiota—gut—
brain axis represents a central pathway in the pathogenesis of a wide range of diseases, and its
further investigation offers promising opportunities for developing novel therapeutic strategies
aimed at modulating the gut microbiota and restoring physiological homeostasis.

Limitations and Future Directions

Despite substantial progress in elucidating the microbiota—gut-brain axis (MGBA), several
important limitations continue to constrain both mechanistic interpretation and clinical translation
of current findings. A significant proportion of evidence is still derived from animal models,
particularly rodent studies, which, although highly informative for mechanistic exploration, do not
fully capture the complexity of human microbiome architecture, interindividual variability,
environmental exposures, and lifestyle-related determinants. Consequently, direct extrapolation of
these findings to human physiology remains limited.

In addition, there is marked heterogeneity across studies in experimental design, cohort
characteristics, and analytical methodologies. Factors such as age, diet, geographic location,
medication use, and comorbid conditions exert profound effects on gut microbial composition and
function, thereby introducing substantial variability and limiting reproducibility across studies.
Methodological differences in microbiome profiling approaches, including 16S rRNA gene
sequencing, shotgun metagenomics, and metabolomic platforms, further contribute to
inconsistencies in data interpretation. A persistent lack of standardized protocols for sample
collection, processing, and bioinformatic analysis remains a major barrier to cross-study
comparability.
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Importantly, current evidence is often pathway-specific rather than integrative. Although the
MGBA is recognized as a multidimensional system involving neural, immune, endocrine,
metabolic, and barrier-related mechanisms (as summarized in Table 1), most studies investigate
these components in isolation. This fragmented approach limits the development of a unified
systems-level model capable of fully capturing the dynamic interactions between the gut
microbiota, intestinal barrier, immune signaling, hypothalamic—pituitary—adrenal (HPA) axis, and
central nervous system. In particular, the coordinated role of intestinal permeability and blood—brain
barrier integrity within this integrated network remains incompletely understood.

Another critical limitation lies in the difficulty of establishing causality. While numerous
associations between dysbiosis and neurological, psychiatric, and metabolic disorders have been
reported, it remains unclear whether microbial alterations are a cause, consequence, or
epiphenomenon of disease states. Longitudinal cohort studies and well-controlled interventional
trials are required to delineate temporal and causal relationships within the MGBA.

Furthermore, microbiome-targeted interventions, including probiotics, prebiotics, synbiotics,
and dietary modulation, demonstrate highly variable and often strain-specific effects. Clinical
outcomes are frequently inconsistent across studies, reflecting differences in microbial strains,
dosing regimens, host background, and disease context. This variability highlights the need for
precision-based microbiome therapies rather than generalized approaches.

Finally, while multi-omics technologies have advanced understanding of microbial
composition and function, the integration of metagenomic, transcriptomic, proteomic, and
metabolomic data into coherent functional frameworks remains incomplete. Future research should
therefore prioritize systems biology approaches, large-scale multicenter studies, and standardized
analytical pipelines to improve reproducibility and clinical translatability.

Conclusion

The microbiota—gut—brain axis represents a complex, dynamic, and bidirectionally regulated
system that integrates neural, immune, endocrine, and metabolic signaling pathways to maintain
physiological homeostasis. Within this framework, the gut microbiota actively participates in host
communication through multiple interconnected routes, including the enteric nervous system, the
vagus nerve, circulating microbial metabolites, immune mediators, and neuroendocrine signaling
pathways such as the hypothalamic—pituitary—adrenal axis.

Accumulating evidence demonstrates that perturbations in gut microbial composition and
function can significantly influence central nervous system processes, contributing to alterations in

neurodevelopment, cognition, emotional regulation, and behavior. Dysbiosis, increased intestinal
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permeability, systemic immune activation, and disruption of blood—brain barrier integrity emerge as
key convergent mechanisms linking the gut environment to neurological and psychiatric
dysfunction. Conversely, central nervous system activity, particularly stress-related signaling via
the HPA axis and autonomic nervous system, exerts reciprocal effects on gut physiology and
microbial ecology, reinforcing the bidirectional nature of this axis.

Importantly, the MGBA provides a promising conceptual framework for the development of
novel diagnostic and therapeutic strategies. Microbiota-targeted interventions—including
probiotics, prebiotics, synbiotics, dietary modulation, and emerging microbiome-based therapies—
hold significant potential for modulating disease trajectories across gastrointestinal, metabolic, and
neuropsychiatric disorders. However, clinical translation remains limited by heterogeneity in study
design, incomplete mechanistic understanding, and variability in therapeutic responsiveness.

Future advances in the field will depend on the identification of robust microbial and
metabolic signatures associated with specific disease phenotypes, as well as the integration of multi-
omics technologies within systems-level analytical frameworks. In addition, the development of
personalized microbiome-based interventions will require rigorous validation in large-scale, well-
controlled clinical trials.

In summary, a deeper mechanistic understanding of the microbiota—gut—brain axis will not
only refine current models of gut-brain communication but also pave the way toward precision

medicine approaches targeting host—-microbiome interactions in health and disease.
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ISCHAEMIC HEART DISEASE IN AN ELDERLY PATIENT WITH ARTERIAL
HYPERTENSION AND METABOLIC DISORDERS: A CASE REPORT

Abstract

Introduction. Combined cardiovascular pathology, including ischaemic heart disease (IHD),
arterial hypertension (AH), and metabolic disorders, represents a significant clinical challenge,
particularly in elderly patients.

Case report. We describe the case of an 88-year-old man with a long-standing history of
grade Il AH, coronary heart disease (CHD), and hyperuricaemia. The patient had previously
experienced a myocardial infarction and subsequently underwent coronary artery stenting.
Electrocardiographic evaluation revealed first-degree atrioventricular (AV) block and left
ventricular hypertrophy. To contextualize this case within the existing evidence, a systematic
literature search was conducted in Medline, Scopus, and Web of Science using keywords and MeSH
terms related to ischaemic heart disease, arterial hypertension, older age, and metabolic disorders.

Conclusion. This case highlights the importance of a personalised and comprehensive
management approach in elderly patients with combined cardiovascular pathology. Such an
approach should include effective blood pressure and lipid profile control, optimisation of heart
rate, correction of metabolic abnormalities, and regular dynamic monitoring to reduce the risk of

complications and maintain functional status.
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BbekaproicoBa /lana’, 'appukoBa Exarepuna?, Myraaunosa I'yismupa’®
' Otnen KoopaAuHAIMK U Pa3BUTHUS HAYYHBIX KypHaioB, KOxxno-Kazaxcranckas
Mennnnnckas Axkagemus, IsiMkenT, Kazaxcran
2 KoncynpratuBHO-auarnocruueckoe oraenenue, Lleatp Cepaua sivkent, bivkent, Kazaxcran
3 Kadenpa 6uonorun u o6moxumuu, KOxxno-Kazaxcranckas Menuuunackas Axkaaemus, [IIsiMkeHT,
Ka3zaxcran
NIIEMHAUYECKASA BOJIE3Hb CEPJLA Y TOXUNJIOI'O MTAIIMEHTA C
APTEPUAJIBHOM THITEPTEH3UEN U METABOJIMYECKUMHU HAPYIIIEHUSIMMU:
KJIUMHUYECKHUH CIYUAH

Annomauus

Beeoenue. Couemannas cepoeuno-cocyoucmas namono2usl, GKIOUAIOWAS UWEMULECK)IO
boneznv cepoya (MBC), apmepuanvuyro eunepmenszuto (Al)) u memabonruueckue HapyuieHus,
npeocmasisfiem coOO0U 3HAYUMYIO KIUHUYECKYIO HpoOaeMy, OCOOEeHHO Y NAYUEHMO8 HONCULO20
go3pacma.

Onucanue xkaunuueckozo ciayuas. Ilpeocmasnen cnyuaii 88-1emne2o Myx#cuunsvl ¢
ONUMeNbHLIM AHAMHE30M apmepuanbHou eunepmensuu 111 cmenenu, uwemuueckou 6one3nu cepoya
u eunepypuxkemuu. B anammuese y nayuenma umencs nepeHeceéHublil UHGhapkm mMuoxkapoa, nocie 4e2o
ObLIO BLINOIHEHO CMEHMUPoBaHue KOpoHapHulx apmeputi. Ilpu s1exmpokapouocpaguieckom
uccne0osanuu 8viseienvl ampuoseHmpukyiapras (AV) onoxkada I cmenenu u eunepmpous 1e6oeo
ocenyoouka. Jna conocmagnenuss OAHHO20 CAYYAS C UMEIOWUMUCS HAYYHLIMU OAHHLIMU Obll
npoeeoén cucmemamuyeckuti nouck aumepamypul 6 6azax Medline, Scopus u Web of Science c
ucnonv3osanuem Kiodesvlx cinos u MeSH-mepmunos, c6A3aHHbIX ¢ ueMuyeckol 60/1e3HbI0
cepoya, apmepuanbHolU 2unepmeH3uell, NONCUIbIM 803PACMOM U MemaboIudecKUMU HapYUeHUSMU.

3axnwuenue. Jlannoiu KIUHUYeCKUU cayuau noouépkusaem BAINCHOCMb
NePCOHANUZUPOBAHHO20 U KOMNIEKCHO20 NOOX00A K 8€0€HUI0 NONCUTILIX NAYUEHMO8 C COYeMAaHHOU
cepoeuno-cocyoucmoti namonozuei. Takou nooxo0 001xiceH 8KIYams 3PHexmusHvlll KOHMPOIb
apmepuanvbHo20 0aglenus U JUNUOHO20 NPOQuUs, ONMUMUSAYUIO HACMOMbl  CePOeUHbIX
COKpaujeHuti, KOppeKyuro MemadoaIuyecKux HapyueHutl u pe2ynsapHoe OuHamuieckoe HabaoeHue ¢

Ueblio CHUSNCERUA PUCKA OCNOJCHEHULL U COXpAHEHRUA d)yHKLﬂ/lOHCUZbHOZO cmamyca.
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Knwuesvie cnosa: uwemuueckas 0o01e3Hb cepdua, apmepuailbHas  cUnepmen3usl,

cunepypuxkemus, NOXMCUTIOLL nayuenm, cepdelma;z HeooCmamo4HoOCmb

BekapwbicoBa /lana’, 'appukoBa Exarepuna?, Myraaunosa I'yamupa®

! FputpIMU JKypHaIAapabl YilliecTipy xoHe aaMbitTy Oeiimi, OnTycTik Kasakcran Meaunnna
Axanemuscel, llIsiMkenT, Kazakcran

2 KoHCYbTalUsIIbIK-TuarHocTukanbik 0o, [lIsivkenT XKypek Optanbirsl, [Hbivkent, KazakcTan

3 buonorus sxone onoxumus kadenpacel, OHTYCTiK Kazakcran Menuiinna AkaieMHsIChl,

[IemmkenT, Kazakcran
APTEPUSAJIBIK TMINEPTEH3USICbI )KOHE METABOJINKAJIBIK
BY3bLJIBICTAPDBI BAP EI'1E ) KACTAFbI HAYKACTAFbI MIIEMUSIJIBIK )KYPEK
AYPYBI: KJIMHUKAJIBIK KAFJIAN

Anoamna

Kipicne. Hwemusanvix scypex aypyvin (M)KA), apmepusnvix eunepmenszuanvt (Al) owcone
MeMadONUKATLIK OY3bLIbICMAPObl KAMMUMbIH  OIPIKMIPLICeH JHCYPeK-KAHMAMbLD NAMOL0SUSCHI,
acipece ez20e dcacmazvl HAYKACMAp apacsblHod, Maybl30bl KIUHUKANLIK Macelle D0nbln Mabbliaobl.

Knunuxanelx ocazoain  cunammamacwl. 88 ocacmazel  ep adamoa  apmepuslivik
eunepmensusanviy Il 0apesiceci, UUEMUATBIK HCYPEK aAYPYbl JHCoOHe cunepypuxemusi Y3axK VaKvim
ootivl Oavikanzan. Anamueszinoe muoxapo uHgapkmi 6012aH, KeliiH KOPOHAPILIK apmepusnapea
cmenmmey  Jcypeizineen. Onexkmpoxapouospadusiivly  3epmmey  Hamuoicecinoe I dapedceni
ampuoseHmpukyaapavlk  (AV) o6aokada oicone con  JHcax  KAPLIHWAHLIY — 2UNepmpoquicyl
aHbLIKManovl. Byn KIuHUKAIulK #cagoatiovl Koaoa 0ap 2uliblMu OepeKmepMeH CalblCmblpy
maxcamvinoa Medline, Scopus owcone Web of Science Oepexxoprapvinoa umemusnvik HCypex
aypyvl, apmepusiivlK, SUNEPMEH3Us, e20e JHCAC HCIHEe MemaDONUKATILIK OY3bLIbICIMAapad KAmblCnibl
Kinm co30ep men MeSH mepmunodepin naiidanana omeipuln, xcytieni a0eduem iz0eyi xHcypeizinoi.

Kopoimuinowvt. Byn xnunuxaneix oicazoail e20e cacmasvl Haykacmapoagvl OipikmipiieeH
AHCYPEK-KAHMAMbBID NAMONOSUACHIH  OacKapyOoa JiceKeleHOIpiieeH JicoHe KeweHOl maciioiy
Maybl30bLIbleblH Kopcemeoi. MyHnoat macin apmepusiivlK KblCbIMObl HCIHE TUNUOMIK NPpOoPuiboi
Mmuimoi 6axwiIayobl, HCYPeK CO2Y HCULNICIH OHMAULAHOLIPYObI, MEeMAaOOIUKANLIK OY3bLIbICIMAPObL
my3zemyoi JicoHe ACKblHYIAp KAayniH memeHoemy MeH (OYHKYUOHAIObIK JHcA0auobl Ccakmay

MaKcamuvlHoa mypakmol OUHAMUKATBIK OAKbLIAYObL KAMMYbL MUIC.
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Tyiiin co30ep: uweMusnvlK HCypexk aypyol, ApmepusivlK SUnepmensusl, 2unepypuKemus, ecoe

JACACMAbl HAYKAC, JHCYPEK HCeMKLNIKCiz0iel

Introduction

Cardiovascular diseases (CVD) remain the leading cause of mortality worldwide and
represent one of the most significant challenges in modern medicine [1]. According to the World
Health Organization, CVD account for approximately 17.9 million deaths annually, representing
nearly 32% of all deaths globally, with ischaemic heart disease (IHD) and stroke responsible for the
majority of these cases [2].

The development of cardiovascular disease is associated with a complex interaction of
multiple risk factors, which are generally classified as non-modifiable and modifiable. Non-
modifiable factors include genetic predisposition, age, sex, and race, whereas modifiable factors
include smoking, unhealthy dietary habits, physical inactivity, and chronic stress [3]. Among the
modifiable risk factors, arterial hypertension (AH) plays a particularly important role, as it is
considered one of the key predictors of IHD and other cardiovascular complications. According to
epidemiological data, the prevalence of AH among the adult population exceeds 1.28 billion people
worldwide; however, only about 46% of patients achieve adequate blood pressure control.

The management of elderly and very elderly patients represents a particular clinical challenge,
as advanced age itself is an independent risk factor for cardiovascular disease [4]. Patients in this
age group frequently present with significant comorbidities, including a combination of
cardiovascular and metabolic disorders. In addition, inflammatory mechanisms, including the
activity of various interleukins identified in certain rheumatic diseases, may further contribute to
increased cardiovascular risk [5].

Against the background of age-related physiological changes, the coexistence of arterial
hypertension, ischaemic heart disease, cardiac conduction abnormalities, and metabolic
disturbances such as hyperuricaemia can significantly complicate the clinical course and worsen the
prognosis. In such cases, a comprehensive and multidisciplinary approach to patient diagnosis and
management becomes particularly important [6].

The analysis and description of complex clinical cases contribute to a better understanding of
disease pathogenesis and allow for the evaluation of diagnostic and therapeutic strategies in patients
with multiple comorbidities.

The aim of this study was to describe a clinical case of ischaemic heart disease combined with

grade Il arterial hypertension and hyperuricaemia in an elderly patient, with an analysis of the
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diagnostic features, treatment approach, and clinical course of the disease in the context of current
international recommendations.

Search strategy

A targeted and systematic literature search was conducted to identify previously published
clinical case reports and case series describing ischaemic heart disease in elderly patients with
cardiovascular and metabolic comorbidities. The search was performed in the Medline/PubMed,
Scopus, and Web of Science databases in accordance with established recommendations for
comprehensive and reproducible literature searches. The search strategy combined Medical Subject
Headings (MeSH) and free-text keywords using Boolean operators. The main search terms included
“Ischaemic Heart Disease” OR “Coronary Artery Disease” OR “Myocardial Infarction” in
combination with “Arterial Hypertension” OR “Hypertension,” “Elderly” OR “Older Adults” OR
“Advanced Age,” “Hyperuricaemia” OR “Metabolic Comorbidity,” and “Case Report” OR “Case
Series.”

Eligible publications included peer-reviewed case reports and small case series describing
adult and elderly patients (aged 65 years and older) with ischaemic heart disease accompanied by
arterial hypertension and/or metabolic risk factors, with particular attention to conduction
abnormalities and structural cardiac changes. Only articles published in English were considered.

Studies involving pediatric populations, animal models, narrative reviews without original
clinical data, and reports focusing exclusively on isolated coronary artery disease without relevant
cardiovascular or metabolic comorbidities were excluded. Articles lacking sufficient clinical,
diagnostic, or therapeutic detail were also excluded. The identified publications were reviewed and
analyzed to contextualize the clinical presentation, diagnostic approach, management strategies, and
outcomes of the present case within the existing body of evidence.

Case report

An 88-year-old male patient was examined by a cardiologist at a specialized cardiology center
due to periodic episodes of dizziness. At the time of admission, the patient did not report chest pain,
shortness of breath at rest or during routine physical activity, palpitations, or an irregular heartbeat.
Physical exertion was not associated with angina pectoris, suggesting relative clinical stability.

According to the medical history, the patient had suffered from arterial hypertension for many
years, with maximum recorded blood pressure values reaching 170/90 mm Hg. In 2018, he
experienced an acute myocardial infarction, after which percutaneous coronary intervention with
stenting of the right coronary artery was performed. Following this acute coronary event, the patient

has been under regular outpatient cardiology follow-up and has received comprehensive
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pharmacological therapy, including B-blockers, antiplatelet agents, lipid-lowering drugs, and
antihypertensive medications. Despite ongoing treatment, episodes of suboptimal blood pressure
control were periodically observed.

The patient’s medical history was negative for tuberculosis, viral hepatitis, and chronic
infectious diseases. No history of drug or food allergies was reported. During the two weeks
preceding the examination, the patient did not report fever and had no known contact with
individuals with acute respiratory infections or COVID-19. Social status: retired. During physical
examination, the patient’s general condition was assessed as relatively satisfactory. He was
conscious and oriented to time and place. The skin had normal coloration without signs of
peripheral cyanosis. Multiple subcutaneous nodular formations consistent with gouty tophi were
observed on the patient’s upper and lower extremities, particularly in the area of the fingers and
around the joints. These nodules were firm, painless on palpation, and characteristic of chronic
tophaceous gout (Figure 1).

o

v (3v)o wod |
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Figure 1. Clinical images of the patient’s limbs illustrating the presence of gouty tophi

The patient had a normosthenic body habitus. His height was 160 cm and body weight was 63
kg, with a body mass index (BMI) of 24.6 kg/m?, which falls within the normal range. Vesicular
breathing was auscultated in the lungs, with no pathological rales detected. Heart sounds were
somewhat muffled but rhythmic. The heart rate was 60 beats per minute. Blood pressure measured

on both arms was symmetrical and recorded at 120/65 mm Hg. The abdomen was soft and non-
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tender on palpation, and there were no signs of systemic venous congestion or peripheral edema.
Electrocardiography demonstrated sinus rhythm with a heart rate of 58-60 beats per minute.
Prolongation of the PR interval to 0.26 seconds was observed, corresponding to first-degree
atrioventricular (AV) block. Signs of left ventricular hypertrophy and left atrial enlargement were
also detected.

Echocardiography revealed preserved left ventricular systolic function with an ejection
fraction of 54%, concentric hypertrophy of the left ventricular myocardium, and dilatation of both
atria. Atherosclerotic changes were noted in the walls of the aortic root and ascending aorta.
Moderate valvular regurgitation was also identified, including grade | aortic and mitral regurgitation
and grade I-1I tricuspid regurgitation. Left ventricular diastolic function was preserved, and no
pericardial effusion was detected.

Laboratory testing revealed marked hyperuricaemia, with a serum uric acid level of 590
umol/L, exceeding the recommended target range and representing an additional adverse metabolic
risk factor for cardiovascular complications.

Based on the combination of clinical, instrumental, and laboratory findings, the patient was
diagnosed with ischaemic heart disease with a history of myocardial infarction and coronary artery
stenting, grade Il arterial hypertension with very high cardiovascular risk, chronic heart failure
with New York Heart Association (NYHA) functional class I, first-degree AV block, left
ventricular hypertrophy, and hyperuricaemia. The patient was advised to optimize pharmacological
therapy aimed at strict control of blood pressure, heart rate, lipid profile, and uric acid levels. In
addition, 24-hour Holter ECG monitoring was recommended to further assess cardiac rhythm and
conduction abnormalities.

Discussion

The presented clinical case illustrates a typical yet clinically complex presentation of
ischaemic heart disease in an elderly patient with multiple comorbidities. The combination of long-
standing arterial hypertension, a history of myocardial infarction, conduction disturbances, and
metabolic disorders reflects the cumulative cardiovascular risk characteristic of the elderly
population.

According to international studies, the prevalence of ischaemic heart disease increases
significantly with age and reaches its highest levels among individuals over 80 years of age. A
similar trend is observed for arterial hypertension, which affects more than 70% of elderly
individuals and represents one of the leading factors contributing to myocardial remodeling.

Prolonged pressure overload promotes the development of left ventricular hypertrophy, diastolic
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dysfunction, and heart failure with preserved ejection fraction. In the present clinical case, the
detected left ventricular hypertrophy and atrial dilatation are likely the result of chronic pressure
overload associated with previously insufficient control of arterial hypertension.

The presence of first-degree atrioventricular (AV) block is also of particular clinical interest.
Although this conduction abnormality is often considered relatively benign, in elderly patients with
ischaemic heart disease receiving [-blocker therapy it may contribute to symptoms of
hypoperfusion. In the present case, the patient experienced episodes of dizziness, which may be
associated with the characteristics of atrioventricular conduction. Similar clinical observations have
been described in the literature, emphasizing the importance of an individualized assessment of the
clinical significance of conduction disturbances in older patients.

It should also be noted that cardiovascular diseases may develop both independently and in
association with other comorbid conditions. In recent years, increasing attention has been paid to
the relationship between cardiovascular diseases and autoimmune as well as metabolic disorders
[7]. One such condition is gout, a systemic disease characterized by the deposition of monosodium
urate crystals in the joints and surrounding tissues, leading to the development of inflammatory
arthropathy [8]. Currently, hyperuricaemia, which often accompanies gout and was detected in the
present patient, is considered an independent risk factor for cardiovascular disease. Several cohort
studies have demonstrated an association between elevated uric acid levels and the progression of
arterial hypertension, atherosclerosis, and chronic heart failure [9]. In this case, the presence of
hyperuricaemia may have further contributed to vascular dysfunction and the progression of
atherosclerotic changes.

Comparison of the present case with previously published clinical series and registry data
highlights the importance of a comprehensive and personalized approach to the management of
elderly patients with ischaemic heart disease. In this context, in addition to pharmacological
therapy, non-pharmacological interventions—including regular physical activity and a balanced
diet—play a significant role and are associated with a reduction in the incidence of cardiovascular
events [10]. Furthermore, current clinical guidelines emphasize the importance of achieving optimal
blood pressure and lipid targets even in older patients, provided that treatment is well tolerated.
These principles were applied in the management of the present case.

The strengths of this clinical observation include the detailed description of the clinical course
in an elderly patient, the comprehensive assessment of structural and functional cardiac changes,

and the emphasis on the role of metabolic risk factors in the progression of cardiovascular disease.
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Moreover, this case reflects real-world clinical practice in the management of complex patients,
who are often underrepresented in randomized clinical trials.

However, this observation has several limitations. First, it is based on the description of a
single clinical case, which limits the generalizability of the findings to a broader patient population.
In addition, advanced myocardial imaging techniques and long-term dynamic follow-up were not
available.

Conclusion

This clinical case demonstrates the complexity of managing an elderly patient with
multimorbid cardiovascular pathology, including ischaemic heart disease, grade Ill arterial
hypertension, conduction disorders, and hyperuricaemia. The accumulation of cardiovascular risk
factors—such as a history of myocardial infarction, left ventricular hypertrophy, and metabolic
disturbances—highlights the importance of a comprehensive assessment of the patient’s condition,
taking into account age-related structural and functional cardiac changes.

This observation confirms the value of a personalized management approach that includes
careful monitoring of blood pressure, lipid profile, heart rate, and metabolic parameters, as well as
regular dynamic follow-up. Such an approach may help reduce the risk of cardiovascular
complications and maintain satisfactory functional status in elderly patients. Overall, this case
underscores the need for further research aimed at optimizing management strategies for

multimorbid patients in the context of an aging population.
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